20 Septenber 2006 | MPACT RESI STANT POLYURETHANE AND METHOD OF MANUFACTURE
THEREOF [0001] This application is a continuation-in-par £0gfPigneer 280G i |
No. 09/639,807 filed August 17, 2000, which is a continuation of U S
Serial No. 09/145,658 filed Septerrber 2, 1998, now U.S. Patent No.

6, 127,505, which is a continuation-in-part of U S. Serial No. 08/ 595, 262
filed February 1, 1996, now U.S. Patent No. 5,962,617, which is a
continuation-in-part of US. Serial No. 08/382,562 filed February 2, 1995,
now abandoned, all of which are incorporated herein by reference.
BACKGROUND Field of the Invention [0002] The present invention relates to
arigid, optically transparent heat and inpact resistant polyurethane.
Background of the InventigppAPgQdtsrSynNadoyYURBIBARRdard material to
which all optically transparent plastic materials are conpared to for

i npact resistance is pANEMEIFHAPOF YNUFAGRURE BHEREQF he characteri zed
by i npact resistance and the tenperature and pressure at V\/m ch the

mat eri al undergoes distortiqn. The heat distortion

pol ycar bonH081T s about TWBapPlgatiogis aroptipyagen- 1“sRaFTe%fsUS[ 8?@8%?%%nate

extruded sheet at figdtAgaleNes 2000, WhidPis' 416dH8RuNRE cﬁ‘@SZQeneﬁ@kd lvor14 5,658
(fragnent sinul atlng gro jecfile) V50 inpact ratlngI of 925 ft./sec.. The V50
i s the measure of fileAeSeri¢akart ¥, dP9%nnew ‘EI@%%%*CHEZ eal 6 Kds505r oty iif e& fired

through a 0.25 ing nHﬁ’dt%%-%?{gQF@%ﬁss@%ﬁél mﬁ@@rsm@z ﬁle%oﬂe'BHaH Tel984 ok CK

2024 T6 alum nums w thess sheet”) placed 6 inches behind the
back surface of Ulte BatshtyNar bo6RO K, sthdghtis a contmuatlon -in-part of U.S. Serial No.

08/382,562 filed February 2, 1995, now abandoned, all of which are incorporated

herein by reference.
BACKGROUND

Field of the Invention

[0002] The present invention relates to a rigid, optically transparent heat and

impact resistant polyurethane.

Background 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) Vsp impact rating of 925 ft./sec. The
Vso 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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[0005] U.S. Patent No. 3,866,242, which is incorporated herein b
reference, discloses a polyurethane pol ymer protective §H§8W8mb¥ﬁ@06

pol yuret hane is produced by: (a) reacting either a polyether glycol or a
pol yester glycol having a nolecular weight of fromabout 700 to 1,000 with
met hyl enebi s(cycl ohexyl - | 20 September 2006 isocyanate) in an

equi valent ratio of about three NCO to each hydroxyl to forma prepolyner,
and (b) reacting the prepolynmer with an aromati c am ne curing agent having
a net hyl ene bridge between two aromatic rings, such as 4,4'-

met hyl enebi s(2-chloroaniline), in an equivalent ratio of 0.90 to 1.04
NH2/1.0 NCO [0006] U.S. Patent No. 4,808,690, which is incorporated by

refer ence herel n. il a6l9%EM auhERASAAS SMboROhMUNIO A ARBHORT AR o T Om 2

pol yol cured prepo : repolymer 1s made froma pol yi Socyanate and
at | east one nul tarépohateremdl hydr oxy- cont ai ni ng i nternedi ate. [0007] U.S.

Patent No. 4,208,507 di i@l osesfeagﬁ%%ékpggg a%k %ﬁh%&*}?&ﬁaé&aﬂﬂne %rﬁggagg;ﬁr.

prepared by reacting: ( a prepo I'ned by reacting an entially
di functional pol yhdingxy methplet chridgy i egweenmove carbmatiovginght seth af r 6Ai-600 t o

101000, 81, 2 Sl SRS B %Pl P S AR, B e R

ratio of from 1l:1.Ncoo 1:10, with (B) 3,3 5,5 -tetranethyl-4,4'-dianm no-

di phenyl et pane. o and B el g SBae688lsdd! vidlh Mool Bk B rolrdffe HRRMH, 1 0- 8
discloses a transparent polyurethane polymer made from a polyol cured
prepolymer. The prepolymer is made from a polyisocyanate and at least one
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 NH,/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



[ 0008] The optically clear polyurethane of this invention can b repared
by first producing a prepolyner by reacting one or mrer}ﬂ(ﬁe9t§§‘g@%0§$ycol S,

pol ycaprol actone glycols, polyether glycols, or polycarbonate glycols
having a weight average nol ecul ar wei ght 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 prepolyner is then reacted with an
aromatic diamne 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
to 1.0 NH2/1.0 NCO, and nore preferably about 0.92 to 0.96 NH2/1.0 NCO
[0009] The pol yurethane of the present invention is particularly useful for
transparency appl ifga he@\§istbiioh tenpatabir€, QXE s hrelitectufg) @hkinps Stlitiagheinggupl ed
with -2 20 Septenber 2006 . high heat distortion te rlat.ure : SLiCh as
architectural gl aZiohghieldsepier %ﬂoﬁﬁ’ngg’? masksy VISQF Rg’é,mlﬁialngr%‘f‘t Bhopi es,
face masks, Vi SOr Syo0RkBaldNes:, #irSuhriieh®RE, Protective eyewear, and
transparent arnor. TOOlO] One 'object of this invention is to provide

Lr ?Infspa_r ent0Q6] yur et hand¥ne et afy thix dnventiont isgptarevifle &pegppiept plywehrrest
allistic properties.,..hi } : L CEAlli i h heSdiQdt i on
t enper at ures corrpah(rgglag Pel (’)‘g%lre:ﬁtg?m ggﬁkl%@g%kgeplg& Fa(%lésﬁ%rg%%?%sé?%b%%%@%f this
i n?/entl on i s to pmesitahee,raedbigh teat distortianderaprastonss cornpapaicte priesdrtmatarials.

pol yur et han or conmmerci al L icati . A I of
Phi 2 ventiBAl 7s to enrinper BPEhSEM AGrish I E rodiBl Rk Gt BALER.
resi stant pol yur etilagae gesipanidiyuesisinagior emuhéercial dppheationpr ocessi ng

e ot B0, 1 S2 SREE TR RN SR, RO SRl (e
description of thefitaesirdnd imphdieresixtangp beigurathanes hiby aletr@adivggl reaction time,
processing temperature, and mold residence time.
[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-



cl ai nms. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The _pal yur et ng of
the present invention is prepared fromaliphatic or cyclg ¥%W @E@O

di i socyanates, OH-containing internediates, and aronatic diam ne curing
agents. The following is a detail ed description of each of these
constituents: OH Containing Internmediates [0015] The OH contai ni ng

i nternedi 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 glycols 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 yester glycols that can be used include the esterification

products of one Q. iMRiel dpLAnR@PYlyeberr@idtss AB\hdGstdridtion Prodests GARBIGTR
atons, such as adipic, succinic and sebacic acids, wth one or nore | ow

mol ecul ar wei ght dicidowitisglydedaafigo tofen easbanediorear bon at oms, such as et hyl ene

gl ycol, pr l.ene gl ycol i e - i i I
gl ycol , 1,g@ﬁgianediol gﬁlc%%?g@%+%gg%ﬂggﬁ?%%géF&gg%%ﬂﬁgg%gﬁggﬁgfﬁﬁﬁﬁy

Pr eL er Ir ed lool yest erf Byhprolebteneawith ohe oegroey of thatlpw mnqlecytin aeigh Blygdis disted aci d
with glycols of t to ten, carbo t 7. p ol s
}Igﬁ% el.J dfé) %c}]d?tlon u&pﬁoﬁprgé%gléslkteﬁé%g%prﬁlg* %ﬁerQLt&Q

t hat can be used e reacti actone wth one
or nore of the | owrsduk&cfibraronemir ginire dow cwlleular stertit dizbrboeylicl agidsdstichiasn,

or or e | ow ol ecaRB T G “aRaTBRRYITE ont PR SRS Ay YRR S O N0e
caprol actones W t lz1ye6R ligted aByve. of the | ow nol ecul ar wei ght
[0018] The preferred polyester glycols and polycaprolactone glycols can be
derived by well known esterification or transesterification procedures, as
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 (¢) 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



glycols listed above. [0018] The preferred pol yester glycols and

poi ycapr ol act one gl ycols can be derived by well known e<P&FPEMEE%8% or
transesterification procedures, as described, for exanple, in the article
D.M Young, F. Hostettler et al., "Polyesters fromLactone,” Union Carbide
F-40, p. 147. [0019] Polyether glycols that can be used include

pol ytetranet hyl ene ether glycol. [0020] Pol ycarbonate glycols that can be
used include aliphatic polycarbonate glycols. Preferred aliphatic

pol ycarbonate gl ycols are those manufactured and sold by Eni chem under the
tradenane Ravecarb 102 (nol ecul ar weight = 1,000) and Ravecarb 106

(mol ecul ar weight = 2,000). [0021] The nost preferred OH containing

| ntermediates are:r (@) &l faisgaﬁ:&lg s B QGHE ﬂfaei?,j!tﬂt Gs 361 Ghi¥ddeld @Ne or
nore diols selected Trom1, 4-butanediol, 1,6- hexanediol, neopentyl glycol,
and 1, 10- decanedi aingorfiimps aremeti¢ difsoganatescin svhagh tie NEihgrotmistbordedire¢iloRe or

nore diols selected from1. 4-hu el - .l e
glycol, and 1, 10- dedhne ‘Fo‘f‘?‘e&c;ﬁf‘g%}@‘lag% P%%P@?%a??%aﬁ@edé‘F%@%‘}a?es ?ﬁ?& %lhiwghati C
pol ycar bonat e gl yantdto medrd thy polywdethrees o6 this ingbntiobHodwie afi¢yichobexylmethane

internmedi ates. Diigsocyanates, [0022]. The di.isocyate . are u in the
present invention (ﬁlﬁ%‘%’ﬁ‘&e%ﬂdipd‘Fg’iaﬁgllsogﬁﬂcé?}Huﬁeg?ﬁ?eﬁ?gtc %nggéllngg%ly%bﬁg X As
used herein, the ti@0onpercati PfatlieC traps)lans” dytbhepalof phAt-imethylthitdsieyethatyds ar e

i ntended to enconpass dijsoc¢yanates in whjch the oo i s. bonded
directly to an al i‘?ﬂ‘i&"c@@s’or %E’Vbﬂaéearl i PHETSL i ef, N‘Eﬁgg({ ?Zp(flﬁfsa“s‘B%?a&%Ber

t2006 i f the nol egytieheklBidiiane). UdRBer dddnipoRéd uSualpepredént Mithel Mixtores idft ended
(6]

position and/or stereoisomers of the dicyclohexylmethane diisocyanate used in
this invention are the cis,trans and cis,cis isomers of PICM and stereoisomers of
2,4’-methylenebis(cyclohexyl isocyanate). These, as well as the trans,trans
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:

[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

-5-



enconpass aromatic diisocyanates in which the NCO group i s bonded directly
to an aromatic noiety. The aliphatic or cycloaliphatic dPPEBEPRHA'E whi ch
can be wused to prepare the pol yurethanes of this invention include

di cycl ohexyl net hane diisocyanate and preferably isoneric m xtures thereof
cont ai ning fromabout 20- 100 percent of the trans,trans isoner of

4, 4" - met hyl enebi s(cycl ohexyl isocyanate), hereinafter referred to as
"PICM', (paraisocyanato cyclohexyl methane). O her conponents usually
present in the mxtures of position and/or stereoisoners of the

di cycl ohexyl net hane diisocyanate used in this invention are the cis,trans
and cis,cis isoners of PICM and stereoisoners of

2,4 -met hyl enebi s(cyeh@heXybr bROSYRAALShixnlRG8 Ghe AiSseiBe bf Wotef R d1€R0B, trans
PICMisomer, are present 1n amounts which can be controlled by the
procedures used tsoclpasepethanol and edhangicl ohexyl net hane dii socyanate. Preferred
di i socyanat are i songfy I j r &St I f sduddgxt ure
cont ai ns n(ﬁ&%‘%ss tha%‘%g%%ﬂﬁ %hz{é}gﬁ%lgn&élg?lﬁﬂﬁgétg §%'ﬁg%r{a?égﬁga@in§{)yrneru{£ﬁd no
nore than about 2Gngedec ehisocyafiate-methyl-3,5Sitsmetyheeyctphexyl-isocyanate (“IPDI)

4, 4' - met hyl enebi s cl,oh | .iso at 8) .. 4Lhr I f

4, 4' et hyl enebi s( %éﬁ"é’%f‘é“‘i‘%gé@g‘%a ase%‘%zgorlg)% S\Rﬂnugﬁga‘?go\?vr.nu%~~~0—la~~~Nm
trans, trans N Nco cis, trans N S~ _ rCH2 cis, is [0023) The PICM used
in this invention is prepared by ph}gcs L gt he

HsC CHy—N=—C=0

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:

Tﬂ: ICH:

O==C==N—" T——N==C=O
CHjs CHs

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:



correspondi ng 4, 4' - net hyl enebi s(cycl ohexyl am ne) (PACM _b rocedures wel |
known in the art, as disclosed in, e.g. ,US. Patent Nos.Z2 é RO TP
2,680,127, and 2,908,703, which are incorporated herein by reference. The
PACM i somer m xtures, upon phosgenation, yield PICMin a liquid phase, a
partially liquid phase, or a solid phase at roomtenperature. The PACM

i somer m xtures can be obtained by the hydrogenation of nethyl enedi aniline
and/or by fractional -5 20 Septenber 2006 crystallization of PACM i soner
m xtures in the presence of water and al cohols such as nethanol and

et hanol . [0024] Additional aliphatic and cycloaliphatic diisocyanates that
may be used include 3-isocyanato-nethyl-3,5,5-trinethyl

cycl ohexyl -i socyanate ("IPDI") from Arco Chem cal, which has the foll ow ng
structural fornmula: 3 r~c=o H,C H, C CHgP=C -0 and neta-tetranet hyl xyl ene
di i socyanate (1, 3-bis(1-isocyanato-|*# | )- benzene) which is sold
by Cytec Industries, Inc. under the tr k TMXDI (Meta) Aliphatic

| socyanat e and whi ch has the folléwrﬁ§2§&&gpfﬁfﬁ$ formula: OCH3 o=c N_y ?
c=0 CH3 CH3 Diamne Curing Agents [0025FsThe preferred aromatic di am ne

curing agents for use in preparing the I £t hanes of the invention are
2, 4-di am no- 3, 5-di et hyl -t ol uene, 2, 6-di o-
CHy—CHZ CHy~—CHy
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):



3,5-diethyl-toluene and m xtures thereof (collectively

"di et hyl t ol uenedi ani ne" or "DETDA"), which is sold by A2I&fRieMger 2006

Cor poration under the trade name Ethacure 100. DETDA is a liquid at room
tenperature with a viscosity of 156 cs at 25C. DETDA is isonmeric, with the
2,4-isoner range being 75-81 percent while the 2,6-isomer range is 18-24
percent. DETDA has the following structure: -6 20 Septenber 2006 CH3 H2N
ONFI2 CH- H _.CH 2,6 ISOVER NH3 10 Cris-CH2 CH2-CH3 NH2 2,4 | SOVER
[ 0026] The color stabilized version of Ethacure 100, which is avail able
under the nanme Ethacure 100LC, is particularly preferred. [0027]

Addi ti onal diam ne curing agents for use in the present invention include

conmpounds having the fol | quiythcghemvesipd or MW, acutr, - G aNRZ=pR2 | / / R2
R3 3 wherein R and R2 are each independently selected frommethyl, ethyl,
propyl, and isopropyl groups, and R3 is selected from hydrogen and

chlorine. Exanples LONZACURE® M-DMA:  R,=CHj; R,=CHj; Ry =H
LONZACURE® M-MEA: R,=CH;; R;= C,Hs; Ry =H
LONZACURE® M-DEA: R, CHs; R, = CH5; R3 H
LONZACURE® M-MIPA: R;=CH;; R,=C;Hy; Ry =H
LONZACURE® M-CDEA: R, =CHs; R, = GHs; R; =Cl

wherein R;, R, and R; 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



of the such additional diamne curing agents are the follown 0 nds,
manuf act ured by Lonza Ltd. (Basel, S\?\A’tgerl and): -7 20 S@ﬁgéﬁj%@ger%gé
LONZACURE(r) MDIPA R, C3H7; R2 = C3H7; R3 = H LONZACURE(r) M DVAI R,
CH3; R2 = CH3; R3 = H LONZACURE(r) MMEA: R = CH3; R2 = CH5i R3 = H
LONZACURE(r) MDEA: R CH5i R2 = Q2H5; R3 H LONZACURE(r) MMPA R =
CH3; R2 = C3H7; R3 = H LONZACURE(r) MCDEA: R = QH5; R = @2H5; R3 =C 1
wherein R, R2 and R3 refer to the above chem cal formula. Anong these, the
preferred diamne curing agent is 4,4'-nethyl enebi s(3-chl oro-2, 6-

di ethylaniline), (Lonzacure(r) M CDEA), which is also available fromAir
Products and Chem cal, Inc. (A lentown, Pennsylvania). The foregoing

di am ne curing a%nlt@ Nﬂ)j/lb)er@rdfaamsi(ibéutma@ 00 Nmz/pbawooin@ﬁmA as
a polyurethane curing agent. Preparation of the Invention [0028] The

pol yur et hanes of tmieferablyabetiG32 oG Y1 QU@ o ThS pfimes is shea saregiit 230-or
ful'l prepol ymer n@ﬂ@&r 4bgtn H;ursvaQCLf?‘ﬁlg R i 1ddpeMR: ToWet RehpefaturesThid

preferred method of preparing the polyurethanes according to the invention
is as follows: Thbottiriatlyehestemperdtares.i rst mxed with the OH cont ai ni ng

I nt er medi at an eq 410 NCY
preferably [g%out 3.0 w&ﬁg&gﬁﬁé g&ﬁgrﬁg?ﬂ#%gg%gghgﬁn {2)‘?5 to %%n?ﬁ:r%"igﬁ a
period of 3 to 5 hueldsl, Gasting@e theoprefesed eethod hecause itrproducss a polywrathaneo 290F

for 3 to 5 mnutes. . The at.. sou removed, the prepol yner is
cool ed to about 16’6&'“1553'}@0 Umalaop%’gﬁc&?aw%?czse at that tenperature for
about 24 hqgoo39]pri or t @héletepolynter rgd tinéngpagestemixture is cast into a mold prior to

curing. The polyurethane material according to the invention may also be

partially cured, by selecting an appropriate curing time and temperature, and then
removed from the casting molds and formed into the 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



NCO in the prepol ynmer. Additional diisocyanate can then bg addeg t.o _achi eve
an exact equival ent weight. The prepolymer is then react &l S5PCEBH A9 60F t 0
180F with the aromatic diam ne curing agent in an equivalent ratio of about
0.85 -8 20 Septenber 2006 to 1.02 NH2/1.0 NCO, preferably about 0.90 to
1.0 NH2/ 1.0 NCO, and nore preferably about 0.92 to 0.96 NH2/ 1.0 NCO The
polymer is then cured at 230- 275F for 4 to 24 hours. The curing tine is

| onger at | ower tenperatures and shorter at higher tenperatures. [0029]
The pol yur et hane polyners of this invention can be cast or conpression

nol ded. Casting is the preferred nethod because it produces a pol yurethane
polymer with optimal optical characteristics. [0030] The prepol yner and
curing agent m xt j i npl } . j et hane
mat eri al accordi néfn?i(l)ajrt Ogégt%lrvgﬁ%@ol%w yaqa%ga{oeg{ nglg’rﬂtjlf)gl@ y %Ereaeg?g’%sgt}gr

sel ecting an appr ghycobhprepared fng Eicapeolagichet andpbf-dntane dioh having em equiatenied
fromthe casting npl Qrmed into i ape. i.n i
process, the pol yl}‘feé%%aé’%e% RwéatI%raP&Pntgé)ﬁ Obégg?lgﬁaﬁréer{és? icbhflg gq%gfaﬁ#s’eg%ar taé:ot%?rpl ex
shape and then subsiesjemss)trbspedtivelyytogetherdvit QOB tquivelénts off trimethylnd paapdesl t o

the prepolymer in_an amount.sufficient to r oduce 0 one, perc

cr osg-l Pnkiyng bas &d® g ORGIAEa EAPELEF é?néla@fognatr% pre W#’ﬁ?( sreatchegt wgrggi'asef ul

in the preﬁent did_n;éqmdla?s bﬂhtcdii_sﬁllgraﬁdtéttﬁﬁibrhydhebrelpbﬂymaﬂ_ and tri rrﬂ]hylhol
ropane. The addition .a triol to I.epo I I ncr.eases e a

gi slto orti on({%8#ber at ur e%é'ﬂﬂlsi ﬂntgﬁiﬁ'éfm a§§§£‘1“ﬁgtr 6\% 2§Thre CHAT ﬁ’i%ﬂ#f’fé’ ﬁpgfﬁirti es

of the cured pol %H%Iﬁhél@,nﬁ}d Aold teRhseTByenRemagddRduded ihhNBe PrepakiyARIT the an

anount of 0.01 to 0.5 hydroxyl equivalents, preferrably O.O,?I to 0.%
hydroxyl equi val eRplgurethapgs ofbfs inypidion, Falhf*pmplepna QF Te0rg Bningy s may oe

equi val ents, basediff 8 th@pbolPherlindan amount of up to 5% by weight based on total

reactants. Anti-oxidants that are useful in the present invention include those of

the multifunctional hindered phenol type. One example of a multifunctional
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:

AN
o8

CyHyrt
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hydroxyl equivalents in the prepolyner. In a preferred enhodi nrent of the
i nvention, the prepolymer contains 0.85 to 0.94 equival erfPSeBEMAFr 2006
OHcontaining internediate and 0.06 to 0.15 equivalents of a triol, for a
total of 1.0 equivalents. 1In one exanple, the prepolyner contains a
pol yester glycol prepared fromE- caprol actone and 1, 6- hexane di ol havi ng
an equi val ent weight of 200, a simlar polyester glycol having an
equi val ent wei ght of 375, together with 0.15 equivalents of trinethyl ol
propane. I n another exanple, the prepolyner contains three different OH
containing intermedi ates, nanely a polyester glycol prepared from
E- caprol actone and 1, 6- hexane di ol having an equi val ent wei ght of 200, a
-9 20 Septe , 2006 LM . ar,p0o I I i Lyal @Bhickel ght
of 375, and(@?@ol yestersh%dlugg(%g’ %‘?ﬁgg‘}é?eﬂég# Fg’?}, %Qg%p%l gigt%ﬁgwgﬁgd 1, 4- but ane
di ol having an equfomatlent wei ght of 2000 in anmounts of 0.8 equival ents,
0. 115 equi valents, and 0.025 equiyalents, respectively, together wth 0.06
equi val ents of trinethylol propane. he OH contai ning internediate and
triol are preferrably reacted wt equiyatents of a diisocyanate to
formthe prepolynmer. [0032] Various —oXI -@. ultraviolet stabilizers,
col or bl ockers, optical brightners,/=nd ndl d Yel ease agents may be used in
the preparation of the polyurethangs.of*this invention. For exanple, one
or nore anti-oxidants may be added to the prepolynmer in an anmount of up to
5% by wei ght based on total reactants. Anti-oxidants that are useful in
the present[0D36lent i on iAnethed §Vistehikizepthat mpeberugediiy Grrserty3eds avaieRls Eamphenol
type. One exanpl e 9f j i: i e anti - oxi dant
Rmcﬁbgg}éggffa&%i?ﬁ%@gﬁaghe%IW%&eHb@aﬁ' rmlu}P

is lrganox 1010, aval 1 gy, ich has the follow ng

chem cal formula: 11 5-CraHs i P
N—-CHj
__I( -
(o] HaC

[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

e el (S
% _K‘

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

chemical formula:

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 -



HOCH GI'~ "' [0033] A UV-stabilizer may al so be added tq the epol ymer in
an anount up to about 5.0% preferably about 0.5 to 4. 0%%B)§69\}§{%éﬁ{)2%8§sed on
total reactants. UV-stabilizers that are useful in the present invention

i ncl ude benzotriazoles. Exanples of benzotriazole UV-stabilizers include
Cyasorb 5411 and Tinuvin 328. Cyasorb 5411, avail able from Ameri can
Cyanam d, has the following chemcal formula: H -10 20 Septenber 2006

[ 0034] Tinuvin 328, available from C ba Geigy, has the follow ng chem cal
formula: OH [0035] Another UV-stabilizer that may be used is Cyasorb 3604,
avai l abl e from American Cyanam d, which has the follow ng chem cal

formula: n..Cl3H2s H cH NCH3 OH3C[0036] In addition to the

benzat ri azqlgss) a hi nderiadraiyat: b @b resdabidabaar c0wyo heoFaddedh drombtiv t her
enhance Uvq’pro ection. An exanple of a hindered am ne |ight ilizer is
Tinuvin 765, avai | digmmefching aewdn aapyvalsphiatia oh 4SS th k0% zm'ﬁé’acb@h cal
formul a: Hso- 00~ fyolyierGlifen EXAMPLED ib 275¥itdr 4803 8bund cycl oal i phati o

di i socyanate is mXed Wi th one or nore pol yester glycols, polycaprolactone
gl ycol s, pdbgilher gl ycBilesgactants pesdyin theBxamples gieyleseriged mﬂ@b‘eﬁéﬁ%ﬁ’ant s are
then heated to 275F to 290F under dry nitrogen, held at that

-12-



tenperature for 3 to 5 mnutes, and allowed to react to forma Bre}agl ymer.
The prepolymer is cooled to 220 to 250F, and the UV st aBPSeptgper 2006
anti-oxidant, color blocker, and/or optical brightener are added. The
prepol yner is further cooled to 170 to 200F and then evacuated and stored
for 24 hours at 160F. The percent NCO is then determ ned. -11 20 Septenber
2006 [0038] The prepolynmer 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.

[ 0039] The reactants used in the Exanples are described in Table | bel ow
-12 20 Septenber 2006 TABLE | Ingredient Description Available From Ruco
S-105-110 Pol yester glycol prepared from adipic acid Ruco Pol yner Corp.

and 1, 6 hexanedi ol ; equival ent yRigglty of about 500 Ruco S-105-210 Pol yester
gl ycol prepared from adi pic acid Ruco Polynmer Corp. and 1,6 hexanedi ol;
equi val ent_wei ght of about 268 Solvay | it erox 396-005-Pol yester ghygol
prepar ed ff r om Beerdiedt act ope Sol vay \Jegsaiien and 1, 6-hexaéhvé’lﬂ3|1"(ﬁrf’ﬁ‘equ val ent
vei ght of "RREENEE {10 SOT Vaypolyit@ gh¥olpfartP ot ipicRider  [0kueo by €t ed from
Ecapr ol acft one Sol vay Intera%m%nd 'dio?;'eﬁ‘ex ne dglhg(l)f' eq}w val ent wei ght| of

exane urvalent wel
about 500
Ruco §-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,

13-



about 200 Sol vay I nterox 439-045 Pol yester glycol prepar

Ecaprol actone Solvay Interox and 1,6-hexane diol; equi v?lg@ﬁ?te ?r&ﬁps of
about 954 Ravecarb 102 Aliphatic pol ycarbonate glycol; equival ent Eni chem
wei ght of about 255 Desnodur W4, 4- net hyl enebi s(cycl ohexyl isocyanate)
Bayer Corp. containing 20% of the trans, trans isoner and 80% of the cis,
cis and cis, trans isoners Ethacure 100 2, 4-di am no- 3, 5-di et hyl -t ol uene and
2,6- Al benmarle diamno-3,5-diethyl-toluene Corporation Ethacure |I OOS

2, 4-di arni no- 3, 5-di et hyl -tol uene and 2, 6- Al bemarl e

di ani i no-3,5-diethyl-toluene with color Corporation stabilizer
Lonzacure(r) M CDEA 4, 4-net hyl enebi s(3-chl oro-2, 6-di ethylaniline) Lonza
Ltd. (Basel, Swtzerland); Air Products and Chemical, Inc. (AlIlentown,
-13 20 Septenber 2006 Pennsylvania). Tinuvin 328 UV-stabilizer; see supra
for chemcal formula Cba Geigy Tinuvin 765 UV-stabilizer; see supra for

chem cal for-mH-a—Gba—Cet-gy—H-ganrex—1010—-Anti—oxi-dant-—see—supra—+fof
chenical fofnmula Gba Geigy| Exalite Blue 78-13 Dye used “Beansgvaridor bl peker
Exciton' 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
1 below:

=14~
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[0u41] The resulting materials are evaluated for their optical, hardness, solvent
resistance, heat distortion, and ballistic properties.

[0042] The polyurethane materials of Examples I-IV all have excellent optical
properties with haze as low as 0.3 percent, and luminous transmittance as high as
959% at a thickness of 0.080 to 0.250 inches. The Shore D hardness of Examples
I-IV ranges from 79 to 82. For examples V-VIIL, the Shore D hardness is 77 to
82.

[0043] The polyurethane materials of Examples I, II, and III have a stress craze
resistance of >7000 pounds per square inch when measured using isopropanol.

[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. After multiple tests, the
average Vi rating is about 1,210 feet per second.

[0045] For Examples I-III, 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 givé—ri“in the following
table:

TABLE I
Property Example V Example VI Exﬁmple VII 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

Vsp 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



ornocrvo aa-Sonx5 -15 20 Septenber 2006 [Ou41%FThe resul ting
materials are evaluated for their optical, hardness, sol aREPEMRY P8 nce,
heat distortion, and ballistic properties. [0042] The pol yurethane
materials of Exanples |I-N all have excellent optical properties with haze
as low as 0.3 percent, and |um nous transmttance as high as 95%at a

t hi ckness of 0.080 to 0.250 inches. The Shore D hardness of Exanples 1|-N
ranges from79 to 82. For exanples V-VIII, the Shore D hardness is 77 to
82. [0043] The pol yurethane materials of Exanples I, 11, and IIl have a
stress craze resistance of >7000 pounds per square inch when neasured

usi ng i sopropanol. [0044] The V50 rating of Exanples |I-N was eval uated

using a 0.25 inch thick sheet, and . 22 cakihb . t_si. at |
projectile. After ?ﬁff’}preﬁ Ia f?’@%%@r?erf%%QISé%S\?é'r %agﬁ%yﬂ?g{%ﬁén ?sdslg%lkt}g%gt &%hez 10
feet per second. [ &Qébleskod elk@difbes déderibddnierdieail]l b stviousi toront efpelimtyur e of
a 0.25 inch thick .sanmp|e ar ,264 i fiber stre ranges..from 290F to 305F,
and a sinilar sanp?kél?mﬁ#‘e Thiz Iﬁgh‘?ﬁ?ﬁ%a V?rg'ts‘élf’?“éel' S’ﬁlﬁgcoé’ Hgﬁ’tﬁ AR B ithPF
tenperature of 270fefined &by &k claghdagpshdeltiihbRto, sid18Beir ¢a0AGhtsThe heat
distortion tenperatures and ballistic properties for 0.25 inch thick
sanpl es of the Exanple V-VIII fornulations are given in the follow ng
table: TABLE |1l Property Exanple V Exanple VI Exanple VU Exanple VIII

Heat distortion 126C (259F) 155C (311F) 145C (293F) 157C (315F)
tenperature, 264 psi

-17 -



fiber stress V50 0.22 caliber FSP 1,183 ft./sec. 1,233 ft /sec. 1,207
ft./sec. 1,169 ft./sec rating [0047] The foregoing di sclIPETE E8npl es
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 20 Septenber 2006
exanpl es and enbodi nents di scl osed. Many variations and nodifications of
the exanples and enbodi nents descri bed herein will be obvious to one of
ordinary skill in the art in light of the above disclosure. The scope of
the invention is to be defined only by the clains appended hereto, and by

their eqégszgvaz%liegt.s. I 17 20 Septenber 2006 What is clained: 1. A

t ranspar ; - stoneric, high hardness, inpact resistant polyurethane
material conprising the reactio roduct . of ; éa) a_prepol.yner prepared by
feaction of ai al | AEFIETGH: BYICEUrTBHatiE BTestymRataes R PAFIBaS: one
OH containing internedi ate having a wei ght average nol ecul ar wei ght of
f r om abotitezplromprising the roavtion BedEeofd from t he group consisting of
pol yester glycols, polycaprolactone glycols, polyether glycols,
pol ycar bonat e(3gl ycobrspolsmdr prepared kisreadion@bin aliphatiq ¢r)cykroaliphatic disseeydnpiest
aromati c diam ne curing agent selected fromthe group consisting of
2, 4- di anivith-a8 |éastdinet Of| con@injenmfer@ediati mming e Geighdaetdyy | molodulmnesiglaned
m xtures thereof. 2. The pol yurethane of claim1, wherein the pol yurethane
i s prepafred fboud 40Uasiabomr 2@ yel@tedrBbhoche group consisting of polyester glycols,
polycaprolactone glycols, polyether glycols, polycarbonate glycols, and mixtures thereof} and
(b) at least one first 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.
2. The polyurethane of claim 1, wherein the polyurethane is prepared by a quasi-
prepolymer method.
3. The polyurethane of claim 1, wherein the polyurethane is prepared by a full
prepolymer method.
4. The polyurethane of claim 3, wherein the diisocyanate is reacted with at least
one OH containing intermediate in an equivalent ratio of about 2.5 to 4.0 NCO/1.0 OH.
5. The polyurethane of claim 4, wherein the diamine curing agent is reacted with
the prepolymer in an equivalent ratio of about 0.85 to 1.02 NH,/1.0 NCO.
6. The polyurethane of claim 1, wherein the polyurethane material is the reaction
product of said prepolymer, said at least one first aromatic diamine curing agent, and at least

one second diamine curing agent selected from the group consisting of compounds of the

formula:

-18-



3. The pol yurethane of claim1, wherein the polyurethane is prepared by a
full  prepol ymer method" 4. The pol yurethane of claim 3, ZWH%$ teMRe 4p86

dii socyanate is reacted with at |east one OH containing internediate in an
equi valent ratio of about 2.5 to 4.0 NCO' 1..0 OR 5, The pol yuret hane of
claim4, wherein the diamne curing agent is reacted with the prepolyner

in an equivalent ratio of about 0.85 to 1.02 NH2/1.0 NCO 6. The

pol yur et hane of claim 1, wherein the polyurethane material is the reaction
product of said prepolyner, said at |east one first aromatic diam ne curing
agent, and at |east one second diam ne curing agent selected fromthe
group consisting of conpounds of the fornula: -18 20 Septenber 2006 R R
F32N NH2 R2 R2 R3 R3 where Rl and R2 are each independently sel ected from
the group consisting of methyl, ethd, propylfand i sopropyl groups, and R3
is selected fromthe group cgRrsisti of hydrogen aagd chlorine. 7. The

pol yur et hane nmaterial of claim [ diySocyanate is selected from
the group consisting of 4,4 -netl ¢ i socyanate),
3-isocyanato-methyl -3,5,5- trigxethy anat e,

met at et r anet hyl xyl ene dllsocyanate

and i xturles thereof. 8.. The
pol yuret hane material of claim1, vkerein theRﬁonurethane materi al has a
heat distortion tenperature in the range of 210F. to 325F. at 264 psi. 9.
The pol yurethane material of claim1, wherein the pol yurethane material has
a heat distortion tenperature of at |east 250F" at 264 psi..
where R; and R, are each independently selected from the group consisting of methyl, ethyl,
propyl and isopropyl groups, and Rj is selected from the group consisting of hydrogen and
chlorine.
7. The polyurethane material of claim 1, wherein the diisocyanate is selected from
the group consisting of 4,4’-methylenebis(cyclohexyl isocyanate), 3-isocyanato-methyl-3,5,5-
trimethylcyclohexyl-isocyanate, metatetramethylxylene diisocyanate, and mixtures thereof.
8. The polyurethane material of claim 1, wherein the polyurethane material has a
heat distortion temperature in the range of 210°F. to 325°F. at 264 psi.
9. The polyurethane material of claim 1, wherein the polyurethane material has a
heat distortion temperature of at least 250°F. at 264 psi.
10. The polyurethane material of claim 1, wherein the polyurethane material has a
heat distortion temperature of at least 300°F. at 264 psi.
11. The polyurethane material of claim 1, wherein the polyurethane material is
optically clear having a luminous transmittance of at least about 80% at a thickness of 0.08 to
0.25 inches.

12. The polyurethane material of claim 1, wherein a 0.25-inch thick sheet of the

polyurethane material has a V-50 0.22 caliber FSP rating of at least 1100 feet per second.
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10. The pol yurethane material of claim1, wherein the po uret hane materi al
has a heat distortion tenperature of at |east 300F" Z%MS%%ﬁmbeT¥m6The
pol yuret hane material of claiml1, wherein the polyurethane material is
optically clear having a lum nous transmttance of at |east about 80% at a
t hi ckness of 0.08 to 0.25 inches. 12. The pol yurethane nmaterial of claim
1, 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, -19 20 Septenber
2006 13. The pol yurethane material of claim4, wherein the diamne curing
agent is reacted with the prepolyner in an equival ent ratio of about 0.90
to 1.0 NH2/1.0 NCO,_ 14. e pol tha e material of claim1l, wherein the
wei ght aver agé3 mol &B% P%’“rea?@f’@ FalgR Pﬁépaﬂll-%dYﬂeé‘il?lltlFng’iaH’E@r FHEHISAZETS 8 r om
about 400 to about 1000. 15. The polyurethane material of claim1, wherein
t he OH ctsaetad mithghemenshmediimeequiglegbragie péabout 8P {hk0 b V6Rsi sti ng of

(a) esterification products of adipic acid with one or nore diols selected
from t he group?t-conthepolygretiine matehigh efndaiimol,, wher@n Hles aigHi averageogleewlay|
glycol, and 1, 10-decanedi ol ; (b) reaction products of E-caprolactone with
one or, woepkt ditid GH-velagingidteimedatt vefram ot é@hwiabdutngo@f 1, 4- but ane di ol ,
1, 6- hexane diol, neopentyl glycol, and 1, 10-decanediol; (c)

pol yt et r anet hy3.eneTiy pat@lrethfrk) matkiig) atiatn powiersinhin@Hecotaying fermpdiatee)

m xtures of such OHcontaining intermediates. 16. The pol yurethane material

of cl ai mskele¥B& FBNthE Igﬁ)u?ydéhgaiﬂgmqa) SstHflcHVRYRORICE ofl i adi8 WIBN drfe dF Xt ure
of 4-4'-nmethyl enebi s(cycl ohexyl isocyanate) which conprises at |east 20

percent byt figlst EROS U $h ?x@gﬁrco&flstlﬁgﬁof 1rmgmlhe%mb1 BRY 51818 %¢bpentyl
i socyanate). 17. The pol yurethane material of cl aim 1, wherein the

pol yur Et g#m’c%dad:‘ frhh?%ecaﬁ "t bé‘%@aﬁ:ﬁo{r% o d9lo Fl ze rolz;'cﬁ)nemﬁl B ¥k @BR

mat eri al sta Is selected
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 ()
mixtures of such OH-containing intermediates.

16. 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).

17. The polyurethane material of claim 1, wherein the polyurethane further
comprises a UV-stabilizer.

18. The polyurethane material of claim 18, wherein the UV-stabilizer is selected
from the group consisting of benzotriazoles, hindered amine light stabilizers and mixtures
thereof.

19. The polyurethane material of claim 1, wherein the polyurethane further
comprises an anti-oxidant.

20. The polyurethane material of claim 20, wherein the anti-oxidant is a

multifunctional hindered phenol.
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fromthe group consisting of benzotriazoles, hindered amne Ii

stabilizers and mxtures thereof. 19. The pol yuret hane ﬁ@ﬁ@P@&Peﬁwoélalm
1, wherein the polyurethane further conprises an anti-oxidant. 20. The

pol yur et hane material of claim20, wherein the anti-oxidant is a

mul tifunctional hindered phenol.. -20 20 Septenber 2006 21. The

pol yuret hane material of claim1l, wherein the polyurethane material has a
stress craze resistance of >7000 pounds per square inch when neasured using
i sopropanol . 22. The pol yurethane material of claim11, wherein the

pol yur et hane further conprises a triol in an anount sufficient to produce
1% cross-|inking based upon equival ents reactants,

pol yur et hane #ht er {88 PQ%Y“@*‘&‘PW%Q“&I\M#@P@PH ‘t"h%re]tnrtp‘?)POIV'éIeg‘éP%’é‘Pt@Half}Faér?’l t he
group consisting of trinmethylol ethane, trinethylol propane, and m xtures

t her eof . Steas crage Tesigtorsaof &MY nontds rer emeterachwhemeasHAH BSIAGRISEPTORINCAC cor di ng
to claiml1l.. 25. The eyewear |lens of claim24, wherein said lens is

sel ected fromzhe Tho polyustingt shiatagal obf slaml| bnwdasr;eimpim helynicthape nfvgherand
protective |l enses.. 26.. The polyurethane material of claiml, wherein said
di am ne @uiprisgs agasitinias amoohtGufiRicabid praéd? 124 crods-linkdnpsipacdmpon equivalents
non-el astoneric, high hardness, inpact resistant pol yurethane naterial
conpri si sfreddpmts, eacti on product of: (a) a prepol yner prepared by reaction
of a diisocyanate selected fromthe group consisting of

4, 4" -met hyl enghi s(eCHQNG¥Mhnd BOCHANF Dim B, WaRfNAMRtAcINBsBKtted fonbthe
tr|nethylcyclohexyl-lsocyanate netatetranethylxylene di i socyanate, and

m xtur es%;rt)ﬁ}?&ﬁ@lstuﬂé’\f)fttfim@ﬁly o‘?@tﬁ’én O?ﬁn%&%&rﬁh&'aﬂg nlikthRs pRelogt € having a

wei ght average nolecul ar wei ght
24, An eyewear lens made from the polyurethane material according to claim 1.
25. The eyewear lens of claim 24, wherein said lens is selected from the group

consisting of sun lenses, ophthalmic lenses and protective lenses.

26. The polyurethane material of claim 1, wherein said diamine curing agent 1s
color-stabilized.

27. A transparent non-elastomeric, high hardness, impact resistant polyurethane
material comprising the reaction product of:

(a) a prepolymer prepared by reaction of a diisocyanate selected from the group
consisting of 4,4’-methylenebis(cyclohexyl isocyanate), 3-isocyanato-methyl-3,5,5-
trimethylcyclohexyl-isocyanate, metatetramethylxylene diisocyanate, and mixtures thereof
with 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: (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,
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from about 400 to about 2000 selected fromthe group consisting of: (a)
esterification products of adipic acid with one or nore 28iSsptemben 2966 ed
fromthe group consisting of 1,4-butanediol, 1,6- hexanediol, neopentyl
glycol, and 1, 10-decanediol; (b) reaction products of E-caprolactone wth
one or nore diols selected fromthe group consisting of 1,4-butane diol,

1, 6-hexane diol, -21 20 Septenber 2006 neopentyl glycol, and

1, 10-decanedi ol ; (c) polytetramethyl ene glycol; (d) aliphatic

pol ycarbonate gl ycols; and (e) m xtures of such OH containing

internedi ates; and (b) at | east one diamne curing agent selected fromthe
group consi sting.of 2,4- dian no-3, 5-diethyl-tol uene, S

2, 6-di anF?Pé’?@?/Q-%. @hyAnd gr@@ﬁ?&&,‘neg’ﬁg %)xtﬂ‘j%’e' ram?g}yé%?, ghysek eld) afipkatic

pol yuret hane material has a heat distortion tenperature of at |east 300F at
264 psi . Pogcarbagateghycolsy ad{ghixgecefaneh OH-copfanyrg ntormediges; \andet hane i s
prepared by a quasi- prepolymer nmethod. 29. The pol yurethane of claim 27,
wherein the p@)yur #tlhshene diapriepeirag agpniaselagied from disogipre comistihpdf 238. The
pol yur et hane of claim 29, wherein the diisocyanate is reacted with at | east
one OH cdinmaiond, hdicthyl-erimmej Apealiiminas3, edjuthylatobmrte, rauli wixofresadeubof, 2whertio 4. 0
NCO' 1.0 OR 31. The pol yurethane of claim30, wherein the diam ne curing
agent i sthe @algtu@chané nliteribiles phepdisyiien tempadtuedol ¢ BagrB00TRdti264 péi. about 0. 85
to 1.02 NH2/ 1.0 NCO. 32. An eyewear |ens nade fromthe pol yurethane
material accoggli NOTRACH I REMAR Of clair 27, MiRr&Y BGRIyuk&Re o prepAbdbyPLquadfer ei n
said lens is selected fromthe group consisting of sun |enses,” ophthal mc
| enses 1 | enses. 34. The pol yurethane material of claim 27,
whereinqgg?g%ﬁﬁgﬁéﬁﬁfcuring agent is color-stabilized" 35. The

pol yur et hane terqqal _ I . rein.t | vur et hane mat eri IS
optically cIé%? hayﬁﬂgﬁénﬁhﬁ#ﬁ%ﬁ%“?¥gﬁgﬁ???%ﬁ%gggP*ﬁﬁnFgag?P%E%§¥agﬁgbat a

t hi ckness_of 0.08 ﬁo
prepolymér method.

30. The polyurethane of claim 29, wherein the diisocyanate is reacted with at least
one OH containing intermediate in an equivalent ratio of about 2.5 to 4.0 NCO/1.0 OH.

31. The polyurethane of claim 30, wherein the diamine curing agent is reacted with
the prepolymer in an equivalent ratio of about 0.85 to 1.02 NH,/1.0 NCO.

32, An eyewear lens made from the polyurethane material according to claim 27.

33, The eyewear lens of claim 32, wherein said lens is selected from the group
consisting of sun lenses, ophthalmic lenses and protective lenses.

34. The polyurethane material of claim 27, wherein said diamine curing agent is
color-stabilized.

35. The polyurethane material of claim 27, wherein the polyurethane material is
optically clear having a luminous transmittance of at least about 80% at a thickness of 0.08 to

0.25 inches.
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025 inches, -22 20 Septenber 2006 36. The pol yurethane material of claim
27, wherein a 0"25-inch thick sheet of the pol yurethane Jatcetemzer 3498 a
V-50 0"22 caliber FSP rating of at |east 1100 feet per second. 37. The

pol yur et hane material of claim27, wherein the weight average nol ecul ar
wei ght of the OHcontaining internediate is from about 400 to about 1000.
38" The pol yurethane material of claim27, wherein the diisocyanate is an
isoneric mxture of 4,4'-methyl enebi s(cycl ohexyl isocyanate) which
conprises at |least 20 percent of the trans,trans isomer of

4, 4" - met hyl enebi s(cycl ohexyl isocyanate). 39. The pol yuret hane material of

claim 27, whegein Fe repol yner. fyrther onprises WV- s a?igi e 40.
The pol yur ot hithe mbtapiareBmecrartles Sim ey Rt Lo QRgPER siyet ph e
selected fromthe gr consi sting of benzotrjazol e hi ndered am ne |ight
Stabi | | ZRHETSREHRE B8 & ¥ Qs caber FRR i Sfaf G fatRer sonds cl ai m
27, wherein the prepolynmer further conprises an anti-oxidant. 42. The
pol yur et hane ¥t er T2 payurethaniermagyrial g 6lagn 474 whergistthe wyrighhmverdes molecular
mul tifunctional hindered phenol. 43. The pol yurethane material of claim 27,
wher ei n véightpdithe P tchntaminganiermeliathsdrom abput 4¥ksto@bentd09&si st ance of >7000
pounds per square inch when neasured using isopropanol, 44. The
pol yur et hane 3fat erTlad pobfurethanic ma2dtjal whdnigi 277, tWherepothy diisdcyanme & antitvereric
conprises a triol in an anount sufficient to produce 1% cross-I|inking based
upon equnixalre i 4,4’ afethiydaebiaf@ydohex4bisodagatpoiviiich ebmaries matasi 20 patertlodi m 44,
wherein the triol is selected fromthe group consisting of trinethylol
et hane, thé trif{think Bbmpf SPBNEmetRyleheBisdybloBexyl B¢ RA4te).
39. The polyurethane material of claim 27, wherein the prepolymer further
comprises a UV-stabilizer.
40. The polyurethane material of claim 35, wherein the UV stabilizer is selected
from the group consisting of benzotriazoles, hindered amine light stabilizers and mixtures
thereof.
41. The polyurethane material of claim 27, wherein the prepolymer further
comprises an anti-oxidant.
42. The polyurethane material of claim 37, wherein the anti-oxidant is a
multifunctional hindered phenol.
43. The polyurethane material of claim 27, wherein the polyurethane material has a
stress craze resistance of >7000 pounds per square inch when measured using isopropanol.
44. The polyurethane material of claim 27, wherein the polyurethane further
comprises a triol in an amount sufficient to produce 1% cross-linking based upon equivalents
of reactants.

45. The polyurethane material of claim 44, wherein the triol is selected from the

group consisting of trimethylol ethane, trimethylol propane, and mixtures thereof.
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-23 20 Septenber 2006 46. The pol yurethane material of claiml ein
t he ponuPethane material is optically clear having a Iuﬁpﬁﬁﬁ§"meﬂﬂﬁg
transmttance of at |east 95% at a thickness of 0.08 to 0.25 inches. 47.
The pol yurethane material of claim1, wherein the pol yurethane material is
optically clear having a haze of about 0.3 percent or |lower at a thickness
of 0.08 to 0.25 inches. 48, The pol yurethane material of claim1l, wherein
t he pol yurethane material has a Shore D hardness of a least 77.. 49. The
pol yuret hane material of claim1, wherein the pol yurethane nmaterial has a
Shore D hardness of at |east 79. 50.. The pol yurethane material of claim
27, wherein tﬂ$ po%yuréth% e mat ically cl avi ng _a .| um nous

i rial . 1s. qQpticCée ar g
transnittance of at | BALE @‘%’3/% 5’[3% a]??ﬁ ﬁlﬁﬁ%gs T I?Ogy"l'.’)?t gie Iin%(?ﬂ%lsl,s 51.
The pol yurethane nmaterial of claim27, wherein the polyurethane material is
opticall?“@@@@gaﬂggVﬁéa'UWH?ESHW“&W%WFCGf§lﬁﬁFggﬁﬁﬁéﬁhPG%E?o%QO%“iﬂ?ékness
of 0.08 to 0.25 inches. 52. The pol yurethane material of claim27, wherein
t he poIW@ﬁgﬁhane material has a Shore D hardness of at |east 77. 53. The
pol yurethane naterial of claim27, wherein the polyurethane naterial has a
Shore D har dnflss ofheapolywetbance7dategdl. oficlpinais pherit themyhyuedtbaeonatetia, ishi gh
har dness, inpact resistant polyurethane material substantially as herein
descr i begptimaltyrleae hevienz bak of biwait E3pekmor lovdet at a thickness of 0.08 to 0.25 inches.
48. The polyurethane material of claim 1, wherein the polyurethane material has a
Shore D hardness of a least 77.
49. The polyurethane material of claim 1, wherein the polyurethane material has a
Shore D hardness of at least 79.
50. The polyurethane material of claim 27, wherein the polyurethane material is
optically clear having a luminous transmittance of at lease 95% at a thickness of 0.08 to 0.25
inches.
51. The polyurethane material of claim 27, wherein the polyurethane material is
optically clear having a haze of about 0.3 percent or lower at a thickness of 0.08 to 0.25 inches.
52. The polyurethane material of claim 27, wherein the polyurethane material has a
Shore D hardness of at least 77.
53. The polyurethane material of claim 27, wherein the polyurethane material has a
Shore D hardness of at least 79.

54. A transparent, non-elastomeric, high hardness, impact resistant polyurethane

material substantially as herein described with reference to the Examples.
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