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Background of the Invention [0003] Currently, the standard material to
which all optically transparent plastic naterials are conpared to for
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BACKGROUND

Field of the Invention

[0002] The present invention relates to a rigid, optically transparent heat and
impact resistant polyurethane.

Backeround of the Invention

[0003] Currently, the standard material to which all optically transparent
plastic materials are compared to for impact resistance is polycarbonate. These
materials can be characterized by impact resistance and the temperature and
pressure at which the material undergoes distortion. The heat distortion
temperature of polycarbonate is about 280°F at 264 psi fiber stress.

[0004] Polycarbonate extruded sheet at a thickness of 0.25 inches has a 0.22
caliber FSP (fragment simulating projectile) Vs impact rating of 925 ft./sec. The
Vs, is the measure of the velocity at which 50% of 22-caliber projectiles fired
through a 0.25 inch polycarbonate sheet penetrate a 20 millimeter-thick 2024 T6
aluminum sheet (the “witness sheet”) placed 6 inches behind the back surface of
the polycarbonate sheet.

[0005] U.S. Patent No. 3,866,242, which is incorporated herein by reference,
discloses a polyurethane polymer protective shield. The polyurethane is
produced by:

(a) reacting either a polyether glycol or a polyester glycol having
a molecular weight of from about 700 to 1,000 with methylenebis(cyclohexyl
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di scl oses a pol yuret hane pol ymer protective shield. The pol yurethane is
produced by: (a) reacting either a polyether glycol or a polyester glycol
havi ng awooBetaskar wei ght of from about 700 to 1,000 w t IRCT/US03/05536

met hyl enebi s(cycl ohexyl -1 WD 03/072624 PCT/ US03/ 05536 isocyanate) in an
equi val ent ratio of about three NCO to each hydroxyl to forma prepolyner,
and (b) reacting the prepolynmer with an aromati ¢ am ne curing agent having
a nmet hyl ene bridge between two aromatic rings, such as 4,4'-

N2/ 1. 0 Mooy [ oBBRPREK Beakiialend e HBSidtree At fo R tydiiphbiecioft

reference herei nprepéliymet @8¢S @ transparent pol yurethane polymer made from a
pol yol cured prepolyner. The prepolymer is nmade from a polyisocyanate and
at least one nultifunti onalredsiing theypreprlymenivith anrarematel apRe CUrgoEEN, S.
Patent No. 4,208, 507 djscl oses il exi o] r - ast opes
prepared by reac%vr%g. a(ASl etgy‘gfr‘%g%“i ¥ rb Q%xgetegi hké(% %&H@ggct{f)gsg ?ilgclh éésg%t'i ally

di functional pol mbitgtepabis@uniauadlifgy imgn qubhkRat rato vt tool.04f WHIHO0 t o
10, 000, and an or Ez)nl c diisocyanate having at | east one NCO group bonded
to a cycloali phai‘I ‘structure, in amounts which provide a total OH NCO

rati o of 1: 1.2 toplg ] ' IR = L cededd]) no-
di phenyl r@?@ne, A andUig"g%t%n\sﬂIﬁ%%&E)egd@Phwg%#o%e{;rl&#gt [ OHQ%SJ ﬁ‘e?e(;%mggiout 1:0.8
to 1:1.2. SUMVARYclGEes ThiEtraddphieit @lyup@b8le Phbmept made | froml eapolyol youreslt hane

et g e P amery b6 Besyad: i made £Bh S pelyAhcfafiie B Y st e
multifunctional hydroxy-containing intermediate.

[0007] U.S. Patent No. 4,208,507 discloses a flexible polyurethane-urea
elastomer prepared by reacting: (A) a prepolymer obtained by reacting an
essentially difunctional polyhydroxy compound having a molecular weight of
from 600 to 10,000, and an organic diisocyanate having at least one NCO group
bonded to a cycloaliphatic structure, in amounts which provide a total OH:NCO
ratio of from 1:1.2 to 1:10, with (B) 3,3’ 5,5-tetramethyl-4,4’-diamino-
diphenylmethane, A and B being reacted in a molar ratio of from about 1:0.8 to
1:1.2.

SUMMARY OF THE INVENTION
[0008] The optically clear polyurethane of this invention can be prepared by

first producing a prepolymer by reacting one or more polyester glycols,
polycaprolactone glycols, polyether glycols, or polycarbonate glycols having a
weight average molecular weight of from about 400 to about 4000 with an
aliphatic or cycloaliphatic diisocyanate in an equivalent ratio of about 2.5 to 4.0
NCO for each OH. The prepolymer is then reacted with an aromatic diamine
curing agent such as diethyltoluene diamine in an equivalent ratio of about 0.85
to 1.02 NHy/1.0 NCO, preferably about 0.90 to 1.0 NH,/1.0 NCO, and more
preferably about 0.92 to 0.96 NH»/1.0 NCO.

[0009] The polyurethane of the present invention is particularly useful for

transparency applications that require excellent impact resistance coupled with



pol ycaprol actone gl ycols, polyether glycols, or polycarbonate glycols
having a wei ght average nol ecul ar wei ght of from about 400 to about 4000
wi th an wbioplzdee£ or cycl oal i phatic diisocyanate in an e®UITMesh®ois3¢ ati o of
about 2.5 to 4.0 NCO for each OR The prepolyner is then reacted with an
aromatic diam ne curing agent such as diethyltoluene diamne in an

equi valent ratio of about 0.85 to 1.02 NH2/1.0 NCO, preferably about 0.90
'Eo 1.0 NH2/ 1.0 NCO, and nore preferably about 0.92 to 0.96 NH2/ 1.0 NCO
0009] The pol yur.et hane. of .t h r . avent | i [ | for
t ransparency app lgké E‘E i ?hsgoqlé%t%nfpggaﬁfr?% Slééhc% Efrélﬁgcﬁu?ma@l%gzmrggg{’%y% éféﬁﬁgﬁpl ed
with -2 WO 03/ Qict6aidel B Tdi kI8 cAMpxs, fiveghmakieatvisdiss toptialmiv hedrgen dénsess,
such as architectural glazings, vehicle glazings, riot shields, aircraft
canopi es, face nRI8lestIVAgYSHear, ahHEPHER! BMATsun | enses, protective

eyewear, l[@(ﬂ%y ranspar ephe aorbﬁgf of 195 ertdf 91h ﬁﬁ&viﬁé tfamﬁar+rﬂv é r |rt9t§aﬁe§ to

provi de transparent polyurethanes having excellent optica
excel | ent bal | i shavingpeogdenti esticahiciprity,hexetiedt balBstics pauperics,ahighhclggmibdat

obi cot of thi 5" i THSHIT<oAg B2k BeBbIEn FERERUr oS SOP P SR M ot
resist aniO(PHﬁ yur et haneg nf@kr 69BARITGhRlin@RAbh GRtd Pragide[rO8El cY¥RitrARPirBRT
object of this invention is to enhance production processing of

t ransparent i npaotpactgssistantmiolypotthancs foranosundryiabienpligatéingg reaction ti e,

pr ocessi nper at ure nd. .ol d. residence t.ine.. [0013] These and o r
obj ects E&O]'?Ee present Yle %’FRCF 8ﬂ'e§rc§ltg‘§§%‘fepb%lﬁ tﬂ[eagaeng%: é’Foa%gtg?naP rloc?ségghe
detail ed descri pifi @angardnbh€inipaste Mdsistdnt pdigurethands 8y asdedshiy adacaeh adne,
cl ai ms. DETAI LED DESCRI PTI ON'OF THE | NVENTI ON [ 0014] The pol yur et hane of

the present i nveMPrespingsempesphiceand melhrasidgeatime. or
[0013] These and other objects of the present invention are described in greater

detail in the detailed description of the invention, the examples and the attached
claims.
DETAILED DESCRIPTION OF THE INVENTION

[0014] The polyurethane of the present invention is prepared from aliphatic or

cycloaliphatic diisocyanates, OH-containing intermediates, and aromatic diamine
curing agents. The following is a detailed description of each of these
constituents:

OH-Containing Intermediates

[0015] The OH-containing intermediates which can be used to prepare the
polyurethanes of this invention include polyester glycols, polycaprolactone
glycols, polyether glycols, and polycarbonate glycols having a weight average
molecular weight of from about 400 to about 4000, preferably about 400 to about
1000.

[0016] Polyester glycols that can be used include the esterification products of
one or more dicarboxylic acids having four to ten carbon atoms, such as adipic,
succinic and sebacic acids, with one or more low molecular weight glycols
having two to ten carbon atoms, such as ethylene glycol, propylene glycol,

diethylene glycol, 1,4-butanediol, neopentyl glycol, 1,6-hexanediol and 1,10-



cycl oali phatic diisocyanates, OH containing internedi ates, and aromatic
diam ne curing agents. The followng is a detailed description of each of
t hese cowetmset s: OH Contai ning I nternediates [0015] TireT@Yo®@IIB@I Ni ng
i nt ernedi ates which can be used to prepare the polyurethanes of this

i nvention include polyester glycols, polycaprolactone glycols, polyether
gl ycol s, and pol ycarbonate gl ycols having a wei ght average nol ecul ar

wei ght of from about 400 to about 4000, preferably about 400 to about

1000. [0016] Pol r gl | h i P fi ;
pr oducE s of ! o(rjle‘yeg;rt“ﬁa‘?’lg %g’gggg)%’)? teftgfa glé'lgglg uaigg?éng&lfrg%%o{l g)er?(guf?tsgétt‘r %ddﬁl%t on

at ons, such as i Pivith glyRURGIf W6 trfefl ca®bRaiotsaci ds, with one or nore | ow
nol ecul ar wei ght glycols having two to ten carbon atons, such as ethyl ene

gl ycol, PRUFYI ene gl ycBelycapsolagtpyg slyeols fpas 6an beusedripgludrethie dpactinn SRRAVES|

gl ycol, 1, 6-hex i 10-. - { :
decanedi ol . Pr e?@?@%ﬁlg%%{@n&k Petg OSF%é?&rggﬁgzgﬁ@iﬁéﬁ%@é@gﬁggﬁ(gédlg%eg of
adi pic acid wi tdbogt.ydalsidofon] weefiiloOHetontAnihg rin@toediated Gd/7include teresters

Pol ycaprol actone gl ycals that can be used include the react.ion products of
Ecapr ol act one wiR'RA¥isd f5m fa¢ ©r groreaw| ’BWCH’B‘F‘E(‘YG}E’&F %WQFWLQI% | $1°0 8t ed

above. In additiofic USRE Uha CaproRREAEOWIB biM &F FRAU Bf B8R Y nldR&hulidSveight

teresters produced fromone or nore | ow nol ecular weight dicarboxylric
aci ds, such as ggéqds bstatalbveand caprol actones with one or nore of the | ow

ol el RO Ol vonle sk 0o ShRte: oL 0010 TR ST SR RN Cah
esterification oferfve@nseswel i KoGat eOeriREROANYF Afansésteri flAE6H | RB6edut&! as
exanple, in the article DM Young, F. Hostettler et al.,
described, for example, in the article D.M. Young, F. Hostettler et al,
“Polyesters from Lactone,” Union Carbide F-40, p. 147.
[0019] Polyether glycols that can be used include polytetramethylene ether
glycol.
[0020] Polycarbonate glycols that can be used include aliphatic polycarbonate
glycols. Preferred aliphatic polycarbonate glycols are those manufactured and
sold by Enichem under the tradename Ravecarb 102 (molecular weight = 1,000)
and Ravecarb 106 (molecular weight = 2,000). |
[0021] The most preferred OH-containing intermediates are: (a) esterification
products of adipic acid with one or more diols selected from 1,4-butanediol, 1,6-
hexanediol, neopentyl glycol, and 1,10-decanediol; (b) reaction products of E-
caprolactone with one or more diols selected from 1,4-butane diol, 1,6-hexane
diol, neopentyl glycol, and 1,10-decanediol; (c) polytetramethylene glycol; (d)
aliphatic polycarbonate glycols, and (e¢) mixtures of such OH-containing
intermediates.
Diisocyanates
[0022] The diisocyates that are useful in the present invention include aliphatic
and cycloaliphatic diisocyanates. As used herein, the terms "aliphatic" and
"cycloaliphatic" diisocyanates are intended to encompass diisocyanates in which

the NCO group is bonded directly to an aliphatic or cycloaliphatic moiety, even



"Pol yesters from Lactone," Union Carbide F-40, p. 147. [0019] Pol yether

gl ycol s that can be used include pol ytetranethylene ether glycol. [0020]
Pol ycar bowetog/ogdeg£ol s t hat can be used include aliphatic porysas/bssat e
glycols. Preferred aliphatic polycarbonate glycols are those manufactured
and sold by Enichemunder the tradenane Ravecarb 102 (nol ecul ar wei ght =
1,000) and Ravecarb 106 (nol ecular weight = 2,000). [0021] The nost
preferred OH containing internediates are: (a) esterification products of
adipic acid with, qgg or, nor e dial SEEE ected f ut anedi o
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di i socyanat e andppy gl &fiRl afe HRUIEHAR MU EiSKiE SohReY SOFICM Bh@ktetedohietBabout
20- 100 percent of the trans,trans isomer of 4,4'-nethylenebis(cyclohexyl
2.4 -methyleneb1s(cyclohexyl isocyanate). 'These, as well as the trans,trans

and

PICM isomer, are present in amounts which can be controlled by the procedures
used to prepare the dicyclohexylmethane diisocyanate. Preferred diisocyanates
are isomeric PICM mixtures. An especially preferred mixture contains not less
than about 20 percent of the trans,trans isomer and no more than about 20 percent
of the cis,cis isomer of 4,4’-methylenebis(cyclohexyl isocyanate). Three isomers
of 4,4’methylenebis(cyclohexyl isocyanate) are shown below:

oct l/m/cﬂg ! 7 “NCO

trans, trans

[0023] The PICM used in this invention is prepared by phosgenating the
corresponding 4,4’-methylenebis(cyclohexyl amine) (PACM) by procedures well
known in the art, as disclosed in, e.g. ,U.S. Patent Nos. 2,644,007, 2,680,127, and
2,908,703, which are incorporated herein by reference. The PACM isomer
mixtures, upon phosgenation, yield PICM in a liquid phase, a partially liquid
phase, or a solid phase at room temperature. The PACM isomer mixtures can be

obtained by the hydrogenation of methylenedianiline and/or by fractional
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i socyanate), hereinafter referred to as "PICM', (paraisocyanato

cycl ohexyl net hane). Ot her conponents usually present in the m xtures of
posi ti on wWAMBOT2624 er eoi soners of the di cycl ohexyl net hane @Cirasoyeisat e used
in this invention are the cis,trans and cis,cis isomers of PICM and
stereoi sonmers of 2,4'-nethyl enebi s(cycl ohexyl isocyanate). These, as well
as the trans,trans P1CMisoner, are present in anounts which can be
controlled by the procedures wused to prepare the dicyclohexylnethane

dii socyanate. Pr ef i r

especially pref ey ﬁﬁﬁlggl u?@%%@%%’lﬁgr n%gtﬁﬁecsailg%e r%%é?lg %Lﬁng?aclz%dr%tg ]Sof
the trans, trans gushaemethadolnmdriagoll han about 20 percent of the Ci s cis

i soner of 4,4'-methyl enebi s(cycl ohexyl isocyanate). Three isoners

4, 4' met {9 s ( cycl dAdRgralidiphaficnaidesycealipiiinAlisnsyerates: thet mav\ be U?eéo
trans tram N N S; Sc In
this invention S?Clpraéepgrlgﬁ Eﬁat&\lﬁ'wthdﬁe]r?gst’? %Iﬁetztﬁg r,)IC rres%’)lo%&?ﬁﬂtgw(‘%m)

4, 4" - net hyl enebi ¢m ko Khemical wihieh) has Bt loBingetmcdal fesnudel | known in the
art, as disclosed in, e.g. ,U S Patent Nos. 2,644,007, 2,680,127, and
2,908,703, which are incorporated here&n by ref erence. The PACM i soner

m xt ures, upon phosgenation, yiel duf N—fl_qw d phase, a partially
liquid phase, or a solid phase at ro nperature. The PACM i somner

m xtures can be obtained by the hydro ation of met hyl enedi ani | i ne and/ or
by fractional -5 BC CHymNE=CE

‘and meta-tetramethylxylene diisocyanate (1,3-bis(1-isocyanato-1-methylethyl)-
benzene) which is sold by Cytec Industries, Inc. under the trademark TMXDI ®
(Meta) Aliphatic Isocyanate and which has the following structural formula:

TH; CH,
o=c=N——T C—=N==C==0
CHjs CH3
Diamine Curing Agents
[0025] The preferred aromatic diamine curing agents for use in preparing the

polyurethanes of the invention are 2,4-diamino-3,5-diethyl-toluene, 2,6-diamino-
3,5-diethyl-toluene and mixtures thereof (collectively “diethyltoluenediamine” or
“DETDA”), which is sold by Albemarle Corporation under the trade name
Ethacure 100. DETDA is a liquid at room temperature with a viscosity of 156 cs
at 25°C. DETDA is isomeric, with the 2,4-isomer range being 75-81 percent
while the 2,6-isomer range is 18-24 percent. DETDA has the following

structure:



WO 03/ 072624 PCT/ US03/ 05536 crystallization of PACMisomer mxtures in the

presence of water and al cohols such as nethanol and ethanol. [0024]

Addi ti onawoaBioptsat i ¢ and cycl oal i phati c diisocyanates thatcragsobessssed

i nclude 3-isocyanato-nethyl-3,5,5-trinethyl cycl ohexyl-isocyanate ("IPD ")

fromArco Chem cal, which has the follow ng structural formula: 3 HCHZC

CH2- N'=C=0 and net a-tetranet hyl xyl ene dii socyanate

(1, 3-bi s(1-isocyanato-I|-methylethyl)- benzene) which is sold by Cytec

I ndustries, Inc. under the trademark TMXDI (Meta) Aliphatic |Isocyanate and

which has the follow ng structural formffa: |I' Oc=N1 i N=cO CH3 CH3

Di am ne Curing Agents [0025] The preferad afdmtic di am ne curing agents

for use in preparing the polyurethaneg the invention are

2, 4-di am no- 3, 5-di et hyl -t ol uene, Z&rdl AFH NOen.3c:lh- di et hyl -t ol uene and

m xtures thereof (collectively "diethytt8¥itenedi am ne" or "DETDA"), which

is sold by Albenarle Corporation under tffe trade nane Ethacure 100. DETDA

is aliquid at roomtenperature with a ,,-\ Sty of 156 cs at 25C. DETDA
5

is isonmeric, with the 2,4-isoner range j g 75-81 percent while the
2,6-isoner range i s 18-24 percentsBETDAYThas “®hé®=fol |l owi ng structure: -6
WD 03/ 072624 PCT/ US03/ 05536 CH3 NH,

2,4 ISOMER

[0026] The color stabilized version of Ethacure 100, which is available under the
name Ethacure 100LC, is particularly preferred.
[0027] Additional diamine curing agents for use in the present invention include

compounds having the following chemical formula:

wherein R, and R, are each independently selected from methyl, ethyl, propyl,
and isopropyl groups, and Rj is selected from hydrogen and chlorine. Examples
of the such additional diamine curing agents are the following compounds,

manufactured by Lonza Ltd. (Basel, Switzerland):



H2N NH2 CH3-CH2 CH2-CH3 2,6 ISOVER C 3 NH2 o CHI -CH2 CH2-CH3 NH2 2,4
| SOVER [ 0026] The col or stabilized version of Ethacure 100, which is

avai | abl ewornder2éehe name Et hacure 100LC, is particul arl ypprafSes/ozsee [ 0027]

Addi tional diamne curing agents for use in the present invention include
conpounds having the followi ng chemcal fornula: H2 NH2 R3 R2 R3 3
wherein R and R2 are each independently selected from nethyl, ethyl,
propyl, and isopropyl groups, and R3 is selected from hydrogen and

chl orine. Exanples of t di,am pe L£u gents are the
fol | owi ng conpounds, 26@%[%@6%51€0n2a Et%&ﬁ(e’é%s E{Qé@ telgerl and): -7
WO 03/ 072624 PCT/ US03/ 05536 LO\IZACURE(r) MD PA R = C3H7; R2 = C3H/7; R3
H LONZACURE(r) MDI\/A R RE(r) M MA R
s RO = ot K3 - &8&%‘3@5&%%@; R%—&Epg*o&%q% R
LONZACURE(T) M M PA: R CH3; R2 = C3H7; =

LONZACURE® M-MEA: R,=CH;; R, = C,H5; R;=H

LONZACURE® M-DEA: R, C,Hs; R, = C,Hs; Ry H
LONZACURE® M-MIPA: R,;=CH;;R,=C;H;; R;=H
LONZACURE® M-CDEA: Rl = C2H5; R2 = C2H5; R3 =Cl1

wherein R;, R; and Rj refer to the above chemical formula. Among these, the
preferred  diamine curing agent is  4,4’-methylenebis(3-chloro-2,6-
diethylaniline), (Lonzacure® M-CDEA), which is also available from Air
Products and Chemical, Inc. (Allentown, Pennsylvania). The foregoing diamine
curing agents may be used in addition to or in place of DETDA, as a
polyurethane curing agent.

Preparation of the Invention

[0028] The polyurethanes of this invention can be prepared by quasi-prepolymer
or full prepolymer methods, both of which are well known in the art. The
preferred method of preparing the polyurethanes according to the invention is as
follows: The diisocyanate is first mixed with the OH-containing intermediate in
an equivalent ratio of about 2.5 to 4.0 NCO/1.0 OH, preferably about 3.0
NCO/1.0 OH, and then reacted at 212° to 230°F for a period of 3 to 5 hours, or
260° to 265°F for 5 to 10 minutes, or 275° to 290°F for 3 to 5 minutes. The heat
source is then removed, the prepolymer is cooled to about 160°F and allowed to
stabilize at that temperature for about 24 hours prior to determining the percent
NCO in the prepolymer. Additional diisocyanate can then be added to achieve
an exact equivalent weight. The prepolymer is then reacted at about 160°F to

180°F with the aromatic diamine curing agent in an equivalent ratio of about 0.85



LONZACURE(r) M CDEA: R = C2H5; R2 = C2H5; R3 =C 1 wherein R1, R2 and R3
refer to the above chemcal fornmula. Anong these, the preferred diam ne
curing agwpto3ioz6d4 4' - net hyl enebi s( 3-chl oro-2, 6- di et hyl aniPICirnsp3/05536
(Lonzacure(r) M CDEA), which is also available fromA r Products and

Chem cal, Inc. (Allentown, Pennsylvania). The foregoing diamne curing
agents nmay be used in addition to or in place of DETDA, as a pol yurethane
curing agent. Preparation of the Invention [0028] The pol yurethanes of this

i nvention can be p asi -prepol 0, I ods,
bot h of whi oh ar® KT %@25%&@ PrestrapB abplE .90 %o, LY e r@?ﬁ%jrg";“dﬁé‘%ar i ng
t he pol yur et hanegrefeeqbdy abdig 0192 ohR9é NEBNL0 NTO. STRS poliyalel (iithen Eined at 230-
diisocyanate is first mxed with the OHcontaining internediate in

equi val ent rati o2©fF fefotito 24choues. 4The Kurtyg tmg iHlpngsy at &V@él@ﬁ%@fe@?@

NCO 1.0 OH, and oLt Adis 0 230F for a period of 3 to 5 hours
t n?ﬂ . '
or 260 to 265F %hrgr@rs t?r%gg:m r?trjt es,S or 275 to 290F for 3 to 5 mnutes. The

heat soye@9]i s t hen Tlenpolgatetiahe pplyera yfihis ingsertoal ad Heccaabautoniffedsicand

allowed to stabilj t.hat, tenperature for about .24 hours prior 1o
det er ni ni ng the 'B@irdéfgnt astipgy i§ the @fwegpwghﬁ‘érl’.“%ﬁai‘f PBQ?;FGSd?iPQM%Ih%&% can
t hen be added t%&?xﬂé@%ﬁhoﬁt’ﬂn%&alﬁ%a\@h@tﬁ& wei ght. The prepolyner is
then reacted at ‘about 160F to 80F with the aromatic diam ne curing agent

in an equid@ent ratiBheoprepblyuter ngSuring AgEntOBIXINR6i8 LapCMUSOBLTISEIF 100

1.02 NH2/1.0 NCO,_ preferably about 0.90.to 1.0. NH2/1.0.NCO. a r
preferably aboutélﬁg’gz e@%@xrm&%ﬁp@? 3¢ gmﬁg%y#}eer H}Vg%l “enr’]fga&']?‘éﬁ baet

230- 275F for 4 dﬁ&ti@ﬁ/ QREH, By sélRetingdlin aprdpride dusink Aid@edndabmiperakiire, and then
tenperatures an shorter at higher tenperatures. %029] The poldluret hane
pol ymers of t hi sremevedhfioanthenastng walds apd femmadriatosthg desired shape. Using this

process, the polyurethane material can be formed into a simple or complex shape
and then subsequently fully cured.

[0031] A triol may be added to the prepolymer in an amount sufficient to
produce about one percent cross-linking based upon equivalents of reactants.
Triols that are useful in the present invention include trimethylol ethane and
trimethylol propane. The addition of a triol to the prepolymer increases the heat
distortion temperature and in some cases improves the ballastic properties of the
cured polyurethane. A triol may be added to the prepolymer in an amount of
0.01 to 0.5 hydroxyl equivalents, preferrably 0.01 to 0.2 hydroxyl equivalents,
and most preferrably 0.06 to 0.15 hydroxyl equivalents, based on a total of 1.0
hydroxyl equivalents in the prepolymer. In a preferred embodiment of the
invention, the prepolymer contains 0.85 to 0.94 equivalents of an OH-containing
intermediate and 0.06 to 0.15 equivalents of a triol, for a total of 1.0 equivalents.
In one example, the prepolymer contains a polyester glycol prepared from E-
caprolactone and 1,6-hexane diol having an equivalent weight of 200, a similar
polyester glycol having an equivalent weight of 375, together with 0.15
equivalents of trimethylol propane. In another example, the prepolymer contains
three different OH containing intermediates, namely a polyester glycol prepared

from E-caprolactone and 1,6-hexane diol having an equivalent weight of 200, a



nol ded. Casting is the preferred nethod because it produces a pol yurethane
polymer with optimal optical characteristics. [0030] The prepol yner and
curing agwotosmirekure is cast into a nold prior to curingPCThsopadsgar et hane
material according to the invention my also be partially cured, by

sel ecting an appropriate curing tine and tenperature, and then renoved
fromthe casting nolds and fornmed into the desired shape. Using this
process, the polyurethane material can be forned into a sinple or corrpl ex

The” prepol ymor 1SR SHEIE gatel Indik 8 sabisiEal Bt b Bnandd, AR °

cross-linking ba@?&)l‘iﬁéﬁhr&ﬂﬂbﬁﬁiifbﬁér%la@foné%@tlamlbﬁtane-FﬁélQiaS'uighﬁ{ equigalergef ul
in the present invention include trinethylol ethane and ¢trinethyl ool

propane. The addveighinoH2080 tin jagioupts ¢th8.8peaperlgnier0.1 h eawgalgnts hand, k25

di stortion tenpe I ties
of “the  oured polHsHErban 3R s RE Sy BOSKER L0, I LifiShl o1 BIARRE .
anmount of 0. 01 Tige @I5cbitdiningy lintexinedisad et Strighr &€ eprefeblaply0 réddtet owth 22.7
hydr oxyl equival ents and npst pref errabl y 0.06 to 0.15 hydroxyl

equi val ent's, bas¥i! (?#Fnég ?Qﬁ‘t‘g}s"@fan&te@) PO RIPOMAA val ents in the
pr epol ymf%%ggnt a prefesf&ad %ﬁgﬁ?fgﬁ%?t u?c{‘avtlchgt staBYBRES Ofblord BEocREGP UpYibRT

cont ai ns o 0.94 equlva OH contal ning internmedi ate and
0.06 to 0.15 eqwn@ﬂtmm sarmlf mold mreledse aignntsamlag)tlaal uedd in Ghe guapartiont of. thel n

one exanple, the .ont ai ns ol yes col are from E-
capr ol act one and"ﬁ gﬁ%@i SFVeRUOR- ab‘gr‘ﬂ‘%‘ 198% F B %65‘}'@5
simlar polyestgfedlyard p fb?‘élyﬂgzréiﬁ' aﬁ%&ﬁak%&rtupw Smtby)fne 715ba§e@9@{ sl with
0.15 equivalents of trinethyl ol tgropane I n anot her exanpl e,

prepol yner cont aleagsants.h Aadi-akildangs marmqf@hmathﬁprvgentnmnﬁ:@mmﬂw th?ﬁ&rﬁfl y a

R R S T e

hindered phenol type anti-oxidant is Irganox 1010, available from Ciba Geigy,

which has the following chemical formula:

[0033] A UV-stabilizer may also be added to the prepolymer in an amount up to
about 5.0%, preferably about 0.5 to 4.0% by weight based on total reactants.
UV-stabilizers that are useful in the present invention include benzotriazoles.
Examples of benzotriazole UV-stabilizers include Cyasorb 5411 and Tinuvin
328. Cyasorb 5411, available from American Cyanamid, has the following

chemical formula:

CaHyrt

-10 -



simlar polyester glycol having an equival ent weight of 375, and a

pol yester glycol prepared from E-caprol actone and 1, 4-but ane di ol havi ng
an equi vawernws/o7ased ght of 2000 in anobunts of 0.8 equival entPsT/IG0305B36
equi val ents, and 0.025 equivalents, respectively, together with 0.06
equi val ents of trimethylol propane. The OH containing internedi ate and
triol are preferrably reacted with 2.7 equivalents of a diisocyanate to
formthe prepolymer. [0032] Various anti-oxidants, ultraviolet stabilizers,

col or blockers, optical brightners, . and ld rel ease ent.s may he used in
the pr epa[:bgﬂ]on of the™UyH) Qgg’e?‘%lﬁgg %‘?m?ﬁibg ‘ir}?ll\%hﬁ?soﬁ% %fow&%ﬁ%:rgfcagne
or nore anti-oxi g§gHus: My be added to the prepolyner in an anmount of up to
5% by wei ght based on total reactants. Anti-oxidants that are useful in
t he present invention include tho f the multifunctional hindered phenol

type. One exanple of a nultifunct4 hi nder ed phenol type anti -oxi dant

is Irganox 1010, available fromGC b i ‘,:j@h has the foll ow ng
ilizer may al so be added

t 5.0% preferably about 0.5 to

chemcal fornmula: [HO..LH2C s [0
to the prepolymer in an amount up

ants. UV-stabilizers that are useful in
the present invention include benzotriazoles. Exanples of benzotriazole

4. 0% by wei ght based on total r

UV-stabil| i nclud 5411 and Ti i 328. b 5

avai | abl d0PF0m Aror i c OB RAFACTFEIREHERY BY 15 g yeeHb O “AUPHEIE™ 1
CsHirc -10 WO O3QfR8r¢yREakiSOBIcA Bashe fHIRAAAL cHémidyl fordi@; avail able from
Ci ba Ceigy, has the foll owi ng chem cal

ﬂ'C]zHZ\S ii B¢ CH,

AN

N-—CH,
" CHj
o HyC
[0036] In addition to the benzatriazoles, a hindered amine light stabilizer may be

added to further enhance UV protection. An example of a hindered amine light
stabilizer is Tinuvin 765, available from Ciba-Geigy, which has the following

chemical formula:

Hy

EXAMPLESI - VII

[0037] A cycloaliphatic diisocyanate is mixed with one or more polyester

glycols, polycaprolactone glycols, polyether glycols, or polycarbonate glycols.
The reactants are then heated to 275°F to 290°F under dry nitrogen, held at that
temperature for 3 to 5 minutes, and allowed to react to form a prepolymer. The
prepolymer is cooled to 220° to 250°F, and the UV stabilizer, anti-oxidant, color
blocker, and/or optical brightener are added. The prepolymer is further cooled to
170° to 200°F and then evacuated and stored for 24 hours at 160°F. The percent
NCO is then determined.

-11 -



formula: OH [0035] Another UV-stabilizer that may be used is Cyasorb 3604,
avail able from Anerican Cyanam d, which has the foll ow ng chem cal

formul a: wWOoOBAHME34 H3C CH3 N--CH3 CH3 O H3C [0036] | n adecTiusn3/o333¢ he
benzatri azoles, a hindered amne light stabilizer may be added to further
enhance WV protection. An exanple of a hindered amne light stabilizer is
Ti nuvin 765, avail able from G ba-CGei gy, which has the following chem cal
formula: Ha OC c% CH, EXAMPLES | - VII [0037] A cycloaliphatic

di i socya is mxed,.wth an Wi o ctone
gl ycol s, Tg%%}et her gId{/l(I:eoP rg;}&g& ebls tHé)n F%%%ét%?%ﬂ% 16(1‘('1)LF tgqlﬁ 3 Jraglgé g{rllb[ngétgr e
then heated to m&ﬁlﬁ&uaagﬁgmdleﬁn dquvaleﬂtrragﬁdﬂfo Retdl.a2 NHpad 1.0t MGPerEieur e
for 3 to 5 mnutes, and allowed to react. forma prepolymer. The

prepol ymer is coRflg@eris thepgures 3386 toéﬂa Ftﬁ‘?é“LR/%P&‘HFI i zer, anti-oxidant,
color bl r, and/ . Br is
further cooled to h&%gggtg%:ugrddgt en e csﬁaégg%% b {shﬁ)alrgqe (1)(%(@4 hour s
at 160F. The percent NCO is then determ ned. -11 WD 03/ 072624

PCT/ US03/ 05536 [0038] The prepolyner is then reacted at about 160F to 180F
with an aromatic diam ne curing agent in an equivalent ratio of 0.85 to
1.02 NH2 to 1.0 NCO The polyner is then cured at 230 to 275F for 4 to 24
hours.

-12 -



[ 0039] The reactants used in the Exanples are described in Table |
-12 WD 03/072624 PCT/ US03/ 05536 TABLE

From Ruow0$34®%24.10 Pol yester gl ycol
and 1, 6 hexanedi ol ;
S-105- 210 Pol yester glycol

Pol ymer

and 1,6
Pol yest
di ol ;

gl ycol prepared from Ecaprol ac
equi val ent wei ght of about 2od&§%?§§§

prepared from Ecaprol act one Sol vay | nterox

Cor p.

hexanedi ol ;
er glycol

prepared from Ecaprol act one Sol vay | nter ox
equi val ent wei ght of about 387 Solvay Interox 524-021 Pol yester
and 1, 6-hexane diol;
I nt erox 439-045 Pol yester gl ycol

and 1, 6- hexane diol;

| vay | nterox

be

and 1, 6-

equi

wei ght

of abmgredskﬁu Rave

carb 102 All)qsshapﬁcm pol ycar bon

At eAgh;ameFromqw

Eni cherp
i socyar
of the

2,4-dianino-3,5-diethy|

di am nd

8 SIS cor .

Cbrp
cis, cis and cis,

g

O e PR SRS
ahd &6 dedagaticdy guivhlhstoweight 400
and 2,6- Al bemarle

RGP o

| ow

| ngredi ent Description Avail abl e
prepared from adi pi eCaaisos/63380
equi val ent wei ght of about 500 Ruco
prepared from adi pic acid Ruco Pol ymer Corp.
equi val ent wei ght” of about 268 Sol vay | nterox 396-005

hexane

val ent
val ent

d 80%

-3,5-di ethyl -tol rporation

Ruco S-105-210 Polyester glycol prepared from adipic acid Ruco Polymer Corp.
and 1,6 hexanediol; equivalent weight of
about 268

Solvay Interox 396-005 | Polyester glycol prepared from Ecaprolactone | Solvay Interox
and 1,6-hexane diol; equivalent weight of
about 387

Solvay Interox 524-021 | Polyester glycol prepared from Ecaprolactone | Solvay Interox
and 1,6-hexane diol; equivalent weight of
about 200

Solvay Interox 439-045 | Polyester glycol prepared from Ecaprolactone | Solvay Interox
and 1,6-hexane diol; equivalent weight of
about 954

Ravecarb 102 Aliphatic polycarbonate glycol; equivalent Enichem
weight of about 255

Desmodur W 4,4-methylenebis(cyclohexyl isocyanate) Bayer Corp.
containing 20% of the trans, trans isomer and
80% of the cis, cis and cis, trans isomers

Ethacure 100 2,4-diamino-3,5-diethyl-toluene and 2,6- Albemarle
diamino-3,5-diethyl-toluene Corporation

Ethacure 100S 2,4-diamino-3,5-diethyl-toluene and 2,6- Albemarle
diamino-3,5-diethyl-toluene with color Corporation

stabilizer

Lonzacure® M-CDEA

4,4-methylenebis(3-chloro-2,6-diethylaniline)

Lonza Ltd. (Basel,
Switzerland); Air
Products and
Chemical, Inc.
(Allentown,




Et hacure 100S 2, 4-di am no- 3, 5-di et hyl -tol uene and 2, 6- Al bemarl e

di am no- 3, 5-di ethyl -toluene with color Corporation stabilizer Lonzacure(r)
M CDEA 4,wemwsvtegbenebi s(3-chl oro-2, 6-di et hyl ani | i ne) Lonzactigos/{Basel ,
Switzerland); Air Products and Chemcal, Inc. (Alentown, -13 WO

03/ 072624 PCT/ US03/ 05536 Pennsylvania). Tinuvin 328 UV-stabilizer; see
supra for chemcal formula G ba Geigy Tinuvin 765 UV-stabilizer; see supra
for chemcal formula C ba Geigy Irganox 1010 Anti-oxidant; see supra for
chem cal fornula G ba Geigy Exalite Blue 78-13 Dye used as a col or bl ocker
Exciton- Unitex OB Optical brighener C ba Geigy [0040] The anmounts of each
reactant used in each exanple are set forth in Table Il below -14 WO
03/ 072624 PCT/1US03/05536 00 NN OM NNITN~CCMOOO.- 04- NV a

Q. z OO(N" a\ NN O. N~WOOMOCOO- ON rr ¢@®ennsylvania).
Tinuvin 328 UV-stabilizer; see supra for chemical formula | Ciba Geigy
Tinuvin 765 UV-stabilizer; see supra for chemical formula | Ciba Geigy
Irganox 1010 Anti-oxidant; see supra for chemical formula | Ciba Geigy
Exalite Blue 78-13 Dye used as a color blocker Exciton
Unitex OB Optical brighener Ciba Geigy
[0040] The amounts of each reactant used in each example are set forth in Table
II below:

=14~
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XxNod. ,] owOwOwO,~0000NO VOOVNTIr+N\pOOO> > > >:a
v. OgONOM+~ bA K5 -15 WD 03/072624 PCT/ US03/ 05536 [0u4l ] The
resul ti ngwoaBericad s are evaluated for their optical, hardresgsozassent

resi stance, heat distortion, and ballistic properties. [0042] The

pol yuret hane materials of Exanples I-N all have excellent optical

properties with haze | ow.as 0.3 .percen ' icdl” AlaRdsk t as
hi gh as Eﬁ’y\é%at a t hi cRIFEIERS &aggglgta&e B{Igég%&?rfé:rhj@gf?%@g&lsmre% araness
of Exanples |- VedigtRt@Shéak Biftoffor, endBallistierprepeatigy.es V-VI 11, the Shore D
hardness is 77 to 82. |0043] The pol yuret hane materjals. of EX%EB{E?’S%%?I’H I,

and |11 hi@d2h stress Breapayurethanesmatetials g Exampies,biypdl have exg

when neasured using isopr nal . TR aTe M X ohak V
NS eval vat od s FIGPAie ik ARGiss oy 870 petcbf, K18 LhpRote oL b fich u
si mul ating proj eafso} gt a Hidl@essrofloli80/te 01259tisches.h&he Sheredd ardniess odiExagples
about 1,210 feet per second. [0045] For Exanpl e% -IbIFI th§ heat di stortion
tenperature of a IolVomngesfrompioce 82s figpiesamples ds Béit iShare tan‘g%SSrlﬁ 48
from 290F to 305F,, and a simlar sanple of the Exanple N material has a
heat distortion t erature of 270F to 280F at. 264 psi fiber stress.
[0046] Thgoagpt di st orTheopoli@sibencinatesials af Exanipldss l; apd bl bave @ strésscraze2s
inch thick sanples of the Exanple V-VIII f,orrm{lations a({eil%i.ven in ihe
fol | owing tabl e:resia@nee 9f>17000 pounds per square inch When measured using 150propanol.

[0044] The Vs rating of Examples I-IV was evaluated using a 0.25 inch thick

sheet and a 0.22 caliber fragment simulating projectile. Afte; multiple tests, the
average Vs rating is about 1,210 feet per second.

[0045] For Examples I-1II, the heat distortion temperature of a 0.25 inch thick
sample at 264 psi fiber stress ranges from 290°F to 305°F, and a similar sample
of the Example IV material has a heat distortion temperature of 270°F to 280°F at

264 psi fiber stress.

[0046] The heat distortion temperatures and ballistic properties for 0.25 inch
thick samples of the Example V-VIII formulations are given in the following
table:

TABLE III
Property Example V Example VI Exémple Vil Example VIII

Heat distortion 126°C (259°F) | 155°C (311°F) | 145°C (293°F) 157°C (315°F)

temperature, 264 psi '

fiber stress

Vs 0.22 caliber FSP 1,183 ft./sec. 1,233 ft./sec. 1,207 ft./sec. 1,169 ft./sec

rating

[0047] . The foregoing disclosure of examples and other embodiments of the

present invention has been presented for purposes of illustration and description.

It is not intended to be exhaustive or to limit the invention to the precise

-16~



Property Exanple V Exanple VI Exanple VII Exanple VIII Heat distortion
126C (259F) 155C (311F) 145C (293F) 157C (315F) tenperature, 264 psi fiber
stress Vowo®3Aa2Zeeal i ber FSP 1,183 ft./sec. 1,233 ft./sec. PCTABB3/6353¢ sec.
1,169 ft./sec rating [0047] The foregoing disclosure of exanples and ot her
enbodi nents of the present invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive or to
limt the invention to the precise -16--. WO 03/072624 PCT/ US03/ 05536
exanpl es and enbodi nents .di scl,osed. .,Many vari ati ons _and di.fJd catio of
the exanpl es anff ?Jgoqnﬂeeﬁ[ﬁﬁ?d%?g? F‘%@&Xﬁﬁ‘eﬁ\éw Wrﬁaﬁo%sea%g@%ﬂga?o&sc?ﬁzheof
ordinary skill Eintgh @Hdtehbbdihehts dederibb® halRveillbs 6bwsty & onthef srapsy of
the invention is to be defined only by the clains appended hereto, and by
t hei r equi val ent skill imtheag io Sigbtrofghe atpet disshspms 586 scangpf thesingenfjondgitobe A
transparent, nonyel ast [ L i 29| pol yur et hane
mat eri al conpris?ﬁ%wﬁﬁgga)d%?F%ﬁgg?Q%&@%ﬁ%igofgg%gkgéf%ﬁ?g?%g%e pr epol yner
prepared by reaction of an aliphatic or cylcoaliphatic diisocyanate with
(i) at | east one OH containing internediate having a weight average

nol ecul ar wei ght of from about 400 to about 2000 selected fromthe group
consi sting of polyester glycols, polycaprolactone glycols, polyether

gl ycol s, polycarbonate glycols, and m xtures thereof, and (ii) a triol in
an amount equal to 0.01 to 0.5 equivalents based upon a total of 1.0
equivalents of (i) and (ii), and wherein the diisocyanate is reacted wth
the triol and OHcontaining internediate in an equivalent ratio of about
2.5t0 4.0
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NCO' 1.0 OH, and (b) at |east one aromatic diam ne curing agent selected
fromthe group consisting of 2,4-diam no-3,5-diethyl-tol uene,

2, 6- di amwo-03/072%24]i et hyl -t ol uene and m xtures thereof i npramuUso0553d ent
rati o of about 0.85 to 1.02 NH2/1.0 NCO 2. The pol yurethane material of
claim1l1, wherein the triol is added in an anobunt equal to 0.01 to 0.2
equi val ents based upon a total of 1.0 equivalents of (i) and (ii). 3. The
pol yuret hane material of claiml1l, wherein the triol is added in an anount
equal to 0.06 to 0.15 equival ents based upon a total of 1.0 equival ents of
(i) and (Whatiselaimed: nol yur et hane nmaterial of claim 1, wherein the

pol yur et hane teri ' € 1L.On: .p ' .

pr epol yner, Sgl? d at‘é:trgg%tar ‘%’EZ‘OFl %?agtd“g‘%ﬁémﬁ%gt%?ﬁsgS“?‘ggcetﬁ?%‘%%ﬁg‘;"?ﬂg‘é’%%‘% one
second dinffériut compririgg daeictivalpesivetofi rom t he group consi sting of

conpounds of the faormula: ;JNR2 Rs 3 a wherein R1L and R2 are each .

i ndependent |y sel ed®ked @ polyusbang SrEpobEnt; RiePHed &y teagtiop of a@tﬁﬁph'c}ﬂcp%pw

o ‘ . : . el .
yar ogon S eaisEAL AR R 35 B84ERs IR AR BiRnCRaR Rl Bbignt |
mat eri al avéragé anotedylamiverght mftifmlncghnlut)aﬂloopmapbmltdmwosglm drom shes edreuyt ed
oy ancBbue AL S s e B R Sbe YShBRE UyebBORFER e
et a- t et LABIh¥hX Wifhees tﬁérképﬁy@nataem@m amaﬁouﬁtleéqurahea €0f 10 6.5 Qaiﬁ’\llalents

pol yuret hdne material of claim1, 'wherein the polyurethane material has a
heat di stasedi upontactopad oftl ¥ @quiraleats ofe@sandXii)andt wixgeinghe diisocyarrate is reacted

oL R i, O P D 7 SRS B 8o ¥ 2
NCO/1.0 OH; and ,

(b) at least one aromatic diamine curing agent selected from the group

consisting of 2,4-diamino-3,5-diethyl-toluene, 2,6-diamino-3, 5-diethyl-toluene and
mixtures thereof in an equivalent ratio of about 0.85 to 1.02 NH,/1.0 NCO.

2. The polyurethane material of claim 1, wherein the triol is added in an amount
equal to 0.01 to 0.2 equivalents based upon a total of 1.0 equivalents of (i) and (ii).

3. The polyurethane material of claim 1, wherein the triol is added in an amount
equal to 0.06 to 0.15 equivalents based upon a total of 1.0 equivalents of (i) and (ii).

4. The polyurethane material of claim 1, wherein the polyurethane material is
the reaction product of said polyurethane prepolymer, said at least one first diamine curing
agent, and at least one second diamine curing agent selected from the group consisting of

compounds of the formula:

H,N. NH,

ﬁz Rz
Ry 3

wherein R; and R, are each independently selected from the group consisting of methyl,
ethyl, propyl and isopropyl groups and R; is selected from the group consisting of hydrogen

and chlorine.
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8. The pol yurethane material of claim11, wherein the pol yurethane materi al
has a heat distortion tenperature of at |east 300F at 264 psi. 9. The

pol yur et apa3medees i al of claim 1, wherein the pol yuret hanecratses/nsBe i s
optically clear having a |um nous transmttance of at |east about 80% 10.
The pol yurethane material of claim1, wherein a 0.25-inch thick sheet of
the polyurethane material has a V-50 0.22 caliber FSP rating of at | east
1100 feet per second. 11. The pol yurethane material of claim11l, wherein

the diamne cuyring ent isr ted w.th. the i 1. equival ent
ratio of about’ 0.9 8@."@%&%%@%“%&6&5’5?’"i‘ﬁéergg’g}%?“g?ﬂ r}llgtrﬁcrrgl?s ta&ﬁ/a Fegf
claim 1, jywheleicd frHa Wei ghupavaikifeg ol $4uhrthylamebgltycohetyieistyaaan), a3-ni ng

intermediate is from about 400 to about 1000, and the OH containin

i nt er nediisgeyanato-gthydB S -iriraethylgrclofcaybiseerantst i ng of : M- tdemethxdens on
products ;.. gg' i | i e or nore diols selected fromthe group
consi st r%@{)) ét%%ﬂ?‘%%&%&flé}egq 6- hexanedi ol , neopentyl - glycol, and

1, 10- decanedi @.; ( Dhepehairdthanepnatdtidtcf ctfimB-, wdrpri tlecpapmerethabdmategiabhasnor e

diols selected fromthe group.consisti of 1,4-butane diol, 1,6-hexane
di ol , n_ed"ﬁ@ﬁi Ftoﬁlo?éB‘FPergWEF gﬁ%&“é@&n@%‘i@;p%c) pol yt et r amet hyl ene gl ycol ;
(d) aliphatic pol yigarRaRadiRard MARHS: of Em( € )wHEketh ‘t!’i@ﬁol?ﬁrleﬁl'dﬁ@material has

hi
OH containing intermedidtes. 13. The pol yurethane material of claiml,
wher ei n taHeatdistosmnitphperaturelof as deagttdfieat 264 nsh i soneric mi xture of

4-4' - et hyl enepi s(¢ycl ohex i socyanate) .whi ch conprises af | east. .
percent of thét raﬁ[)s(‘?tplp §%*1%rfﬂ?t¥%ﬁg Of%fl%t‘ﬂvf%ﬁ@b? X Xg/rgfhgﬂ%)%ﬁenagﬁ’as
i socyanatgheat didtortioRGepérititEbMANITRI0EF hted64gfsi.cl ai m 1, wherein the
prepol yner further conprises a UV-stabilizer selected fromthe grou

consi sting of %enzdieineivirebanenmaiepker claim deWheight thet pplywedane mafrgial is
m xtures (}Figgl yoglear]?%\%\rll\%\glgrﬁ{n g%ggnllsnﬁg cy%?g{lgﬁgﬁoujt%o%-rhe pol yur et hane
aim L. whe ymer furthe

mat eri al C rein € prepo r conprises an
anti - oxi dant, 10hi ciThegotyuithirefl maetialoofallaiin Noereeein pheRBinchtbick Theet of the
polyuret hp%?y%rggén%rnlleﬁlariﬁfhag la %}-gno ](')’.22\,\(':{21 1 eeri F%Pt rgteln 8% Ztlifr:a%% ?%})efegca pte?gciec%lnd.has

11.  The polyurethane material of claim 1, wherein the diamine curing agent is
reacted with the prepolymer in an equivalent ratio of about 0.90 to 1.0 NH,/1.0 NCO.

12.  The polyurethane material of claim 1, wherein the weight average molecular
weight of the OH-containing intermediate is from about 400 to about 1000, and the OH-
containing intermediate is selected from the group consisting of: (a) esterification products
of adipic acid with one or more diols selected from the group consisting of 1,4-butanediol,
1,6-hexanediol, neopentyl- glycol, and 1,10-decanediol; (b) reaction products of E-
caprolactone with one or more diols selected from the group consisting of 1,4-butane diol,
1,6-hexane diol, neopentyl glycol, and 1,10-decanediol; (c) polytetramethylene glycol; (d)
aliphatic polycarbonate glycols; and (e) mixtures of such OH-containing intermediates.

13.  The polyurethane material of claim 1, wherein the cycloaliphatic diisocyanate
is an isomeric mixture of 4-4’-methylenebis(cyclohexyl isocyanate) which comprises at least
20 percent of the trans,trans isomer of 4,4’-methylenebis(cyclohexyl isocyanate).

14.  The polyurethane material of claim 1, wherein the prepolymer further

comprises a UV-stabilizer selected from the group consisting of benzotriazoles, hindered

amine light stabilizers and mixtures thereof.
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a stress craze resistance of >7000 pounds per square inch when neasured
usi ng isopropanol. 17. The polyurethane material of claim1, wherein said
di am ne cwpion@7mgent is color-stabilized. 18. An eyewear PC&rsonessas f r om

t he pol yurethane material according to claiml1l. 19. The eyewear |ens of
claim 18, wherein said lens is selected fromthe group consisting of sun
| enses, ophthalmc |enses and protective |enses. 20. A transparent

non- el ast omeric, hi gh har dness, i npact resist ant pol yur et hane mat eri al

conpri sing th 5 eachion uct of 1) .a,poal { hane ner pr red
by reaction of a di‘i 9/&%?&@ %e‘P%tS{‘é‘ %ffﬁlzgfﬂ the elbﬁ‘%‘ﬂpﬂ% i r?(f; @11;1%91@
4,4" - et w}@ﬂe&l a%(aQMCdx%h%l(th}SQ%ﬁﬂﬁﬁﬁﬂcno&l hiiesedphtRol.

met hyl - trimethyl c¥cl ohexyl -i socyanate, neta-tetranethyl xyl ene

di i socygnat e, l&nd ”Iihem@th@n@en@tetlalvﬁftqhalmab vehter¢ia dle pdpercthane Bietesiahhagy
i nt er medi 00
about 20(.‘/)l ttr%s%1 g‘gﬁ F}({)%I(?@e gr up cgn[g%&%;%% Hﬁ%%ﬁsug{dt%ﬁrgﬁ:s@;ﬁ%lﬁﬂ to

products of acl|7p| C Taei pblyirétharen@aeriahof eaiti @] sheeirecii@diahtinenctitieg ggant fis
consi sting, of 1, 4-hutanediol, 1,6-hexanediol, neopentyl glycol, and 1, 1
0- decane&Plﬂr‘Staﬂf’f 174 reaction products of E-caprolactone with one or nore

diol's sel ectedgfromy FS%\&QE\PHHS mﬁ&’@f’%b&%h@?ol?ﬁreghaﬂe %E&ﬁ?a&bﬂim fo Gaifiexane

di ol , neopentyl gl yco and decaned (rir1r) pol ytetranethylene
gl ycoI (iv) doi phélfheoeypwbg»rclammﬁelaml gB,ywbtlsxn sandl lefiy )is salsated &romothe goup
O—I—containin |nter di ate % % % in.an anount equal to 0.06 to
0.15 equiVaf! ot spn eé‘aesuﬁélﬁ mig,erpes 3pd ProfectiyfisifSent s of (a) and (b), and

wher ei n the dijpsocyRmahsatcht h6Rela8@mertc! Righ Mardnes impad rgﬁtﬁﬂrﬁ(ﬂyﬂ}bﬂhgne
internmediate in an equivalent ratio of about 2.5 to 4.0 NCO 1.0 OH and

(2) at | ewateriad semgrising the reagtiongredyehel: sel ected fromthe group consisting of
2 % cham o S CLeb bl o AR el S bl e 00 |
NCO, wherfaimh ﬁhbegﬂmbywr@tshﬁgleoma;wmalhylamls(@cmakyldmtynrnhteqn tisogyanab-ur e
of at |east 300F at 264 psi. -20
methyl-3,5,5-trimethylcyclohexyl-isocyanate, meta-tetramethylxylene diisocyanate, and
mixtures thereof with (a) at least one OH-containing intermediate having a weight average
molecular weight of from about 400 to about 2000 selected from the group consisting of: (1)
esterification products of adipic acid with one or more diols selected from the group
consisting of 1,4-butanediol, 1,6-hexanediol, neopentyl glycol, and 1,10-decanediol; (i1)
reaction products of E-caprolactone with one or more diols selected from the group
consisting of 1,4-butane diol, 1,6-hexane diol, neopentyl glycol, and 1,10-decanediol; (ii1)
polytetramethylene glycol; (iv) aliphatic polycarbonate glycols; and (v) mixtures of such
OH-containing intermediates, and (b) a triol in an amount equal to 0.06 to 0.15 equivalents
based upon a total of 1.0 equivalents of (a) and (b), and wherein the diisocyanate is reacted
with the triol and OH-containing intermediate in an equivalent ratio of about 2.5 to 4.0
NCO/1.0 OH; and
2) at least one diamine curing agent selected from the group consisting of 2,4-
diamino-3,5-diethyl-toluene, 2,6-diamino-3,5-diethyl-toluene, and mixtures thereof, in an

equivalent ratio of about 0.95 to 1.02 NHy/ 1.0 NCO, wherein the polyurethane material has
a heat distortion temperature of at least 300°F at 264 psi.
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