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of the Inven yl ene glycol bis(allyl r

corrp05| t| ons mmg “mm‘m\m‘ i zed using free radical initiators to produce hard
pol polymers are substantially transparent to visible

| ght are subst zfﬂoto? ally coI orless,_ have refractive indices of “ mmmmlmml
1.48 to about 10 1.52, and possess ‘a Barcol hardness above abou mmml

t hese reasons, such QNBBE&M% T%IE| y as precur sor S« faks

t ranspar ent CoatDlI%q‘ﬁngﬁat80rCALen€PS-‘§",Y E(%'{r‘] n %%BEI and ot her

optical elenents cur tr anspa eet S ght transm ssion
characteristics may be i5 altered by |ncorporat|ng dyes, |ight absorbing
conmpounds, pignents, and_ the Ilke he nDnonEr conposition before

pol yneri zation, or by dyrfig -t OFy T F e glycol bis(allyl

car benat e) rmnorrem@anppénél@w&la\rﬂshgwwf@dlaa&ﬁwé)phaﬁaﬁeﬂ by reacting
20 diethyl ene gl ycol wth_ phosgene at tenperatures between 0C and 20C to
f or m t hEOBRATIESFOTdRRE HPEWF%?J&% Mieowhrer F391%dn ndsdpbarwith al |yl

al cohol pipaddie HReseBEsmetsa %ﬁﬁtﬁﬁ tdekd ACLEMA axds for exanple,

pyri di ne atertiary amne, or an alkaline or alkaline earth netal

hydr oxi debs o L aldy 2§aé§iawp¢ret Wnivied bSeat £ghPatasift sySsL40814BLY

Al terna h I hggoepe, t he
resul tl%\%y%%‘l rsz)f glra%rr%t %L;g%gg%&gé w@%ﬁet&ﬁy %ﬁg %C{/J(}oﬁ ?ﬁ tgﬁe %%hgsence of
an abkalbi vz, raeaﬂg@mxs,seseea B@rcce'b(a'(mdde:,es@nabeﬂe Stlzdws zZRabent FIS 2370567.

These prjor di eth ene ycoI s(a 0 _car ponat nomer comnpositions

are usuEhTSe AsRetrn SHho T AU P APCEERYT end I JEaN s S al | y

car bonapee)c;umfrss ezorbut:aﬁ!;p@réryc vadd s st ebpt ;e@hrcnwrmdaucedpeﬂdsamounds The

prior Novenber, - 2 djethylene glycol %&al | yl carbonate)
e@&ﬁg

nononerl‘ﬁ%?rﬁ)]sai“fklson?nfihBFE‘FBr%pm & Fi 24 frﬁ PreCBFVef et hyl ene
gl ycol {ahhydarearbenatey . CoONROMNAS RGN sEEBF SRt R Y sEQEIULA, Hd 1 "~ _
CH2=CHCH20 COCH2CH20CH2CH20 COCH2CH=CH2 n ' 5 Forrmula (1) or by Fornmul a
(11 )15 OPI?“EH@—IZ‘D’ GOCRTPrPREi PTIBEH GimhForhePEPINd CoRekBif n is a
positiv RAEN an® ikSedl PRSI tiﬂ%ﬂé%@&er%é&lﬂl%eb@fBP@ (allyl
car bona corrpound for which the value of nis 1 constitutes from82 to 95
area peP@bme@fzattH@nm Rrube @yiny eilleylpedemgrycol (allyl carbonate)
conpounds. As use t WS, | at | unts,
expressed as ar ea%pgrﬁgg%%hén?l#%l %sqh;%g%ecatg ycr%Iece?aI“}ég?[q%gr bonat e) i5
corrpoundemmmg:rm bheeri hgroedims: dfeem predde¢@rby necclyyngi gh perf or mance
l'i quyi d togra nstrunen uipped wi.th a DuPont Zorbax Sil
col énn %pe&nal tgqé')é?errperat%r%s%"?n agg'r %ﬁi“gra (F ,etgeFef Ea(gtl ve | ndex
det ect oandamjf’cerqd Gpirfig t e m@rf@sgﬂm&gcdmpnsommn@ftﬂﬁ%aﬁtMI ene
chl ori de 25%3t Cy d2 LheIi_ILZiS% et et he[1 whi ch was aturat e%wlth

ted wit e

mater/l rea alco in t presence o suita

ac1d acceptor, as for example, pyridine, a tertiary amine, or
an alkaline or alkaline earth metal hydroxide. See, for

25 example, United States Patent US 2403113. Alternatively, the
allyl alcohol can be reacted with phosgene and the resulting
chloroformate reacted with diethylene glycol in the presence
of an alkaline reagent; see, for example, United States Patent
US 2370567. These prior diethylene glycol bis(allyl

30 carbonate) monomer compositions are usually constituted not
solely by diethylene glycol bis(allyl carbonate), per se, but

also by various related coproduced compounds. The prior



n--hexane, where the percentages are expressed as percent by volune. One
probl em associ ated with the pol ymerization of the wsiahpaietpydene gl ycol

bi s(al Iyl carbonate) nononer 25 conpositions is i gh
shrinkage of the materi al 5 Novenber, 2002 - 3 which occurs during the
course of polynerization to the final thernoset polyner. For exanple, there
is a shrinkage of approximately 13 percent during the polynerization of

di et hyl ene gl ycol bis(allyl carbonate)- nononer. Such high s' shrinkages are
particularly detrinental in casting operations such as those used to

pr oduc&iephi/hahai £1y}@Nses sand1gphtdiddriat o) ensnbhanksondsyia: itdag | i qui d
nonomner cogﬁosition is introduced to a nold and thereafter polynerized to

the fi FEPTERBF OB ol TEPTIFE FMPEUFoRn BREEPEMIIIHGE I the nol d may
be redugedybych Ao RBmpolihaYi fadd eRXEBALEQ bierdmhd And)thereaf ter
pol ymeri zing the prepolymer to the final thernoset polyner. The prepol yner
is usually produced by partjally polynerizing the diethylene glycol

bi s(a)1yl carbon ) D C [ t Img..a portion of the

pol yneri zabl e ethyzéﬁ%gnggg) eéﬁﬁﬁggﬁﬁ#ﬁ%g% F#F%%R§§$§ rization is

stopped, however, before no ' than a triviall flamount of gellation occurs so

that the prepolynmer may be [Otroduced to theOmwld as a |iquid. Exanples of

United States patents which|2o disclose prepgolynerization of diethylene

gl ycol bis(allyl carbonate) mononer conpositifons or other polyol bis(allyl

carbbonat e) nononer conpositionsFermullade IUS 4590248, US 4623708, US 4686266,

us 474213%? H§n$%%§4ﬁ%a.us 4959433, and US 5017666. 5 Novenber', 2002
ere ri

As used'h I n, ge is determned in accordance with the foll ow ng
equation: S = 100 (Dp-Dnm) ~PP 5,-° where S s the shrinkage expressed as
per cent, CH,=CHCH,0|{COCH,CH,0CH,CH,0| H

O

i dm

Formula (II)
wherein n is a positive integer, m is a positive integer, and

10 wherein the (allyl carbonate) compound for which the value of
n is 1 constitutes from 82 to 95 area percent of the mixture
of diethylene glycol (allyl carbonate) compounds. As used
herein and in the claims, the relative amounts, expressed as
area percent, of the diethylene glycol (allyl carbonate)

15 compounds having differing values of n are determined by high
performance liquid chromatography using an instrument equipped
with a DuPont Zorbax Sil column operated at a temperature of
approximately 15°C, a refractive index detector, and employing
a mobile phase composition of 40% methylene chloride/2S5%ethyl

20 ether/25% ethyl ether which was saturated with water/10%
n-hexane, where the percentages are expressed as percent by
volume.

One problem associated with the polymerization of
the prior diethylene glycol bis(allyl carbonate) monomer

25 compositions is the relatively high shrinkage of the material



DP is the density of the hard polymer (i.e., the final polynerizate), and
Dmis the denS|ty of the polynerizable conp05|t|5nhg¢gﬁngo 2@ 4 ntroduced
to the nmold (i.e., the nononmer conposition or thepartrarty puuynerlzed
nmononer -conposition, as the case may be). Low shrinkage in the nold is
favored by a large utilization of polynerizable ethylenic double bonds
during 15 partial polynerization to produce the prepolyner which is

i ntroduced into the nold. However, -dé&ring the partial polynerization of the
di et hyl ene glycol bis(allyl carbonate) nononer conpositions, the viscosity
i ncr easesicy qnﬂqyﬁedhzabgetkﬂrqdum$bcodommﬂxmdnimm§i@neteonbanﬁihaﬂ%w
practic S the viscosity capnot becone h that the
resultlﬁ% %&%ﬂb §%l§880es %&ﬁ F10 réas%%F Iy Fbagrﬁy ﬁfooghe nol d.
V'sc05|apprdeMaxepyepalyeeweﬂ&uauﬁthetpeopbkaenazpmaohloal lower Iimt to

shrinkage ji.n the | d tio the | nvention I as. how been
found ¢ h?‘l‘%ylpeé’r rTgP’F pB%?E/)ﬁa:f%Yz]Scflaﬁg%%‘F%’ 6‘}0%’\’/“&%;” gHgi’ Fb%*bl \(Nal 'yl
car benagkyisioneeuads ﬁhraﬂtyumx\ljgﬂ d\étsmémtaa ﬁfrD\dadeSnbo\A@érafliér&kage in the

nmold if the mxture of diethylene egcoI (al Iyl carbonate) QPounds 30 had
r educedSproptt (167§ BFe?hEOdg A ARREPIAHIC (1875 EBPbBHEF?ﬁ ®ispound f or
whi ch n1és8s b1ANdshouabet bge Viiscﬁﬁ%! Fnbﬁém@{ ddMpdarieRehy MBI $nekbddcdy OVi de
practical | ower 5 Novenber, - 5 unsaturated conpounds which was
partial F§ @dﬂ%@nﬂeah%ﬂ«pﬂ%wo&mﬁmm@ ot tdicetthprénEhgrypesht (al |yl
carbog}égi gnpounds each represented by Formula |: CHz=CHCH20

2CH20 COCHZCH=CH2 n limts to shrinkages in the nold, such
practical |ower |iItits bnqmadﬂenl$hr¢nb¢g@0mp¢$etmoh§ maythe pr esent
i nvention.are. | ha those |or ol rized Lure of
dlethylene 9 yc§§§F%FPQPCln bona(£5 cBﬁb%gP §%aﬁlcﬁg Elgﬁé? 5
proport tbeseﬁtdm@odméhytﬂm@ tgiQ/Qﬁ'lep()Bj/rhqﬂ‘ txcartbﬁnahaﬁlconpﬁhkmba‘ or which n
is 1. Acc?rdlng t he |nv§nt|on is a ubstantially

st or ageP8t4%B 5o 8F EPBNY RGP éﬁsﬁéggyp%’fci‘# dy%B'o %gﬂ"‘%ﬁ m xture of

et hyl enpeajrthyrinisat what ede Iy Lot uRds1 WHES € 1y 1( &)a.rbbﬁaﬁé)(t ure of

ethylenlcally 15 Fornula (1)
monomér composition td consume a portion of the polymerizable

ethylenic double bonds. The partial polymerization is
stopped, however, before more than a trivial amount of
gellation occurs so that the prepolymer may be introduced to
the mold as a liquid. Examples of United States patents which
20 disclose prepolymerization of diethylene glycol bis(allyl
carbondte) monomer compositions or other polyol bis(allyl
carborniate) monomer compositions include US 4590248,
US 4623708, US 4686266, US 4742133, US 4959429, US 4959433,
and US 5017666.



or. by Formula Il: CH2=CHCH20 |1 OCH2CH20CHZCH20 H O m Formul a (I11) val ue of
nis 1 constituted from25 to 75 area percent ofg iR diibdrr @gy2 di et hyl ene
gl ycol (allyl carbonate) conpounds; and (b) them bond
utilization of the polynerizable, liquid, substantially gel-free
conposition is 25 at |least 3 percent, wherein said polynerizable
conposition is in which nis a positive integer, mis a positive integer,
and 20 the diethylene glycol (allyt «£arbonate) conpound for which the 5
Novenber, 2002 - 6 substantially storage-stable at an anbient tenperature
of from22C to 268 Jdedmsirebdt abtirkkbe nst decesmivedpounds represented by
Formula (1) where nis. 1, 2,3 .4, 5 6,.,and 7' 5 collectively constituted
at | easqc(cgédgpged Yot e o%’ltlﬁglﬁ?x?@f%tjtﬁn’di et hyl ene glycol (allyl
carbonate) conpounds. In nmany cases conpounds represented by Formula (1)
where nis 1, 2, 3, 4, 5 6, and 7 collectively constituted at |east 91
area percent of the mixture of di'HPrdtd/Grycol (allyl carbonate) 10
comppuURfsrelr ef erably conpounds represented by Forrmula (1) where nis 1) 2,
3, 4, 5, 6, and 7 collectively constituted at |east 96 area percent of the
m xture of df étshyHhenehgipkage (ansAssedr penegejeronpounds. General |y
conpounds represe = I I r A(Y‘%rfeq . 14l r ef; than 7

col | ecti vel ;ﬁe’lgécgfﬁgﬁ%stle%; ;Brfoﬁﬁh(% %l%ég Bréa pepéé%t'gofgﬂ% h%l&élxt ure of

di et hyl ene gl yeglymeaiizgtetardwhat e) conpounds. O ten conmpounds represented
by Formula (1) .for,.which n is _greater.than 7 | I stituted from
0O to 2 area éﬂe%%e%?eo(?erf%%ymoft ﬁr%(% ?1W%{%Zﬁb§%ecgﬁ‘§é§ﬂ%’%rﬁ y lC(glar bonat e)
conpounds. 20 iEhendiretthykaneo gihkcadolldi gL akl yl tlcamoratee) conmpound
represented by Fornul a glg for which is 1 constituted from25 to 75 area
percent of the RS & Bf ’d'i‘ékfenﬁae‘ﬁéagﬂ%ﬁ?lﬂﬂ’ﬁe 8B6H&te) conpounds.
Oten it constddmpedtiibam 45 twx &Rr eaypecent of the m xture of

di et hyl ene gl ycol (allyl 25 carbonate) conpounds. From 60 to 70 area

) !
percent is preferrdd. s ragresBnERe d¥HsbdfdSaVaprestnt2daiferornul a (11)

where Mdis ikatZon 3B poslil-¥neal begiamly qeonsti buh&d duiomLO. 01 to 7 area
percent of the m xture of diethylene glycol 30 (allyl carbonate) conpounds.

Fr etuemanf igdnpoliyfisr ¥ aricse #teHrpJut eyl RYEPP)YWRErehish sts1, 2, and 3

col | ect. st Lyt f 0. 4 e n . the m xture of 5
Noverrbelrnt‘c(:iJZO}){I(I)J%8{9 i7llnt’%i§%hy oceilnr(ﬁ]é gﬁég% e?'aﬁu;??n%ar'&%gn%?g‘;l%:ic:rrpounds. O ten

conpourms ymepi egehordo bt eodigbhylehd gtharcd ipisdallyR, carkebriteodl | ecti vel y
consti t ut r 1.t0 3 area percent, of. t ixt i.ethylene gl ycol
(al 'yl ‘%é‘?ﬁ‘&fﬁa ggj‘fg%%lrr%%"u“nsds .t%ﬁ, gtﬁgr%%ht dsmr"g%raglgén%gp‘g{ SR ég(l 1) for
whi ch retiylgnéat ésublmrbchdss vakl yonohheatt | Wely prensicalitmdfasem O to 3 area

percent_of the m xture of diethylene glycal (allyl ¢ onat e) conpounds.
Corpburd¥ r"éﬁf%géﬁ¥e‘5ﬁw¢gﬁ?ﬁﬁp§ f?llj‘ggf%rt%\ﬂ%i %rlrfet ﬁ%s\%?hrég of mis greater

t han 3 pddpenymel| @sés ualty filewceasbbhabred dfda@m@ iocd. Sharwsidquer cent of the
m xture_of diethylene glycol (allyl carbonate) conpounds. Froam O to 1 area
per centV1i5§°5r1§Ye¥f ethe ﬂ%@%én%ﬁeﬁ%ﬁﬂﬁ% BFENAIEEi #i PERT OB t he

pol ynmerniga eimkt qub knsithal@nthathy @elafree conposition is is at least 3
percent. Frequently the ethylenic double bond

25

It has now been found that a partially polymerized
mixture of diethylene glycol (allyl carbonate) compounds at
any given viscosity provides lower shrinkage in the mold if
the mixture of diethylene glycol (allyl carborate) compounds

30 had reduced proportions of the diethylene glycol (allyl
carbonate) compound for which n is 1. Although the

viscosities of the prepolymers still provide practical lower



utilization is in the range of from3 to 16 percent. Oten the ethylenic
doubl e bond utilization is in the range of froms6Novehbeer @02 From8 to
© 12 percent is preferred. As used herein and in fhe clains, the ethylenic
doubl e bond 20 utilization of the polynerizable, liquid, substantially

gel -free conposition is the percentage of total available ethylenic double
bonds of nononer which are consuned in form ng the prepolyner. The

et hyl eni ¢ doubl e bond utilization is defer ni ned by iodonetric titration as
foll ows. One gram of 25 sanpl e weighed_to the nearest 0.0001 gramis added
Lo a 250m LG oo EamIBgee 11 Suie Madd: sOuck HEAeriErs. BIVhioroor m i s
added to dichgph¥eeting isaBl Bomd¥EIENHE bifi thé ef:res@htraifvéntdmnatrsol uti on of
i odi ne nonochloride in acetic acid is added, The flask is capped_and stored
in the dar ReF8r tiofie WWSFolE. PFLPX PERAAYIMPE 7D G X4 UEe8 Pl HEtRY USRS

sol ution olyipebassiinpi Qdi-denksef hedhslded ander iHali@higRem th a standard
0.5 normal sodiumthiosul fate solution is begun wth vigorous 5 Novenber,
2002 - $ grepeprhiengial gheogieshyimns wdedountdllvlheayedtasigicol or

di sappears. [l Eu%&tfégidﬂlcihﬁuig e carried out slowy when approaching the
endpoint to avord over-titration blank is also titrated in the sane
manner . | odi ne val ue wheordingly Stiehenyantiahl is polppipnezezhbienoner or of

t he inital .nmononer i.ch has.not been partiall ol.yneri zed i.s .cal cul ated
as ol | ovs: - GLITF I RE Y ACIER TSRO na8ea THE EHa SR 4B of

di sappear s phh€ikhily abd0mesiouldnber eay Idredcnytersicanly whestappeaachi ng t he
endpoint to avoid_over-titration. A blank is also titrated in the sane
manner 41%diSEPEEPER, YRS Rer Of) t e JpriaRl 9 phyeriset Yrononer or of the
initial MOREEBELWAEED Rl sbeRIcIPardd ?g_&yimw@%n%@gizé@ cal cul ated as
Il = (Tb - TS) (N) (12.692) /W Zo where: is the iodine value expressed as
grans of | ZOPerised Jrehiguer shnplethyiienes gtrect i tadrvdf capeorsitank expr essed
as mllilit i j l,f.at tion; 15 TS is the titer of

t he sanpleC%&%Fgég%ggggpﬁkﬁgk%??ggg}%?E?ﬁggggdipn1thiosulfate solution; N
is the normality of the sodiumt}hiosulfate solution; and Wis the nmass of
the sanpl e expressed in grans. 2o The ethyl eni c| doubl e bond utilization is
cal cul ated as fol | owSH2a3EEHY QCHZqﬁﬁ)lszﬁﬂé 8CHef 5 HRe et hyl eni c
doubl e bond utilization express as 25 percent|ffli is the iodine val ue of
the initial nmonomer which has n been partiall yopol yneri zed expressed as
grans of 12 per 100 grans of sapple; and IP is the iodine value of the
partially polynerized 30 nononer- expressed as grans of 12 per 100 J grans
of sanphg. 5 Novenber, 2002

Formula (I)

or by Formula II:

— -

CH,=CHCH,0 |COCH,CH,0CH,CH,0 | H

0]

Formula (II)
in which n is a positive integer, m is a positive integer, and
20 the diethylene glycol (allyl carbonate) compound for which the
value of n is 1 constituted from 25 to 75 area percent of the
mixture of diethylene glycol (allyl carbonate) compounds; and
(b) the ethylenic double bond utilization of the
polymerizable, liquid, substantially gel-free composition is

25 at least 3 percent, wherein said polymerizable composition is



--9 The mixture of diethylene glycol (allyl carbonate) conpounds each
represented by Formula (1) or by Forrmula (I1), maynbodgsbegnsbobpted all of
“the mxture of ethylenically unsaturated conpoun ent 1 n e mxture
which was s partially polynerized, or at |east one optional ethylenically
unsat ur at ed conpound may al so have been present. As used herein and in the
clains, "optional ethylenically unsaturated conpound” neans an

et hyl eni cal | y unsaturated conmpound whi th®is not represented by Fornula (I)
or by Fornmula (I1). The io optional et hgl eni cal |l y unsaturated conpound may
have been afRPiaTGAEL1pos yRidda-eirOar| §t Uk ANRENEdEeRPPRdeoPLi ¥y have
been an optjenal. Jrepeet hyl eni cal |y unsaturated conpound. Wien two or nore
optional ethylenically unsaturated conpounds were present, they were

opti onal pol yet hyl eni &althgstuisat most adl 15nsmnyegndseomeprridsnal

nmonoet hyl enj cal | nsaturated co u o] I xture o e _or r
opt i onal pofg ]f%%ﬁngr??c%?’l goﬂ%uslé-"t l:ﬂrigtg gg%rr%olﬁsnglé gr‘ldgbn%a' gsp r?ﬁr%rq%pfi onal
nonoet'hyé entchld ot ivied &t vord et cepatndsas ExeEHres perseawcth adpthenal

pol yethylenically 2 nsat ur at ed _conpoynds whi ch opti onal | have been
present in ‘f”n’ét."H%/?toﬁr l%aﬁ“é Tagwee gaffY]alqa;?bBB%Frgr?Oi%%”ig%r ud€ one or
more di ol bhsfpldadesCachphai®) epreeundsdasgrdepnasent echdyye hoisula (I11):
CHz=CHCH20 ~~ O O A-O ~~ OCH2CH=CH2 O k 25 Formula (LI 5 Novenber, 2002
- 10 in which®A4:sca 8 varent C%%l&ieé’éll"?&’h‘é‘?nsttﬁéﬁt?@ﬂ%]m‘lz@:ﬁz@’feaderi ved
froma di ol pgeRLAS et ede by FALRIE GhMhhy HOA- (B mul B f IMnoSaged Kk is a

positive i n%eger. The divalent radical A nay be aliphatic, aromatic, or
conpr i s&dpoepmpdunsisat i Erafelralonmon®opods i oerreRraRpl by Foisiudde (&l kanedi yl

groups cont gj nj firom 2.t o, 10, car bon - Lyl
1, 3-pr opanegill%%]qb,lf- g: et h3§/1 -, -’p%épghgg?y%ﬁ%c%%y%ﬁ-%r%-%g?%é!ri\ea| yl, io
1, 4- but anedigst 13eetargh- peReattharfedingl nigt Seeaerft diedhylend Bykekanedi yl ,

2 ot TS TEEr St B Ashaedo oB0i- P gRales o BULLE
- CH2CHZCHz QayizkdiH2- (amdfor which n is greater than 7 collectively
15 constituted from 0 to 5 area percent of the mixture of
diethylene glycol (allyl carbonate) compounds. Often
compounds represented by Formula (I) for which n is greater
than 7 collectively constituted from 0 to 2 area percent of
the mixture of diethylene glycol (allyl carbonate) compounds.
20 The diethylene glycol bis(allyl carbonate) compound
represented by Formula (I) for which n is 1 constituted from
25 to 75 area percent of the mixture of diethylene glycol
(allyl carbonate) compounds. Often it constituted from 45 to
75 area percent of the mixture of diethylene glycol (allyl
25 carbonate) compounds. From 60 to 70 area percent is
preferred.
When present, compounds represented by Formula (II)
where m is 1, 2, and 3 usually collectively constituted from
0.01 to 7 area percent of the mixture of diethylene glycol
30 (allyl carbonate) compounds. Frequently compounds represented
by Formula (II) where m is 1, 2, and 3 collectively

constituted from 0.05 to 4 area percent of the mixture of



-CHzOCHzCH2-. Ot her exanpl es include al kyl ene pol yether groups 15 such as
- CHz CHz OCH2CHz OCH2CHz -, and - CHz CH2CH20CH2 CH2 CHzE QiR ¢&iics - 200#t ot her

exanpl es i nclude al kyl ene carbonate groups such - CH2- and
at kyl ene et her carbonate groups such as - CH2CHzOCHzCHzOC (O OCH2CH2-
Exanpl es of cycloaliphatic groups 20 include: |, 3-cyclopentanediyl,

1, 3-cycl ohexanedi yl, 1, 4-cyclohexanediyl, and 1,5-cycl ooctanediyl. Exanples
of aromatic groups include 1,3-pheﬁyVeﬁe and 1, 4- phenyl ene. Exanpl es of
groups containing both_aliphatic and aromatic portions include

2- met hyfigathylsmengl¥rel QSP]ZY%-%H?@PWF) 1TRAEAA endften

net hyl eBSm%!urﬂislrEE_§€¥E§B§d_ By et Mk dgnerdin 4.s110henyLgaes
1- met hyl et hyl i denebi s( 2, 6-di br onp- 4, 1- phenyl ene],
1- met hyFet kg4 iyeA¥bropetstured| ian 4. 1- pRepydegreperment of the

1- et hy d igengeths feda PRAMY NG 11

T ot hy PEEATHE Ganenrsty e PORRAEELLY, carponate) compaunds. o0, 4y
1, 2- &t heompbwidsdirepréspheag| eneEonmillay [(§he- for KHi-gihenilsegegater

1- et hyl et hy] i denebi s[.27{1- | et hyl )4, 1-phenyl i

T pherirer i e r R ST e R L E A e Y area

1, 4- phepytrenabic] theetmhytetaydt deiraehylnphehytenelallyl carbonate)

sul fonyl -di - 4, 1- phenyl ene,. cycl ohexyl i dene-di -4, 1- phenyl ene, .

1- pheny FETRSHdFane CAIPR 145 HETRA SRRIESS: Ryl FOERELY) (1)1 SEReRbiShe, | o

propyl i dgaevalived of- phepyheagted -@tdiy pogprhi 86ne=4lii~413- phenyl ene,

1, 4- cycl ohexanedi yl - di -4, 1- phenyl ene, 1, 3-cycl ohexanedi yl -di -4, 1- phenyl ene,
1, 2-30y c FERSXETEGEY FXam- 4, §9phehyd e PeXRENE5OE Nl dii*EYFepREnyl ene. Usual |y

ki is 1, a2etByiehe 1yeol COAPPHNAS: fifdnatMah CRokpbSndl eat@lont BaR, S, may have
been present” in snall anmounts. O her optlona? pol yet hyl eni cal I y unsat ur at ed
conpoundseatpetranty Lfapeebeshepresent in the m xture which was 20 partially

pol ymeri zed inclu p Y. ghh I b n contai ning three

or nore (a||y|_ca§§8n§%§§#8$§%5§. géﬁ%ﬁésggﬁ% Jﬁgggﬁg%tgﬁg(al!yl

Car bQnat gy of L L.t et hyl ol ot hne (CAS, 119892, 82, 81 - and 25 the .

car bgna 0 : -tri ol e ne -82-9],, an e

T o P R REE B 1 1 PSS, Ry TE0s riPare BPEAS 27063- 69- 0]
O her veplisamailoretibyliantbal Fyngw st Wraimed conpourds-anlti.chofayn have been

pr esent gn the m xture icg s partiall gol nmeri zed inclgdﬁ conpounds
whi ch af8¢ eV EeHPyF 387 a‘r‘%gﬂ?fl‘aé Oér Bpt 0t d6786nCa S pl ural ity
of allyls gsoupsperdoeantnl esrbonchugs 2 hehicehitsfal hyd mopedl, 3a8- tséazi ne [ CAS
| 01-37-1], . 5 Novenber, 2002 ]
herein and in the claims, the ethylenic double bond
20 utilization of the polymerizable, liquid, substantially
gel-free composition is the percentage of total available
ethylenic double bonds of monomer which are consumed in
forming the prepolymer. The ethylenic double bond utilization
is determined by iodometric titration as follows. One gram of
25 sample weighed to the nearest 0.0001 gram is added to a 250-
milliliter Erlenmeyer flask, and 50 milliliters of chloroform
is added to dissolve the sample. Twenty milliliters of a
0.5 molar solution of iodine monochloride in acetic acid is
added. The flask is capped and stored in the dark for one
30 hour. Fifty milliliters of a 1.8 molar agqueous solution of

potassium iodide is then added and titration with a standard

0.5 normal sodium thiosulfate solution is begun with wvigorous



- 12 1,3,5-triallyl-1,3,5-triazine-2,4,6(1H, 3H, SH)-trione [CAS | 025-15-6],
diallyl phthalate [CAS 131-17-9]) triallyl trinekl kbabfinbEAS28894- 54- 4],
"and triallyl trinesate [CAS 17832-16-S] . 5-~,' T

pol yet hyl eni cal | y unsat urated conpounds which do not contain allyl groups
may optionally have been present in the m xture which was partially

pol yneri zed. These include the bis(acrylates) and ' bis(nethacryl ates) of
diols, the tris(acrylates) and 1ot s(nmethacrylates) of triols, and the
tetraki s(acrylates) and tetrakis(nmethacrylates) of tetraols. Exanples of
sui t ablsgidirohg.- i el ke LHGCHS CHYOCHRE2 OHt ahdt héd evedilgiws coépresent ed by

For mul a,. a S i fab t.rd Ql.s i e
1,7.,1-1%%%%?%§%brgbghéﬁ%fgg%§?§¥%?8ﬁg%gtF%g?%gaﬁa“iFﬂ§F}VSWhen

hydr ox\agiplrgh §h 0T yiareu reatdpoi X atp | e icf ogart abt eatietr.aolas bil agk ube
pentaerythritol and erythritol. In nost_instanc the m xture_of diethylene
O ycor 2P b Eat0 T e nBe ri aHach IPARPESERTE BYREBPITS (1) of by
For nut ‘aHel bareoaBly tpdigtheat zb&adndidpe-cent chy weitghtt abnd@et he

et hyl eni cal |y unsaturated conpounds present .in the m xture which was

parti aMWCBolX%efﬁ?tzettﬁenoPﬁéﬁlWe‘/ RRPULELEEd] BT AR 2GFFcRT (al |yl

car bonagtg) owgpounds each represented by Formula (1) or by Formula (I11)
constituted at |least 75 percent by weight of the ethylenically unsaturated
2s conpounds present in the mixture which was partially polynerized. At

| east 90 percent by meig?tzi§Tpnegeyhgq12$gg§§§@tialIy 100 percent by

wei ght is within contenplation. Wi&n one or nore optional ethylenically
unset urditegd : 30 conpounds were al so present in the mxture of athylenically
unsat ur at ed .canpounds ich s partiall ol rized y usually
constitutedlgfgng ?ll?%@%%‘ﬁEPge%fpﬁﬁ ﬂ%?éﬁié%gﬁfhé? I%E%%Venber, 2002 - 13
et hyl eni cal | y uwnsatramat efl «ompeunds present in the m xture. Frequently the
optional ethylenically unsaturated cqonpounds constituted.from3_to 10
percent by wei gfit “dF '%/ TePhy FBRi REHH eﬁﬁ%ﬁ?ﬁ?gt%sd “(‘:lgﬁﬁg&ﬁ%sp?gsent in the
m xture .s whittle wagiparthaddu rfpekypBrugash; The m xture of di et hyl ene
glycol (allyl carbonate) conpounds each represented by _Formula (1) or by
Forkul a (11)Tsi ASwkrEH S5 %4 pBSi $3TRHS ﬁﬁ@ﬁ@??eﬂ1?%‘%£%ii§FFF5§ ?ht eger,
aci d the di et hyeergaglycohidRlevkeCapb@nade) conpound for which the to
value of nis 1 constitutes from25 to 75 area percent of the m xture of

di et hyl ene df yicotheanpymakidnbefatip eodpsurdsioshayabe $h8Ha®d by reacting
di et hyl ene gIg&@{ bi schl orof ormate with a m xture of allyl al cohol and

di et hyl ene glycol in the presence of a suitable acid acceptor, as for
exanpl e, 15 Yyisi dhremass tef ttihar paapl acexpresmedalikagirams or al kal i ne earth
nmet r Qxi | ft on J . 10.US 9 i ght sol ution of
sod?tn1 ydggkgg%Péélééhéig ggngh%yggfﬁﬂéé%éﬁgogéﬂﬁgghegggﬁfiaIIy i nert,

wat er iftsdbwble organic diluent nmay optionally be used al so. The conbi ned
amounts of 2o allyl alcoholtpqd %52#hx]%nﬁ/glycol enpl oyed are at | east
sufficient to react with substanti fy a?l’of the diethytlene glycol

bi schl annefrert nate. An increase in the ratio of the nunber of noles of

di et hyl ene glycol to the nunber of nples of, diethylene glyco

bi schi or of or dﬁtéhFeEEPY§e?*Fa?qgg}Feggﬁé'QFlllzatl n“Cxpredsed as

25 percent;
I; is the iodine value of the initial monomer which has
not been partially polymerized expressed as grams of I,
per 100 grams of sample; and
I, is the iodine value of the partially polymerized
30 monomer expressed as grams of I, per 1¢J) grams of

sample.



25. the area percent of diethylene glycol (allyl carbonate) conpound
represented by Fornula (1) in which nis 1, al ong nMvdmbaLcordgrgoondi ng
‘increase in the area percent of conpounds repre (1) in
which n is greater than 1. The ratio of the nunber of noles of diethylene
glycol to the 30 nunber of noles of diethylene glycol bischloroformate is
generally within the range of from0.05% 1 to 0.9:1. The base is added
slowy to the reaction nedium containing the 1 - 14 5 Novenber, 2002
di ethyl ene gl ycol b sGhlL,QLOLOLEBA L Fhlele 8160801 (aad diebByleng gl ycol,
whil e external cooling 1s applited in“order™to control” the reaction

t enper ataampoudnfisepaeh t tepreasentednge Bfrmulem(0C e DB Eormuls ALLer

subst anti ) by 8ld, %t;\t.'n?te 'a‘i&oé?r{&?é gni%%‘égso@r&ﬁ i@ (emoval of the
aqueous phase 1s often preferfed. esired, the organic phase may be
washed wirtsatwateedi compalerdst presenyein norganktuby -ywrioduestas, and vacuum
stripped tq.r ve ter., solvent nd other volati]l]e to.materials. The
m xt u ep&r%épﬁ%eﬁ?%?vzl? vafarate %%%ﬁéﬁnaggt?%%i ueaﬁtkw&eflﬁgaﬁ%ure of
di et hyl agsaghyaekd( abhyduranagnal 83 Korpweads pbayémy. a Asowsagount of n = 1
material) may be partially polynerized by blending the mxture with a 15
hi gh-terﬁf’é%l’h?@dpl‘:‘,?o?i‘%é‘y]iar’rf“tsi' atBPt’acfﬂFlh@éPi}’ﬁﬁni‘%%lW eNFEGukRkBdre to a

t enper atddnduddl hRe bAS G Arerfiefl 890 ¢ AnkaRGrakbaf &smbluhdvahkenspar gi ng
with nitrogen or other non-réactive gas, to forma m xture having an
i ncr eas PR FEPFRSEBSEE VWY FaRelrange of Wt drrpsleold®), 00FPe€ent i poi ses (cps)

and a0 25 aldaherkhy SOHRlA1000d UELL 28 | RpBlnd! nd PARhveS RBRCER! . The

reaction mxture i s then cool to a ent tenperature.’' During the
cool - downtidnaly potyethylesfiqaid yr vasat wratieidx campoind raasids mayshavé anount

t he magni t ude of whi en r i VitLes ingtiator and
et hyl eni%?ﬁq %ﬁgpﬁggghﬁ%@fq%gﬁgggﬁé s,y tuﬁl%%%ﬁl¥?%% %nc})%&’?lgiél ké‘r&r%er at ures,
and t he toowldmagorat ept Tdrea preepell grkbea pro dustk tugased st addualdsy were

st or age- st abl e at or di nary_anbi e?t tfr%ﬁ_ryaltur.es The hi h-%e erature
per oxi dETHITI AL 5PV s Orie QK CRo LRCH Tty 16 F66LFY iy S5 B0r at ur es of at
| east s 80kampdigkie , 36pai&ndRMbnede iyl &hi dal19r snshutirdbed picipiuhad , i ni tiat or
is 00-tert-butyl O (2-ethyl hexyl) peroxycarbonate ,
or a mixture of oné or more optional polyethylenically
unsaturated compounds and one or more optional
monoethylenically unsaturated compounds.
Examples of such optional polyethylenically
20 unsaturated compounds which optionally may have been present
in the mixture which has been partially polymerized include

onne or more diol bis(allyl carbonate) compounds each

represented by Formula (III):

CH;==CHCH,0 | CO—A—O| COCH,CH==CH,

O o)

k
25

Formula (III)



.--w 1 - 15 5 Novenber, 2002 [ CAS 34443-12-4]. Another initiator which may
be used is tertiary-butyl peroxy isopropyl carbonptfddararr32gkl-6]. The

. amount of high-tenperature initiator which is presemt tm the mxture of
et-hyl enical ly unsaturated conpounds 's may vary wi dely. Usually the anmpount
of "high-tenperature initiator enployed is from 10 to 2500 parts of
initiator per mllion parts of nononer, by weight. Frequently the anpunt
enployed is from25 to 1200 parts of 1Pnrtiator per mllion parts of
nmononer, by weight. From 25 to 600 parts per mllion 1o by weight is
preferredn wWrigin 25ik0a 200/q3@nts rpéicai | (dtderbyhari gfiH.CHsO@ et Jal | y
preferred._ As yneri zation _progresses, Jnitiat concentration usually
decreasegfar vnecdfgnré'r?t Al &la%ldirteip%ﬁ gg%ec?ﬁ?}{ iFla?tr('g‘FlEL U?IE\I[])Q pol ymeri zati on aye
contenpl ated. The m xture of ethylenically unsaturated conpounds 15
(including the mixture of diethylFe?gry®Bl (allyl carbonate) conpounds
having a | ow anount of n = 1 material) nay also be partially polynerized by
contagting the mixture with nol &2 }%én to i ncrease the hydroperoxide
content apd it henahgatingd hecebytur erdd JiQamehber@l HErd zall ge |1 quid,
substantially 20 gel-free, partially polynerized conposition. The

princi pl @31Rf2 5 s AappPRe- are @PSRY b3 ddth BALPREL Bt ANk JEemeRic US 4742133,
the di scLosurgof WaLGhh 4 incAuhkSa PRIAJ ALY, gLBGOE PAsAL %]qllibﬁr k-, by
reference. In general, the liquid mxture of “ethyl eni cal y unsaturat ed
conpoundg s IomeabbedaZnanistichnek etd arthepdenl at 1 &3 trempemataye, of at

| east abgquf 65C to.produce a |iquid jnternediate conposition having an
i ncreaseg’% %rmgﬁté) éx? e %rooﬁtaélﬁfif‘y%’suglnfe%hg'? gfgl%tgrééweé‘ﬁla’blt’ 300 parts per
m | liion by4veitghediyppnethhe1l, b gethriettigrined| s perctorpasiyii,on i S

thereafter intained at a.t erature of. at 30_I| east oyt 80C to produce
he pol yhef TRBPEALPE o ey dpes Aabessiadl . Fr seSatnssinli ot |
Novenber 1, 20Q cantfiyThe fuirGued Bkxhples dhcetby| gtwiaidey atmsat ur at ed
conpounds rr%%/ be contacted with nol ecul ar ox?‘llgen by agitating the m xture

i n cont aBFOH% IFUSR aF nosphhEles of HebbCHpt TR ear 820l ecul ar oxygen or a
m Xture ptnzraa@hg@gl-ar SXYE R xARE 10861 1 JHY @1RPNehEITINR HEASESoupd 1 | the
desired increased | evel of hydroperoxide content is achi eved. Vigorous
agi t 36 oRUER aFr efBrFRACHSICACEGiHat i 7 may be provi ded by paddl es,
Stirrers, ofiouess ocRWMEH, Vi, O Re], - S| daldeyi eesmRILligiabl, the 1iquid
m xture of ‘et ﬁyl eni cal’l y" 1o unsat'urat ed conpounds is contacted with
mol ecul aplkxhegen cbybbubiy iargupenterieiad |\FCHpEHLCHE) ST - o%9gen or a
m xt ure |.ec oxy.ge d r re_non-reactive gases through the
m xture ggltqﬁent%hgkgégi&r% C’lr;'llr‘—ilgrge gglgp?es\}g% %fg hydr oper oxi de content is
achi eved-CHEHIMEH 85 QG(I0) OCHgTIH - he Exagiliesn ofi kYol ealpimhatded glopupde ri sing
bubbles is ofte ufficient, but it ] referred to. enpl oy additional
agi tazt%i of " SUE e-'§$§t—ﬁ§?f° X \F.a88§1%§' an1’3$/3 %fyc{l {ée ae?ﬁ%e@ ‘described in the
second pLeyigudopaxagedpll, &hé 0Dk ecydlatodmsyigeny enplmysaghlesy obe
substantially 20 pure or it may be in adm xture with one or nore
non- r eacBf Y4 & Pu@a’rﬁﬂlé’geo%{'ﬁ()ﬂ}}?réy & 8 ab et RITAY ‘be used as
di | uent sekagdede ofebieiips NRARa1ALES Mot WGRat XONOM aidmaegen, carbon
di oxide, or a mxture of two or nore thereof. Mst often the nononer
conposi t PORFi®scdREARER WethY251 cHrRRSTBIIEPPY pure oxygen, air, or a
m Xt yge Qh@rﬁ(p{fe.thk,m_p,rg_eﬂhetn@,qgnghe i ncreased hydroperoxi de content of the
liquid internediate conposifion may be attained in a reasonably short tine,
t he nol eBatRrlegrygénd corbenylenet he gas brought into contact with the
monomer gggg}gﬁjlgkgplyéé@_ld)é_§01Q§Q£‘%r§1eat | east about |0 percent nolecul ar
oygen by volune. In many cases the ]lecu'l ar oxygen content of the gas is
at | east lahiutyl20hpeidergbisy 2v 6 dieron®raf.érabeyyidme]l, - 17 5 Novenber,
2002 nol ec [,1QX n,cont.ent is_.at. |east, about 7 rcent by volume. The
t enper at gr[gétg}yl\%ﬁ?égﬁl?%nee%nl’lsg%ursédﬁ nldifa 3 BHLny et

30 l-methylpropylidene-di-4,1-phenylene,

l-methylethylidenebis (2-methyl-4,1-phenylene],



ethyl enically unsaturated conpounds is contacted with ~ nol ecul ar oxygen is
at least about 65C. Usually the tenperature is ig §b& e $fhosrom about

+ 65C to about 130C. In many cases the tenperature—h—renﬂ—l-mﬁé'—m'rrge of from

about 80C to about 120C. Preferably the tenperature is in the range of from

about 100C to about 110C. to The hydroperoxide content of m xture of

et hyl enically unsaturated corrpound_s,li' nt er redi at e nononer conpositions, and

pr epol yner - cont ai ni ng conpositions nay be ascertained according to the

follow ng._procedure:. Ten mlliliters of sanple weighed to the nearest 0.01

gram i s 72 s RERE Ry L B 0a gt e i odi ne 11 ask. Twenty mlliliters of
1:1 (v/ wetthlenofdr+n,anghghplérad, acetic acid m xture is added to dissol ve

the sample, foll d.b mal | piece f soljd carhon di oxide. As soon as
subst anti 4 Yé?‘%%‘f“?ﬁsgé%haplc‘é‘%%iﬁé{(iaitgxgl ‘e4d’r‘s¥§‘bed& S8elg nilliliters of
sat ur at ed 329hpA{ B&sdD4 (1 Ofle £igy Bl Hitlli@Rnles 4 addebdprkrdle flask is capped and
stored in the dark for 30 mnutes. Fifty mlliliters of distilled water is

t hen added "BRREDYIsReRisdA -ReERY e Endddernsodi Urk 1910 N%at e sol uti on (about

0.01 N d3rbagunaiig i -oansieede stirring. Wien the color of the liquid has
becone a 25 pale yellow, one mlliliter of 0.2%starch solution is added

and t he e¥lpackvhidenecdat & nberbemtlidnethe col or changes from blue to
col orl ess. ;A i SQ.thtye j he same manner. The parts by wei ght
o R Pl iRl a8i L 1R

of per oxi as " 5 Novenber, 2002 per million
parts byetmilghenefdisanplphe¢ppiynd s ascertained fromthe follow ng fornul a:
P= (TS - _Tb égfl}#%?ggg)_p{éw. where: P is the peroxide assay expressed as

ppm HZOE " PE i s He it er POF Y e sanpl e, expressed as nilliliters of the

sodi um tiveasyl padey Sidlener ab- 4 f D-phernyd ehke titer of the blank, expressed as

mlliliters of _the so%ﬁg&thi osul fate solution, Nis the normality of the
sodi um thi%oSEFF SR BRAY oA ~arir BREYERE nass of the sanple expressed in

grans. 15 Alt/bovgdkihaiperaxi de GENtnks cal cul ated as H2o2, for purposes
of the present specification and clains, this value is taken as the

hydr operd -d¥céshtemedivhedhytir bidtgwilgeccoff@nt of the internediate
conposi tipn akteri haldgrenaptacted with criol ecul ar oxygen nay

Usually k is 1, 2, 3, 4, or 5. Compounds for which
k is greater than 5 may have been present in small amounts.

Other optional polyethylenically unsaturated
compounds which may have been present in the mixture which was

20 partially polymerized include polyol poly(allyl carbonate)
compounds containing three or more (allyl carbonate) groups.
Examples include the tris(allyl carbonate) of
1,1,1-trimethylolpropane [CAS 99086-57-4], the tris(allyl
carbonate) of 1,1,1-trimethylolethane [CAS 119692-82-9], and

25 the tris(allyl carbonate) of tris(2-hydroxyethyl)isocyanurate
[CAS 27063-69-0].

Other optional ethylenically unsaturated compounds
which may have been present in the mixture which was partially
polymerized include compounds which are devoid of (allyl

30 carbonate) groups but do contain a plurality of allyl groups.

Examples include 2,4,6-tris(allyloxy)-1,3,5-triazine

[CAS 101-37-1],



20-vary wi dely, but usually the hydroperoxide content is at |east about 300
ppm Odinarily the hydroperoxide content is-in g gy ofaddgopm about 300
*to about 5000 ppm Often the hydroperoxide contem—T5 T theTange of from
about 450 to about 2000 ppm Preferably the hydroperoxide content is in 25
the range of from about 500 to about 800 ppm The tenperature at which the
i nternmedi ate conposition is maintained to produce the product is at |east
about 80C. Ordinarily the tenperatufé is in the range of from80C to 150C.
In many cases the tenperature is in the 30 range of from 100C to 120C.

Pr ef er abl3y Stheigthpbraturse tirdaphne i 4.#rigd 8. PHOM10OE t o 110C. - 19 5
Novembe The_jint ey, Lat E’Pﬁﬁ;it' _renain i nt or it may
be agi t{'ﬁAe%q%lsl ggi%]n'i gdl%ﬁk?aﬁrﬁgg at th[lecathgggrgt?E%e' ﬁé@ﬁzggd above.

Pr ef er dixtiyneflRatahe ef QRR]i 2696 -E4npbsi andreriialpar gednedgdtte ni t rogen or ot her
nonr eact i for at least a 5~ portion of the tinme the internediate
conposi {C?A\(gsﬁlgg§r21n?§1t§ji ned at the tenperature described above to produce the
product which i s pdbmerdcladlieopoayedwacdnticatbpl uviaatadHtedt t enper at ur e.

There are many-naterials which nay optiqgnally be to present.in the
Ty e Fhit L ik SheFars e Bratrs o RagtY fhe i nvent i on
in admpdud devht Préfentant icakl ¥iRohydmmizadwak xparei Of1vet hyl eni cal |y

unsat urated conpounds. Mnoner ma%/ optionally be present in the
pol ymerRZamegizefqui thessudecanirabry Rid (rrEdatdfbddidi on of 15 the

I nvent ;00 id cBABLY{ A& M i Bes Pagid &l (BeLyiRELZEthdl Xt ure of
et hyl eni cal |l y unsaturated conpounds. The optional nononmer nay be one

et hy? eniid (Mpchasaylatasdd cfovpoahd. cind ttheayepraliniaaylétes) eyl enical |y
unsat urgf§d,GanROUNLS, 1 b%}?l 6% Q]L,tz?’%]')sqna%xgﬂﬂi’é@roﬂ %‘Higqgé@”e or nore

conmpounds zo represente For mul a wherern n is 1, 4, 5, 6, or
7. O hetidwarpbésde nEdUYEHSIE,0H b radc bhpodinlss mepresented Yy Fornula (11)

wher e i , r Y ot her _ex | e f.su i onal nononer include
t he opﬁéo%néll]laet%ﬁyfén?%xaﬁq%;leﬁnggt Trat eigecéﬁgga%dggﬁ%% may be present in
the m xt,ur.e-ekidbteyiylenipaakl v1unsainmaaizedt edappunds tatiisgh- has been

parti al |l ol rized as described abaqve. en, present, the optional
onher B EREERY bf B QR ARG par ERARLF & 6Fy B FIAF kBP0 of
et hyl enircaldgg pasehsraied teanpaandsycusiwdlll.y constitutes from0.1 to 80

percent by weight of the polynerizable, |liquid, 30 substanti al |1|y gel -tree
conposition. The HPptIFHalingEABRRF The AdmtrEaref isFHEr6artYeRy y

pol yner  zed 1mextHbRaaf) gRksaklioh %Sﬁkagéaaed SPRds, (of ten
constitutes from - 20 Novenber, 2002 1.5 to 45 percent by wei ght of

t he polSpréiarzibre (11} qAnstisubsdant i knasy §&l pereentcdipasiionbnot From 3 to 10
per genteily elABh; bS5 B §ifialk@da £ Aa BRI Blas B L& e iBY: 1P RIHORRKE YrdE Present
in the ,S polynerizabl’e, liquid, substantially gel-free conposition is nold
r el easewhigdnwaspest tald yopolomarined er iGtent hae mtuxe mfesent when high
”ans.mﬁ?ﬁéc 18he! L#PLoT S1Q 1”8?938:?:1(%3 %%%Pﬁﬁdgxéaa[@l q:%]p(}tas piipnal
materitals that ma e 10 present | nclude s anpunts of polynerization
i nhi bi tlgr Fcamdlat &bl | ¢z drys FogmohaasIforcomsamphieed ratphemdt phosphite and
75 percent by weight of the ethylenically unsaturated
25 compounds present in the mixture which was partially
polymerized. At least 90 percent by weight is
preferred. Substantially 100 percent by weight is within
contemplation.
When one or more optional ethylenically unsaturated
30 compounds were also present in the mixture of 2thylenically
unsaturated compounds which was partially polymerized, they

usually constituted from 0.1 to 40 percent by weight of the



4- et hoxyphenol , to pronote stability during storage and ultraviolet |ight
adsorbers. The listing of optional ingredients o Sfdissnsh2boMspalS is by no
- means exhaustive. These and other ingredients nay be enptoyed Th their
customary amounts for their customary purposes so |long as they do not
seriously interfere with good nononer and pol yner formul ating practice.
When the pol ynerizable, liquid, substantially 20 gel-free conposition
contains one or nore optional material®s in addition to the partially
polymeri zed m xture of ethylenically unsaturated conpounds, it may be nade
by si npl gthyiendasd lvhunsariaked maredledsspregentodn €hses t he

pol yneri i qui ti.all - Ll f. the

i nventi oﬁ@l&l’é@%eo'nf gﬁ?gh‘eﬁglf @%ﬁ%peel%%ﬁ Xt %gh e%rﬁ%ggqggﬁﬁ%é%\g’%f%gri zed

articl e behprerdsolopmetizatédntton f3orm sacherrdrntc by, wEdghtexainhe, the

pol ymeri zabl liquid, supstantiall el.-free cqonmposition. can be poured
onto a nggygt%ﬂija?g yaﬁasﬁgﬁ/%ﬁ# ZC(;?&PE?Qg-"{iS ?B?srﬁng: ! InafL‘ B%h"éle’ftu&re coati ng.
Accordi nghiéh awad ipartidl L fesor)edraldeld.cati on, the pol ynerizable, |iquid,
substantially gel-free conposition is placed in_nolds, as for instance
glass 5 Novenber Thgopxtureg ot ﬁﬁeﬁgﬁﬁﬁﬁ_%%r‘iagiﬁl_tcéf’”i‘bé’r“ﬁ’]tghaped
articl escgpgburitss lRt% PLaRkSeed QiT}SfF%rmIBhS(W edy’ eotwupartirgul arly
advant ageous for the preparation of ophthalmc |ens blanks and ophthal m c

| enses. SnTHel@oltyier PzRBFEC1VE uit®IesubBt afitd HASy td¥P- FRiergeTonpBsi ti on of
the invegpkog; 1%%ep§hygsfl éﬁplrf\élo.cta&lgohg@é%o%hét BoPYaiRAMne
conventional technique or polyrerizing (allyl carbonate)-contalning

f or mucat vehse 4 rode énbodsnEmitepdirpmerbzae i Th areagpevaplt stfedbby to
heating the_pol ynerj.zabl e _fornul ation.containing.fre ical initiator to
ol ovat od"CERER: Kt hrEgar 19N RE HarF R BB o lRER BV e or T
a wat er bat brepapEdcalyl yepot jnerd izaityarneSgynsludtiedhabrofomerat ures in the
range of from about 28C_to_about 130C. | n ases post. curing, is that
is, heat "hG"b2ybAT e OFi aiYh Ogeé‘Bgs‘g%élrtY S38o gL %t A §p’gul ly

pol yneri peet&iecd a3fmal alii 0abis £ Quedptdbe poFHorcekempse often carried out

at tenperatures at or above the maxi numtenperature of the cure cycle, but
bel oWt hBY¥ELEEpreattGFEL2EY FMiRGr (HefRaPliRYif QS 8A5dHRA &< thndesi rabl e

20 yel | oyaess  nalihAkef er abl ys fof e oRBeatiédd WL Rsel @ 844 ayn ei ther
"substantially constant or maxi num Barcol hardness. In nost instances the

post cur ¥eighcrdipiiiioshed aediwmdeidronids im IHET aRgBRfa%4¥%m 100C to
130C. Th%ob@%&é@ﬁ Ofy> s‘Of%Eg ETPA/J[Rﬁ i‘%‘}q,' Ral &2 PILIGBE e 234Nt I On to

pol ymeri ze the polyneriza Tle, iqui d, substantially gel-free conposition
may be wddéhenyavdedptbonally gemersdd vhey. arthe lrompaheg einpsosdbl e to
produgce r.adj | I.S. . t S radi gal I are

avai :&gbl 5&? gf?!rlllff)oléﬂa%le aé’%lgf' ?%Wb]g%‘{]eygr@%gggt ?@%1 f%et‘ﬁgl gﬁil(:a ty 30

unsat ur atsedf geops tdon rehecwel th keoverammipéily alle ofr ¢herdegkhyiieneat ors are

S ares | SRYRBY AR 26657003 T aR Foe"RoH043E “RRTRroH 98 osure o
i ncor por aheHehesinvly LEf af erivglerdd igggRbOPYd Yher oxpbiec achowdtes pEAS
A TN T R
25 the area percent of diethylene glycol (allyl carbonate)
compound represented by Formula (I) in which n is 1, along
with a corresponding increase in the area percent of compounds
represented by Formula (I} in which n is greater than 1. The
ratio of the number of moles of diethylene glycol to the
30 number of moles of diethylene glycol bischloroformate is

generally within the range of from 0.05:1 to 0.9:1. The base

is added slowly to the reaction medium containing the



.5 carbonate [CAS 2372-22-7] are the preferred initiators. Wen used, the
amount of initiator present in the polynerizabl es y\égatiler SUPssANti al |y

. gel -free conposition of the invention may be w dety—varred—ordrnarily the
weight ratio of the initiator to all ethylenically unsaturated 1o nateri al
present in the polynerizable, liquid, substantially gel-free conposition is
in the range of fromabout 0.3:100 to about 7:100. In many cases the wei ght
ratio is in the range of from about 0.18 100 to about 5:100. The initiator
may be incorporated into polynerizable, liquid, substantially i5 gel-free
conposi t ibrethylsos givgel tbiweilqrdedognate . conpydnedrcsholt awd | be recogni zed
by those gkj LN rt t t f err.ed ! rat | of
initi atorélv%%%ggge %pg%g’n III’"Ie nfyl}r%'gﬂg? f(ﬁéeﬁln%ir tl;gatagﬁigés.% Igsor%éfl as the
nat ur es ard quattirod bhet heaw@irorousmpelrgtene cadfibenuwdshinatied weiger bal s 20
present in the po LZzable, liquid, substantially gel-free conposition of
the i nven“{lfoénn% % \%ngggb Fiety of cure cycles, that is, tinme-tenperature
sequerges, may be usetedusurgrflivneyi 20l | Oh thle theopot yiestez akbaps | i qui d,
substantially gel-free 25 conposition. Ordinarily the cure cycle enpl oyed

i s based IForFeEEGAsi BEPAF brPhfthse FEPEPUF RS B BEEng the size of the
casting, gherd:deatitysofesHfed NitHaloRban88Ghidie RAFCHEVidIna! Wike
ethylenically unsaturated material. A preferred cure cycle for use with

di i sopr o{A%FET Ry AFEaF boP XMV tinererni S Ry RGRACEn FaBIECHUTThi s cure
cycle is : eppl I Syl udi e, d ed in Tables 1-4
of Uni teﬂvy%p%émqee%é?\?@% 2&‘-3' %glk,%ggf e%ﬂ%ao:tgl%? 6%135158%29 may be used.
Tabl es0 1-vatrigdist ed St ates Patent US 4959429 are incorporated herein by
reference. Table 1 lativ rs. Oy T 44 .10.1 58
5 o 64 a5 70 1 o THe MU G S LR Sen AN TERBEALUEE Sanboilags 107,
80 (End ofiroaciddnhgNohe: mitheute npeddethel ehanggsolet(akenl achdeeatepoi nt s
shown in the Tahle are Iine]?é. | f nol di ver e, enpl o%eg) t he .pol yneri zates
are remVved" St RBV219 | HYY AMPRoPhe? erbSEITTEAL t’ﬂ%yﬁ%l yneri zabl e,
liquid, sphediantiyabbYy@er:id®eaneyReashhyothd miptuysewigiedato the thernoset
state by exposure to ionizing radiation such as gamra radi_ation, X-rays,

accel &t atRIFEICERPPEAL LY & oY it d Pt ipkoF AR NgRELNE BRe PLANIRS- parti cl es,

or high speadiRewbr enéemféz&m her @B, rihge dangirbiy 8bo@ RWlisweLi, zabl e,
| i quid, substantiall g el -free conposition is determned in accordance wth
ASTM Met e orap3y- 9Bilef sparging phebent tpeIgeri 25BeE, RO ifaFt 138

substantialdy (gelesihes GOPPOSL tLASNaYe: RO eabeRCe8b b 85 siky QRO
centi poi ses (cps) or lower. In many i nstances the 25C viscosity is 3000 cps

or | ower .t aquast b fhem 25T 19 SEooPy cent APDIFGespd chE) | awkran Pref er abl y,
the 25C vi LY | L gl.egably,d h645C whgcosity is
35 1Sggcpés rseinr(%&eﬁigu%ggu%gédd ﬁietrlelﬁ\r%%t% ﬁ%/b{)n?sagc(r)si ty o% % - 24 5

Novenber , r&f0Z opomyrenie abd eshdn quicd edsubsamiritang| kymperatyrse-conposition is

he 1 of r AP e OBE Sobt Wi M2 RGREL LT St SORr ot inT s Bel fr ce
conposi ti dtcrtehses & EAKEI Ni@Ght N tARC aagantwdavofh wASEM ddapdrots BpdA18- 92. As
used hereéggtgg%é%gbkgyggsgfiéﬁ%”&é?kf%tor and ethylenically
25 unsaturated compounds, the initial and final temperatures, and
the cooling rate. The prepolymer product is substantially
storage-stable at ordinary ambient temperatures.
The high-temperature peroxide initiator is one which
functions effectively at temperatures of at least 80°C. There
30 are many such initiators, but the preferred initiator is

0OO-tert-butyl O-(2-ethylhexyl) peroxycarbonate



pol ynmeri zable, liquid, substantially gel-free conmposition is determned in
accordance with ASTM™ethod E 450-82 (reapproved jd8dmbek? £bben the

- density of solid polynerizates produced fromth T ~ |iquid,
substantially gel-free conposition of the invention is 1.6 grans per cubic
centinmeter (g/cm) or lower. Frequently the density is 1.45 g/cnB or | ower.
Preferably the density is 1.35 g/cnB or lower. As used i5 herein, the
density of a solid polynerizate i s déPefnined in accordance with ASTM Test
Met hod D 792-91. The | um nous transm ssions of solid polynerizates produced

from t hdPSI phetd e, - | iAgetder sibktiataravhycheray ks Ue6ApbSi ti ons of the

i nventi Q@r@@Xry%\Ytﬁﬁg‘:lo\&c}zﬁs@Bi?S;?ﬁ N HRRRcE NecAdtendeg uge. | n nost
i nstances, however,” the | um nous transmssion is at |east 90 percent. As

used herein | unmi ndie Aewss ofi bigkftenpesriureol JifdEtoat @hieh det er mi ned on
sanpl es I t,hi f 3. i ] j.neters,. | i ASTM Test
Vet hod BLE5a0oR (ST of) CpMidd IRl bbb ARCE ARG, (o ot

Syst em (elynvery Assdxiat edIshalldyatbe \gmadunt, of Resglorrendengitnra, USA). As the
| um nous _t.ransni ssian appr.oaches e h red percent., .the difference in

| uni nou%ntlFéﬁé?ﬁ SSIonY Tor-%t \%6°‘§‘a§§|te°s%§f% % H%PE%W%Pr%ﬁ’tlé:r} PSP Rt of

di f f eri rg 10hbakpesisse so B ppmoielre Sby elaigHtans egeguéntyly Ihevamo@se of | um nous
transm ssi on of 90 percent or %eater ascertai pned from saggl es havi ng

t hi-ckneSERLO¥EY| Hiv FLYrput o2 14PP | Pt P HERHP P SEs ™dhot®™ 4 nillineters

approxi Hakes ob heysier by2QR2ght 25 FFRASBNEL! ¥o vadd rdsh@ek Ul TIOUS: _
transm ssion at the standard tﬁl ckness. The yel |l owness i ndices of solid

pol y¥fer ibxawe3apk obfu dexe famsiedt he Fpom y3ferioz 8P ePaTE g RSE, Mdbsemdii al ly . 5
gel - fregeq ﬁe0§gt%§§%§ﬁa&$ se\eqagféa. dependh e HROL {he ph-BLE use.

Oten, however, t s index is 4 or | ower. Frequently the
yel | owndgg tiipder ¢encemirdtgwer usPrblerdggregashe. yelltowmessaindex is 1 or

| . it | i . ' | jzate is |
ot or i AR 100 CO s N LTSS ARt 0L 58 SE0q SRBEHTRLGR LS or dance
with ASTM Test Mettiesd iixt926- 30 ¢Regppricesdy 1988 twrsiteg achimireisl ab~

Col or quest ~.11.. Sphere Col ori neter,. Syst.em (Hunt e oci ates Labaratory,

I nc.t? Re(é‘f‘(?r]i}ldwgg%\? HSAR ©Al fiﬁ%%/}af%et%egygf?%mﬁéeﬁzlgﬁi r‘f(%)g(o agtee to vary
more W tdempbufaspheviny ckness ambant | siMmeus haeasid s inky, aDey & hel ess

yel | owness i ndices ascertained fromsanpl es hayi nL? t hi.cknesses as | ow as

about 2 PRIFERAMEY PRLBFeLHEZSS FY SeNBRTIURY ThE PHIBERT YiE8 PPERTHE a usef ul
general gxRde6atbom&fede rRl hQWRESSd:NdRX c8htéhe Hiandanhdnédd Gigness.

the mixture to form the polymerizable, liquid, substantially
20 gel-free, partially polymerized composition. The principles
of this method are disclosed in United States Patent -
US 4742133, the disclosure of which is, in its entirety,
incorporated herein by reference. In general, the liquid
mixture of ethylenically unsaturated compounds is contacted
25 with molecular oxygen at a temperature of at least about 65°C
to produce a liquid intermediate composition having an
increased hydroperoxide content, usually of at least about 300
parts per million by weight (“ppm”). The liquid intermediate
composition is thereafter maintained at a temperature of at
30 least about 80°C to produce the polymerizable, liquid,

substantially gel-free composition.



20 The heat distortion tenperature of a solid polynerizate produced from
the polymerizable, liquid, substantially gel-freg gor@Rsdti ogo@ the
“invention may vary wi dely, but usually the heat T T rature is
at | east 35C. Preferably the heat distortion tenperature is at 25 |east
50C. As used herein, the heat distortion tenperature of a solid

pol yneri zate produced fromthe polyrterizable, |iquid,substantially

gel -free conposition of the i nvention® s deternined for a deflection of
0.25 mlIlineters (10 MJég_in_accordance mﬁth,ASTy D 648-95. 30 As used
herein, Barcol har fA®ssiBfidy mdgtugepot Gt LRE30 L8 dURed ¥radet he

pol yner i dswRindki AE{ Ope StlIstIHelga vl Yh Gfb 1 d 10 rC oBRpasht bpradfedthgql Nventi on
is 5 Novenber, 2002 - iG determned in accordance with ASTM Test Met hod
D 25B3- 958 Sliff§UES BAR coPRYARST ¢dsbr 2Bt PRARIfT s O4l e PESF L 1¥5 seconds

af t er trﬁufWo@%EQiaP%ﬂfg%@%rpgrﬁ\&&@ﬁ:’?@ SNGciReG BBNoxPSeiSER RgLei n, the

refracti've index of a solid s polynerizate produced fromthe polynerizable,
i quid, subsrennpatfryacelvd gesesonpbsl tilom defsimied inoteaseh leyvedet er mi ned

in accor W Test .ho . 542-95... d in,.. t.he Abbe
Nunber o @gg'gglof)ggﬁgf%ér\rﬂeﬁoﬁtaetnze E‘)LrS ogﬁgle‘% c%'omvtl ergggyﬁgﬁ%alb ne,lsl iquid, lo
subst antpxdfierrgdl - f eeh canpesiitonomapf bé herdwnidert bynpaddtet erm ned in

accordance, with its usual definition. A= (nD- 1)./ (nF - n~) where: z5 nD
is the rgfracttve™Hiaek: t%‘]‘“}ng’aoﬁaﬁép%ﬁg?’f{glgTarS%.l’écﬁ%honet er)s (viz., the

average of the yel boycsloihgt ok 3oghidmixthries ofhethgf¢miciaag i ndex using
a wavel ength of 486.1 manoneters (viz., the blue |ine of hédrogen), and 2o

n~ i & t N&AFETAL ey EOTRRIEIAS, dish GoREARYEF efifthh o 68625 s’ (Viz.,
the red hisa ok bmﬁ@g@ﬁllﬂ%ﬂewsm&&mf Sodydehher desckdbed dgn

conjunction with the follow ng exanple which is to be considered
i |1 ustratelacudarheryedrarand mng gg, nane 1R WHeCk 1dE19pae s sthticdigPs parts by

wei ght agée arlilxtegac‘&m earésrz%aep%@%ssetay 186kghL %%&%F@ﬁ se
speci fied. Exanple D ethylene glycol bischloroformate ( ) 30 [ CAS
| 06- 75- 2¢ontanty i sabchbeeq .AA) [ CAS 107-18-6], and diethyl ene glycol (DEG
(CA81}11-46-6] mer%hé“&%?%éé%%%tg%rthg reaction mixture provided by
the rising bubbles is often sufficient, but it is preferred to
employ additional agitation such as that provided by any of
the devices described in the second previous paragraph.
The molecular oxygen employed may be substantially
20 pure or it may be in admixture with one or more non-reactive
gases. Examples of non-reactive gases that may be used-as
diluents include helium, neon, argon, krypton,
xXenon, mnitrogen, carbon dioxide, or a mixture of two or more
thereof. Most often the monomer composition is contacted with
25 commercially pure oxygen, air, or a mixture thereof.
In order that the increased hydroperoxide content of
the liquid intermediate composition may be attained in a
reasonably short time, the molecular oxygen content of the gas
brought into contact with the monomer composition usually
30 contains at least about 10 percent molecular cxygen by

volume. In many cases the molecular oxygen content of the gas

is at least about 20 percent by volume. Preferably the



the following nolar ratio: 1.00 DECF / 1.96 AA/ 0.21 DEG To 5 Novenber,
2002 -- 2 7 this mxture, 2.44 noles of NaCH (I_i;ruémnf,é)f-m@ooz 50% by

wei ght solution in water) was slowy added, whiTe maintarning a reaction
tenperature of 5C with ‘external cooling. After substantially all of the

chl orof ormat e groups had reacted, the 5 aqueous phase was renoved and the
resulting mxture of diethylene glycol (allyl carbonate) conpounds was
washed twice with water. It was then vacuum stri pped at an absol ute
pressure of approximately 1..3 Pascals7at a tenperature of approximately
150C. The results of high performance liquid 1o chromat ographi c anal ysis of
t he m xt modebutad orydear rohsefit )iard Beasul abélit )7amersieownby n Tabl e 2:
Table 2 C%ggognd Amount , area 15 1 s4.1 2 5.0 3 17.6 4 3.0 205 5.26 1.0
71.110%"%°1.1 25 3 0.7 Totals 99.3 1 Several other peaks of small areas
for conpounds of unmer ttaépesaturd Wteshichetkre ahsccyreesént. 30 A 114-liter,

gl ass-1lined, .jacketed reactor equi pped with an agitator, thernocouples, and
sour ces (?Fg‘é’%%ﬁ’rﬁ% o PSR ENERER c‘b‘ﬁ'ﬁ’é’wgﬁ s ??Fég"j‘cét(ﬁgetwlf r heating and

cool i 119, no@epaTtai Vetphen\as ghargest Wddu8%566. kivagians thkg) of the 35
above m xture of diethylene glycol (allyl car bonat\% con‘gounds

char act eieFRET Ry Tt % 12 theopapge gff from gBoul fgiferfireAPC%H02

2,4, 6-tri;s0abl Yl o Yhank Pasek’ l:ﬁé'&fr‘néﬁ%ft%'::@' P APAHXIABLE! ¥ 18QmPPm
4- met hoxyphenol, and I7.3 grans of 0O-tert-butyl O (2-ethylhexyl)

per oxycarmpehat 80° Theo cimuged2fdf er i Rrlefewebdy ating xerregatyren &6 rigact i on

m Xt ure. e_V].Scosit f R cli ] e was between 30 and 31
cps at 2§@Qaﬁ§h$%e§%eé/nrsc} ?E)&gts: 319%652%%9%%%’:2}%%5 . The reaction mxture
was std rred and hedtled HydrdpOtoaintk renntaknefl mixth#@Cofhi | e sparging with
ni trogen flow rate of 0.05.reactor volune/mnute. Sanples were

Wi £ dr awf VAP SOH T HOIREUPRCTD GRBETRRS . nbNETaPeT e BRBeTGn m xt ur e

Vi scosi t yompbtetidn®, ld prapolhiiy - ddne a2hinyi Somsddix iohst ey meact i on

m xture reached, about 90 cps. The frequency of sanple renoval was

t her eaf t E°PREFERRLCPIVIGAEE EQerBe FOLOYEBIPTATTE Y Af t 87" 4 hours at 110C,

the 25C wi9093k t¥rofof NRANMPRACHE PhdH HlkBeWASaddstl Qb capgradhis react i on
m xture was then cooled to about 80C within 30 m nut esngx;(gradual |y

i ncr edsi M@dPRe “and Uit oMiddrdiner erodimet féagkeantWRiter tehat was
bei ng supyd hed {Q/v) chloroform and glacial acetic acid mixture is

added to dissolve the sample, followed by small pieces of
solid carbon dioxide. As soon as substantially all of the
solid carbon dioxide disappears, 4 milliliters of saturated

20 potassium iodide solution is added and the flask is capped and
stored 'in the dark for 30 minutes. Fifty milliliters of
distilled water is then added and titration with standard
sodium thiosulfate solution (about 0.01 N) is begun with
constant stirring. When the color of the liquid has become a

25 pale yellow, one milliliter of 0.2% starch solution is added
and the.titration is continued until the color changes from
blue to colorless. A blank is also titrated in the same

manner. The parts by weight of peroxide (calculated as H;0,)



the jacket inlet. The reaction m xture was then cooled to 50C over a 1 hour
period. During the cool -down from 110C, 20 therg yegembefddsbponal
viscosity increase of 12 ¢ps, resulting in a viSTOSIty Of tI7 Tps neasured
at 25C for the product. The density of the product was 1.1780 g/cnB at 25C.
According to neasurenents carried out by iodcnetric titration, 9 percent of
t he doubl e bonds were consuned during 25 the reaction. The product was a
pol ynmeri zabl e, liquid, substantially gel-free conposition. Portions of the
above pol ynerizable, |iquid, subst antild# Iy gel -free conposition were stored
for various periods of tinme after which several properties were 30

det er mi nerer THE liesubastarky sirdwipti pfTaghelS: (PPME NEvaaBeYtal®® "nn~ - 29
o age Co S r nths Storage Tenperature, C 5 Properties
Density ggggg%%e %ggﬁgglﬁ |%%%§H%§, at 25C, cps Refractive Index, nDZo
Yel | owness I ndex, to (50 nm path Iength) INA = Not Applicable 2ND = Not
Determined O NA1 1.1780 117_1.4627 1,7 -26 40-43 40-43 40-43
1.1780 1.1781 1.1789 1.17987117 123 TB%IY Q%fgﬁégg ND ND 1.4627 1.7 1.9
1.7 2.4 A portlon of the above unaged pol ynerizable, liquid, 15

subst ant i al gel -free conposition was initiated with 3.5 parts of
dllsopro Eﬁ%?oxydicarbonate per 100 parts of polynerizable, Iiquid,
substantial |y gels fuiRe eoEReakt 98y takpwsgaa £®hspm HEbg, initiated
conposition was poured into a nold an ol ynmerized into a_sheet 3.175
mllimeters trﬂ&:RSZGhBSFhﬁefrﬂi(ﬂheesé?eﬁé ofxPEised asThal thk%®Fset pol ymer

whi ch resulted was @Hé(g@giuhotﬁpgéuifhgyﬂydqﬂglggnperature and then tested
for various physical properties. A portion of the(g yneri zabl e, |iquid,
géd

substanti al | y Belisf tbe tohposid itdie whieh. hadpirase wf b iXibasiet BE at

40C-43C was initiated 25 with 3. §f§ [ of iy ﬁopropylperoxydlcarbonate The
initiated conp05| I on was poureﬁ o A nol'd and pol yneri zed into a sheet

3.175 mlli netnrsstdﬁaﬂndxmhmgtyh@fcmnaaagﬁahm ohidzipl &tk sPhetidrer noset

pol ymer which resulted was allowed to cool to anbient tenperature and then
tested for variotfd" 30 physical properties. The results of testing ire shown
in Table 4: W is the mass of the sample expressed in grams.

15 Although the peroxide content is calculated as H;0,, for
purposes of the present specification and claims, this value
is taken as the hydroperoxide content.

The hydroperoxide content of the intermediate
composition after being contacted with miolecular oxygen may

20 vary widely, but usually the hydroperoxide content is at least
about 300 ppm. Ordinarily the hydroperoxide content is-in the
range of from about 300 to about 5000 ppm. Often the
hydroperoxide content is in the range of from about 450 to
about 2000 ppm. Preferably the hydroperoxide content is in

25 the range of from about 500 to about 800 ppm.

] The temperature at which the intermediate
composition is maintained to produce the product is at least
about 80°C. Ordinarily the temperature is in the range oOf
from 80°C to 150°C. In many cases the temperature is in the

30 range of from 100°C to 120°C. Preferably the temperature is

in the range of from 100°C to 110°C.



., 5 Novenber, 2002 - 30 Table 4 FromlInitial ~ ~rP From Aged Preno~ vm
gr Shrinkage, %- . 10.9_ ND15 Density at 25C, &5 November,K 2002

g/ cnB1l. 3221. 321Lun1nou§Transn135|on 993. 993. 7Y&TTowness T1dexU. 80. 9Heat
D-stortionlo Tenperatur’e, C5557Barcol Hardness2328Refractive |ndex, np21.
S0111. 5013Abbe Nunber5459 15 1 ND = Not Determ ned Al though the present

i nvention has been described with reference to specific details of certain
enbodi nents thereof, it is not intended that such details should be 20
regarded as limtations upon the scops of the invention except insofar as
they are included in the acconpanying cl ai ns. 5 Novenber, 2002 - 31

CLAIMS: 1. A pol yreRé zahl&mddi@eied cofpdsi@itn alahy rafhihr@@ie£LMROSEE T ON
conprising a partially polynerized m xture of ethylenically unsaturated

conpounds WR¥r BEn2gbtegd tHE If xitule BRirtdiieshiatathy bABREYAtaMEd conpounds

whi ch was spakkial A¥ohe! ynﬂége%%bqwe&bs%ma&tat&reec%pggﬁéfaﬂ qne gl ycol
(allyl carbonate) conpounds each fepresented by Forrmula (1): 2=CHCH20

COCH2 CHEPEHZERR B COCGRPORRaEHR qr EGhFsr nonweddyiver doy Fornat ale(alat) a

CR=CHOR0. OFREPACTEGR A QuBERLRVAZ, (Mdod e s ol Tyd 8 g (1 ve

integer, mis a 15 positive |Integer he di et hyl'ene | yl
car bonatag) t@@npemndraomrmmmmhedvabuee ofo rpncxiul:ecbhetprazmmi: from25 to 75

area per e _m xtur i.et hyl ene y I || car bonat e)
conpoun&'lcéhés %gf%)c? g‘gt ag&Pge oEl%Icé‘jq nggtion of the
pol yrner iteapleeatlirgui d, substantlally gel free conposition is at least 3

percent, wherein said polymerizabl e, qui d, substantlally gel -free,
conposition is subSPSHfizle Waé‘tyof“éﬁéréiﬂa"bl‘@lélp ZRY afbF ERa by tbénperat ure of

from22@de2ed®Cin the polymerizable, liquid, substantially gel-free
composition of the invention in admixture with the partially
polymerized mixture of ethylenically unsaturated compounds.
Monomer may optionally be present in the

polymerizable, liquid, substantially gel-free ~omposition of

15 the invention in admixture with the partially polymerized
mixture of ethylenically unsaturated compounds. The optional
monomer may be one ethylenically unsaturated compound or it
may be a mixture of ethylenically unsaturated compounds.
Examples of optional monomer include one or more compounds

20 represented by Formula (I) wherein n is 1, 2, 3, 4, 5, 6, or
7. Othér examples include one or more compounds represented
by Formula (IXI) where m is 1, 2, or 3. Yet other examples of
such optional monomer include the optional ethylenically
unsaturated compounds which may be present in the mixture of

25 ethylenically unsaturated compounds which has been partially
polymerized as described above. When present, the optional
monomer in admixture with the partially polymerized mixture of
ethylenically unsaturated compounds, usually constitutes from
0.1 to 80 percent by weight of the polymerizable, liquid,

30 substantially gel-free composition. The optional monomer in
admixture with the partially polymerized mixture of

ethylenically unsaturated compounds, often constitutes from



.-, 5 Novenber, 2002 - 32 2. The polynerizable, liquid, substantially

gel -free conposition of claim1l wherein the dietdyy YCAodal |yl
carbonat e) conpound représented by Fornmula (1) T ue of nis
1 -constituted from45 to 75 area 5 percent of the m xture of diethylene

gl ycol (allyl carbonate) "' conpounds. 3. The polynerizable, |iquid,
substantially gel-free conposition of claim1l wherein the diethylene glycol
io (allyl carbonate) conpound represented by Formula (1) for which the
value of nis 1 constituted from 60 t®@o/0 area percent of the m xture of

di et hyl ene glycol (allyl carbonate) conpounds. is 4. The pol ynerizabl e,
liquid, substanuisapkycgat-byaf P thenpafynehaizable Whergiia,t he et hyl enic
doubl e bond utilization of the polymnerizable, |liquid, substantially

gel - fr ee THHTGEERGAYi Gl nf ¥R GAWPEI6E0P r oRZP™ & £8 PRREHFERE2BYS. The

pol yreri zabldghe Lisdphdresybgtantially gel -free conposition of claim1l
wherein the ethylenic double bond utilization of the polynerizable, |iquid,
substantial |y gel - f PeBatohpdkihiich mayieptimmaddpgle opresesh int ha2 percent.
z5 6., dh cglﬂéqgri | ey L, Oui j.al _ = f itLon of

cl ai mS;IL- \%ncglr el n: z(ag)qgéorlnl)%%%‘sdiug%;é%?é%?iejd}at?lye\%g?lrarﬁl %&%C)%qu?ﬁm%%ch nis 1,
2, 3, 4, wpld redrdse sokhectively constituted at | east 85 area percent of
the so m xture of dj ylene qgl.ycol (allyl_.car at e und - 33
5 Novenber, 2002 (b 9%%rr‘lf)wf)%nos lroélﬁlrles%% %laallﬁsy tgggnﬂ?% it %qig%rgngh‘f%ﬁ? nis
great er tiiggh Zreolshéetivel yf chingit tivt edt fieorasdatg.5 area percent of the

m xture of diethylepe col (allyl carbonate) conpopunds, 5 (c) conpounds
represent ed by Forng}lﬁg%‘%{?)e’f%‘}p]\ﬁﬁ'i e ﬁ?"rlsonfi ??tggﬁa &&ﬂteé‘?g’vlé?y
const ié uteekden@MmiBcQhdb Osa Bl GanREILGERE 981 e imhXi o eirfidicetByhene gl ycol

(all'yl carbgnate) conpounds, and to (d) conpounds represented by Fornul a
(11) for SHAREHIFEES  gPBERe?s tirth eXadBE £ et iRyl cBRSTF itfteed from 0 to 3

area per ceifet@oxt/bBeRbXt UEE Sfonlicet BYLEDE: ) VeolingakiHageaRanat e)
conpounds. 15 7. The polynerizable, 1iquid, substantially gel-free

conposi t i W Evieletrm ialker@$orhdrs .mi xt ure of ethyl enical |y unsaturated
corpounds whi ch Y"aSF]Hé%iQHﬁ/ RQ! %g%gbﬁaeﬂ i l?ﬁ-gdggﬂp%_'cﬁes%ﬁ%tselﬂeéﬁé\ijone
optional ethylenically 20 UnsSat ur at 6 conpound. 8. The pol yneri zabl e,
i qui &5 subdtvampe akebpsgekhdvseiwonpdbese amdbfotbkai mIrathengsnnanebopt i onal
et hyl eni céalnlédy sat u ed conmpound was di ol hi Lly 5 bonat e)
Woyd2S g Eg& 8 ? % =
conpound T pro senfed ylfh%u%gormr?uﬁya?m "':scﬁaﬁz 10- A0 2CH=CH2 0 0 k
i n whi ch A sasdisvalleny aadiloat dof her sdwiousThi2 ChiZéHneHmdehi gedd from a
di ol represented b\t/1 thlf formul a: 5 _Novenbher, 2002 - 34
monomer and polymer formulating practice.
When the polymerizable, liquid, substantially
20 gel-free composition contains one or more optional materials
in addition to the partially polymerized mixture of -
ethylenically unsaturated compounds, it may be made by simply
admixing the various ingredients.
In most cases the polymerizable, liquid,
25 substantially gel-free composition of the invention is
conformed to the shape of the desired solid polymerized
article_before polymerization to form such article. For
example, the polymerizable, liquid, substantially gel—frée
composition can be poured onto a flat surface and polymerized
30 to form a flat sheet or coating. According to a still further

exemplification, the polymerizable, liquid, substantially

gel-free composition is placed in molds, as fcr instance glass



HO- A-OH and k is a positive integer. 9. The polynerizable, Iiquid,
substantially s gel-free conposition of claim 75wWss&ivet Ne2@wps i onal

et hylenically unsatura{ﬁd conmpound was a pol yol rbonat e)
.conpound containing three or nore (allyl carbonate) groups. 10 10. The
pol ynmeri zable, liquid, substantially gel-free conmposition of claim?7

wherein the optional ethylenically unsaturated conpound was the tris(allyl
carbonate) of 1,1,1-trinethylol propane, the tris(allyl carbonate) of

1,1, 1-trinethylolethane, or the tris(allyl is carbonate) of
tris(2-hydroxyethyl)isocyanurate. 11. The polynerizable, |iquid,

subst ant mallhy, gehd g B EATRRY kbOfodh Shaldnd areheles neddie agplenaal
et hyl eni cal | %aunsaturat ed conpound was a conpound which was 20 devoid of

(al iyl c&tBBRELRY WS bPigi 8re6REArs i pRIFAFHIST bf AVRPFagrItps. 12.

The pol ygeki 2a8| Srepd it ibn SHDSpARKRS Y U8ls bi8AKS AP YphitaR1R{c cl aim 7
wherein the optional 2s ethylenically unsaturated conpound was

2,4, 6-tril&PEPFyl oxy) -1, 3,5-tri azi ne,

1,3,54triallyl-1, 3,8:d AR 1 , ubLi va 141 L hal at e,
trial I5yI trimelli taTt%é% ﬁg?yﬁrgﬁégﬁé?ggr#@gﬁg}jﬁg%%vé%b&g%yﬁ)%% - 35 13.

The pol ysembeabtion |dfuite iswviestaphi way yogalolimerei zehpesithieon of claim 7
wher el n Eﬁ%ﬁgéé “:?z't%teet TR Ga :géém‘%“ t?‘:founraelt ede 5.‘%&%‘%‘4}@5 a bis(acrylate)
of a diol, "a brs(nethacr IaéD) of "a diol, a trirs(acrylaté) of a Striol,
a tris(mpbhgmeylaired @11yl dagbpnactptcakispaayyfatmjlaficastetraol or a
tetraki s(nmethacrylate) of a cgttiraol . 14, The gol merizabl e, _|iqui %
substantial ly gel - fre@CofPOSALMEAT of PENAISHIFEMhEY eih AHe™8 ’f?lbt?f%a\l Y10
y g
et hyleni Gabtynynsid WaledGeaReends eensdidnuicedthiomd tkekor4Qi yai ght
percent of the m xture of ethylenically unsaturated conpounds which was
partialIﬁnﬁEFﬁﬁﬁFiQRHElevated temperatures. Usually the heating is
accomplished in an oven or in a water bath. Typically
polymerization is conducted at temperatures in the range of
from about 28°C to about 130°C. In many cases post curing,
15 that is, heating beyond the time thought necessary to
substantially fully polymerize the formulation is employed.
The post cure is often carried out at temperatures at or above
the maximum temperature of the cure cycle, but below those
temperatures at which thermal degradation provides undesirable
20 yellowness, and preferably for a time sufficient to attain
either substantially constant or maximum Barcol hardness. In
most instances the post cure is accomplished at temperatures
in the range of from 100°C to 130°C.
The initiators which may be used in the present
25 invention to polymerize the polymerizable, liquid,
substantially gel-free composition may be widely varied, but
in gene;al they are thermally decomposable to produce radical
pairs. One or both members of the radical pair are available
to initiate addition polymerization of ethylenically
30 unsaturated groups in the well-known manner.
The preferred initiators are peroxy initiators.

Many suitable peroxy initiators are disclosed in United States



15. The pol ymerizable, liquid, substantially i5 gel-free conposition of

claim1 wherein the mxture of diethylene glycoly (@hlebe3al 2@t €)
conmpounds each represented by Formula (1) or by=Formota (f+)——constituted at

| east 60 wei ght percent of the m xture of ethylenically unsaturated
conpounds which was partially polynerized. 20 16. The pol yneri zabl e,

| iquid, substantially gel-free conposition of claim1l wherein the m xture
of diethylene glycol (allyl carbonate) conpounds each represented by
Formula (1) or by Fornula (11) constitued at |east 25 90 wei ght percent of
the m xture of ethylenically unsaturated conpounds which was partially

pol ymeri zegdar dife Jms@%w?rh]g@@rl ﬁdislcilgghg;e sybstoaht ¥ 9l rdike s,

conposition of claim1l which further conprises 30 optional nononer in

adm xt ur e wefaremes pattiiigbbyopyl pmmixzdicatrikenate diCASt AP et @l l y

unsat urate R W | ve ) | zabl e,
liquid, su S?gn |§#%§“§SF-¥F%% %%ﬁ%%gﬁfig§§%¥a%$g$ﬁ$?$eaﬁg¥gﬁ%*%ﬁébgptional
monomer corprhsestat [(dASags7pnel edinpenddteepi @serfmyd peyokyiel §qrmplya.:

CHZ=CHCH20 PCH20 CH=CH by it he. | a CH2=CHCH20
| ] m’z’cﬁzo&é%&%% %C\%g?e%% iasrel,%hg,g’:’s&%ﬁyqff 1%‘32%%%S§nd mis 1, 2,

or 3. 19. The pol ynemhzablhged| i thd Gmostbsbaniniadilayotropgeserdt e chaposi tion
of claim 17 ﬁherein t he optional nononer gonprises at |east, one conpound

r epr esent eBBY"E e FEmul AT ERp -HRSUPH CF 2 61 -5 1 " EBER ERRRLE OO0k i n whi ch

A is a divaheninvadi il maiyhse ian y GHzCEe OCHdHhals 1dethy agkighem a di ol
represented by the fornmula: HO A-OH and k_is a positive integer. 20. The

pol yneri zaBREIC| puite indbsetat it |} lgeFhyerl CodpodPERBATIICE| ai m 17
wher ei qolto NRa0Rt| 23l JIRRATRE 2Re GUMI3€5aB e | €AY AN TIPS 380 gct ed from

the grou
gel-free composition is in the range of from about 0.3:100 to

about 7:100. In many cases the weight ratio is in the range
of from about 0.5:100 to about 5:100. The initiator may be
incorporated into polymerizable, liquid, substuntially

15 gel-free composition by admixing it with the other components.

It will be recognized by those skilled in the art
that the most preferred weight ratios of initiator will depend
upon the nature of the initiator used as well as the natures
and ratios of the various ethylenically unsaturated materials

20 present in the polymerizable, liquid, substantially gel-free
composition of the invention. -

A wide variety of cure cycles, that is,
time-temperature sequences, may be used during polymerization
of the polymerizable, liquid, substantially gel-free

25 composition. Ordinarily the cure cycle employed is based upon
a consideration of several factors including the size of the
castiqg, the identity of the initiator, and the reactivity of
the ethylenically unsaturated material. A preferred cu;e
cycle for use with diisopropylperoxydicarbonate initiator is

30 shown in Table 1. This cure cycle is only exemplary and

others, including those disclosed in Tables 1-4 of United

.



5 Novenber, 2002 - 37 consisting of the tris(allyl carbonate) of
1,1,1-trimethyl ol propane, the tris(allyl carbongtgdvehber, 2002
1,1 )
t

,1,1-trimethyl ol ethane, the tris(allyl carbonateyof

Fi s(2hydroxyet hyl )i socyanurate, '~ 5 2,4,6-tris(allyloxy)-1,3,5-triazine,
1,3,5-triallyl-1,3,5-triazine-2,4,6(1H 3H,5H -trione, diallyl phthalate,
triallyl trinellitate, and triallyl trinmsate. 21. The pol yneri zabl e,
liquid, substantially io gel-free conposition of claim17 wherein the
optional nononer conprises at |east or¥@ nmenber selected fromthe group
consisting of bis(acrylate) of a diol, bis(nethacrylate) of a diol,
tris(acrybbaegs dfatentr U6l 4938743 neElyabeyhaed) dfakdeisr lok, of United
tetrakis( t t and.15 tetraki t hacryl at of a
tetraol. ggég#%éﬁ%gﬁ%ngﬁigg.f%ggIﬁr%uﬁagogﬁ%gﬁgﬁf%%%Fﬁﬁgé¥-?éégfﬁagﬁposition
of claim 17 wherein the optional nonomer in adm xture with the partially
pol yneri zed m xture of 20 ethyl enical unsat urated conpounds, constitutes
fromO0.1 to 80 percent by wei ght ofi?%iﬁpblynerizable, i quid,
substgptial ly gel -fcegueempesitdugia - . A {Sre ThWpArdciral?. ASe. Aye. A" Ay. A
f.AFf.Ay. Ahye. AYfe. AIS. AL, . A Ty . AFY . Aly. Af. Ay. A@ . Aaf . AT. ANF. AS. ASY. Af . ANf
. AuyR AS . Ay@ Af L. Ayy, . ASS. Ay. Aufy. Af @ PR] *w~~yt 0j*" [ V] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]*®*a] ca] ca] ca] ca] caU] ca] c&® ca UV]ca W] ca
WV] cal] cal] ca U] c”a] c*aG¥3gRSYR677? % & u }vql gFX] ] ca] ca] ca] ca] ca] ca
U] c”a] ca] ca] ca] ca] ca] ca] d#]-éa] ca] ca] ca] ca] ca] ca] cdPca] ca] ca] ca] ca] ca] ca] ca]
caljcaliéalu v 15.2 77

16.2 85
16.5 90
17.0 104
17.25 104
15 19.75 80 (End of Cycle)

Note: The temperature changes between adjacent points
shown in the Table are linear.

If molds were employed, the polymerizates are removed from the

20 molds.

In another embodiment, the polymerizable, liquid,
substantially gel-free composition is polymerized to the
thermoset state by exposure to ionizing radiat.on such as
gamma radiation, X-rays, accelerated electrons, accelerated

25 protons, accelerated alpha-particles, or high speed neutrons.

As used herein, the density of a polymerizable,
liquid, substantially gel-free composition is determined in
accordance with ASTM Method D 4052-96.

i Often the present polymerizable, liquid,

30 substantially gel-free compositions have 25°C viscosities of
10,000 centipoises (cps) or lower. In many instances the 25°C
viscosity is 3000 cps or lower. Frequently the 25°C viséosity
is 1000 cps or lower. Preferably, the 25°C viscosity is
400 cps or lower. More preferably the 25°C viscosity is

35 150 cps or lower. As used herein, the viscosity of a
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}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gai;gg.gﬁg]agz,a] gégheal cal calcajc
aJ ca] ca] ca] ca] ca] ca]ca] ¢cajca] ca] ca! &bj+1luv ! °
no{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

U] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o#$no| m

FYZ} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calkaal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal calca]ca U cra!.{~FWKhj st 12Cl | upkf a\ W] ca] ca] ca] ca] ca] ca

U c"a] ca] qaheateatsn]€alicahaa],calealaat cal valgal-cakeakeapbeal eadcakceal caj cal

cMa]ca]ca! K'#3Nrs#$, /; _

MXZ} xsni d SEFEETERET ci EfeKdeaceald al chf Bh) e c MechPdaPcap a1t cal cal cal ca
] ca] ca] ca] ca] ca] ca] el Galepliakeal eal CAl A = FhabxRob a

et {vgl gb] XJ] ] ca] ca] ca] ca] ca] ca] ca] ca] cajca]ca] ca

U c*a] ca] @&ﬁmféaf%%}%a]lcwlcé}lbafémtﬂ%]%&]‘é&?@aF@@P@a}%jaimés! Lrert Q#R
#HeHd####H 9 . I o caj ca

Ul c"aj 'f:éa] ?%f%g]lﬁﬁ %ai cal caﬁ% \cégn?aefgg?%gﬁg?c%k{]égg]d]c?] ?gfggfgg] c!at] cal ca] ca] ca]

ca] ca]cajcal q& ' (') 'As 'uge(d( hefei) Fhre)y9))owregsyihdex+8&txsni d_Z]]]] ca] ca] c
ajcalcalc a] cal calcalc al calca] cal,calca] cal cal cal cal.ca] calca]c
a} ca} ca} cgoég}"gglf%%ﬁ‘?v%ﬁf]ﬁyﬁ]«gﬂ]sug]sgf;‘%l%/ﬁ’) -g-é-l.-grfe?]cf:ﬁq“ ?;l.t.g.o.n. ]lf v]ql gL] X} ]

] ca] ca] caldeakeaload chl calaidalkealvt ah cadmajealhed E 450-82 (reapproved

Ul c”a] ca] c%c ]ca] ca] ca] ca]ca]ca]ca]ca]ca]calcalcalcal.//=/T/t////]0(0B0OkO}

000000091:* ﬁ112282p2~22} xsnid_Z]]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] cajca] ca] ca] ca] cadeed] ¢hkCakaal £3] sAldAlieabeal mal£ad €8d GHloAud#3333333333
33v4w4444X5Y5i 5555555666| 6} 6666{ vql gb] X] ] ] ca] ca]_ca&ca] ca] cal ca] ca] ca] ca] ca]

ca] ca] ca] FAPPafla) R e ddebdeecal égnéed] cyibstantially gel-frée

U c”a] ca] Q%ln%@l:?@-l&@]&ﬁa]tq@l QRGELREEA 7 Ml grams per cubic centimeter

888\ 8] 888888889999+929p9999} xql gb] X] ] ] ca] ca]ca] ca] ca s

U c”a] ca] d&)€a] lcacdprakca) Eapaadres]w dhecapeapéty ca§ chl4m]Y/acadra] ca) ca] ca]

| 91 . .. . . 3
0t D Bl 155, € B Vi TR YO ] T et
U] c"a] ra] ¢areai c al loa ]| daisdalyc affc a] sal td|maAlweErdapte] ta] dat eaiicwldcahca] ca] cal
ca] ca] cal \ (@ QOO AFAMMB Y Test Methoa D 792-91.

The luminous transmissions of solid polymerizates

produced from the polymerizable, liquid, substantially
gel-free compositions of the invention may vary widely

20 depending upon the intended use. In most instances, however,
the luminous transmission is at least 90 percent. As Uused
herein luminous transmission of a solid polymerizate is
determined on samples having a thickness of 3.2 millimeters in
accordance with ASTM Test Method D 1003-95 using a HunterLab®

25 Colorquest® II Sphere Colorimeter System (Hunter Associates
Laboratory, Inc., Reston, Virginia, USA). As the luminous
transmission approaches one hundred percent, the difference in
luminous transmissions for two samples of the same mate£ial
but of differing thicknesses approaches zero. Consequently,

30 values of luminous transmission of 90 percent or greater
ascertained from samples having thicknesses as low as about 2

millimeters or as high as about 4 millimeters approximate
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10 substantially gel-free composition of the invention is

determined in accordance with its usual definition:

A= (np - 1)/{nr - n¢)
where:

15 np is the refractive index using a wavelength of

589.3 nanometers (viz., the average of the yellow

doublet of sodium),

Ny is the refractive index using a wavelength of

486 .1 nanometers (viz., the blue line of hydrogen), and

20 ne is the refractive index using a wavelength of

656 .3 nanometers (viz., the red line of hydrogen).
The invention is further described in conjunction
with the following example which is to be considered
illustrative rather than limiting, and in which all parts are
25 partg by weight and all percentages are percentages by weight

unless otherwise specified.

Example
Diethylene glycol bischloroformate (DECF)

30 [CAS 106-75-2], allyl alcohol (AA) ([CAS 107-18-6], and
diethylene glycol (DEG) [CAS 111-46-6] were mixed together in

the following molar ratioc: 1.00 DECF / 1.96 AA / 0.21 DEG. To
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5 aqueous phase was removed and the resulting mixture of

diethylene glycol (allyl carbonate) compounds was washed twice
with water. It was then vacuum stripped at an absolute
pressure of approximately 1.3 Pascals at a temperature of
approximately 150°C. The results of high performance liquid
10 chromatographic analysis of the mixture based on Formula (I)

and Formula (ITI) are shown in Table 2:

Table 2
Lompound Amount. area %
15 n_ _m._
1 64.1
2 5.0
3 17.6
4 3.0
20 5 5.2
6 1.0
7 1.1
1 0.5
2 1.1 -
25 3 0.7
Total® 99.3

1
Several other peaks of small areas
for compounds of uncertain structures
were also present.

30
A 1l4-liter, glass-lined, jacketed reactor equlpped
with an agltator, thermocouples, and sources of steam and city
water connected to the jacket for heating and cooling,
respectively, was charged with 81.65 kilograms (kg) of the
35 above mixture of diethylene glycol (allyl carbonate) compounds

characterized by Table 2, 4.90 kg of
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glng w1t nIt ow rate of 0.05 reactor

volume/minute. Samples were withdrawn every 30 minutes in
10 order to monitor the reaction mixture viscosity. After 3.5
hours at 110°C, the 25°C viscosity of the reaction mixture
reached about 90 cps. The frequency of sample remocval was
thereafter increased to once every 10 to 15 minutes. After 4
hours at 110°C, the 25°C viscosity of the reaction mixture was
15 105 cps. The reaction mixture was then cooled to about 80°C
within 30 minutes by gradually increasing the amount of cold
water in the steam-water mixture that was being supplied to
the jacket inlet. The reaction mixture was then coocled to
50°C over a 1 hour period. During the cool-down from 110°C,
20 there was an additional viscosity increase of 12 cps,
resulting in a viscosity of 117 cps measured at 25°C for the
product. The density of the product was 1.1780 g/cm’ at 25°C.
According to measurements carried out by iodemetric
titration, 9 percent of the double bonds were consumed during
25 the reaction. The product was a polymerizable, liquid,
substéntially gel-free composition.
Portions of the above polymerizable, liquid,
substantially gel-free composition were stored for various
periods of time after which several properties were

30 determined. The results are shown in Table 3:
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lowness Index,
10 (50 mm path length) 1.7 1.7 1.9 1.7 2.1
'NA = Not Applicable
’ND = Not Determined

A portion of the above unaged polymerizable, liquid,

15 substantially gel-free composition was initiated with 3.5
parts of diisopropylperoxydicarbonate per 100 parts of
polymerizable, liquid, substantially gel-free composition, by
weight (phr). The initiated composition was poured into a
mold and polymerized into a sheet 3.175 millimeters thick

20 using the cure cycle of Table 1. The thermoset polymer which
resulted was allowed to cool to ambient temperature and then
tested for various physical properties. A portion of the
polymerizable, liquid, substantially gel-free composition
which had been aged for 6 months at 40°C-43°C was initiated

25 with 3.5 phr of diisopropylperoxydicarbonate. The initiated

b composition was poured into a mold and polymerized into a

sheet 3.175 millimeters thick using the cure cycle of
Table 1. The thermoset polymer which resulted was allowed to
cool tv ambient temperature and then tested for various

30 physical properties. The results of testing are shown in

Table 4:
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From Aged

10%Z&TQQ'F Temperature, C 55 57
Barcol Hardness 23 28
Refractive Index, n,”° 1.5011 1.5013
Abbe Number 54 59

15 ' ND = Not Determined

Although the present invention has been described
with reference to specific details of certain embodiments
thereof, it is not intended that such details should be

20 regarded as limitations upon the scope of the invention except

insofar as they are included in the accompanying claims.
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gel-free, composition comprising a partially polymerized

mixture of ethylenically unsaturated compounds wherein:
5 (a) the mixture of ethylenically unsaturated
compounds which was partially polymerized comprised
a mixture of diethylene glycol (allyl carbonate)
compounds each represented by Formula (I):

—_ —

CH,=CHCH,0 |COCH,CH,0CH,CH,0| COCH,CH=CH,

& o
L n

10 Formula (I)

or by Formula (II):

r T
CH,=CHCH,0|COCH,CH,0CH,CH,0 | H

0

Formula (II)
in which n is a positive integer, m is.a
15 positive integer, and the diethylene glycol
(allyl carbonate) compound for which the value
of n is 1 constituted from 25 to 75 area
percent of the mixture of diethylene glycol
(allyl carbonate) compounds; and
20 (b) the ethylenic double bond utilization of the
polymerizable, liquid, substantially gel-free
composgition is at least 3 percent,
wherein said polymerizable, ligquid, substantially gel-free,

composition is substantially storage-stable at an ambient

25 temperature of from 22°C to 26°C.
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gel-free compogition of claim 1 whereln the di=2thylene glycol

10 (allyl carbonate) compound represented by Formula (I) for
which the value of n is 1 constituted from 60 to 70 area
percent of the mixture of diethylene glycol (allyl carbonate)

compounds .

15 4. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the ethylenic double
bond utilization of the polymerizable, liquid, substantially

gel-free composition is in the range of from 3 to 16 percent.

20 5. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the ethylenic double
bond utilization of the polymerizable, liquid, substantially

gel-free composition is in the range of from t to 12 percent.

25 6. The polymerizable, liquid, substantially
gel-frée composition of claim 1 wherein:

(a) compounds represented by Formula (I) for which
nis 1, 2, 3, 4, 5, 6, and 7 collectively
constituted at least 85 area percent of the

30 mixture of diethylene glycol (allyl carbonate)

compounds,
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(b) compounds represented by Formula (I) for which
n is greater than 7 collectively constituted
from 0 to 5 area percent of the mixture of
diethylene glycol (allyl carbonate) compounds,
"5 (c) compounds represented by Formula (II) for
which m is 1, 2, and 3 collectively
constituted from 0.01 to 7 area percent of the
mixture of diethylene glycol (allyl carbonate)
compounds, and
10 (d) compounds represented by Formula (II) for
which m is greater than 3 collectively
constituted from 0 to 3 area percent of the
mixture of diethylene glycol (allyl carbonate)
compounds .
15
7. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the mixture of
ethylenically unsaturated compounds which was partially
polymerized also comprised at least one optional ethylenically
20 unsaturated compound.
8. The polymerizable, liquid, substantially
gel-free composition of claim 7 wherein the optional

ethylenically unsaturated compound was diol bis(allyl

25 carbonate) compound represented by the formula:

CH,==CHCH,0 | CO—A—0| COCH,CH==CH,

O 0
k

in which A is a divalent radical other than -CH,CH,OCH,CH,-

derived from a diol represented by the formula:
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io0. The polymerlzable, liquid, substantially

gel-free composition of claim 7 wherein the optional
ethylenically unsaturated compound was the tris(allyl
carbonate) of 1,1,1-trimethylolpropane, the tris(allyl
carbonate) of 1,1,1-trimethylolethane, or the tris(allyl

15 carbonate) of tris(2-hydroxyethyl)isocyanurate.

11. The polymerizable, liquid, substantially
gel-free composition of claim 7 wherein the optional
ethylenically unsaturated compound was a compound which was

20 devoid of (allyl carbonate) groups but did contain a plurality

of allyl groups.

12. The polymerizable, liguid, substantially
gel-free composition of claim 7 wherein the optional
25 ethylenically unsaturated compound was
2,4,6-tris(allyloxy)-1,3,5-triazine,
1,3,5-triallyl-1,3,5-triazine-2,4,6 (1H,3H,SH) -trione, diallyl

phthalate, triallyl trimellitate, or triallyl trimesate.
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gel-free composition of claim 7 wherein the optional
ethylenically unsaturated compound was a bis(acrylate) of a
diol, a bis(methacrylate) of a diol, a tris(acrylate) of a
triol, a tris(methacrylate) of a triol, a tetrakis(acrylate)

of a tetraol or a tetrakis(methacrylate) of a cetraol.

14. The polymerizable, liquid, substantially
gel-free composition of claim 7 wherein the optional
ethylenically unsaturated compounds constituted from 0.1 to
40 weight percent of the mixture of ethylenically unsaturated

compounds which was partially polymerized.

15. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the mixture of
diethylene glycol (allyl carbonate) compounds each represented
by Formula (I) or by Formula (II) constituted at least
60 weight percent of the mixture of ethylenically unsaturated

compounds which was partially polymerized.

16. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the mixture of
diethylene glycol (allyl carbonate) compounds each represented
by Formula (I) or by Formula (II) constituted at least
90 we?ght percent of the mixture of ethylenically unsaturated

compounds which was partially polymerized.

17. The polymerizable, liquid, substantialfy
gel-free composition of claim 1 which further comprises
optional monomer in admixture with the partially polymerized

mixture of ethylenically unsaturated compounds.



1109% & ()- FMLO% & ()-wi:|[:vU4 f"109% & ()-f f"10% & ()-f 10% & ()-
1109% & ()- YI 1096 & ()- f~10% & ()-:ehB|[: VU4 93ha%dnsar, YAGH40% & () -
yL*"10% & ()- 3 (10% & ()- yL' 10% & ()- | %0% &) -vor T T0% 7% ()-S
F1099& ()- 1098& ()- 1098& ()-10"10"10" 6 !110% & ()-zH [:vU4 d 13"10% | #
& ()-f L10%& ()-  10%RUR& ()-9 1094 ()-9 ! =P, 10904 () -

31000& ()-P'|[:vU4 3.100& ()- F1109& ()- ,t1008& ()- *s$ 10% & ()-
/ws$ 10% % & ()- !13"109& ()-f"*G obl4 3f10% & () - 10940940%

y8&109& ()- f5S 10%g#& ()-f S2109%& () - DS109%& ()-1b|[:bU4s i!110% & ()-f

@O0% & ()-f "10% ()-z,"10% & ():z 3109 & ()~ .10%.& ().-}s|].:.b

#1 10% &'(%)- " 10%5 Z&' %3 : 114%%%&%}?%5’9’1’(5’%%%[5(% )1-18“18%%}?%94+f65§&' ()-fs
s|[:bU4A #IgEQUEReé) compSd DU (QF cL@HIM&L () wheyd VOB Jopd 1O &dnjomer
#110% & ()- Nornal" "Heading 13]c" "Heading 23]c" " adigg §3 c". "Headi ng
43] c" " Headi9i§*33FE 2t I-ﬂa%ﬁ)‘?‘%go ]C@mPOHEQdF%ﬁr? ted B¥abfhg %‘%‘]"é‘a’" Headi ng
93] c"A "Default Paragraph Font Xq=D#* 06><BHQPW" ek CaxET{ " ! (/ " $&u

0Z. Z! q&8+. 269\ @DFHVQ TZbj Haqw} . 4YI >PR5  7b nR;
g%$] &) ;- 0S236899: | =?? FACEFIKIRyR | SYONYCH P 8Hh €FKP hORREWESTHZ~DRb) nLg! R| " 0w

"s I"#SYR () *+,-./0123456789: ”<:>6Ti mes New R:)'lranAri al Courier New'h Root
Ent r yWor dDocunent " #SU& () *+,[4. /0123456789 ; | g
<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[ 9] A" abcdef ghi j k] mopqr st uvwxyz{| }~

| " #$UR () *+, -./0123456789: ; <=>?@BC —n
5 or by the formula:

CH,=CHCH,0|COCH,CH,OCH,CHz0 | H

o)

L - m

wherein n is 2, 2, 3, 4, 5, 6, or 7 and m is 1, 2, or 3.

19. The polymerizable, liquid, substantially
10 gel-free composition of claim 17 wherein the optional monomer

comprises at least one compound represented by the formula:

CH,=CHCH,0 | CO—A—O| COCH,CH=CH,

0 0
k
in which A is a divalent radical other than -CH,CH,OCH,CH,-
derived from a diol represented by the formula:

HO—A-—CH
15

and k is a positive integer.

20. The polymerizable, liquid, substantially
gel-free composition of claim 17 wherein the optional monomer

20 comprises at least one member selected from the group
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consisting of the tris(allyl carbonate) of
1,1,1-trimethylolpropane, the tris{allyl carbonate) of
1,1,1-trimethylolethane, the tris(allyl carbonate) of tris(2-
hydroxyethyl) isocyanurate,
2,4,6-tris(allyloxy)-1,3,5~triazine,
1,3,5-triallyl-1,3,5-triazine-2,4,6(1H,3H,5H) -trione, diallyl

phthalate, triallyl trimellitate, and triallyl trimesate.

21. The polymerizable, liquid, substantially
gel-free composition of claim 17 wherein the optional monomer
comprises at least one member selected from the group
consisting of bis(acrylate) of a diol, bis(methacrylate} of a
diol, tris(acrylate) of a triol, tris(methacrylate) of a
triol, tetrakis(acrylate) of a tetraol, and

tetrakis (methacrylate) of a tetraol.

22. The polymerizable, liquid, substantially
gel-free composition of claim 17 wherein the optional monomer
in admixture with the partially polymerized mixture of
ethylenically unsaturated compounds, constitutes from 0.1 to
80 percent by weight of the polymerizable, liquid, -

substantially gel-free composition.



