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(57) Abstract: Polyurethane elastomer articles formed from prepolymer mixtures having free diphenylmethane diisocyanate
(MD]) content from 2.0 to 5.0 wt%. based on the weight of the prepolymer mixture. The prepolymer mixtures comprise a
polyester, polyether, or polycaprolactone (PCL) prepolymer and MDI. The polyurelhane elastomer articles arc formed by curing
the prepolymer mixture with a chain extender, such as a curative comprising a methylenedianiline-sodium chloride complex. The
articles have good physical properties that may weigh over 225 kg, and have a three-axis thickness greater than 10.2 cm,
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POLYURETHANE ELASTOMER ARTICLES FROM LOW FREE
DIPHENY LMETHANE DISOCYANATE PREPOLYMERS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S, Application No. 12/206,534, filed September 8,
2008, and to U8, Application No. 12/036,939, filed February 25, 2008, The entireties of both of

these applications are incorporated herein by reference.

FIELD OF THE INVENTHON
The present invention relates to preparing polyurethane elastomer articles from a
prepolymer mixture comprising the reaction product of polyol, such as a polyester, polyether or
polyecaprolactone (PCL), and diphenylmethane diisocyanate (MD1), and more specifically

prepolymer mixtures containing from 2.0 wi% to 5.0 wit% of free MDI monomer.

BACKGROUND OF THE INVENTION

Industrial polyurethane elastomers are based on pelyurcthane prepolymers made by
reacting polyols with excess molar amounts of diisocyanate monomers.  DHisocyanate monomers
mclude aromatic diisocyanates, such as diphenylmethane diisocyanate (MDD, teluene
diisocyanate (TD1), naphthalene ditsocyanate (NDI), 3,3 -bitoluene ditsocyanate {TOD), and
para-phenylene ditsocyanate (PPDI), and aliphatic diisocyauates, such as 1,6-hesane
ditsocyanate (HI3), isophorone diisocyanate (IPD1), and methvlene bis (p-cyclohexyl
isocyanate) (H,-MDI).

Muost commonly, aromatic diisocyanate monomaers, such as MDY or TDIL are used in
polyurethane prepolymers because aliphatic diisocyanates are generally sccompanied by a
decrease i mechanical properties. The presence of an aromatic isocyanate in the hard segment
produces a stiffer polymer chain with a higher melting point. Also, aliphatic ditsocyanates, as
well as TODI and PPDI, are more costly than TDY and MDL However, the use of excess
ditsocyanate monomer keaves residual unreacted monomer, resulting in potential industrial
hygiene issues.

It is well known that both skin contact and inhalation of diisocyanate monomers must be

carefully avoided. There are several known distillation methods to reduce the content of free
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diisocyanate monomers in polyorethane prepolymer mixtures to levels of less than 2 wi%s,
Distillation of common aliphatic diisocyanate monomers from prepolymer mixtures is much
easiar owing to their lower boiling points and much greater heat stability, Various methods are
known to reduce the unreacted TDI levels in prepolymer mixtures to below (.1 wi% residual
monomer. There alse are known methods of reducing the level of wnreacted MDI in prepolymaer
nixtures.

Although it is known to reduce MDT and TDI levels 1o very low levels due to their
associated toxicities, the effects of the presence of free MDE and free TD1 during the coring

process on the ultimately formed polyurethane elastomer article have not been fully explored.

BRIEF SUMMARY OF THE INVENTION

In a first aspect of the present invention, there is provided a polyurethane elastomer
article having the following properties: a Texus Flex value at 30% of greater than 10,000 cycles
in accordance with ASTM procedure [2-3629-99; and a minimum tan § at 30-1607C of from
0.010 10 0.025. The polyurethane elastomer article may also have the following additional
properties: a tear strength property of from 26.3 to 78.8 Nimm (130 10 450 pli) in accordance
with ASTM procedure D-1938, and a DIN abrasion of from § to 3 mm’ in accordance with
ASTM procedure D-5963.

I one embodiment, the polyurcthane elastomer article is formed from a pre-clastomer
mixture comprising a pre~polymer niixture, e.g., a polycarpolactone prepolymer, polyester
prepolymer or polyether prepolymer, and a chain extender, e.g.. a polyol or diamine. The pre-
elastomer mixhure also comyprises from 2.0 wi%s to 5.0 wit%, e.g., from 2.5 (o 4.0 wi% or from
2.75 10 3.5 wi%, of free diphenylmethane diisocyanate.

The polyurethane elastomer articles according to the first aspect may have a threg-axis
thickness of from 10.2 om to 493 om, and may form an article weighing from 225 kg to 7,000 kg.
In one embodiment, the article is a non-pneumatic tire capable of supporting 9,000 kg to 91,000
kg and is suitable for off-the-road (OTR) vehicles.

in a second aspect of the present invention, there is provided a polyurethane elastomer
articke having the following properties: Texus Flex value al 30% of greater than 10,000 cycles in
accordance with ASTM procedure D-3629-99, and a tear strength property of from 26.3 to 78.8

N/mm in aceordance with ASTM procedure D-1938. Such articles may also have a DIN
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abrasion of from 5 to 31 mm’® in accordance with ASTM procedure D-3963. These articles may
also form non-pneurnatic tives suitable for OTR vehicles.

In a third aspect of the present invention, there is provided a polyurethane elastomer
article comprising the reaction product of a prepolymer mixture comprising a polycaprolactone
prepolymer and a diphenyhnethane diisocyanate, wherein the prepolymer mixture comprises the
diphenylmethane ditsocyanate in an amount from 2.0 wita to 5.0 wi%, and a chain extender,
wherein the article has a threc-axis thickness of from 10,2 cm to 493 cm. Again, these articles
may be tires suitable for OTR vehicles.

In a fourth aspect of the present invention, there is provided a process for making a
polyvurethane clastomer, comprising providing a prepolymer mixture comprising a
polycaprofactone prepolymer and a diphenylmethane dilsocyanate, wherein the prepolymer
mixtore comprises the diphenylmethane difsocyanaie in an amount from 2.0 wt¥ to 5.0 wide,
mixing the prepolyiner mixture with a chain extender to form a pre-elastomer mixture; and
curing the pre-elastomer mixture to form the polyurethane elastomer. In one embodiment, a
supxture of the prepolymer mixture and chain extender forms a pre-elastomer mixture having a
post life of from 1 1o 35 days at 70°C.

fn a fifth aspect of the present invention, there is provided a provess for making a
polywrethane elastomer comprising mixing a st prepolymer misture of mass 4 and a second
prepolymer mixture of mass B, said Grest prepolymer mixture comprising a first polycaprolactone
and X wie free diphenylimethane diisocyanate, snd said second prepolymier mixture comprising
a second polyveaprolactone and Y wit% free diphenylmethane diisocyvanate, and wherein 4, 8, X
and Y are selected such that {AX-+BYY{(4+8) is from 2.0 t0 5.0, and curing the mixed first and

second prepolymer mixtures with a chain extender to form said polyurethane elastomer.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects and advantages of our invention will appear more fully
from the following deseription, made in connection with the accompanying drawing of non-
fimiting preferred embodiments of the inventions, wherein ke characters refer to the same or
similar parts throughout the views, and i winch:
the Figure is a graph of the tan 8 of a polyvurethane elastomer article in accordance with

ay erobodiment of the present invention.
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DETAILED DESCRIPTION OQF THE INVENTION
In one embodiment, the present invention is directed to a polyurcthane elastomer article

made from (i} a polyurcthane prepolymer mixture and (ii) a chain extender, The polywrethane

5 prepolymer mixture comprises the reaction product of a polvol, e.g., a polyester, a polyether, ora
polycaprofactone (PCL), and diphenyimethane diisocyanate (MDI). According to a preferred
embodiment, the prepolymer mixture has a free MDI content of from 2.0 to 5.0 wi%, e.g., from
2.5 to 4.0 wt% or from 2.75 to 3.5 wi¥. based on the total mass of the prepolymer misture. The
chain extender, for example, may be a polyol or a diamine,

10 bt has surprisingly and unexpectedly been discovered that polyurethane elastomers
formed from prepolymer mixtures comprising a PCL polyol having these free MDI levels
possess excelent tear strength and fatigue life properties and may be well-suited for applications
such as, for example, the formatien of non-pneumatic tives, and, in particular, off-the-road (QTR}
non-poeumatic tives. Further, it has unexpectedly been discovered that a PCL polyol and MDI

15 prepolymer mixed with a curative comprising a blocked methylenedianiline (MDA), such as a
MDA -salt complex, can produce polyurethane pre-elastomer mixtures having long stable shelf
lives that are suitable for naking large elastomer articles having thick sections onece cured.
Further, it has surprisingly and unexpectedly been discovered that polyurethane elastomers
formed from prepolymer mixtures comprising a polvester or polyether polyol having these free

20 MDI {evels possess excellent tear strength and fatigue life properties, which preferably are
ideally suited for non-pneumatie tire applications, such as OTR non-pneumatic tire applications,
I addition, it has unexpectedly been discovered that combining prepolymer mixtures with a
curative comprising an MDA -salt complex can produce polyurethane pre~-elastomer mixtures
having long stable shelfl lives that are suitable for making large elastomer articles having thick

sections gnee cured,

Yondt
LA

As employed herein, the term “polyurethane prepolymer mixiure”™ or “prepolymer
mixture” means the reaction product of at feast one polvel with a dilsocyanate monomer, L.e., a
polyurethane prepolymer. The polyurethane prepolymer mixture preferably comprises a
polyarethane prepolymer, an amount of free MM, and oplionally one or more solvents or
30 plasticizers. As employed herein, the term “free MDI” refers to unreacted ov residual MIDI

monomer that is in the prepolymer mixture after formation of the polyurcthane prepolymer {an
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isocyanate-terminated oligomer formed from the reaction of the MD! monomer and the polyol}
as well as MDI that may be added, e.g., “back added,” to the prepolymer mixture after the step of
forming the polyurethane prepolymer. In another aspeet, the prepolymer mixture and the chain
extender are mixed with one another, and free M is added thereafier to the resulting reaction
mixture, but priov to formation of the cured polyurethane elastomer.

As employed herein, the term “polyurethane pre-elasiomer mixture™ or “pre-elastomer
mixture” means the mixture of at least a polyurcthane prepolymer mixture and a chain extender.
In such a mixture, the chain extender preferably does not immediately cure the polyurethane
prepolyimer in the prepolymer mixture and, as a result, the mixture remains substantially stable,
Once the mixture is heated to a de-blocking temperature, the chain extender cures the
polyurethane prepolymer in the prepolymer mixture to form a polyorethane clastomer article.

Prepolvmer Mixtuares

Polyurethane prepolymer mixtures may be obtained by reacting one or more polyols with
the diisocyanate monomer, ¢.g., MDI, by procedures known in the art. o one embaodiment, the
prepolymer is made by reacting the polyol with a large excess of diisocvanate monomer, ¢.g.,
MDI, such as at an mitial MDEpolyol molar ratio greater than 211, ¢.g., greater than 431 or
greater than 7:1.

Az used herein, “MDI” means any stereotsomer of MDI or a niixture of MDI
stereoisomers. MDD may mclode, for example, methylene bis(4-phenvlisocyanate). MD1is
commercially available as the pure 4,4 -diphenylmethane diisocyanate isomer (e.2., Mondur MP,
Bayer) and as a mixture of isomers {e.g.. Mondur ML, Baver and Lupranate MI, BASE), The
most preferved form is the pure 44" -isomer.,

Generally, polyurethane prepolymer mixtures may be formed from polyeaprolactone-
based polyols, polyether-based polyols, or polyesier-based polyols. To various embodiments, the
pobved may comprise one ot more of & polyether, a polyester, or a polveaprolactone, preferably
having a molecular weight (MW) ranging from 200 to 6000, e.g., from 400 to 3000 or from 1000
to 253001 In this coutext, molecular weight refers to the number average molecular weight in
Daltons. Such polyoels may include, for example, polyester of adipic acid, polyether of ethylenc
oxide, polyether of propylene oxide, polyether of tetrabydrofuran, polycaprolactone (PCL).
polycarbonate, and mixtures thergof. In various optional embodiments, the polyvol comprises

ghyveols or trinls having molecular weights ranging, for example, from about 60 to about 400,
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¢.g.. from about 80 to about 300 or from about 100 to about 200. Such glveols or triols may
include, for example, ethylene glycol, isomers of propylene glycol, isomers of butane diol,
hexanedinl, trimethylolpropane, pentaerythritol, poly{tetramethylene ether) glycol, diethylene
glyeol, triethylene glyeol, dipropylene glyeol, tripropylene glyeol, and mixtures thereof.
Representaiive polyols include polypropylene glveol (PPG) such as Acclaim 4220
(mw=4037, Bayver MaterialScience}, PPG diol polymer from propylene oxide (PPG 4000),
Acelaim 3201 (mw=3074, Bayer MaterialScience), PPG-EO diol {copolymer from propylene

oxide and ethylene oxide) (PPG-EOQ 3000), Arcol R-2744 (mw=2240, Baver MaterialScicnce),

Chemtura Corporation), PEAG 2000 (mw=1990, Chemtura Corporation), and PEAG 2500
{row=2392, Bayer MaterialScience), poly(trimethylolpropane ethylene adipate) glveol (PTEAG),
polyitetramethylens ether) glyeol (PTMEG ot PTMG), such as Terathane™ 1000 (mmw==994,
nvistay, Terathase™ 2000 (mw=2040, Invista), tripropylene plyveol {mw=192, Aldrich Chemical
Company, Inc.), and dicthylene glycol (mw=106, Aldrich Chemical).

In a preferred embodiment, the prepelymer is a PCL prepolvimer. For example, in
various embodiments, the PCL that is reacted with diisocvanate, e.g., MDIL. 10 form the PCL
prepolymer has a molecular weight ranging from 200 to 6000, ¢.g., from 400 to 3000 or from
1000 to 2500, Represertative PCLs include those having an average molecular weight of from
400 to 3000, such as Dow TONE 0240, 1241, or 2241 ; Perstorp CAPA 2043, 2125, 2205, 2201,
2100A, 2201A, 2304, 3031, or T201A; or Daicel Placcel 220 CP. The PCL is typically formed
from an initiator diol such as diethylene glycol, 1 4-butancediol, necopentyl glycol, 1,6-hexanediol,
or FIMEG. Triols such as trimethylolpropane may also be employed as the intiator. More
specifically, the PCL may be dimethylol propionic acid (DMPA) initiated Capa®™ products from
Perstorp, UK Lid.

Representative prepolymer mixtures comprising PCL prepolymer and free MBI include,
for example, Vibrathane 8030, Vibrathane 8045, Adiprene LEM2400 and Adiprene LEFM2450,
which are available from Chemiura Corporation. In some embodiments, the prepolymer mixture
may comprise two or more of the these materials,

Adiprene™ LEFM 2400 is an MDD terminated PCL prepolymer mixture having a very low
free MDI content {typically <0.5%) due to a monomer removal step during manufacture,

Adiprene™ LFM 2400 may be cured with Caviur™ cyratives to vield a high performance
I 3 ) ) ghy
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articles, preferably having a Shore Hardness of about 92A. The NCO content of the prepolymer
15 about 3.92% and the equivalent weight is about 1072,

Adipreng™ LM 2450 is an MDI terminated PCL prepolymer myixture having low free
M content (typically about 3.0% to 4.0%) due to a monomer removal step during manufacture.
The NCO content of the prepolymer 15 from 4.35% 10 4.55% and the equivalent weight is from
923 to 966, Adiprene™ LFM 2450 is particularly suited for forming high performance articles
such as ndustrial non-pneumatic tires, e.g., OTR non-pneumatic tires, and wheels.

Vibrathane™ 8030 is an MDI terminated PCL prepolymer mixture that, for example,
may be cured to form articles having a Shore Hardness of 80A using 1,4-butanediol or cured to
form articles having a Shore Hardness of 92A using methylenedianiline (MDA). The NCO
coutent of the prepolymer s from 3.8% 10 0.2% and the amine equivalent weight is from 678 to
725, Wo monomer removal step is used in the preparation of this prepolvimer. As a result, free
M1 content of this prepolymer is from 10.0% to 15.0% by weight.

In one embodiment of the present invention, two or more polyurethane prepolymer
mixtures may be combined and cured to form a polyurcthane elastomer. In this aspect, two or
more of the polyurethane prepolymer mixtures may comprise polyurethane prepolymers formed
from a polyol, e.g.. PCL, having different molecutar weights or different levels of free MDI from
one another. In another aspect, two or more prepolymer mixtures that are formed from different
polyols, e.g., such as a PCL and a PTMEG, are combined with one another. 1o one such
gmbodiment, for example, the prepolymer mixture comprises a first prepolymer formed from a
first PCL baving a molecudar weight ol about 1000 to 1500 and a second prepolymer formed
from a second PCL having a molecular weight of about 2000 ovhigher. In apother such
embodiment, the conbined prepolymer mixture comprises a first prepolymer formed from PCL
having a molecular weight of about 1254, a second prepotymer formed from another PCL having
a molecular weight of about 2000 or higher. and a third prepolymer formed from vel another
PCL having a molecular weight of less than 1250, It should be understood that various other
combinations of prepolyrers may be used with other embodiments of the present invention.

As indicated above, in one embodiment the prepolymer mixture preferably is the reaction
product between a PCL and MDD, wherein the MD1 is present in excess. In some embodiments,
for example, the molar ratio of MDI to PCL that is used to form the PCL prepolymer is greater

than 2:1, e.g., greater than 404 or greater than 701 Interms of ranges, the molar ratio of MD1 o
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PCL, for example, may be from 2:1 to 20:1, e.g., from 301 to 15:1 or from 5:1 fo 1L The MDI
and PCL preferably are reacted at a maximum femperatare ranging from 30°C to 120°C, e.g.,
from 50°C to HIOC. In one embodiment, the reaction is carried out at a maximum temperature
ranging from S0°C to 110°C with agitation.

The polyvurethane prepolymer mixture may comprise addocts baving a “MDl-polyol-
MDD structure (here termed “ABA™ structure, where A denotes MDY and B denotes the polyol),
or higher molecular weight adducts that contain twa or mors polyol moieties (here termed
“oligomers” of structure "ABABA,” “ABABABA.” etc.). ln one embodiment, when excess
starting amounts of A are used, the formation of ABA structure may be favored over oligomers
of structure ABABA or ABABABA. In general, the formation of oligomers of structure
ABABA or ABABABA are less favored.

“ach ABA and ABABA adduct has two unreacted NCO groups, one on each of the
terminal A moieties. The imternal A moiety in the ABABA adduct has no remaining unreacted
NCO group. Therefore, the ABABA adduct has a lower weight percentage NCO content than
does the ABA adduct. Certain larger amounts of unreacted A, free MDI, may be undesirable
because the free MDI creates toxic atmospherie furmes in handling. Thug, in a polyurethane
prepolymer mixture with a low confent of unreacted A, the relative content of ABA to higher
molecular weight adducts can be deterrained by the percent NCO content of the mixture. A large
molar excess of MDI over the polyel minimizes oligomer formation. A MDEPCL molar vatio of
at least about 5:1 or greater favors formation of a final polyol prepolymer mixture (after removal
of any solvent and free MDI monomer) having an NCO content that is at least about 80% of the
theoretical NOCO content for a pure ABA structlure,

As an illustration, consider a PCL polyol of number average molecular weight (mw)
1000, MDI has mw 250, Thus., the ABA adduct would have an o of 250+ 10004250, or 1300,
The ABA adduct would alse have two NCO end groups, of 42 daltons each. Thus, the theoretical
NCO content would be 2(42)/ 1 500=3.6% by weight for the ABA structure. By a similar
caleulation, it is seen thal the ABABA structure would have a theovetical NCO content of
204227503 .03% by weight. Pore MDD monomer itself has about 33.6% NCO content.

Chain Extenders

Generally, the prepolymer mixtures employed may bave low viscosities, low monomeric

M levels, and high NCO contents, e.g., at least 80%, ¢.., af least 90% or at least 94%, of the
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theoretical NCO content for the ABA structure and free MDI content of from 2.0 1o 5.0 wi%,
e.g. from 2.5 1o 4.0 wi% or from 2.75 to 3.5 wi%, based on the total mass of the prepolymer
mixture. The prepolymer mixtures may be easily chain-extended by various chain extenders,
also referred 1o as curatives, at moderate processing temperatures, even with neat diamines that
are pot practical for hol-casting of conventional MDl-based prepolymers. The molar ratio of
prepolymers (o curatives, for example, may be in the range of from 1:2 to 311, e.g., fromw 0.7:1 o

E2:1 or from 111 to 0.9:1, The ameunt of curative may also be calculated by the following

formula:
L NCO%NC, W YT heory)
Cronp ™ 202 |
where Cyon, is the parts curative per 100 parts prepolymer, NCO % is percent of NCO content of

the prepolymer, Cu is the equivalent weight of the curative, and % Theory is the stoichiometry
tor the curative. Thus, for example, the calculated amount of & carative with an eguivalent
weight of 133.5 and 95% stoichiometry cured with a prepolymer having 4.1 NCO% would be
12,4 parts of cuvative per 100 parts prepolymer on a mass basis.

In one embodiment, the stoichiometry relationship between the pre-polvimer mixtare and
curative may have a wide processing windew and still produces articles having substantiatly
similar properties. The stoichiometry range is from 90% to 103%, with reduced properties at
F10% and significant degradation at 120%. The stoichiometry may be adjusted to finely adjust
the properties of the elastoroer article. For example, an clastomer article may have improved
dynamics at 90-95% stoichiometry, while flex fatigue may be betier at 100%,

The chain extenders may be selected, for example, from one or more of water, aliphatic
diols, aromatic diamines, or mixtures thereof. Representative polyol chain extenders include
aliphatic diols, such as 1.4-butanediol (BDQOY), resorcinol di(beta-hydroxyethyl) ether (HER),
resorcinol di(hbeta-hydroxypropyl) ether (HPR), hydroguinone-bis-hydroxyethyl ether (HQEE),
1. 3-propanediol, ethylene glycol, 1,6-hexanediol, and 1 d-cyclohexane dimethanol (CHDM);
aliphatic triols and tetrols, such as trimethylol propane; and adducts of propviene oxide and/or
ethylene oxide having molecular weights in the range of from 190 to 500, such as various grades
of Voranol™ (Dow Chemical ), Fleracol™ (BASF Corp.} and Quadrol™ (BASF Corp.).

Representative dianmine chain extenders include 4.47-methyiene-bis(2-chloroaniline)

(MBCA); 447 -methylene-bis(3-chloro-2,6-dicthylaniline (MCDEAY, diethy] toluene diamine
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(DETDA; Ethacure™ 100 from Albemarle Corporation); tertiary butyl {toluene diamine
(TBTDA); dimethylthio-toluene diamine (Ethacure™ 300 from Albemarle Corporation);
trimethylene glycol di-p-amino-benzoate (Vibracure™ A157 trom Chemtura Corporation or
Versalink™ 740M from Alr Products and Chemicals): methyiene bis orthochioroaniline
(MOCA}, methylene bis dicthylanihine (MDEA); methylenedianitine (MDA ), and MDA -salt
complexes (Caytur™ 21, 21-DA, 31, and 31-DA from Chemtura Corp.).

Caytwr™ 21 and Caytur™ 21-DA are blocked delaved action amine curatives for use
with isocyanate terminated urethane prepolymers. Such curatives comprise a complex of MDA
and sodium chloride dispersed in a plasticizer (diocty] phthalate in case of Caytur 21 and dioctyl
adipate in case of Caytur 21-DA) and optionally a pigment. Caytur 21 has 50% active solids
dispersed in DOP. Caytur 21-DA has 60% active solids dispersed in DOA. Caytur 31 has a low
free MDA content {typically <2.00%). Aming group concentration is 6.45% in Cavtur 21 and
7.72% in Caytuwr 21-DA Hence the equivalent weight is 219 for Caytur 21 and 183 for Cavtur
21-DA.

Al room temperature cach curative reacts very slowly with terminal isocvanate groups.
However at 100°C-150°C, the MDA-salt coniplex unblocks and the freed MDA reacts rapidly
with the prepolymer to form the elastomer. A variety of salts may be used to form such
complexes with MDA, inchuding sodium chloride, sodium bromide, potassium chloride, and
lithium chloride. Sodium chlonide s preferved. Such curatives vield wrethanes with similar or
superior properties o urethanes cured with MBCA. Suitable grades of prepolymers are available
to provide a full range of bardnesses from 79A to 621 asing such Caytar curatives. Caytur 21
when used with a Highter tint or pastel pigment may exhibit properties simitfar to MBCA as
compared to a Catyur curative with a brighter pigment shade.

Caytur 31™ and Caytur™ 31-DA are blocked delayed action amine curatives for use
primarily with isocyanate terminated urethane prepolymers, Such curatives comprise a complex
of MDA and sodium chloride dispersed in a plasticizer {(dioctyl phthalate in case of Caytur 31
and diocty] adipate in case of Caytur 31-DA) and optionally a pigment. Caytar 31 has a very
low free MDA content (typically <0.5%). At room temperature, such curatives ave virtually non-
reactive. However at HESTC-160°C, the salt onblocks and the freed MDA reacts rapidly with the

prepolymer to form a tough elastomer. Amine group concentration is 3.78% in Caytur 31 and
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Caytur 31-DA. Hence the equivalent weight is about 244 to about 250 for Caytur 31 and Caytur
31-DA. These groups are blocked by sodium chloride.

Preferred chain extenders include BDO, HQEE, MBCA, Vibracure™ A MCDEA,
Ethacure™ 300, DETDA, and Caytw™ 21 and 31, Such cured pre-elastomer mixtures have
surprisingly been shown te form polyurethane clastomer articles having highly desirable physical
properties for various applications, and, in particular, for forming durable anicles such as non-
preumatic tires, more preferably OTR non-pnenmatic fives.

Level of Free MDI

It has now been discovered that curing a prepolymer nvixture, e.g., PCL prepolymer
mixture, having a free MDI concentration between 2.0 wi%% to 5.0 wi%, e.g., from 2.5 {0 4.0 wi%
or from 2.75 10 3.5 wi%e, based on the total mass of the prepolvimer mixture, surprisingly and
unexpectedly yields polyurethane efastomers baving a highly desirable combination of physical
propertics such as, for example, wear resistance, tear strength and fatigue hie,

Due to the excess ot MBI employed daring the formation of the prepolymer, e.g., PCL
prepolymer, the initial prepolymer mixture typically containg more than 10 wi% free MDI,
typically more than 23 wi free MEH, based on the total mass of the initial prepolymer mixture.
Thus, in accordance with the embodied processes of the invention, the free MIDI content should
be reduced. Inn one embodiment the amount of free MDI content is reduced 1o a range from 2.0
wi% to 5.0 wi%, e.g., from 2.5 to 4.0 wi% or from 2.75 1o 3.5 wi%, based on the total mass of
the prepolymer mixture. In another embodiment the {ree M content s reduced to fess than 3.0
wie, €.2., less than 2.0 wite, loss than 1.0 wi%e or {ess than 0.7 wi%, and MDI monomers are
added to the resulting prepolymer mixture in order to arrive at the desired free MDY fevel of from
2.0 withs to S0 witt, g 2.5 10 4.0 wibs and 2,75 to 3.5 wite.

Thus, in one embodiment, the reaction mixture {L.e., pre-elastomer mixture) comprises a
polyurethane prepolymer mibxture, e.g., PCL prepolymer mixture, in combination with curative.
As indicated above, the prepolymer mixture preferably comprises a PCL prepolymer and has a
free MDI content of from 2.0 wi%e to 5.0 wite, e.z., from 2.5 to 4.0 wi, from 2.75 10 3.5 wi%,
or 3 wi%s, based on the total mass of the prepolymer mixuwe. In a fivst aspect, the content of free
MM is reduced, e.g., through distitation, to a level of from 2.0 to 5.0 wit%, e.g., from 2.5 10 4.0

wi%s or from 2.75 to 3.5 wide, based on the total mass of the polyurethane prepolymer mixiure,
: Prepoty
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aflter formation of the polyurethane prepolymer but before mixing of the polvurethane
prepolymer mixture and the chain extender.

In a second aspect, the content of free MM is reduced, e.g., through distilation, {0 a low
level, e.g., to a fevel Jess than 2.0 wi%, such as less than 1.0 wi% or less than 0.7 wits, based on
the total mass of the polyurethane prepolymer mixture, e.g., PCL prepolvmer mixture, after
formation of the polyurethane prepolymer. MDI monomer (firee MDI) mayv then be added to the
prepolymer mixture such that the total free MDI in the resulting prepolymer mixture is from 2.0
1o 3.0 wite, e.g., from 2.5 to 4.0 wi¥h or from 2.75 1o 3.5 wi%, based on the weight of the
prepolymer mixture, e.g., PCL prepolymer mixture.

However it is formed, the resudting prepobymer mixture, e.g., PCL prepolymer mixture, is
ultimately mixed with the chain extender and preferably heated to form the final polyurcthane
elastowmer, The curative, as described above, preferably comprises a methylenedianiline-sodium
chloride complex {preferably Cayviny™ 31-DA).

In a third aspect, the content of free MDI in the prepolymer mixture, e.g., PCL
prepolymer nyixture, is veduced, preferably through distiflation, 1o a low level, .., 1o a level less
than 2.0 wit%, such as less than 1.0 wt% or less than (1.7 wi%, after formation of the polyurethane
prepolymer but before mixing of the polyurethane prepolymer mixture. The resulting
prepolymer mixture is then mixed with the chain extender (o form a reaction mixture. Prior to
curing, MDI monomer (free MDD is then added to the reaction mixture such that the total free
MDD i the resulting reaction mixture is from 2.0 to 5.0 wi¥%, e.g., from 2.5 1o 4.0 wi% or from
2.75 10 3.5 wi¥, based on the total mass of the prepolymer mixture plus back-added free M
that is present in the reaction mixtare. The resulting reaction mixture with back-added free MIX
1s then preferably heated to form the final polyurethane elastomer. Of course, in other
embodiments, various combinations of the aforementioned three aspects could be emploved.

As indicated above, once formed, the prepolymer mixture, e.g., PCL prepolymer mixture,
preferably is processed, ¢.g., through distillation, eptionally vacuur distillation, to reduce its {ree
MDI tevel to a level of from 2.0 wits to 5.0 wi%, e.g. 2.5 to 4.0 wis and 2.75 10 3.5 wids (or to
a lower level if it is desived to back add additional free MDI). Processes for reducing MDY levels
are known and are described, for example, in ULS, Publication No. 2003/6065124, filed August

2, 2001, the entivety of which is incorporated herein by reference. In one aspect, the prepolymer
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mixture is distilled i the presence of at least one inert solvent having a boiling point that is
slightly below that of the MDL
Another process, disclosed in U.S. Patent No. 5,703,193, the entivety of which is

incorporated herein by reference, remeoves free MDD content without the use of solvents at high

3

temperatures and in a vacuum, Under these conditions, the free MDI content is reduced from an

estimated starting level of 57 wit% to 0.7 wi% through a series of passes. Another process uses a

combination of high and low boiling point solvents to remove free MDIE content as disclosed in

LS. Patent No. 5,703,193, previously incorporated herein. Another process uses a fow boiling

potat solvent to remove free MDIE content to below 2.0 wi%e as disclosed in ULS. Pablication No.

10 2003/0065124, previously incorporated herein. It should be anderstood to those of ordinary skill
it the art that any such process to reduce free MDI content may be used with embodiments of the
invention so long as the linal free MDD level is within the ranges specified herein.

L8, Publication No. 2003/0065124 is directed to the renwoval of monomeric
dissocyanates, espectally MDIL, from prepolymer mixtures. An inert solvent is used to facilitate

15 removal of the monomeric ditsocyvanates from the prepolymer mixtures. The inest solvent should
have a boiling point slightly lower than that of the diisocyanate monomers under vacuunm
conditions. The inert solvent should have a boiling point (bp) from 1°C to 100°C below that of
the ditsocyanate at a vacuum of 10 torr. For MDH (bp 215°C), examples of suitable inert solvents
nchide dimethyl phthalate (DMP) (bp 147°0), diethy! phthalate (bp 158°C), diisobutyl adipate

20 {bp 168°C), and dibutyl phthalate (DBP) (bp 192°C). Such nert sobvents are those that do not
react with the prepolymers, do not decompose, and have good miscibility with the diisocyanates
and prepolymers. According to the process, the MIDU is dissolved in the inert sobvent, such as
DMP or DBP, at a temperature of about 30°C before charging the polyol. Also, the inert solvent
could be blended in after the prepolymer mixture is formed, according to techniques well known

25 in the art for the preparvation of urethanes.

The weight ratio of MDI{ to solvent may range, for example, from 1(3:90 to 90:10, e.g.,
frove 20:80 to 80:20, or from 25:75 to 65:35. At higher ratins, the MDD may form crystals and
precipitate at room temperature, while at significantly lower ratios, it may be impractical and
difficult to remove the solvent during distillation.

30 As indicaled above, the crude prepolymaer reaction product, v.g., PCL prepolymer

mixture, typically contains a large anount of unreacted MDI and solvent, which are removed by

,,,,
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distitfation. Any distilation equipment that efficiently operates at deep vacuum, moderate
temperature, and short residence time may be used in this step. Exemplary equipment includes an
agitated {ilm distillation system commercialized by Pope Scientifie, Inc.; Artisan Industries, Inc.;
GEA Canzler GmbH & Co,; Plaudler-U.5. Inc; InCon Technologies, 1.1L.C; Lawa Corp.; UIC
Inc.; or Buss-SMS GmbH for this purpose. Centinuous units with internal condensers are
preferred due o the lower operating vacuums of from 0.001 to 1 torr.

Excess MDY and solvent may be stripped at a pressure of 0.04 torr and at a temperature
between 120°C and 175°C, although stripping at 0,02 torr ov below and {40°C or below may
generate the best resulis. The importance of minimizing high temperature degradation of the
prepolymers from aromatic ditsocyanate monomers is described in UKL Patent No. 1,101,410,
the entivety of which is incorporated herein by reference, which recommends that distiflation be
conducted under vacuum with an evaporative temperature preferably under 175°C, ULS, Patent
No. 4,182,825 describes the use of evaporative jacket temperatures of {50-160°C for TDI
prepolymers. ULS, Patent No. 5,703,193 describes the use of a jacket temperature of 120°C.

In the operation of agilated film distiflation equipment, the condenser temperature for the
distillate may be at teast 100°C below the evaporative temperature. This provides a driving force
tor the rapid and efficient evaporation, then condensation, of the distillate. Thus, 1o distill off
MDI monomer at an evaporator temperature of 140°C or lower (1o avoid thermal decomposition
of the prepolymer). a condenser temperature of 40°C or below may be desirable. Since neat M
has a melting point of 40°C, a higher condenser temperature may be required 1o prevent
solidification of the MDI in the condenser. The use of a solvent permits condensation at lower
temperatures, e.g., 30°C or lower. Thus, the use of a solvent makes possible the use of lower
evaporator temperatures, thereby avoiding thermal decomposition of the prepolymer.

When the recommended stripping conditions are observed, 1.8, Publication No.
2003/0065124 discloses that the prepolymer mixture may contain fess than 0.1 wi% solvent and
0.1 to 0.3 wit% MBI after one pass, and the distillate can come out clean and remain transparent
at room teraperature. The distiliate can then be reused to produce more prepolvmer. Monomeric
M1 Jevels can drop down to less than 0.1 wie after two or three passes.,

i another embodiment, as indicated above, two or mare polyurcthang prepolymer
nuxtures, e.g., PCL prepolymer mixtures, are blended together to form a resulting prepolymer

mixture having the desived free MDI level of from 2.010 3.0, e.g., from 2.5 to 4.0 or from 2.73 to
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3.5, Inone aspect, two prepolymer mixtures are blended together according to the following
eguation;
{(AXFBYY (AR = 7,

wherein

A is the mass of the first prepolymer mixture

B is the wass of the second prepolymer mixture

X is the free MDI concentration in the first prepolymer mixture,

Y is the free MDI concentration in the second prepolymer nixture,

7. 1s the resulting free MDI concentration, which, according to the mvention, is from 2.0
to 5.0 witbo, e.g., 2.5 t0 4.0 wi%e or 2.75 to 3.5 wi%, based on the weight of the prepolymer
mixture, e.g., PCL prepolymer mixture,

When additional prepolymers are used, such as C for a third prepolymer mixhire or D for
a fourth prepolymer mixture, ote., the above equation may expand accordingly. For example,
when three prepolymer mixtures are used the equation 15

(AXARY+CWY (AR = 2
wherein C is the mass of the thied prepolymer and W is the free MDI concentration in the third
prepolymer mixture. When four prepolymer mixtures are used the equation is
{AXABYHCWHDVY (A+BrCHD) = Z
wherein 13 s the mass of the fourth prepolymer and V is the free MDI concentration in the fourth
prepolymer mixture, Additionally prepolymer mixtures will expand the equation in a sumilay
manner.

For example, one prepolymer mixture, e.g., PCL prepolymer mixture, may have a free
MDI content that is greater than 2.0 wi% and the other prepolymer mixture may have a {free M
coutent of less than 5.0 wi%. The resulting blend of prepolymer mixtures will have a free MDY
content of from 2.0 wi¥% 1o 5.0 wi%. As another example, i a first prepolyer mixture having a
free MDI content of 6.0 wids is blended in a 1:1 mass ratio with a second prepolymer mixture
having a free MDI content of 4.2 wi%, the resulting blend will have a free MDI content of about
3.1 wi%. Additional prepolymer mixtures {e.g., 3, 4 or more prepolymer mixtures) may be
blended with the first and sccond mixtures and the resufting free MM level may be similarly

determined.
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In embodiments i which the free MDI content is reduced to less than 2.0 wi%, e.g. less
than 1.0 wi% and less than 0.7 wit%, MDI monomers may be back-added to the polyurethane
prepolymer mixture, .z, PCL prepolyvmer mixture, as described above. In such processes, the
free MDI content ts preferably increased to a vange of from 2.0 1o 5.0 wiSe, e.g., from 2.5 0 4.0
wi% or from 2.75 to 3.5 wi%o, based on the weight of the prepolymer mixture, e.g., PCL
prepolymer mixtare. Using a process disclosed in ULS. Publication No. 2003/0065124, which
reduces free MY content to 0.1 wi, a sufficient amount of MDI monomers may be back-
added.

In one embodiment, the reaction mixture comprises a polyurcthane prepolymer mixtare
having a polyester or polyether polvol that may have a free MDI content of from 0.01 1o 10 wits,
e.g. 0.5 to T wi¥% or 2 to 5 wi¥. Free MU comtent for polyester or polyether polyvol prepolymer
mixtures may be backed-added as described above for PCL prepolymer mixtures.

Pre-Elastomer Mixiure

Once formed and preferably processed to reduce its free MDY concenteation, the
prepolymer mixture, e.g., PCL prepolymer mixture, 18 mixed with a chain extender, e.g., diol or
aming chain gxtender, to form a pre-clastomer mixture. The pre-clastomer mixture may be
heated under conditions effective to form the polyurcthane elastoner. In one embodiment, the
molar ratio of polyurethane prepolymer mixture, e.g., PCL prepolymer mixture, to chain
extender in the reaction mixture is in the range of from 0.5:1 10 1.5:1, e.g., from 0.7:1 to 1.2:1 o
from 1.1 t0 0.95:1. Polyurethane elastomers can be made by extending the chains of the
prepolymers with the chain extenders by methods known in the art. The temperature employed
for curing the reaction mixture may vary, but will typically be greater than 40°C, e.p., greater
than 70°C or greater than 90°C. In terms of ranges, the curing temperature optionally is from
20°C to 160°C, e.g.. from 90°C 1o 150°C. Reactivity and cure temperature can be adjusted with
catalyst depending on the chain extender employed.

One advantage of using MDA blocked with a salt as a curative, is that once de-blocked,
the salt does not need to be separated from the cured polyurethane elastomer. In other words,
properties of the elastomer are generally unaftfected by the presence of the salt in the elastomer.

in one embeodiment of the invention, the proeess of curing the pre-elastomer mixture may
be done using a cool technigque. A cool technigue involves pouring the pre-clastomer mixture,

which is at a temperature of about 30°C or less, into g mold that is at a temperature of abouwt
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30°C or less, e.g., Jess than 40°C or less than 30°C. Once the mold is filled, the oven temiperature
is increased, for example to a temperatare of about 120°C, in order to de-bloek the chain
extender and initiate the cure. The rate at which the temperature of the mold should increase
may vary. Preferably, the prepolymer mixture coroprises free MDI o an amount ranging from
2.0 to 3.0 wi%, e.g., from 2.5 to 4.0 wi%e or from 2.75 1o 3.5 wi%, based on the weight of the
prepolymer mixture, e.g., PCL prepolymer mixture,

Deblocking an MDA -salt complex, such as Cavtur, is 8 sensitive process and, without
being bound by theory, higher levels of free MM are believed to inhibit de-blocking. Thus, pre-
polymer mixtures having a free M {evel greater than 5 wit% may be suitable for hot
techniques, Le., a hot mold, hot pre-elastomer mixture, and/or hot inserts, bt generally do form
durable high performance articles using the cool technique. Once the de-blocking temperature is
reached and the MDA-salt complex is inhibited from de-blocking, then the MDA-salt complex
will not de-block {0 produce an elastomer with suitable physical properties regardless of the time
or teraperature of cure. it should be noted, however, that such inhibited de-blocking may cure to
form a polymer with less desirable physical properties. Generally, the MDA-salt complex has
one epportunity to de-block and, il missed, the resuliing product will unsuitable physical
properties for high performance applications.

Large Elastomer Articles

As indicated above, for TDI- and MD{-prepolymers the free diisocyanate has a
deactivating effect on the unblocking of the MDA, Prepolymer mixtures having a high [ree
ditsoeyanate monomer content and having a high NCO content, such as from 6% to 20%, cure
more slowly than polymers of fower diisocyanate monomer content and NCO content, such as
from 0.5% to 6%. Thin sections of elastomer articles, ez, ol up 1o 0125 inches (0.32 am),
generally cure without difficaelty using prepolvimer mixtures having a high NCO content.
Sections having a three-axis thickness of from 2 to 4 inches (5.1 to 10.2 em}, however, often
develop cracks or voids during curing becanse the center of the elastomer article does not warm
up to the unlstocking temperature as quickly as the outer section using prepolymer mixtures
having a high NCO content. By three-axis thickness, it 18 meant a region or section having the
recited thickness in each of the x, v and z divections. Larger articles similarly exhibit cracking

and incomplete curing when formed from high NCO content prepolymer mixtures.
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(One way to partially evercome the deactivating effect of free isocyanate is to increase
cure temperature. oy sections having a three-axis thickness of from 2 to 4 mches (5.1 to 102 em)
this approach merely aggravates the temipersture and cure rate differential between the outer
edges and the center of the article. Another way to partially overcome the deactivating effect is
o use a catalvst, such as glyeerols, ureas, or other polar compounds, 1o redoce the unblocking
temiperature of a blocked curative, such as Cavtur™, The concentration of catalvst may range,
for example, from 0.0 to 5.0 wiYe, e.g., from 0.25 10 0.75 wi%e or from 0.45 to (.55 wi%, based
on the total mass of the resin.

For prepolymer mixtures of the invention, for example, PCL prepolyimer mixtures, it has
anexpectedly been discovered that a large clastomer article having a threc-axis thickness greater

oreater than 15 mches (381 om), greater than 25 inches (63.5 om),

o

than 4 inches (10.2 cm}, e.g.,
greater than 30 inches (127 cm) or greater than 100 inches (254 em), may be formed. In terms of
ranges, the large article may have a theee-axis thickness of from 4 to 190 inches (10.2 10 493

om), e.g., from 4 to 110 inches (10.2 t0 279 cm) or from 4 to 70 inches (10.2 10 178 cm). Such
large articles may be formed using a prepolymer mixture, ¢.g., PCL prepelymer misture, having
a free MDI level in the range of from 2.0 wi%o 10 5.0 wi%s, e.g.. from 2.5 10 4.0 wit¥e or from 2.75
to 3.5 wit¥, based on the weight of the prepolyimer mixture, e.g., PCL prepolymer mixture. The
present invention may also be used to prepare articles having a three-axis thickness of less than 4
inches {10 cm). Depending on the shape of the mold used to tovm the elastomer, there may be
one or more sections that have a large three-axis thickness, i.e.. greater than 4 inches (10.2 cm),
and ane or more thin sections of less than 4 inches {10.2).  One such mold suitable for
prepolymer mixtures of the nvention is deseribed in co-pending 11.S. Application No.
12/036,939, filed on Febroary 23, 2008, entitled, “Non-Pneumatic Tire,” the entirety of which is
incorporated herein by reference.

{n addition to the three-axis thickness, such prepolymer mixtures, e.g., PCL prepolymsr
muxtures, may be used to form large elastomer articles that weigh from 2235 kg to 7,000 kg (abowt
580 1bs to 13,000 ths), e.g., 900 kg to 4,600 or 2,700 kg to 3,700 kg, Preferably, the large
clastomeric article is formed in a single molding step (rather than a plurality of molding steps)
from a pre~clastomer mixture that is a single batch. 1 has now been discovered that such large
elastomer articles may be formed from highly stable pre-elastomer mixtures having free MDI

tevels that provide a long fluid shelf lite, thus allowing the mold to be filled with the appropriate
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amount of pre-glastomer mixture prior to curing. It should be understond, of course, tha
embodiments of the invention may also be emploved 1o produce small objects that weight less
than 225 kg.

In one embodiment, the large article is a non-pneumatic tire such as those describid in
LS. Application No. 12/036,939, filed on February 25, 2008, incorporated above. Such non-
piewmatic tive are suitable for (YR vehicles, also known as off-highway vehicles, and are
commbnly used in rugged terrain for mining, excavation, construction, mititary applications, and
other heavy industrial applications. OTR vehicles include, for example, tractors, trucks, loaders,
dozers, graters, excavators, ete., and may have operational weights as high as 380 1o 460 tons.
Such OTR vehicles may be used in open pit mining and subterranean mining operations, €.g.
gold mines, platinom mines, copper mnes, coal mines, ete, The tires used on those vehicles may
have an outer diameter that may range from 25 inches (64 omj to 190 inches (483 om), e.g., from
650 inches (152 cm) to 139 inches (404 cm) or from 63 inches (160 cm) to 100 inches (254 cm)
and an inner diameter that may range from 20 inches (31 cm) to 140 inches (336 cm), e.g., from
30 inches (76 cn) to 110 inches (279 em) or from 40 inches (102 om) to 80 inches (203 em).
The tires may sapport 9,000 kg to 91,000 kg per tire (about 20,000 ibs to 200,000 lbs per tire),
g. 18,000 kg to 68,000 kg per tire or 27,200 kg to 45,400 kg per tire. Also, such tives may

o

e
support such weights when the vehicle is traveling of speeds ranging from 5 to 100 km/br (abouwt
2 to 60 mph), e.g., 10 to 65 km/lr or 30 to 5O kmvhr. Also, such tires may have an operational
{ifetinie, e.g.. the hours the tire can run with full load at full speed, for mining conditions of at
least 500 hours, e.g., at least 750 hours or at feast 1,000 hours. In terms of ranges, the
operational {ifetime iz fromw 500 to 15,000 hours, e.g., 750 to 8,000 hours or 1,000 to 3,000 hours.
Tires with such operational lifetimes are particularly beneficial for OTR mining vehicles.

As indicated above, providing a desired teraperature profile for the pre-elastomer wixture
is essential for forming highly durable articles, particularly large articles. Although the heat
from the oven may eventually penctrate the article 1f the article and mold are left in the oven tor
a long enough period of time, such extended oven heating is generally not desived due 1o the low
thermal conductivity of polyurethane, which generally does not provide a desirable temperature
profile for curing the imner regions of the mold. Without being bound by theory, it is believed
that the exothernnic nature of the curing process employed in the embodied processes ol the

wrvention propagates a high temperature wave from the heated edge of the prepolymer mixtuore,
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e.g., PCL prepobymer mixture, of the mold toward the center region{s) within the mold. This
temperature wave provides uniform and accelerated heating, thereby preventing or ehiminating
the formation of cracks or tncomplete curing ju the central region of the mold and resulting in a
highly durable high performance article. That is, the heating and resulting deblocking should
occur relatively quickly in the pre-elastomer mixture in order to provide desirable cure
characteristics. I the prepolymer mixture is improperdy, e.g., slowly, heated unblocking will be
inhibsited resulting in an incomplete cure. It is believed that the exothermic nature of the curing
process of the invention facilitates the curing process in srticles with cross-sections baving a
three-dimension thickness greater than 4 inches (10.2 cm), e.g., greater than 10 inches (25.4 cm),
greater than 23 inches {63.3 cm), greater than 50 inches (127 cm) or greater than 100 inches (254
e}, and with prepolymer mixtures having desired free MDI levels, e.g., tree MDUin an amount
ranging from 2.0 1o 5.0 wi%, from 2.5 to 4.0 widb or from 2.75 to 3.5 wih, based vu the weight
of the prepolymer mixture, e.g., PCL prepolymer mixture.

In addition to the desired temperature profile smparted by the pre-clastomer ymxtures
employed in the processes of the invention, the thicker and larger elastomer articles a
attributable to the extended pot life of these pre-elastomer mixtares, Embodiments ot the
invention have an extended pot tife, e.g.. a pot lite that allows the pre-elastomer mixture to
remain uncured at temperatures that would otherwise initiate the curing. As used herein the term

“pot 1ife™ refers 1o the period of time from when the pre-polymer mixture, e.g., PCL pre-polymer
arixture, and the chain extender are mixed to form the pre-elastomer mixtore, until such mixture
reaches a Brookfield viscometer viscosity of at least 6000 centipoise (cPs) (millipascal/second).
This time period is also commonly referred to as “shelf life.” “working hie” or “pour ife” In
one embodiment, the pre-elastomer mixture has a pot life of from 1 to 35 days at a femperature
of 70°C, e.g., from 5 to 35 days at a temperature of 70°C or from 10 to 35 days at a temperature
ot 70°C. I should be understood that the pre-elastomer mixture may have a longer pot life at
temperatures less than 70°C. At temperatures of less than 35°C, the pre-clastomer mixtures of
the invention may have a pot life of at least 90 days to at least one year. At temperatures from
35° to SO7C, the pre-elastomer mixture may have a pot life of al feast 30 days to at least 90 days.
Attemperatures from 50° to 70°C the pre-elastomer mixiure may have a pot hife of at feast 7

davs to at least 60 days.
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A additional advantage of the extended pot lives of the pre-elastomer mixtures of the
invention is that the pre-elastomer mixtures may be injected inte a large mold using a standard
tjection systent without having the pre-elastomer mixture cure prematurely. A premature cure

may result in the defects in the final elastomer, e.z., bubbles or cracks, resulting in jucreased

serap rates. The standard injection system may require additional time to fill large molds with a
sufficient amount of pre-elastomer mixtare, such as at least 8 hours, e.g., at least 10 hours or at
feast 20 hours. Thus, pot Hives that are greater than these times should be sufficient to £ill large
mold and are generally satficient for purposes of the present invention. In some aspects, the pot
Hves should be longer than the poor time, optionally at least 5%, at least 10% or at least 13%
fonger than the pour time, in order to allow time for entrained gases to be liberated from the pre-
elastomer mixture priov to curing. In addition, it may take increased time to heat a large mold,
which would also require increased pot hife. For example, a large mold capable of holding 900
kg (about 2000 Ibs) of pre-clastomer mixture may take about 12 hours to reach de-blocking
temnperature. Thus, a pot life that is geeater than 12 hours should be sutficient for purposes of the
present invention,

flastomer Propertics

In one embodiment, the polyurethane elastomers, e.g., PCL polvurcthane elastomers, of
the present invention preferably have superior wear resistance, tear strength and fatigue life
properties, when compared 1o polyurethane elastomers formed from pre-elastomer mixtures
having free MDI levels less than 2.0 wih or greater than 5.0 wi%s, based on the weight of the
prepolymer mixtures, e.g., PCL prepolymer mixtures, present in the pre-elastomer mixtures, In
pacticular, the polyurethane elastomer articles formed from such pre-elastomer mixtures exhibit
substantially similar properties throughout the entire thickness of elastomer anticle. The
substantially sinular properties are particularly well suited for tire applications used on QTR
vehicles,

fn one emabodiment, the physical properties of the resalting polyurethane article wmay be
improved by a post-cure heating of from 133°C to 160°C, e.g., from 140°C to 1357C or from
H0°C 1o 150°C, Such post-cure heating for other urethane articles, such as those formed from
TDI-prepolymers and MOCA, generally produce articles having less desirable properties.

The polyurethane elastomers of the present invention, for example, may have a

compression set percentage of from 1% to 32%, e g, from 20% to 27% or from 22% to 26%,
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The polyurethane elastomers may have a tear strength of from 150 to 450 pounds per linear inch
(ph) (263 1o 78.8 Nimm), e.g., from 230 to 430 pli (43.8 1o 78.8 N/mm) or from 300 to 450 pli
{52.5 to 78.8 N/imm), in accordance with ASTM procedure 13-1938. The polyurethane
elastomers may have a tensile strength of from 3500 pst to 7500 psi (25.5 MPa to 54.6 MPa),
e.g., from 4000 to 6000 psi (29.1 MPa to 43.7 MPa) or from 3000 to 3600 psi (36.4 MPa to 40.8
MPa). The polyurethane elastomers may have a split value of greater than 1S pli (2001 Némum),
e.g2., greater than 140 phi (24.5 N/mm) or greater than 150 pli (26.3 N/omn), o accordance with
ASTM procedure D-470. The polvurethane elastomers of an embodiment of the invention may
have a Texus Flex value, starting with a 2 mm cat, at 30% of greater than 10,000 cveles, e.g.,
greater than 20,000 cycles or greater than 30,000 cycles in accordance with ASTM procedure
133629-99. The polyurcthane elastomers of an embodiment of the invention may have a Texus
Flex value, starting with a 2 mm cut, at 45% of greater than 1,500 cycles, e.g., greater than 2,000
cycles or greater than 2,500 cyeles in accordance with ASTM procedure D3629-99, Such
polvarethane elastomers may bave Bayshore rebound vatue of from 32 to 99.9, e.g., from 35 to
95 or from 58 1o 9 in accordance with ASTM procedure D-2632. The polyarethane elastomers
may have a Shore hardness value of from 85A to 96A, e.g.. from 90A to 95A ar from 91A 10
93A in accordance with ASTM procedare 2240-00.  The polyurethane elastorers may have a
DN abrasion of from 5 to 31 mm’, £.2., from 5 to 25 mm’ or from 5 to 20 mm°, in accordance
with ASTM procedure 1-5963. The polyurcthane elastomers may have a mininum tan & at 30-
16070 of from §.005 to 0.035, e.g., from 0.0035 to 0.023 or (.005 to 0.020 and a tan & at 30°C of
from (.02 to 0.06, e.g., from 0.02 0 0.05 or 0.02 to 0.04; a tan & at 150°C of from 0.005 to
0.033, g, frow 0,005 1o 0.025 or 0.005 o 0.020. The polyurethane elastomers roay have
dynamic properties characterized by having a storage modulus vatio of G zpe¢ t0 G yee ranging
from 1O to 2.5, e.g., from 1.5 1o 2.4 or from 173 to 2.3; ow dynamic properties characterized by
having a storage modulus ratio of G500 10 G lyee that s from 10510 3, eg, from 106 to 2.5 or
from 1.07 t0 2.0, In one embodiment, the polyurethane elastomer has at least two of the above-
wlentified properties. Optionally, the polyurethane elastomer has at least three of the above-
tdentified properties.

in another embodiment, the invention 13 to a polyurethane elastomer article having a
Texos Flex value at 30% of 34,000 cyeles and a minimno tan 6 at 30-160°C ot 0.018.

Optionally, such articles, in addition to the Texus Flex valug at 30% and minimum tan 6 at 30-
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160°C, also have a tear strength property of from 150 to 430 pli in accordance with ASTM
procedure D-1938 and a DIN abrasion of from 5 to 31 mum’ is accordance with ASTM procedure
D-5963. In still further embodiments, such articles may also have one or more of the other
properties tisted above.

I another embodiment, the polyarethane elastomer article has a Texus Flex value at 30%
of greater than 10,000 cyeles in accordance with ASTM procedure D-3629-99; and a tear
strength of from 1530 to 450 pli in accordance with ASTM procedure D-1938.

Iy another embediment, the polyurethane elastomer article bas a Texus Flex value at 30%
of greater than 10,000 cycles in accordance with ASTM procedure 13-3629-99; and a DIN
abrasion of from 5 to 31 sum’ in accordance with ASTM procedure D~5963. Optionally, such
embodiments may also have one or more of the other propertics listed above,

In one embodiment, the invention is directed 10 a polyurethane elastomer article having a
miniroum tan & at 30-160°C of from 0.005 to 0.035, e.g., from 0.005 1o 0.0235 or from 0.005 to
0.020, and a tear strength of from 150 to 450 pli in accordance with ASTM procedure D-1938.
Optionally, such embodiments may alse have one or more of the other properties listed above,

In one embodiment, the invention s directed to a polyurethane elastomer article baving a
minimum tan & at 30-160°C of from 0,003 to 0.035, e.g.. from 0.0035 to L0235 or 0.005 to 0.020,
and a DN abrasion of from § to 31 nun’ in accordance with ASTM procedure D-5963.
Optionally, such embodiments may alse have one or more of the other properties listed above,

in one embodiment, the invention is generally directed to a polvurethane elastomer article
having a tear strength of fromw 150 to 450 plt in accordance with ASTM procedure D-1938, and a
DIN abrasion of from 3 to 31 mm” in accordance with ASTM procedure D-3963. Optionally,
such embodiments may also have one or more of the other properties listed above.

Embodiments deseribed above with various properties are considered to be high
performance, and in particular, have properties, such as fatigue, dynamic, tear and abrasion,
which are characterized by Texus Flex, minimum tan 8 at 30-160°C, trouser tear, and DIN
abrasion.

The test used to measure or determine the properties of such articles made trom the
prepolymer mixtares, e.g., PCL prepolymer mixtures, and chain extenders set forth above will
now be described. An exemplary list of mechanical properties that may be considered for

articles intended for such hugh performance applications includes, but is not limited to, the

el
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folfowing: Shove A Hardness, Tensile Strength, Texus Flex, Trouser Tear, Rebound, Din
Abrasion, Dynamic Modulus Ratio and Tangent Delta. Most of such tests involve ARTM
standards and moditied ASTM standards.

1. “Troager Tear” (ASTM D-1938)

The force necessary to propagate a tear in plastic film and thin sheeting by a single~tear
methad is often characterized by a Trouser Tear test in accordance with ASTM procedure ASTM
13-1938, entitled “Standard Test Method for Tear-Propagation Resistance (Trouser Tear) of
Plastic ¥ilm and Thin Sheeting by a Single-Tear Method,” the entivety of which is incorporated
herein by reference. This test method rates the tear propagation resistance of various samples of
comparable thickness.

In the Trouser Test procedure, specimens are cut into 25 mim) by 75 mm) rectangles. A
S0 pum cut is made down the center of each specimen leaving a “irouser-shaped™ specimen
having two equally sized legs. The test specimen may be temperature and/or humidity
conditioned. As an example, the test spectmen can be kept at up to 100% relative humidity, e.g.,
up o 75% relative humidity, up to 30% relative bumidity or up to 23% relative humidity, As
another example, the test specimen can be kept at up to 100°C, e.g., at least 75°C, at least 50°C,
at feast 25°C or at least 07C. The test specunen may be kept at ambient temperature and/or
humidity, e.g., 23°C and 50% relative humidity.

A load is then applied to the legs of the test specimen. In an exemplary ensbodiment, an
Instron™ umversal testing machine (5560 series) is utilized 10 apply the load to the test
specimenr,. One grip of the umiversal testing machine ts attached to one leg and the other grip of
the machine is attached to the other leg. The universal testing machine pulls cach of the legs of
the test specimen in opposing directions. The machine measures the force, F, utilized in pulling
the specimen. As the legs are pulled apart from one another, a tear propagates. The test can be
continued until the tear propagates through the remaining 1 inch (23 mm) of the length of the
sample. The umiversal testing machine measares the force utilized in pulling the specimen, the
rate of separation of the grips and the time elapsed until the teat propagates through the
specimen, e.g., until the specimen is broken into mutltiple pieces.

The articles of an ensbodiment of the invention preferably bave a tear strength of frow
150 to 450 phi (263 to 78.8 N/mum), e.g., from 250 to 4530 pli {(43.8 to 78.8 N/mm) or from 300
to 450 pli (52.5 to 78.8 N/mm).
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2. Tensile Strength (ASTM D412)

The tensile strength, tensile modulus and percent elongation are often characterized by a
tensile tear test. The corresponding ASTM test is designated ASTM D412, entitled “Standard
Test Methods for Vulcanized Rubber and Thermoplastic Elastomers-Tension” the entirety of
which is incorporated herein by reference.

The testing fnvolves a sample that is cut into a dumbbell shaped specimen using the Die
C dimensions provided by ASTM D412 which are: A-23mm, B-40num, C-11Smum, D-32nwum, D-
E-13mm, F-19mm, G-Tdmm, H-25mm, L-33, W-6mim, and Z-13mm. The test specimen is
gripped at opposite ends and a load is applied thereto. In an exemplary embodiment, an Instron
universal testing machine is utilized to apply the load 1o the test specimen. The machine grips
the test specimen on the opposing ends and pulls the test specimen in opposing directions. The
machine can measure the force, F, utilized in pulling the specimen. In an exemplary test
procedure, the specimen is pulled until it ruptures. The force required to rapture the sample is
the maximum tensile strength of the specimen. The amount of elonpation, AL, andergone by the
test specimen can be measured as well. The universal testing roachine measures and records
modulus of elasticity and/or tensile strength.

The articles of an embodiment of the invention preferably have a tensile strength of from
3300 psi to 7500 psi (25.5 MPa to 54.6 MPa), e.g., from 4000 to 6000 pst (29.1 MPa o 43.7
MPa} or from 5000 to 5600 psi (36.4 MPa to 40.8 MPa).

The fatigue life of a particular material is characterized by a TEXUS Flex test. The
Texus Flex test measures cut growth effect at different strains, e.g., 30% or 45%. The
corresponding test is designated ASTM D-3629-99, entitled “Standard Test Method for Rubber
Property-Cat Growth Resistance), the entivety of which is incorporated hercin by reference. In
Texus Flex testing, a noteh is formed, e.g., molded or cut, into a test specimen, e.g., a 0.08 inch
{0.20 emy notch. In one exemplary test procedure, there ave thick, e.g., 1188 inches (0.48 em)
and thin, e.g., 0.127 inches (0.35 cm) specimens The notch is formed or cut in a position at
which it is known that the notch will bend. The specimen or specimens are then placed on a
wheel fixture. The test specimen(s) are temperature conditioned at up to 100°C, ¢.g., at least
70°C, at least 30°C, at least 25°C ov at feast 0°C. In a particular case, the specimens are

tepperature conditioned at 70°C, The wheed fixture is positioned in relation o a bending roll
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such that the bending roll causes an interference with the samples as they are held by the wheel
fixture. This interference causes a bending deflection as the wheel fixture rotates. In obe
exemplary testing procedure, the interference causes a 45% strain on the thick specimens. In
another testing procedure, the interference causes a 30% stram on the thick specimens. The
wheel! fixture 1s rotated, e.g., at about 500 r.pam. until a predetermined amount of cyeles ocears.
This rotation causes the cuts to grow. At the end of the predetermined time the growth of'the
cuts ts measured and recorded. The rotating continues until the cut growth reaches 0.5 inches
(127 amn). The number of cyveles necessary to achieve 0.5 inches of cut growth 1s recorded.

The articles of an embodiment of the invention preferably have a Texus Flex value at
30% strain of greater than 10,000 cyeles, e.g.. greater than 20,000 eycles or greater than 30,000
cycles, The articles of an embodiment of the invention preferably have a Texus Flex valoe at
45% strain of greater than 1,500 cycles, e.g., greater than 2,000 cycles or greater than 2,500
cyules.

4, Rebound or Bavshore Resilience (ASTM D-2632)

The percent resilience of a particular sample is often characterized by a Rebound or
Bayshore Resilience in accordance with the ASTM procedure D-2632, entitled “Standard Test
Method for Rubber Property - Restlience by Vertical Rebound,” the entirety of which is
incorporated herein by reference. This property is a function of both the dynamic stiffness and
loss factor (a measure of damping performance} of 8 material.

The testing involves a metal shuttle piece that is dropped onto a specimen. The highest
point of rebound of the shuttle picce is measured. The value reported is the percentage of the
drop height that the shuttle picce rebounds. As a specific example, if a piece is dropped from a
hetght of 25 cm and the piece rebounds upwardly § em, the rebound would be 5 em/ 25 em =
20%%.

The articles of an embodiment of the invention preferably have rebound values of greater
than 52 to 99.9, e.g., from S5 to 95 or from 58 to 90

5. Shore A Hardness (ASTM 2240-0(0)

Hardness of polyurethane articles is an important characteristic for the high performance
polvurethane articles of an embodiment of the present fnvention in accordance with ASTM
procedure D2240-00, entitled, “Standard Test Mathod for Rubber Property-—Durometer

Hardness,” the entirety of which is incorporated herein by reference. According to preferred
> w R j
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aspects, the hardness is express in terms of the Shore hardness, defined herein as the resistance 1o
permancnt indentation of a material as determined with a durometer, such as a HPSA durometer
made by Albugquergue, Ine. or a Shore Durometer made by Instron. A durometer determines a
hardness value (using the A scale) for a given sample by applying pressure to the sample with a
durometer indenter foot. f the indenter foot completely penetrates the sample, a reading of 0 is
obtained, and if no penctration occurs, a reading of 100 resalts. The reading is dimensionless,
For purposes of the present invention, the durometer is calibrated such that durometer provides a
hardness value of 100 when the indenter foot is displaced exactly 0.1 inch (2.54 ram).

The articles of an embodiment of the invention preferably have a Shore A hardness value
greater than 85A, greater than 90A, greater than 95A or greater than 97A. In terms of ranges,
these articles optionally have a Shore A hardness value ranging from 83A to 96A, e.g., from 90A
0 95A or from S1A to 95A.

6. DIN Abrasion (ASTM D-5963)

The DIN abrasion method is commonly used in Europe. The abrasion resistance of a
sample that is subject 1o abrasive/frictional wear when in actual service is often chavacterized by
a [in Abrasion test. The corresponding ASTM test is designated ASTM D-3963 (DIN 53516),
entitled, “Test Method for Rubber Property—Abrasion Resistance Rotary Drum Abrader,” the
entirety of which is incorporated herein by reference. This test method measures the volume loss
or weight loss of a test sample through abrasion action by rubbing over a specified grade of
cloth.

The test specimens are cylindrical in shape have a diameter of at least 0.63 inches (1.6
om) and a thickness of at least 0.25 inches {0.64 em). The initial weight of the specimen is
measured. The abrasive test may be conducted on an apparatus having a specimen holder and a
rotatable eylinder to which an abrasive cloth is affixed. The specimen is pressed against the
rolatable cylinder with a force of at least 10 N. The eylinder is rotated, while the abrasive cloth
is i contact with the specimen, for a predetermined time period. In doing so, the abrasive cloth
wears away a portion of the specimen. After cylinder has rotated for the predetermined time, the
specimen 15 removed and weighed. The difference in weight is recorded. The abrasion
resistance is calculated by measuring the weight loss after the sample is tested and comparing it
to the original sample. The results are reported as a volume loss, typically in cubic millimeters

{ mm’),
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The articles of an embodiment of the invention preferably have a DIN Abrasion value of
4y 3 . i 3 . ~ 3 -
no mere than 30 mm’, e.g., no more than 25 mm” or no more than 20 mm™. In terms of ranges,
. R . . . - - 3 . o . - 3
these articles optionally have a DIN Abrasion value of from 5 to 31 mnv’, e.g., from 5 to 25 num
or from 3 to 20 mm’.

To obtain tan 4 values, a rheometric measurement device, e.g. ARES-RIDA™ made by
TA Instructions, is utilized. A specimen of a particular size and shape, ¢.g., a rectangle, is
prepared. The sample is formed, e.g., die cat, into a rectangle of the dimensions 1.5 inches (3.73
ey by 0.5 inches (1,25 em.) by 0.25 inches {0.68 cm.). The specimen is subjected to a known
strain by the rheometric measurement device, The storage modulus, G, and the loss modulus,
G, are then calenlated for the particular specimen by the device, The storage modulus, G7,
relates to the storage portion of the specimen. As the specimen is deflected or compressed,
energy is put into the specimen. As it is released, the all of the stored energy is given back, The
loss modulus, (G, relates to the absorption portion of the specimen. Ax the specimen is strained,
energy is absorbed into the specimen. The ratio of the loss modulus, (377, and the storage
modulus, (7, is equal to the tan 4.

The values for tan o can be plotted versus temperature, The temperature at which the
minimum tangent delta ocecors. Le., where the tan & bottoms out, will be the critical temperature,
T In one example, T, 15 from 30-160°C.

The articles of an embodiment of the invention preferably have tan & values as shown in

Table 1:

Table | - Tan & valges

Temp Broad Range Preferred Range
-30°C 0.02 to 0.06 0.02 10 0.05
0°C = e

30°C 0.005 to (1.045 Q.01 to 0.04
50°C 0.005 to 0.035 0.01 to 0.03
70°C 0.005 10 0.035 0.01 10 0.03
130°C (.005 to 0.035 (.01 10 0.03
150°C 0.005 1o 0.035 (.003 o0 0.025

As shown in Table 1, the minimuom tan & values from 30°C-160°C are from 0.008 to
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0.033, e.g.. from 0.005 to 0.025 or 0.005 t0 0.020, It is widely understood, that a minimun {an §
may indicate the eritical temiperature for an article.

The storage modulus, (7, can be obtained at vartons temperatures using the TA Ares
RDA. An exemplary teraperature range is -50°C 1o 200°C, e.g., 30°C 1o 180°C. The storage
modulus values at vartous temperatures can be compared i ratios, such as G 15000/ G 'ypec OF
G /G e, The articles of an embodiment of the invention preferably have ¢ 'yagec/G s
ratios ranging from 105 (0 3, e.g., from 106 10 2.5 or from 1.07 to 2.0. The articles of an
ertbodiment of the invention preferably have G apo/G yee vatios ranging from 1.0t 2.5, e.g.,
from 1.5 to 2.4 or from 1.75 10 2.3,

The polyurethane elastomers of the invention may be employed in any of a varicty of end
use applications. For example, the clastomers may be employed in indostrial non-preumatic
ires, wheels, mining screens, hydrocyclones, scraper blades, pipeline pigs, rollers, and wheels,
l particular, the polyurcthane elastomers of the ivention preferably are wellssuited for the
formation of non-preumatic tres, and in particalar for non-pneumatic tires for OTR vehicles.
OTR vehicles, also known as off-highway vehicles, are commonly used in mining, excavation,
construetion, military applications, and other heavy industrial applications, as discussed above.
OTR vehicles include, for example, tractors, trucks, loaders, dozers, graters, excavators, and may
have operational weights as high as 380 to0 460 tons.

The advantages and the importaut features of the invention will be more apparent from

the following examples.

A prepolymer mixture containing 50% of Adiprene LFM 2430 containing 6% free MDJ
and 50% of Adiprene LEM 2400 containing less than 0.05% free MDI s formed as a
homogenous mixture. The prepolymer mixture bas a 3% free MDD fevel.  The temperature of
the prepolyrmer wixture s maintained within 70°C to 90°C. The prepolymer mixture is cured
with Caytur 31 having a 95% stoichiometry at a temperature of 115°C to 127°C. The properties
of this polyurethane elastomer are shown in Table 2,
Example 2

A prepolymer mixture containing 75% of Adiprene LFM 2400 containing less than

0.03% free MDI and 25% of Vibrathane 8030 comtaining 12% free MDD is formed as a

29
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homogenous mixture. The prepolymer mixture has a 3% free MDI level.  The prepolymer
mixture 1s cared with Cavtur 31 having a 95% stoichiometry. The properties of this
polvurcthane elastomer are shown in Table 2.

Comparative Example A

3 To compare the properiies of Examples | and 2. a comparative prepolvmer mixture
coutaining 30% of Adiprene LFM 2450 containing 6% free MDI and 70% of Adiprene LEM
2400 containing less than 0.05% free MDY is formed as a homogenous mixtare. The prepolymer
mixture has a 1.8% free MDI level.  The prepolymer mixture is cured with Caytur 31 having a
95% stoichiometry. The properties of this comparative polyvurethane elastomer are shown in
10 Table2.

Comparative Example B

Another comparative prepolymer mixture containing Adiprene LEM 2400 contaming less
than 0.05% free MDI is cured with Cayiur 31 having a 95% stoichiometry. The properties of
this comparative polyurethane elastomer are shown in Table 2.

Table 2

Example 1 2 A B
MO . 0 Less than
3 AR >
3 3-4% 1.8 0.03%
Compression Set (%) 24 26 26 32
Tear {pli) Troaser 289 337 235 140
Split (pli} 165 159 167 i3
Texus Flex®
30% (cyeles) 11,000 34,000 7.000 700
45% (cveles) 2.500 1,000 1,460 200
Rehound Drop Ball 57 549 57 58
Shore Hardness A a5 94 94 93
T, — critical temperatuie 140°C 130°C 130°C F50°C
Tan A(T,) 0.0175 0.018 0.017% 0.0177
Tan A (30°C) 0.0365 0.042 0.039 {.039

1S # Started with a 2 mm wide cut.
As shown in Table 2, Examples 1-2 show significantly improved Texas Flex, while
having similar bardness, rebound, and Tan A values when compared to corgparative Examples A

and B.
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Prepolymer Adiprene™ LEM 2430 (having a free MDI content of about 3-4%) is mixed

with Cayiur™ 31, having a free MDA content of 0-0.5% using a machine mix. The processing

conditions are provided in Table 3:

Table 3
Condition Value
Temperature
Prepelymer {Adiprene 2450) 20°C
Curative (Caytur 31} 25°C
Stoichiometry (% Theory) 5%
pph Caytur (NCO = 4.5, E.W. = 230} 234

Mold Temperature
Pot Life®, mins
Demold Time

Post Cure

LES™C-125°C

> 10 ins,

10-20 mins. @ 115°C-125°C
16 hours @ 1157C

* Time to 100 'poise, 350 ¢ cup.

The properties of the polyurethane article made in Example 3 are compared with the

properties of Vulkollan™ 27 made by Valkoprin NV, Belgium, in Table 4. The tan & values are

compared in the FIGURE,

Tabde 4
Property ASTM Example 3 Vulkollan 27
Tear Strength D-1938 340 ph 190 phi
{59.5 N/mm) {33.3 Némam)
Tensile strength D-412 14040 psi 1320 psi
(9.6 MPa) (9.1 MPa)

Texus Flex value @ 30%  D3629-99 11,300
Texus Flex value @ 45%  D3629-99 3.000 —
Rebound D-2632 39 51
Shore A Hardness 2240-00 93A-95A 93A-D6A
DIN abrasion D-5963 14 mm’ 36 man’
Tan o

30°C 0.037 {1046

Minimum at 30-160°C 0.018 0.043

150°C 0018 0.045
Dynamic Properties

G'-30 10 (330 ratio 3 4

G730 1o G130 ratio 1 5




10

WO 2009/108510 PCT/US2009/033983

Prepolymer Adiprene™ LEM 24350 (having a free MDY content of 3-4%) is mixed with
Caytur™ 31, having a free MDA content of 0-0.5%, according the stoichiometry relationship
shown in Table 5 using a machine mix. The processing conditions are similar to Example 3.

Several runs are compared in Table 3,

Table 8

Run a b ¢ d E { g
Stoichoimetry 9(1% Q5% 100% 105% 0% 113% 120%
Stress/Strain
Mod. 10% {psi) 550 335 543 542 544 539 518
Mod. 25% (psi) 806 822 810 R06G 813 815 777
Mod. S0% (psi) 1103 1122 117 (RRR iti6 1136 1082
Maod. 100% (psi) 1382 1400 1397 {366 §353 1373 1298
Maod. 200% (psi) 1608 1638 1615 1524 }485 1442 1297
Mod. 300% (psi) 2006 20S55 2003 1768 1662 1530 1262
Mod. 400% (psi) 2997 3109 2988 2260 1954 1673 N/A
Med. 500% (psi) 3307 2448 1875 N/A
Tensile (psi) 5829 5688 3614 4662 3582 2093 1307
Elongation (%) 484 482 489 551 G035 593 209
dear
Split Tear (Ihf7in) 158 123 118 157 132
Trouser Tear (Ibffin) 242 164 154 244 242
Compression Set 23 24 25 32 3% 40 Crumbled
Method B
Dynamics
Tan Delta 30°C 0.040  0.040 0.049 0.051 0.046  0.052
Tan Delta Te 0.027 0.028 0.032 8.033 0.032 {2.038
Criticat Temp (T¢) RV 130 130 120 110 110

Texus Flex

{cyeles to Y inch failure)

189%6 Strain 17,300 265,000 148,000 18,000
30% Strain 11,300 96000 16,000 2,000
45% Strain 3,000 20,000 2000 2,000

Prepolyruer Adiprene™ LEM 2430 (having a free MDI content of 3-4%) is mixed with
Caytor™ 31-0A, having a free MDA content of 0-0.5%, and the properties evaluated throughout
the thickness of the article. Several runs are compared in Table 6.

In the conirol, an ASTM standard test sheet and mold were evaluated. In runs mand o

used the same § gallon pail casting. Run m evaluated the physical properties on the top (free)

(950
ot
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surface of the article and run n evaluated the physical propertics at the center of the article. The
article for runs m and n weighed 33 fhs. The 3 pallon pail is 11 inches in diameter and 11 fnches
in beight. The center section is approximately 5.3 inches from the side and top.

Run o 1s a 4 drum pour that formed a 2000 b article. The Adiprene™ LLFM 2450 and
Caytur™ 31-DA are poured into a metal mold with metal tubular inserts. The prepolymer
mixture was melted at 70°C and loaded into a mix tank, cooled to 50°C and degassed. The
Caylur™ 31-DA added to the tank at room temperatore, mixed and degassed. The mixture was
approxinately 45°C during the pouring. The mold was heated to 30°C, although the mold
cooled during the long, 1% hour pour. The mold was moved into a 120°C oven. The mold and
the pre-elastomer mixture were slowly heated until the de-blocking temperature was reached.
The mixture was allowed o cure for 6-8 hours and was removed from the mold the next day.,
The post-cure was obtained by leaving the part in the mold overnight at 120°C. The mold was
removed using two small coupons with adhesive that were inserted into the mold prior to curing.
The 2000 b article showed remarkable adliesion 1o these coupons when ramoved from the mold.

Run p is from the center section of'a 5 gallon pail casting having the same dimensions as

above. The article for run p weighed 33 lbs,

Table 6
Run Control m n 0 P
Size {1bs) ASTM slab 3 gallon 5 gallon 4 dram § gallon
(.11 tbs 33 tbs 33 Ihs 2000 lbs 33 1bs
Siress/Strain
Mod. 10% (psi} 355 490 S04 535 349
Mod. 25% (psi) 822 7935 775 820 835
Mod. 50% (psi) 1122 H09 1076 1130 1143
Mod. 100% (psi) 1400 1421 1383 1437 1407
Mod. 200% (psi} 1638 1699 154 1731 1600
Mod. 300% (psi 2055 2090 2043 2227 {870
Muod. 400% (psi 3109 3003 2948 3497 2448
Muodd, 500% (psi) N/A N/A N/A N/A 4600
Tensile {psi) 5688 3301 3701 4959 5193
Elongation (%) 482 478 481 445 519
Tear
Split Tear {1bf/in} 158.4 123 118 156.9 153
Trouser Tear (Ibffin) 2416 164 134 244 242
Rebound 57 52 2 51 52
Compression Set 23.6 232 20.9 24.6 225

Method B
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DIN Abrasion 30.1 30.6 26.5 28.8 292
Dynamics
Tan Delta -50°C 0.230 {0.230 £.240 0.210 0.250
Tan Delta 30°C 0.045 3.042 0.042 (.047 0.046
Tan Delta Te {.026 0.024 £.022 (.028 0.029
Critical Temp (Te °C) 120 140 150 130 {40

As shown in Table 6, the appears to be little difference from the center to the edge of the
casting in comparing runs m and n. This indicates the article was cured throughout the thickness
and has a substantially aniform physical properties throughont the thickness,

fy view of the many changes and modifications that can be made without departing from
principles underlying the invention, reference should be made 1o the appended claims for an

understanding of the scope of the protection to be afforded the invention,
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Claims

i A polyurethane elastomer article having at least two of the following properties:

a Texus Flex value at 30% of greater than 10,000 eyeles in accordance with ASTM
procedure D-3629-00;

a minimum tan 4 at 30-160°C of from 0.010 1o 0.025;

a tear strength property of from 26.3 to 78.8 N/mum in accordance with ASTM procedure
[-1938; and

a DIN abrasion of from 5 to 31 mm’ in accordance with ASTM procedure {3-5963

2. The polyurethane elastomer article of claim 1, wherein the polyurcthane clastomer article
is formed {rom a pre~clastomer mixture comprising a pre-polymer mixture and a chain extender
and wherein preferably the pre-polviner mixture is the reaction mixiure of & polyol and a
diphenylmethane diisocvanate, wherein the polyol is selected from the group consisting of a
polyester, a polyether, and a polycaprolactone and the chain extender is preferably selected from
the group consisting of 1,4-butanediol; 1,3-propanediol; ethvlene glycol; 1 6-hexanediol;
hydroguinone-bis-hydroxyethyl ether; resorcinol ditheta-hydroxyethyl) ether; resorcinol di(beta-
hydroxyprapyl) ether; 1 4-cyclohexane dimethanod; an aliphatic triol; an aliphatic tetrol; 4,47~
methylene-bis(2-chloroaniline); 4,47 -methylene- bis(3-chloro-2,6-dethylaniline); diethy} tolsene
diamine; -butyl loluese diamine; dimethylthio-toluene diamine; trimethylene glycol di-p-amino-
henzoate; methylene bis orthochloroanitine, methylene bis diethylaniling; methylenedianiline;
and methylenedianiline-salt complex, more preferably the chain extender comprises

methylenedianiline-sodivin chloride complex .

3. The polyurethane clastorner article of claim 2, wherein the pre-clastorner mixture has a

pot life of from | to 35 days at a temperatore of 70°C.

4. The polyurethane elastomer article of claim 2, wherein the prepolymer mixture comprises

frony 2.0 with to 5.0 wi% of free diphenyvlimethane diisocvanate,
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S. The polyurethane elastomer article of claim 1, wherein the article weighs from 225 kg o

7,000 kg and has a three-axis thickness of from 102 om t0 493 cm.

6. The polyurethane clastomer article of claim 1, whergin the article is a non-preumatic tire

which is preferably capable of supporting 9,000 kg to 91,000 kg .

7. The elastomer article of ¢laim 1, wherein the polyarethane elastorner article has

compression set percentage from 10% to 32%.

8. The elastomer article of claim |, wherein the polyusrethane elastomer article has a split

value greaterthan 20,1 N/mmi in accordance with ASTM procedure D-470,

9. The elastomer article of claim 1, whercin the polyurethane elastomer article has a Texus
: Pot;

Flex value at 45% of greater than 1,500 cycles in accordance with ASTM procedure D-3629-99,

i, The elastomer article of claim 1, wherein the polyurethane elastomer article has a

rebound valoe of from 52 to 99.9 in accordance with ASTM procedure D-2632.

P, The elastomer article of claim 1, wherein the polyurethane elastomer article has a Shore

hardness value of from 85A t0 96A in accordance with ASTM procedure 2240-00.

12, The elastomer article of claim 1, having dynamic properties characterized by having a (7.

e 10 (3 e patio of from L0t 2.5,

13, A process for making a polyurethane elastomer according to claims (12, comprising:
providing a prepolymer mixture comprising a polycaprolactone prepolvimer, and a
diphenylmethane ditsocyanate, wherein the prepolymer mixture comprises the diphenylmethane

diisocyanate in an amount from 2.0 wite to 5.0 wi¥;

mixing the prepolymer mixture with a chain extender to form a pre-elastomer mixture;

curing the pre-elastomer mixture to form the polysrethane elastomer;
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optionally subjecting the cured pre-elastomer mixture to a post-cure heating at from

1353°C to 1607,

t4.  The process of elaim {3, further comprising removing at least some of the free

diphenylmethane ditsocyanate from the prepolymer mixture forming the pre-elastomer mixture.

3. A process for making a polyurcthane clastomer comprising:

mixing a first prepolvmer mixture of mass 4 and a second prepolymer mixture of mass B,
said first prepolymier mixture comprising a first polycaprolactone having preferably molecular
weight of 200 to 6000, and X wi%b free diphenyvimethane diisocyanate, and said second
prepolymer mixture comprising a second polveaprolactone having preferably molecular weight
of 200 to 6000, and Y wi% free diphenylmethane ditsocyanate, and wherein 4, B, X and Y are
sefected such that (AX+BYV(A+RY is from 2.0 10 3.0; and

curing the mixed fiest and second prepolymer mixtures with a chain extender to form said

polyurethane elastomer.

37



WO 2009/108510

1

FIGURE

PCT/US2009/033983

Hysteresis Comparison (Tan delta)

i

““““““““““

e Villkolian 27
e LFM2450-C31

3

¥

Tan Delia
=
=

0.06 4t
(.44 +
0.02
0.00

-60

Temperature, C



_ INTERNATIONAL SEARCH REPORT

“International application No

PCT/US2009/033983

A. LASSlFICATION OF SUBJECT MATTER

INV /00 C08618/32

C08G18/42 “ C08L75/04 C08L75/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B60C C08G CO8L

Minimum documentation searched '(classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT.

Category* | Citation of document, with indication, where appropriate, of the relevant passages » Relevant to claim No.
A US 2003/225240 Al (QUINT ROBERT J [US]) 1-15
4 December 2003 (2003-12-04)
the whole document
A US 2003/055192 A1 (PALINKAS RICHARD L [US] 1-15
ET AL) 20 March 2003 (2003-03-20)
c1a1ms 1,2,16; examples 1-3
A US 4 086 214 A (CARDY CHARLES FREDERICK) 1-15
25 April 1978 (1978-04-25) -
claims 1-7; examples 16-21
A US 4 158 378 A (PEARSON CHARLES J ET AL) 1-15
19 June 1979 (1979-06-19)
claims 1,11,12; example 1
- /__

m Further documents are listed in the continuation of Box C.

E‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not -
considered to be of particular relevance

"E" earlier document but published on or aﬂerthe international
filing date

“L" document which may throw doubts on priority clalm(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

“P" document publlshed prior to the international filing date but .
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in confiict with the application but
.cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me’r:ts, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

2 July 2009

Date of mailing of the interational search report

15/07/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Adams, Florian

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




-  INTEFHﬂATNDNﬁd.SEIURCP|REFK)RT '

International application No

. " PCT/US2009/033983
' C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Catégory' Citation of document, with indication. where appropriate, of the relevéni péssages . ' . Rélevant to cfaim No.
A - US 5 223 599 A (GAJEWSKI VINCENT J [US]) - 1-15
29 June 1993 (1993-06-29) -
the whole document
A US 5 654 390 A (GAJEWSKI VINCENT JOHN [US] - |- 1-15
L ET AL) 5 August 1997 (1997- 08 05) : ; :
the whole document
A US 4 921 029 A (PALINKAS RICHARD L [US] ET -1
~ "AL) 1 May 1990 (1990-05-01) . ' -

claims 1,10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent tamily members )

International application No

PCT/US2009/033983
Patent document Publication Patent family Publication
- .cited in"séarch report date’ member(s) . date
US 2003225240 Al 04-12-2003 WO 0204536 A2 17-01-2002.
US 2003055192 Al 20-03-2003 CA + 2443652 Al 17-10-2002
A . ’ EP . 1385910 Al 04-02-2004
WO 02081567 Al 17-10-2002
US 4086214 A 25-04-1978 AT 352395 B '10-09-1979
o AU 508543 B2 27-03-1980
AU 1099276 A 18-08-1977
DE 2604992 Al 19-08-1976
ES 445011 Al 01-05-1977
GB 1535783 A - 13-12-1978"
IT - 1053825 B 10-10-1981
US 4158378 A 19-06-1979 BR 7808130 A '07-08-1979
' _ o : CA 1119484 Al 09-03-1982
DE - 2854641 Al 28-06-1979
FR 2411720 Al 13-07-1979
GB 2013106 A - 08-08-1979
JP 1261860 C 25-04-1985 .
JP 54090376 A 18-07-1979
JP- 59037243 B + 08-09-1984
US 5223599 A 29-06-1993 AT 156148 T 15-08-1997
‘ AU 4046393 A 18-11-1993
CA 2132714 Al 28-10-1993
DE 69312695 D1 04-09-1997
DE 69312695 T2 18-12-1997
EP 0635034 Al - 25-01-1995
ES 2104150 T3 01-10-1997
- JP 2873091 B2 24-03-1999-
JP 7501848 T 23-02-1995
KR 100260140 B1 01-08-2000
Wo 9321247 Al 28-10-1993
US 5654390 A 05-08-1997 AU 7518896 A -11-06-1997
o : DE 69620005 D1 25-04-2002
DE 69620005 T2 .19-09-2002
EP 0861276 Al. 02-09-1998
JP 111500179 T - 06-01-1999
- JP. 3073023 B2 07-08-2000
TW 381103 B 01-02-2000
4 WO 9719123 Al 29-05-1997
US 4921029 A 01-05-1990 © NONE ..

Form PCT/ISA/210 (patent family anr_\'ex) {(April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

