; e3ewt,”6TRaJ 3 0 JAN 20D3 | MPACT RESI STANT POLYURETHANE AND METHOD OF
MANUFACTURE THEREOF This application is a continuation-in-part of U S
Serial No. 08l595, 262, which is a continuation-in-part. of ?UQ'SJM&ZR@I No.
081 382, 562, both of which are incorporated herein by reference GROUND
Field of the Invention The present [ nvention relates to a rigid, optically
transparent heat and |rrpaI:NI tgm round of the

I nvention Currently, Jtam M\E {ﬂ: 'caIIy
transparent plastic materials are corrpare of rrpac reS|stance is

pol ycarbonate. These materials can be characterized by inpact resistance
and the tem peraturge . and gressure at which t.he materi gl de

di stortion. The he %Ii%?@“} '8R f%rﬁ)e@&f’ﬁtu@&%%@laffcé&béﬁg Eg'éaa%‘ht 280F
at 2B4 psi fi ber stress. Polycarbonate extruded sheet at _a thickness of
0.25 inches h2/30%262 whirhte e Pgfinpefiermr-Rertseint Stertp! P¥w)08682,862,v- 50

I npact rating of 925 ft./sec. The V50 is the neasure of the velocity at

whi ch 50% of Zithkaf ivbéch gredpearporaded hérebuby teferege.a 0. 25 i nch pol ycar bonat e
sheet penetrate a 20 mllineter-thick 2024 T6 al um num sheet (the "w tness
sheet's pl aceBACKGREUNDBhi nd t he back surface of the pol ycarbonate sheet.
-1 3 0 JAN 2003 U.S. Patent No. 3,866,242, which is incorporated

herein by refer enggeldbfsh@eeerifR! yur et hane poI yner protective shield.
The pol yur et hane

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

Background of the Invention

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 tem-
perature and pressure at which the material undergoes distortion. The
heat distortion temperature of polycarbonate is about 280°F at 264 psi fi-
ber stress.

Polycarbonate extruded sheet at a thickness of 0.25 inches has a
0.22 caliber FSP (fragment simulating projectile) V-50 impact rating of 925
ft./sec. The V-50 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.
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i s produced by: (a) reacting either a polyether glycol or a polyester

gl ycol having a nol ecul ar weight of fromabout 700 to 1,000 with nethyl ene
bi s(cycl ohexyl isocyanate) in an equivalent ratio of about three NCO to
each hydroxyl to forma prepolynmer, and (b) reacting the pne_m“ymgg with an
aromati c am ne curing agent having a nethyl ene bridge between two aromatic

rings, such as 4, i I i ratio
of 0.90 to 1.04 Nﬁaglq@o%%%w R, ATk I,Ed“%(’fggboﬁﬂﬁﬁ\sfg%g

| ncor porat ed gyl §fGlene b@ﬁgééganedga@@ﬁg&teweaﬂﬁaar L BRhdbEihane

pol ymer nade r0|’na o re on s nmade froma
polylsocyanate ang Ieast one nultlfunctlonal hydroxy contalnlng

i nt er medi at e. SUTE Tf%lt%vnt No. 4,208,507 discloses a flexible

pol yur et hane- urea el ast omer prepared by reacting: (A) a prepol r obt ai ned
by reacting an ess@hti APRGHInG ¢ithaxd BAlEEtheD EWEgleTox o 8FiSS BAXFoh é@

nol ecul ar wei ght of from 600 to 10,000) and an organi c dii socyanate haV| ng
at | east one AlCQjexgr bweightl oo fepm;ya ol i79Ratte c 1H0Puotith emetimylgneunt s
whi ch provide a total OH NCO ratio of from1l:1.2 to 1:10, with (B) 3,3

5, 5' -t et r anmet biglcyélohesiylaisbeyandighinmt sgtivalest rAtians foduti thges dBCOetb i n a
nolar ratio of fromabout 1:0.8 to 1:1.2. -2 3 0 JAN 2003 S~1J_MWRY COF
THE | NVENTI ONggldheh bjéﬁatblfym;h@@épopﬁhyluagahane of this invention can be
prepared by first “produci ng a prepolyrrer by reacting one or nore pol yester

gl ycol s, polycapr %?ct qggct glﬁe P@v‘i‘ﬁ{ h ’%ﬁ‘]’c afind rmiggﬂpat e

gl ycol s havi ng a ght ave age ecu ar vvel ght rom about to about

2000 with an hatl C 8'@'1 cI oéalb ghatl Wd| |rsooc anat e i n,an qu{h‘yal ent
rati o of about?® 5 opr Fgﬁ 5t OO FRBR e FUFS &hé® T eact ed

with an aromatic di am ne ring agﬁnt such as dieth ItoI ene di arnine in an
equi val ent r ameshyeneis(Grehdorgamiigey w ayeauve r B?e‘? A fPalddit 0. 90

to 1.0 N Hz/1.0 NCO, and nore preferably about O. 92 to 0.96 NH2/ 1.0 NCO
The pol yur et hbiik/1o0 NeR. present invention is particularly useful for

U.S. Patent No. 4,808,690, which is incorporated by reference
herein, 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.

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 to-
tal 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.



transparency applications that require excellent inpact resistance coupled
wi th high heat distortion tenperatures, such as architectural gl azings,
vehi cl e glazings, riot shields, aircraft canopies, face nasks, visors,
opthal m c and sun | enses, protective eyewear, and transparent arnor. One
object of this invention is to provide transparent pol JufejANrf883 havi ng
excellent optical clarity, excellent ballistic properties, high chem cal
resi stance, and high heat distortion tenperatures conpared to prior art
mat eri al s. @WRE{Rﬁ’%I??%EWﬁNﬁdWW”“ on is to provide reduced cost
transparent TTrpact-tesrstant pof yuret hanes for commercial applications. - 3
3 0 JAN 2003 Yet ,anot her. object of this invention is tq enhanc roducti on
proc essing of t rafnsQRiicaiy cle%aglyugﬁggapgtogﬁpmdgy%xtogt%g sprﬁ‘?ar&gc ¥asi ng
reac Lion tinme, processing tenperature, ,and nold residence tinme. These and
ot her obj ectfigstopradueingr & SEAROLY G BY | BACHI% BB sy Mae RUYYtEagEoet ai | in
the detailed description of the invention, the exanples and the attached
cl ai ns. DETAlolyEEpDESORE RTIcON, Ghlyathis glxuENDr OhlyThrbopddts glyeblsdnaeingfa t he
present invention is prepared fromcyclo aliphatic diisocyanates)

OH- cont ai ni Reeigiit flefipdi @bleculaidight OfEEdnt aBbd #00N€ abGtNINBYGthSan The
followng is a detailed description of each of these constituents:

O+ Cont ai ni %QPﬂuz{EfceJr”?gyi{&é Iph t&edigda@aﬁ%r&n@kme% YR ?1; gouphi £, can be

used to prepare the polyurethanes of this invention include polyester

gl ycol s, poly, | act gne gl ycol s et her.. gl ycol s, d_pal ycarbonat e

gl ycol s havi%%@%@ﬁgaé@‘ a@ée %ﬁggb{{ﬁeérl?vx%?%%?ac&d fN ?%‘ma 12516 2900 to
about 2000, preferrably about 40Q.to about 1000.  Pol yeste | ycol § that can
be-used i ncIARINE RS SE LRt s HGHSEE glamine in an Eaunalent S 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 NHj/1.0 NCO.

The polyurethane of the present invention is particularly useful for
transparency applications that require excellent impact resistance coupled with
high heat distortion temperatures, such as architectural glazings, vehicle
glazings, riot shields, aircraft canopies, face masks, visors, opthalmic and sun
lenses, protective eyewear, and transparent armor.

One object of this invention is to provide transparent polyurethanes
having excellent optical clarity, excellent ballistic properties, high chemical
resistance, and high heat distortion temperatures compared to prior art materials.

Another object of this invention is to provide reduced cost transparent

impact resistant polyurethanes for commercial applications.



of one or nore dicarboxylic acids having four to ten carbon atons) such as
adi pi ¢, succinic and sebacic acids, with one or nore | ow nol ecul ar wei ght
glycols having two to ten carbon atons, such as ethylene glycol, propylene
gl ycol ) diethylene glycol, 1,4- butanedlol) neopentyl gl y@of, Am nyanedim
-4 3 0 JAN 2003 and 1, 10 decanedlol Preferred pol yester g yco are the
esterifiation prod Yé‘ita%o?ﬂexagdjpdtcofacﬁisdm%ﬁﬁorgw ’Ec%ﬁh c telIII!thIEel&ﬁ:‘? rG@r bon

atons. Pol ycaprol actone glycol's that can be used inc rea t| oxx prod
ucts of E-caprgl ht glycols
i sted above. %S&%@nﬁ néﬁﬁggﬁnﬁgﬁélg% alptr(\’inﬁ'lgrhl \r,%{In r’r&d&éc? %n%g Ischcl ude
teresters producefi from on o more I owzgggl e%ul ar, wei 8ht di carbaxylic ac

i ds) such as atih IB’eaBmfessé’ﬁ%I FUPTBFUrRY YHHROL TeRld8RE BRenore of the | ow no
| ecul ar weight glycols listed above. The preferred pol yester glycols and
pol ycapr ol act one glLrese endasthse ofieetsyefithey prpsent WG%ﬁO’ésﬁrérci@SFBg?d aR or
transesterification procedures, as ' described, for exanple, in the article
D.M Young, F.gremter qtalénneﬁheadetalledadesce@m:lsoffmmnlyemlmethb ergupple€ar bi de
F-40, p. 147. Polyether glycols that can be used include polytetranethyl ene
et her glycol. &l gheatbarhadelagingcol s that can be used include aliphatic

pol ycarbon ate glycols. Preferred aliphatic pol ycarbonate glycols are those

manuf ac tured BE@AEPJEDDE@RIP?MDWFITHEQ E qeme Ravecarb 102
(nol ecul ar weight = I,000) and Ravecarb 106 ecular weight = 2,000). The

nost preferred OH t [ tLon
products of adl pi cqglgl @dl%%%h%?\%g%r n% &?fi g{vgngé{i‘ ?%F#an%??m}ﬁ%

but anedi ol , hexanedi ol op I col . and,. 1, 10-decanediol ;.. (b) reac
Con br oduct s SPRECEamsRRlRe G 895 g PeiftsF 258, BEFARY Hifh 1, 4
but diol, 1,6-h di ol I : d 1, 10- di ol

Htane o mine c%)é?rpgeageln?s 'I‘hee ?oql(?)nwtix}zlg is a 1led 3gscnptl;léno eag&g gf Itl?ese (C)

constituents:

OH-Containing Intermediates

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 aver-
age molecular weight of from about 400 to about 2000, preferrably about
400 to about 1000.

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



-5 3 0 J AN 2003 pol ytetranet hyl ene glycol; (d) aliphatic polycarbonate
glycols, and (e) mx tures of such OH containing internediates.

Di i socvanates The cycl oal i phatic diisocyanates which can behm(i ﬁo prepare
t he pol yurethanes of this invention include dicycl ohexyl 3l 003

di i socyanate and preferably isonmeric m xtures thereof containing from about
20- 100 percent t R tr ' 1o et hyl gg%’ 1exyl

i socya nate), Bhrgi; 1e’Flga %éel?éa?oelf ePr} rg%gl eta %esg%l%@s p@{‘)ré(fl%socyaaicélogl)?/§l‘cod~|

cycl ohexyl nethane). ..t her, c nent s usual | esent in the mxtures of
position and/ o C%i?%'?dé&csaﬁ*pewgtgp@?y‘ioﬁe&(ﬁm %L‘ﬁ%‘&é?%?"rﬂ%e di i socyanat e used
in this invention are the_cis,tran nd cis,cis jisoners_of PICM and

st er eoi soners of 2; @fxcﬁﬂwt%ﬁl%‘{ﬁ%%t(ﬂ%‘x% usedgaghidgitby reagiiode profds wel |
as the trans,trans PICMisoner, are present in anounts which can be
control | ed by udieohEseprplacsens with ang opmeqya é thehlswamelechlsirexsighteglysvle
diisocyanate. Preferred diisocyanates are isonmeric PICM m xtures. An
especi al | y pr distet aleaem Int addétiomg nisefuh © Hrotnthrssg iitermabiatés D@y pacludst of
the trans,trans -6 3 0 JAN 2003 isoner and no nore than about 20 percent

of the cis, Cci %e}ss0d¥8produced4rdttony log ek 34w Yied1ehexy weigh® @RBESic T ee
I soners of 4,4" nethyl enebi s(cycl ohexyl isocyanate) are shown bel ow. OCN

_~ CH~- NOQyf T8 aslHddis aMdCahd z%ﬂrarmgﬁ Wi Rﬁ‘é be nN?QoP‘ﬁ%}Ieo%h%s cl's

The PICMused 1n this invention Is prepared by phosgenating t

lecular weight glycols listed above.

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.

Polyether glycols that can be used include polytetramethylene ether
glycol.

Polycarbonate glycols that can be used include aliphatic polycarbon-
ate glycols. Preferred aliphatic polycarbonate glycols are those manufac-
tured and sold by Enichem under the tradename Ravecarb 102 (molecular
weight = 1,000) and Ravecarb 106 (molecular weight = 2,000).

The most preferred OH-containing intermediates are: (a) esterifica-
tion products of adipic acid with one or more diols selected from 1,4-
butanediol, 1,6-hexanediol, neopentyl glycol, and 1,10-decanediol; (b) reac-
tion 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)

-5.-



correspondi ng 4, 4' -net hyl enebi s(cycl ohexyl am ne) (PACM by procedures well
known in the art, as disclosed in, e.g., US. Patent Nos. 2,fi44, 007,
2,680,127, and 2,908, 703, which are incorporated herein-by rg&ei ce. The
PACM i somer mi xtures) upon phosgenation, yield PICMin 310 d d @gase, a
partially liquid phase) or a solid phase at roomtenperature. The PACM

i somer mi xt urﬁoﬁye‘e@fhx@&hs%@iqiféél;tm) amﬁ}a*a%g%&g_fa%ﬂa@@ %choﬁ?ﬁmik%nﬁﬁ%am l'ine

and/ or by fractional crystalllzation o somer xtures

presence of "%55%gﬁlgh%%ﬁcgﬁ#%@#ﬁﬂteﬁe@%&am' and et hanol. -7 3 0 JAN

2003 Addition al i i'socyanates that may be used include 3

i socyanat o- net hyl @Si 5-trinmethyl cycl ohexyl-isocyanate ("IPDr') from Arco
Chem cal , which hast wing structural formula: ~3 HBC N -C ~ V G-~

| ~ = C = D and neta-tetranmet hyl xylene diisocyanate ("TMXDI") from Cytex,
Inc.) which has tHeer@yrcloglipheficdiispsyansses whichisan be-used toprepargthe | " C

G Nc~v i C-+3 G\N3 Diam ne Curing-,Agents The preferred aromatic di am ne

curing agent spdlpurethendsrof rghispiavem@mindugl@ﬂgcuclegh:aﬂmsthﬁnetdd'@ocmei on are
2, 4-di am no- 3, 5-di ethyl -tol uene) 2,6 diam no-3) 5-diethyl-toluene and

m xt ures t her&of plefeiabbcisometiy niighwethitetraif ¢comtedningifrad about' ZEIGA" ) ) whi ch
is sold by Albemarle g _ 3 0 JAN 2003 Corporation under the trade nane

Et hacure 100. pd?EdddfitRe Branis@tdifh i88mer of 4,4"-methylenebis(cyclohexyl isocya-
nate), hereinafter referred to as “PICM” (paraisocyanato cyclohexyl-
methane). Other components usually present in the mixtures of 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 pre-

ferred mixture contains not less than about 20 percent of the trans,trans



roomtenperature with a viscosity of 156 cs at 25C. DETDA is isoneric) with
the 2,4-isonmer range being 75-81 percent while the 2,6-isonmer range is

18- 24 percent. DETDA has the followi ng structure: CH t H2N ~ ~ %HZ

CH3- CH=~ CHr CH~ NHz CHI - OHx~ CH2-CHI 2. 8 I SOVER CHs t 03 NHAAN. 2 3 SOVER
The color stabilized version of Ethacure 10Q which is avail able under the

nane Et hacur eish@fsp, akd nBambie Whed! kol 86 Peraflt oARE ki lisdth@Thbpe, ouri ng
agents for use in the present invention include conpounds having the

foll owi ng chem : : %PI L0 R R J 20D3 wherein
Ri and R2 ar e%egg#e?%g%gﬁg}én y%gwéétagé' fromT%eetehyllfo e?!%yl ',%I}Ipr é}?‘ijl, and

i sopropyl grou and . i,s, selected from hydrogen and chlotine. Exanples
of the such aggﬁ%’t‘%ﬂ%ﬁg@?’%{ﬁ?ﬂ‘é’&E&FX%@&@%P °v§F§eelPWe f ol | owi ng conpounds)
manuf actured by Lonza Ltd. (Bage itze Neo LONZACUREM M DI PA
LONZACUREmM M DVA:  LONZACUREM M M@Nbﬁ(ﬁ% M DEA: LONZACUREmM M M PA:
LONZACUREM M CDEA; R, = CaHT; R2 = @G¥®¥ansRa = H R~ = CPIs; R? = CHs; Rs = H
R =CHa; Rz = CzHs; Ra = HRt = CzHs; Rx = CzHs; Ra = HR = CHa; Rz =
CsH7; Rs = HR- = CzHs; R2 = O('f-f'?; Ra = CI wherein R, Rz and R3 refer to

t he above chem cal fornula. Anon 88, & erred di am ne curing agent
is 4,4 -nmet hyl enebi s(3-chl oro- 2, 6di e&mh%lnani line), (Lonzacure M CDEA), which
is also available fromAir Products and Cheni cal) Inc. (A Ilentown)

Pennsyl vani a): The foregoing diamnne curing agents may be used in addition

to or in place of DETDA, as a p ur et hane ing agent. Preparation of the

| nvention The pol yurethanes of tWCSALBy,edtIgh can be prepared by
quasi prepol yner or full prepolyner mgfhQds) both of which are well known in
the art. The preferred nethod of preparing the pol yurethanes according to

the invention is f . The diisocyanate is fiyst mxed wth the
OHcont ai ni ng i nt era'ﬁ]é%%i{:mﬁe%ﬁ éﬁ’lﬁil\‘}&?réiﬁn ’rSaPFeBaFﬁdr gb(grﬂosge_@tmg the)
NC011.0 OH, preferrably about 3.0 NCOIl,O OH, and then reacted at 212 to
230F for a peedroespepdiig: &4bmieturenebis(cyebbexy apir) (BACII) by poocedwress, or
275 to -10

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 methylenediani-
line and/or by fractional crystallization of PACM isomer mixtures in the

presence of water and alcohols such as methanol and ethanol.



3 0 ~aN zoo3 290F for 3 to 5 mnutes. The heat source is then renoved, the.
prepolymer is cooled to about 160F and allowed to stabilize at that
tenperature for about 24 hours prior to determning the percent NCO in the
prepol ymer. Additional diisocyanate can then be added to3aBhJAN&I8h exact
equi val ent wei ght. The prepolyner is then reacted at about 160F to 180F

ith th i i | i . i | i f 0. 85
LTI M S
u . . ), ' u
IC2)30- 275pF ?for lwcmaza-rrrfaﬁyk?’»g?ﬁa@reeﬁkwﬁafﬁ%ﬂri§oq%&ﬁ @r&%ﬁﬁ?’bt}v@m Arco

tenperatures and shorter at higher tenperatures. The pol yurethane pol yners
of this invenChemiesdnwhishdasithe follogripe siaurtnalfermule: Casting is the
preferred nmethod because it produces a pol yurethane polyner with opti nal
optical characteristics. The prepol yner and curing agent m xture is cast
into a nold prior to curing. The pgl yurethane nmaterial according to the
invention may al so be partially cu, Rg/_se_l cting an appropriate curing
time and tenperature, and then H,8mpeq” NdMT Fe casting nolds and forned
into the desired shape. Using thisl{pracess, the polyurethane material can
be formed into a sinple or conpl e_.ﬂpgct;usn subsequently fully cured.
A triol nmay be added to the preﬁgiéy 2 nan”anbunt sufficient to produce
about one percent cross-linking based upon equival ents of reactants, for
exanple 4 to 8% by wei ght based on total reactants. Triols that are useful
in the present invention include trinmethylol ethane and -11 3 0 JAN 2003

trimethyl ol propane. The addition of a triol tgo the pr?pol yIer increases
and meta-tetramethyl xylene diisocyanate (“TMXDI") from “Cytex, Inc.,

4

which has the following structural formula:

- 13 z
O=C=N-C C-N=¢=0

C.H'3 C.Hg

Diamine Curing Agents

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



the heat distortion tenperature and in sone cases inproves the ballastic
properties of the cured pol yurethane. Various anti-oxidants) ultraviol et
stabilizers, color blockers) optical brightners, and nold rel ease agents
may be used in the preparation of the polyurethanes of 3tfi $ANP0g¥ti on. For
exanpl e, one or nore ant| -oxi dants may be added to the prepol yrrer in an
anount of up o 5% on taot.al Antl- nts t hat
are useful in PrReT ﬁl%ré hk‘/ge 8&%%%%‘“? g@é glf’ﬁ?% Wuf“ % onal

hi ndered pheno a i fun nder.ed henol type
ot~ ot dant | RO FERHRRIS SEL B, SpOsi oF LB 65 & i §L@eﬂ§fbmmrﬁ 85 he
following chemcal forrmula: a | HO CHZCHZ~-OCHzZ--C ~ a ~ 4 3 0 JAN
2003 A UV- st awithi ther2,ddsoregrstange bathge'th- -8 pereent whilel theed,6-issimererangei or t o
or during the curing step) in an anount up to about 5.0% preferrably about
0.5 to 4. 0% big M8=24pérchasts QOETDA! ltdsathe fadlmtiagtiructdyve:st abi | i zers that are
useful in the present invention include benzotriazoles. Exanples of
benzotriazole LJV-stabilizers_jnclude Cyasorb 5411 and Ti nuvin 328. Cyasorb
5411) available from American®yanani d, has the fol | ovfthg chenical fornul a:
OH I ~~"/~~/ "i CaH' - Gy [i nuvT 328, avai | abl e from Giha Gel LQy has the
fol l owi ng chenical formi & ®~ ~7 NN~ /" ,OH

CH3-CH,” CHy-CHy CH3-CHy~  CHy-CHy

2, BISOMER 2, 4 ISOMER

The color stabilized version of Ethacure 100, which is available
under the name Ethacure 1008, is particularly preferred.
Additional diamine curing agents for use in the present invention

include compounds having the following chemical formula:



3 0 JAN 2003 Another Wstabilizer that may be used is Cyasorb 3604,

avai l abl e from Aneri can Cyanam d) which has the follow ng chem cal formula:
n'<%zHz~ OH Cp...COH3CCH, In addition to the benzatrizﬁﬁlﬁm a

hi ndered am ne light stabilizer may be added to further i e

protection. An exanple of a hindered am ne light stabilizer is Tinuvin 765,

avai l abl e from i ba- Gei I ch has. t.he fol|.owm m cal r - 00
o N bo oo Qrerg i aHd B el R R Nl B et b,
cycl oal i phatic diisocyanate is mxed w {h one or nore pqlyester glycols,
pol ycapr ol act d¥&PY & I1§?pﬁ98}’1;§'{°ﬁ8f" %ﬂ%géll% ,3518?15965}‘%3‘(}%5@9@%}# fbgl's. The
reactants are then_heated to 275F to 290F under dry nitrogen, held at that
tenperature fding Exampiened &) sushrdsitiensd diaminecaing agenis are thedplol ymer .
The prepolymer is cooled to 220 to 250F, and the UV stabilizer)

ant i - oxi dant) lowingrcobimmuinds, mandfacturegby LahzdbLid)liBasel Bwitzerladiled. The
prepolyner is further cooled to 170 to 200F and then evacuated and stored

for 24 hours at 160F.LONTACYREE MDIMCCRIi=sC:Hh &p =deleRe Hed. The prepol yner is

then reacted at about 160F to 180F with an
LONZACURE® M-DMA: Ri=CHj Re=CHs; Ra=H

LONZACURE® M-MEA: Ri:=CHs; Re=CsHs; Ra=H
LONZACURE® M-DEA: Ri=C:Hs;Re=CeHs; Rs=H
LONZACURE® M-MIPA: Ri=CHs Ra=CsHr;Ra=H
LONZACURE® M-CDEA: R; = CoHs; Rz = CoHs; Ra = Cl

wherein Ri, Rz 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

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, preferrably 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

-10 -



aromatic diamne curing agent in an equivalent ratio of 0.85 to 1.02 NHz to
1.0 NCO The polyner is then cured at 230 to 275F for 4 to 24 hours. -15

3 0 JAN 2003 ' The reactants used in the Exanples are dei_cbrli gﬁd diﬁ Tabl e |
bel ow. TABLE | In radiantDescri tionAvail able FrornRuco JAN1 20030 yester
gl ycol prepared fronRuco Pol ymer Corp.adipic acid and 1,6 hexanediol;a

ui val ent wei hisoaf sttt s SARREOF UsaPIRRRl KBS EolbYGDILILERRLAeS T OTRUCO

Pol ymer Corp.adipic acid and 1,6 hexane ;a ulvalent wel about

268Sol vay | nt grgx - Po [ 0 r ted from.E-Sol va

| nt er oxcapr ol gsc’: ?%Or%%@g% gggu%i %@%{aﬁ%d gill%‘ﬁe’laugf%g)fa’éﬁ aﬂl\g:'at httemgfer%tb%ﬁtf“
387Sol vay I nterox 524-021Pal yester gl ycol prepared_from E-Sol vay

| nt er oxcapr ol #89%he4 AQHTs) PROT & Sper@inng 4haiperteds iNGRiinthe greppfymer.
200Sol vay I nterox 439-045Pol yester glycol prepared from E- Sol vay

| nt er oxcapr ol dciditienad mdisdcy@nhtecearethtinobe added/td acitieveedn hkaafequideaient
954Ravecarb 102Al i phatic pol ycarbonate gl ycol ; Eni chena ui val ent wei ht of
about 255DesnwaightWITh prapolymeriether tsartahek gbdeyB0° e 180D ewtin she)
contai ning 20% of thetrans, trans isomer and 80%ofthe cis, cis and cis,

trans isomer sgLAAgHE iakidé ,cﬁxﬂ'g?aééteapnﬁaé ediRalbAt Thab eeRBADE BB b & .02

Cor porationand 2, 6di am no- 3, 5- hyl -t ol ueneEt hacure

10082, 4- di am '@{5’15‘ ﬁ‘;ﬁ?ﬁ_,[‘%ﬁle’f‘éﬂﬁﬁ D%ﬁ!@g@@b' f ¢ Wﬁi.kow and more

2, 6-di anm no- 3, 5-di et uene or stabilizerLonzacdure

M CDEA4, 4' - met hyl enebi s( 3- Os F d .

(Basel , di et hy P& Fﬁaﬁgﬁ ot S éﬁ’n%l)a? N e NG00 The AN IS HPeR cytred at

I nc. (Al ent own, Penrkgkjpva- nia _. Tinuvin 328LTV-st abi | i,ze{; see suypra forC ba
Gei gycheni cal 2PBrfafiaTioRuYi 19 785WPeSani 178 sfurings 413§, Jf 4 108RY 3 lower

Gei gychem cal formul al rganox 1010Anti - oxi dant; see supra forC ba

Gei gycheni cal témpensitafesaindishomienat 1ighesreperetureas a col or bl ocker Exciton _
_Unitex OBOptical brighenerGC ba Geii Qy The anobunts of each reactant used in
each exanpl e are s®hef polyhrdthadabpadyhérsbelf othis - iriventiof ABIE bd aast or

React ant Eaanpl e | Exanpl e |i Exanpl e |11 Exanpl e | vExanpl e VExanpl e VI Exanpl e

VII Exanpl e v |cbﬂ§§&s§nhﬁ5kd$élﬁll£tiﬁg!i§ Vhé)fﬂef@rré'& ¥ndthdd Because it produces
ui v. Ruco- S-105-2100.3 a uiv.0.6 a uiv. Solva Interox 396-0050.5 a uiv. Sol vay

I nterox 524- Q?o%&eﬁwﬂe ogﬂg&awitﬁto%{i%lﬁﬁﬁéﬁdci@f%ct&iéﬁc\é; Ravecarb 1021.0 a

uiv.1.0 a uiv. a ulv. uiv.1,6 hexane diol0.2 a uiv.0.2 a

ui v. Desnodur WEth AN } i j i a uiv.
L0 w980 aiiiviEhPEpli Ak gl Bt (ah £olid prife S8
0.75 wt.98.0 %uxl'{ln\g/ 'I%eggfalygur%{;ﬁ/dneongri% 'a/ccording 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.

A triol may be added to the prepolymer in an amount sufficient to
produce about one percent cross-linking based upon equivalents of
reactants, for example 4 to 8% by weight based on total reactants. Triols

that are useful in the present invention include trimethylol ethane and
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0.75 w.%.0 a uiv. 0.93 auiv. 0.75 w. / 0.75 w. %3.5 a uiv. 0.93 a uiv.
0.75 wt. %0.75 wt. 9%8.0 a uiv. 0.93 a uiv. 0.75 wt. %0.75 wt. 93.25 a
uiv. 0.93 auiv. 0.75 wt. 0.75 wt.Ir anox 1010Q 40 w.!Q.40 .40 W
%.40 wt 9%9.40 wt. 9%9.40 wt. /0.40 wt. /0.40 M.Exaliteglﬁldé\%girﬁ%l. 25
ml. 25 ml. 25 nil. 25 ml. 25 ml. 25 mlvitex OB0. 60 nD. 60 nD. 60 nD. 60 nD. 60 nD. 60

mvu O r Anoungﬁmg{hyllfglgﬂgﬂgfelquﬂ_% dddRI& bt rt?iogitefN €Re pPeddiPmbr HR&Ea s

equi val ents NH2 per equl val ent NCO as deter m ned in the prepol yner.
OOWwW 301 2 : . ' teri '
optical) har dﬁg}sesggagoﬁ\% h 1&? gésllgljg%%#cﬂ% %%deg{ §?flgé ? 8%@0 E’vgér%dghb ;}f%]?%tl{cc

properties. The op0|t\¥7ﬁus{q%ttﬂ§g§re§ato$“ al.s of Exanples I-1V all have excel |l ent

optical properPY%@E* OReHENS: 3 percent, and | uni nous

transmttance as hi‘?h, as 95% at. a thi ckn_efs of 0.080 to O, 250 inches. The
shore D hardness ofVaneHfpaRid-oxidants, dlgaviolet iabibzars, epor plopkersa ophieal
V-VI'l11, the Shore D hardness is 7?7 to 82. The pol yurethane material s of
Exanpl es 1) || brightaberd, landaveldareliase sgentsamay bevsed imthe prepargm pbiheds per
square i nch when neasured using isopropanol.

polyurethanes of this invention. For example, one or more anti-oxidants

may be added to the prepolymer in an amount of up to 5% by weight based

on total reactants. Anti-oxidants that are useful in the present inwvention

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:

-

(o]
1
HO CHzCHzéOCHz"’.c

|

-
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The V-50 rating of Exanples I-1V was evaluated using a 0.25 inch thick
sheet and a 0.22 caliber fragnent sinmulating projectile. After multiple
tests, the average V-50 rating is about 1,210 feet per sscqzn%m Exanpl es
[-111, the heat distortion tenperature of a 0.25 inch th¥c at 264
psi fiber stress ranges from 290F to 305F) and a simlar sanple of the

Exanple TV materia Ml F at
264m55| fiber st relé.sﬂ??%té’mﬁﬁéﬂmgy %IS‘JBAE;ISI %Hgg%%%é E{égagﬁ&%f %}g@oﬁﬂo%@

Eigpnﬁ[?tﬁfll formég?‘%gﬁglﬂ e veﬁn.f%ﬁ?lﬁn@?& thol) 46 BFReERED |11
(i Stor i on126@PeECH A8 £ 9Ya) TR e of e r%a%nzagii‘(ﬁafﬁmeﬁ B s

fiber stressV-50 0.22 caliberl,183 ft /sec. 1,233 ft./sec.1,20?

ft.lsec.1, 160m5p usaful ipithe suesenthavention indiylepergosdagalesot Exammieesf and

ot her enbodl ments of the present invention has been presented for purposes
of illustrati danzntriadedscBiVpstiabiizers ihdudet Cyasorind@4l it mnde Timirdustd28e or to
limt the invention to the precise exanples and enbodi nents di scl osed. Mny
vari ati ons an@yasehbf i5¢al, ensilaile tihemeAarapicas Gpananidydhaenhe fHseindbed
herein will be obvious to one of ordinary skill in the art in light of the
above- di scl osSWr&Emiciraidpe of the invention is to be defined only by the
clainms -appended hereto, and by their equivalents. -19 3 0 JAN 2003 WHAT
IS CLAIMED I'S: 1. A transparent, non-clastomeric, high hardness, inpact
resi stant pol yurethane materi al corrprl Si ng the reacti on product of:

g

Tinuvin 328, available from Ciba Geigy, has the following chemical

formula:



(a) a polyurethane prepol ymer prepared by reaction of an aliphatic or
cycl oal i phatic diisocyanate with at | east one OH containing internediate
having a wei ght average nol ecul ar wei ght of from about 408 (yﬁﬂumm32000
selected fromthe group consisting of polyester glycols, polycaprolactone
gl ycol s, polyether glycols, polycarbonate glycols, and m xtures thereof in

an equivalent rati Qx.rﬂithé&bwtsﬁbiizépt&htf}nm lxs@d%cgﬁéuib(@o@%véﬁ%ﬁe one

first aromatic diamne curing agent selected fromthe group consisting of
2, 4-di am no- 3, K- di - . | ANk.NQ- - di lL.uene, and

m xtures ther efg?ﬂi‘ﬁhgﬁkaé%gﬁ&gﬁﬁ a'}hgcglﬁybﬁorpth @g%odt}{‘i ngcgéﬁ%’égi fb.ruf 1%H2/ 1.0 NCO
2. The pol yurethane of claim1, wherein the pol yurethane material is the
reaction product of said pol yurethape prepolyneq%c§aid at | east one first
aromatic di amne curing agent, and @t | east one sgcond di am ne curing agent
selected fromthe groupn TGyt f conpoun formula: H2r R~; NHZ
-'1 G Werein R~ and R~ are eagh i ndegendentl|y selekted fromthe group

consi sting of nethyl, ethyl, propyl a i opyl gneulpgH and R3 is
selected fromthe group consisjting of #shydroggn and xchl orine. - 20 ~3 R3
3 0 JAN 2003 3. The polyureth rial of Lol , wherein the

dii socyanate is selected fromthe ghoup consisting dCH,

4, 4" - et hyl enebi s(cycl ohexyl isocyafBate), 3-isocyshato

met hyl - 3,5, 5-tri nmet hyl cycl ohexyl -i socyanat e, netatetranethyl xy-1ene
diisocyanate, and mlYddissh b8 BInzebriadiles, ROMHNERIDENG LR LalbifferC! 8 M
1, wherein the polyurethane materi a as a heat distortion tenperature in

e Ta0e o a8 RE Pl BBy BB R Phigasl ©

tenperature of at least 235QF. at 264 L. 6., e, pol yur et hane nmaterial of
At 5 wher cRREHE T SHRETATET TR dPP oty SIS rhE a6 (7ih Bas
tenperature of at |east 300F. at 264 psi. 7. The polyurethane material of
claim 1, wher eiba fellewipglchemicahfnmwait erial is optically clear having a

| um nous transmttance of at |east about 80% 8. The pol yurethane materi al
of claim1, wherein a 0.25-inch thick sheet of the pol yurethane nateri al
has a V-SO 0.22 caliber FSP rating of at |east 1100 feet per second. 9. The
pol yur et hane material ofsgcl aim1, %/her ei ngt he di a curing agent is

reacted with the prepoly anjefgui val gnt r of about 0.90 to 1.0
NHZ/ 1. 0 NCO. 10. Thasmjw-mr et Hﬂ | ai NNLCMRerein the wei ght
average nol ecul ar weight &f_the OH ¢ontaj ni ng ixiteynedi ate is from about
400 to about 1000. 11. pol yur et hane terial o |l aim1, wherein the
OHcontaining internediate is selected ffPfomthe grioup consisting of: (a)
esterification products of adipic acid with one or nore diols selected from
the group consisting of 1,4-butanediol, 1,6hexanediol, neopentyl glycol,

and 1, 10-decanediol; (b) reaction products of Ecaprolactone with one or
nore diols selected fromthe group consisting of 1,4-butane - 21

0
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3 0 JAN 2003 diol, 1,6-bexane diol, neopentyl glycol, and 1, 10-decanedi ol ;

(c) polytetranethylene glycol; (d) aliphatic polycarbonate glycols; and (e)
m xtures of such C}+contaln|ng internediates. 12. The polyurethane mat eri al
of claim1, wherein the cycloaliphatic diisocyanate is an 3<bidAN 2003 xt ure
of 4, 4-met hyl enebi s(cycl ohexyl isocyanate) which conprises at |east 20

percent of theggAspeLEgansvisoner of 4, 4'-net hyl enebi s(cycl ohexyl
i socyanate). . e pol'yurethane material of claim1, wherein the

of “olaim 13, whor efh R iRCE A RAR o Hired S Bl B G IGRRAP o1 2

Cher ool 15, ERGo JEDERHARSA G oPoRFdich, FIYolhorsi RoDRE" %%S@ﬁ%] grer

further conprises_ an t|-0X|dant . ol yur ane er| f claim
15, wherein trﬂiy‘é’?'ﬁ' @ﬁ JefRants %ren%q‘?”r ;LGPIE,B%I 6‘%% g%ﬁ]ﬁfae@ %r:_,[7_ The
pol yuret hane material of claiml, wherein the polyurethane naterlal has a
stress craze retiogemrimid ot thatoemperatime foye} tosk minetesnetd alleweditasencsd usi ng
i sopropanol . 18. The pol yurethane material of claim1, wherein the

prepol yner f urtbferm eopmepolyeera The prlepolymen isoaled tos B20°% i 250¢ F't sngrtbeduce 1 %
cross-1linking based upon equivalents of reactants. 19. The pol yuret hane

material of C'@Vf@t&&hz\e@emmﬁdlaﬁttédl@ bl&k&elﬁf&&doﬁﬁ@m BrightSh 8¢ Rre
consi sting of trimethyl ol ehtane, trinmethylol propane, and m xtures

thereof. - dded, O'I*Lé'\"g?éibgﬁ:r@& 13“%1‘%}4&\’\’%6616;& %Sl’ﬂﬁd%‘o fo009F (41 then

polyurethane naterlal orfding to claim1 . The eyewear lens of claim
20, wherein said | dof K p n enses,
ophthal mi ¢ | ené’@gu%ﬁg aﬁ‘rogt%k‘%c\%% ler@g'}sé ngl%% rﬁl%l é%rr%% glr(ljea rlrgﬁgﬁlal of
claim1l, wherein said diam ne curing agent is color stabilized. 23. A
transparent, risteraningdoneri c hi gh hardness, inpact resistant pol yurethane
mat erial conprising the reaction product o (a) a pol urethane prepol yner
prepared by reacti diecprepolymesoisydeat xeagierdertt abputy HHHpwédhanst i ng
of 4,4'-nmethyl enebi s(cycl ohexyl isocyanate),

3i socyanat o- meieyatid, Gemide duriigydeny th ahexyulvalaneytoaf @85 to 1.02 NH: to

nmet at et ranet hyl xyl ene dii socyanate, and m xtures thereof with at |east one
OH- cont ai ni ng i,0NTOEdhatpalynmet iBghen niiedlat 230eto2R5 Fidrertd 24 howatsght of from
about 400 to about 2000 selected fromthe group consisting of: (a)
esterification products of adipic acid with one or nore diols selected from
the group consisting of 1,4butanediol, 1,6-hexanediol, neopentyl glycol,
and 1, 10-decanediol; (b) reaction products of E-caprolactone with one or
nore diols selected fromthe group consisting of 1,4-butane diol,

1, 6- hexane diol, neopentyl glycol, and |, 10-decanediol; (c)

pol yt etranet hyl ene glycol; (d) aliphatic polycarbonate glycols; and (e)

m xtures of such OHcontaining internmediates in an equivalent ratio of
about 2.5 to 4.0 NCO1.0-O4, and (b) at |east one diam ne curing agent

sel ected fromthe group consisting of 2,4diam no-3,5-diethyl-toluene,

2, 6-di am no- 3, 5-di ethyl -tol uene, and m xture thereof, in an equival ent
rati o of about 0.95 to 1.02 NHz/1.0 NCO, wherein the pol yurethane materi al
has a heat distortion tenperature of at |east 300F. at 264 psi. 24. An
eyewear |ens nmade fromthe pol yurethane material according to claim23. -
23
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3 0 JAN 2003 25. The eyewear |lens of claim?24, wherein said lens is

Sel ected fromthe group consisting of sun |enses,

ophthal m c | enses and

protective | enses. 26. The polyurethane material of claim®d JANe2803n sai d

di am ne curing agent

I's opti

is color-stabilized. 27. The pol yurethane materi al
cl aim 23, wherein the pol yurethane materi al

cally clear havi

of
ng a

Lum nous transm tt amE@ractedits heebin MREHanBNS arttiesdiifeddi@l Tablet Balsv:nat eri al
of claim 23, wherein a 0.25-inch thick sheet of the pol yurethane nateri al

has a V-50 0.22 cali ber
The pol yuret hane nateri al
ol th@rddiezont a

BREYIf8L@Ne nma
m xture of 4,4

ecul ar wei ght
1000. 30. The

is an i soneriq

conprises at |

4, 4" - met hyl eng
cl ai m 23, wher
pol yur et hane 1
fromthe grouy
stabilizers ar

NI Ng | Dekipgighat e 1S

FSP rating of atraptsast 1 100 feet per second. 29.

of claim 23, wherein the wei ght average nol

A0

T I QRREeIFr t

o about

east 20 percent

BuetEi0ei20hexy|
ein the prepoly

d m xtures ther

atorial—of—cla
Selggydpierer Agf- P

Bdlyester Glycdl | srbpgiradS froMf]
adimt hyill ane k6 hexyaddhd
_gfuivialent weighhef aboua B0 |

Xyl i socyanate)
oner of

@ PlyRECED| SO

yanat e
whi ch

Bdyeyta
mip,it id rrof le‘-‘ghffacpg%i@b

he! lyeo
8
3 we

natyedl . prEhredTfrem]

el trop

S|

a LNhstabi!izer.

SV i ght

ane material of

) Fuga Fobmenferpnat ¢

rial of
32. The
ected

claim

23, wherein ti

pol yur et hane 1
mul tifunctiona

mat eri al of cl
resi stance of

36. The pol yur
conprises a tr

based upon eq

-y f
ST
1

hi nder ed phenp}

%*"?‘féi
J%EE%? it e ey

{ f -,
a3 lacll L 1 b.flh etk

Dbguivaledtweight ofa

bt JAN 2

] THant— 3%
?%Qﬁfaﬁﬁgis a

(00 35. The pol yy

The

r et hane

Eblaydaterovidgd.@i5N
>7000 pounds pe

et hane mater.i al

gfuiveleat waighBof abdve PS4 N

iRavecarh 180n anpun
ivalents of rea

DA esfRPlyddl R Egacdd Fromel.-6
[ capeflk@tote ArdCliB-vi€e dinkd

[Solvay Infbdgk @ STT 6
sured using isoq
the prepolvner f

Ss craze
ropanol .
urt her

1

b pqauipalent ht 0

36, wherein th

et hane, trinet

CAULA LA LA A

Pesmddpt Wi s sel e
hyl ol propane,
. A&. A&. ANs. A&s.

L IFOFYRRSLY) CANEAIREEOP4Rb the
5\trgnsA\txiﬁ_n%\isorﬁ‘erszr_ 0% of

A . A o\ N
the cis, cis and cis, tfans isomers

Alphfafi¢ croberbdnatepglychls
s fdanathtarehisieyclghestly cqg

25 . AhE A

émkh&@cross-!ink

et hane naterjal |
BeyetGorRy of trin
A

I ng

of claim
et hyl ol

. AL

Ethacure 100

2,4-diamino-3,5-diethyl-toluene

Albemarle Corporation

and 2,6-diamino-3,5-diethyl-
toluene
Ethacure 100S 2,4-diamino-3,5-diethyl-toluene Albemarle Corporation
and 2,6-diamino-3,5-diethyl-
toluene with color stabilizer
Lonzacure® M-CDEA 4,4'-methylenebis(3-chloro-2,6- Lonza Ltd. (Basel,
diethylaniline) Switzerland); Air Prod-
ucts and Chemical, Inec.
(Allentown, Pennsylva-
nia).
Tinuvin 328 UV.stabilizer; see supra for | Ciba Geigy
chemical formula
Tinuvin 765 UV.-stabilizer; see supra for | Ciba Geigy
chemical formula
Irganox 1010 Anti-oxidant; see supra for | Ciba Geigy
chemical formula
Exalite Blue 78-13 Dye used as a color blocker Exciton
Unitex OB Optical brighener Ciba Geigy

The amounts of each reactant used in each example are set forth in

Table II below:

.16 -



A A A& AS. A. A5fL. A& As, p:s -87T45 7C

XX<KXX<<L| | << | <<| | <<| | << ~<<| ~<<] X << X<LKKXKKKX<KKXX <KX <<BX<<BX<<BXx<<BXx<<Bx 8
<BXB<BXB<BXKIXX KX X KX X KKK X KKK X KKK X KKK X KKK X SSXX <S>PX <SP <SSP KKKX KX X <KXX S| X<

| X<| xx8<pxx8xxx8xx88xx88px88px88px88pp88xxBXXBXXBXXBXXBPXBPXBPX B BXXXXPXXPX
TP~ 2272 G P~22277~?

XpX| px| px<px8px8x8 YTq[ TP AP 7P 2P 22~2>222?2002?722?°2°7708?~2?77?% 2%
???7??7???p " T pppXX XX PP 45 INGC a8
dd(d#. #. ?° 30x?pp~| ?P?17?" 2PA2XL=pA?P?7? g??222222?s8?27?7%3~~| ?7~~777
~2222227>>~| ~x?22?2?2 4203 | ec@5 |&%1E 51%1T|F 5| S
@aag) @@ #. 22?2?22 4B A2 P21 §5>§§:§ BSES>>>>75555555555705 35555555~
D~ | | | | << >S>??7 >3>>7 %%g@i E{%§Z<‘ ~S?2?7°?7?7?7?: f 8045 TE
8080( 08#. #. <?3?7???70s8H32R :'.8;9?’?. ??2?22?21??2?272<07?7>0?" §?7~?7722227?~
2222222722222 ~?P 7?1 1 $71?7 : Lhhit45 hC '3
LL(L#.#.<x888x?????'§???’>??4 ABPHEPAFPEUP222222222222222222282222222227
Yararararariritirirdriritirito Sl (185 hl o 18 ;;15?}55 Efn ?2>?| ?2>?| ?>>| ?7>>| >?g>?<>?<>?<>
?<>?<><><><><?<>?<>§<§>>:>>>: g?gg43g:gg(:<<<<>>>>>?>?>?>?>?>,_,>>>>>>>>>>
>>>>>7>>>>>>7?77777 2 PAARARP P VPPV PPV V???????RN????7??7?7?7
T et e oo L LT
~~~ T~ S i e b ?~~7~~| 83>>?72 7" > ~
px??° " p<p<p<p<p<?p<%}<~p| pé @0?@ 4[¢i &8 V] ca] ca] ca] ca] ca] cagc
ia] c]<a] caa] cﬂ ca] ﬁa]rgfﬂ/c ] [C 4 @ﬁ gﬁﬁ gqfﬁ ] ca] c”a] ca] ca] c™a] cga] ca] cal] ca
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solvent resistance, heat distortion, and ballistic properties.

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 95% 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-VIII, the Shore D
hardness is 77 to 82.

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

The V-50 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 V-50 rating is about 1,210 feet per second.

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.
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The foregoing disclosure of examples and other embodiments of the

present invention has been presented for purposes of illustratiom and

description. It is not intended to be exhaustive or to limit the invention to the

precise examples and embodiments disclosed.

Many variations and

modifications of the examples and embodiments described 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 claims-appended hereto, and

by their equivalents.
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having a weight average molecular weight of from about 400 to about 2000
selected from the group consisting of polyester glycols, polycaprolactone
glycols, polyether glycols, polycarbonate glycols, and mixtures thereof in an
equivalent ratio of about 2.5 to 4.0 NCO/1.0 OH; 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 in an equivalent ratio of about 0.85 to 1.02

NH>/1.0 NCO.

2. The polyurethane of claim 1, wherein the polyurethane material is the reaction
product of said polyurethane 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:

R; R,

HoN NH,

Ry Ra

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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10% () - >>>>$7|{1:f1e polyuretl%‘a%e 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.

5. The polyurethane material of claim 1, wherein the polyurethane material has a

heat distortion temperature of at Jeast 250°F. at 264 psi.

6. The polyurethane material of claim 1, wherein the polyurethane material has a

heat distortion temperature of at least 300°F. at 264 psi.

7. The polyurethane material of claim 1, wherein the polyurethane material is

optically clear having a luminous transmittance of at least about 80%.

;8. 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.

9. 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.

10. The polyurethane material of claim 1, wherein the weight average molecular

weight of the OH-containing intermediate is from about 400 to about 1000.

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

comprises a UV-stabilizer.

14.  The polyurethane material of claim 13, wherein the UV-stabilizer is selected
from the group consisting of benzotriazoles, bindered amine light stabilizers and

mixtures thereof.

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

comprises an anti-oxidant.

16.  The polyurethane material of claim 15, wherein the anti-oxidant is a

multifunctional hindered phenol.

17.  The polyurethane material of claim 1, wherein the polyurethane material has a
stress craze resistance of >7000 pounds per square inch when measured using

isopropanol.

18.  The polyurethane material of claim 1, wherein the prepolymer further
comprises a triol in an amount sufficient to produce 1% cross-linking based upon

equivalents of reactants.

19. The polyurethane material of claim 18, wherein the triol is selected from the
group consisting of trimethylol ehtane, trimethylol propane, and mixtures thereof.
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31.  The polyurethane material of claim 23, wherein the prepolymer further

comprises a UV-stabilizer.

32.  The polyurethane material of claim 31, wherein the UV-stabilizer is selected
from the group consisting of benzotriazoles, hindered amine light stabilizers and

mixtures thereof.

33.  The polyurethane material of claim 23, wherein the prepolymer further

comprises an anti-oxidant.

34.  The polyurethane material of claim 33, wherein the anti-oxidant is a
multifunctional hindered phenol.
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comprises a triol in an amount sufficient to produce 1% cross-linking based upon

equivalents of reactants.

37.  The polyurethane material of claim 36, wherein the triol is selected from the

group consisting of trimethylol ethane, trimethylol propane, and mixtures thereof.
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