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PARTI ALLY PCLYMERI ZED M XTURE OF DI ETHYLENE GLYCOL (ALLYL CARBONATE
COVPOUNDS Bawkegr3agsmd of the | nvention 5 Di et hyiGHERFY

bi s(al lyl carbonate) nononer conpositions are polynerized using free
radical initiators to produce hard poI mers. Many of these polyners are
substantially transparent to visible i ght are substantially col orl ess,

have refractive indices Q‘[gﬁtr; kat%%ggﬁg%x% ﬁ ’E%g# 1':I,O 1.52, and possess a
Bar col hardness abo %3 nonomner
conpositions find u¥ﬁ:ﬁ$@ C%E%%r Il ’pa ogﬁﬁa@%ﬁ’itl ngs, optical

| enses, optical |ens blanks, and other optical elenents, and flat or curved
transparent sheets. Light transm ssjo haracteristics may be 15 altered by
i ncorporating dyes, |ight a%?&gﬁ%%%rﬁ?ﬂwents and the like, in

t he nonorser corrp05|t|mmthgimeegmpd:garmiszauyanpanbomedymds@nbhe pol ymer .

D et hyl ene col. al y arbonat e I.tlons have heretofore
been producga‘x% Slrt"elg%é |ar]1:§ We& 4é)ﬁén%1|€fe§| rﬁn&{’% pﬁf}%%’e%é’rﬁtm

t enper at ur eprbmiauehard)@ooayﬂeﬂoomw fodtr ohédee podymesspandi ng di chl or of or nat e
which is the Srtea:%l ¢te W'thg'a ntaté:% ol *n th presencest_ef ¢ 1ig}lrtable acid
acceptor, a§ Sxaml & y‘?’ I'ne, iy ?arl§ Shi NS sgpsLaptap i ne or

al kal i ne ealcbhomsal R uxi:cbent:.ﬁeei,ndﬁ.oes&ff eExampalmutUni 4 doStladgs Pat ent
US 2403113. er veI cohol n e rea ted t h phosgene
and thellguesu?%% ngagg Brero orma gg?ie?}}:r S taﬁmag teﬁ% 0l yc\c,)\’# in the
presence of taﬂsaalrleahmm seelgecrdnpme:ee:,omposltampfmd utileel SEat es Patent US
2370567. Th i £ <L V&L ( 0 noner
conposi ti on?%?’gﬂrsﬁg%a y'i:g%{jtll |tu% éé;: "Fégsolaoéglz%l’;qfﬁg%%y{%%glﬁ ycol

bi s(al |l yl casboikdesks, pad Qmemgptmmebwaml,oem ridlait ex] cwgpedduced

conpounds. Ip§h§y558£t sheets. Light transmission characteristics may be

15 altered by incorporating dyes, light absorbing compounds,
pigments, and the like, in the monomer composition before
polymerization, or by dying the polymer.

Diethylene glycol bis(allyl carbonate) monomer
compositions have heretbfore been produced by reacting

20 diethylene glycol with phosgene at temperatures between 0°C
and 20°C to form the corresponding dichloroformate which is
then reacted with allyl alcohol in the presence of a suitable
acid 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 alcochol can be reacted with phosgene and the resulting
chloroformate reacted with diethylene glycol in the presence
of an alkaline reagent; see, for example, United Stateg Patent
U8 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



-2- diethylene glycol bis(allyl carbonate) nononer conpositions therefore
usual |y conprise a m xture of diethylene glycol (allyl carbonate) conpounds
each repres Formula (I): [err] 5 Formul a
(I') or by F(;Rpéggg’g%l [):- [err] Formula (lI1) wherein nis aP%rO/lS’sIg?/IZ-GéZ
integer, mis a positive integer, and 10 wherein the (allyl carbonate)
conpound for which the value of nis lsconstitutes from82 to 95 area
percent of the m xture of diethylene glycol (allyl carbonate) conpounds. As
used herei n daBethylRnkh@ly¥doadl BBs (41191 &lrdohi€e )2 HBHELSy BXPSHTIBAs aS area
percent, of the diethg%sgg glycal (allyl carbonate) 15 conpounds having

di ffering vaPrGEREHE W YOEPERITHSRe M EHFYIPEpeiegniene s 1viogdi d

chr omat ogr apay 15 icAgbaih e S EsmPBRnls CSHHnDPESk e¥ehbPed YURSRRI140TPRX Sil col um
operated at a tenperature of approximately 15[ err]C, a refractive index
detector, and enpl oyi ng a nobille phase conposijti on of 40% net hyl ene

chi ori de/ 25%t hyl 20 cisLeich?§ festsytn Sciotu || Wt gat ur ated with

wat er/ 10% n- hexane, where thé rcent ages"are pr ésse s percent by

vol une. One probl em associ at ed Kﬁth t he pol ymarli zati on of the prior

di et hyl ene glycol bis(allyl cajBonate) nonomer 25 conpositions is the

rel atively high shrinkage of the nateri al Jdn

5 Formula (I)

or by Formula (II):

—~ -

CH,=CHCH,0 | COCH,CH,0CH,CH0 | H

o

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
& mobile phase composition of 40% methylene chloride/25%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



-3- which occurs during the course of polynerization to the final thernoset
pol ynmer. For exanple, there is a shrinkage of approximtely 13 percent

during the pol Wﬁl&%l on of diethylene glycol bis(allyl carlgaisginriz:
nmononer. Such high 5 shrinkages are particularly detrinmental in casting

operations such as those used to produce ophthal mc | enses and ophthal mc

| ens bl anks where the |iquid nononer conpasi-tion is introduced to a nold
and thereafter polynerized to the final thernoset polyner. 10

It is known thathishroatuagediringhehdolrs® )b eocl Riliaedt h itet tRsluGhRY a

| i quid prepol r.to the | d and thereafter pol ynerizing the prepolyner to
thg fi n2| Ito he?l%s?é‘t‘m’beéﬁ FReY eTrhe M oT SFBMHer & r"uéfaﬁ ?ﬁ%&aaee% bs Y
partially pol yrappirakivatehy i eebyéen@ueglxs @hebpsiydleyiattidnbepat e) 15
nonomer corrposi#1 Q _consu ' t he pol yneri zabl e et hyl enic

‘i a r.ton Qf
doubl e bonds. 1395%%11%9 %%qr{§%? F%&ty oﬁaﬁg’?nﬁ%’pﬁ’é’ﬂ?m%\/\ev?ﬁﬂ‘ abore nore
than a trivial swrdokdgesf ageldaationatguacrinehtll ihheadi@BobydmitiBRy be
i ntroduced to ts}&% r@; as aul idqu“'i d. Exanpl gls O{M,(L%nilt ed States patents which
20 discl ose pr&poryertoati Bisdoro HrefRGT (RBtH? BRI} PP © R e)
mononer conposilienenslapksotiexe phé Vidlqubd mcdlbolyt mpbeitie) i B0 Euced :

conposi tions ing S_4590248. _US 4623708, US 4686266, US 4742133, US
4959429, US 49%3’45?“%8“%%%6&%‘?& polymerizad G9s &S BN themosRkage i s

determ ned i n ®odpmetance with the foll owi ng equation: S =

100(Dlerr] - g err])/Dler rit is known that shrinkage in the wold may be
reduced by introducing a liquid prepolymer to the mold and
thereafter polymerizing the prepolymer to the final thermoset
polymer. The prépolymer is usually produced by partially
polymerizing the diethylene glycol bis(allyl carbonate)

15 monomer composition to 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
carbonate) monomer compositions or other polyol bis(allyl
carbonate) monomer compositions include US 4590248,

US 4623708, US 4686266, US 4742133, US 4959429, US 4959433,
and US 5017666.

sy e



5 where: S is the shrinkage expressed as percent, Dlerr] is the density of
the hard polynmer (i.e., the final polynerizate), and Derr] is the density
of the polynerizabl e conposition which 10 i's i ntrodyceds e nold
(i.e., the noWBA¥#3%nposition or the partially pol ynerized m)nogglrﬁr?rﬁ{I
conposition, as the case may be). Low shrinkage in the nold is favored by a
large utilization of polynerizable ethylgenic double bonds during 15 parti al
pol ymeri zation to produce the prepolymer which is introduced into the nold.
However, during the paglialsPRLYIES | 8089501 4 Becdhatbiyl gne gl ycol

bi s(al |yl carbonate) nononer conpositions, the viscosity iIncreases as

pol yneri zabl ecsprfanasi with feefobining remuabherred. For practical purposes
20 the viscosity cannot become so high that the resulting prepol ymer does
not flow reasonably readily into the nold. Viscosity of the prepolyner
therefore provides a practical | ofer ¥°#Pa-DPeld/Pshri nkage in the mold. 25
Descri pti op QfetBe I nvention It has now been found that a partially

pol ymeri zed m xture of diethylene glycol (allyl carbonate) conpounds at any
gi ven viscosity piBo¥f déde Fbywtkaghr erpeegeed st Bereditd if the mixture of

di ethyl ene glycol pfald yhe CaRQRG P choMRYdNgS1vr AL I edhcadpioportions -
of the diethylene glycol (a | “ carbonat e) conpound for which n is 1.

Al t hough the vi scosPelumexdratde pR@pol yners still provide practical |ower

-5- limts to shrippkagesiei denlshey B Ene SPHINMBE ALl E ddoriRWeEidd Whidn

10 is introduced to the mold (i.e., the monomer

4

composition or the partially polymerized monomer
composition, as the case may be).
Low shrinkage in the mold is favored by a large
utilization of polymerizable ethylenic double bonds during
15 partial polymerization to produce the prepolymer which is
introduced into the mold. However, during the partial
polymerization of the diethylene glycol bis(allyl carbonate)
monomer compositions, the viscosity increases as polymerizable
ethyleniq double bonds are consumed. For practical purposes
20 the viscosity cannot become so high that the resulting
prepolymer does not flow reasonably readily into the mold.
Viscosity of the prepolymer therefore provides a practical

lower limit to ghrinkage in the mold.

25 Description of the Invention
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



characteristic of conpositions of the present invention are |ess than those
of prior prepolynerized m xtures of diethylene glycol (allyl carbonate)
conmpounds whwolyshzsd7 hi gher s proportions of the diethyl enePgryswsiz7izal | yl
carbonate) conpound for which nis 1. Accordingly the invention is a

pol ymeri zable, liquid, substantially gel-free conposition conprising a
partially polymerized m xture of ethyFehitally unsaturated 10 conpounds
wherein: (a)_the m xture of ethxlenically unsat ur at ed. conpounds whi ch was
partially pot i SR FRIIRPRIRE ARt FPlf e BERIPAT N FRhe YRy chimits) | v
carbonate) cemg¥kBesi A3 of eunset RsbyE RPeNphabeht (@FdreibRrded a (1) or by
Formula I1: &err Fornmula (L1) ;in which nis a positive integer, mis a
positive int Yt thapdhnge: ik RFier MABREYTRNIZe! RixNthyes of BoRE@rneompound
for whi chftgglybhﬂlreamylrchs?&la@lensfd@umgm fwhoeh 3aat aiargexar eadp(eL )centh of the
m xture o i et ne glycol (a car bonat compounds; an t he

et hyl eni csdompééﬁgﬁ‘bs gFi Fm{ﬁea#ﬁﬁnet gycol ?%llyp}or’%‘mafsbl e, liquid,

subst anti al | yougpunlr 85 AP isoOn, IS at | east 3 percent. In nost but not

all instances, conpounds represented by Fornula (1) where . nis 1, 2, 3, 4,
5, 6, and 7 collecti v@l°§°§g’§i¥sr¥t'ilﬁt1€ﬁg 1oPetR 12 %8 Wit ZpRteent of the

m xture of dibhdig, essbstlayeidl Wyabe)d frear donpobedicD Fpapidsngl & many cases
partially polymerized mixture of ethylenically unsaturated
10 compounds wherein: (a) the mixture of ethylenically
ungaturated 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,

0

- ~Jn

15 Formula (I)

or by Formula II:
- -

CH,=CHCH,0|COCH,CH,0CH,CH20 | B

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



conpounds represented by Formula (1) where nis 1, 2, 3, 4, 5, 6, and 7
collectively constituted at | east 91 area percent of the m xture of

di et hyl ene q‘kéggg?&al | yl carbonate) 10 conpounds. Pr eferabllcs*?fsg%q nds
e

repr esent ed mula (1) where nis 1, 2, 3, 4, 5 6, an ctively
constituted at | east 96 area percent of the mxture of diet hyl ene gl ycol

(all'yl carbonate) conpounds. Cenerally ganmpounds represented by Fornmula (1)
for which nis greater than 7 collectively 15 constituted fromO to 5 area

percent of tdyRexddabee Of1:id thYA@%%aﬂéi)éQ.Q£/ ¢l eyte CREPODALIGH £OMPOUNdS.
O ten conpounds represented by Formula (1) for which nis greater than 7

col | ecti vel P dRRET CuPBECYI'om 0 to 2 area percent of the m xture of

di et hyl ene glycol (al hﬂ'md‘s%rﬂﬁﬂéﬁo%) atPNRRUASs, 20ompounds re rese'H&
di et hyl ene %ycol hi s aII car bonat e% corrpound represented by For mula (1)

for which n %% THE‘Gﬁs i %f P oifi 35 to 375%ar’ealpetteit COHLeChEvalYxt ure of

di et hyl eng glongeitytrll at 1R 08K b a COURAHAGSE thE I@ikthke GENSti tuted from 45
to 75 area percent of the _m xture of diethylene glycol (allyl 25 carbonate)

conpounds. FREATEPE0ITCUr dal b carbonate)r emprrads - WiBMasesss, conpounds

repr esent ed db}hpEQ{dHJEapfédehtw%ﬁ FvhSlal (1P, whakd B iesuald yscol | ectively
constituted fromQ, 01?:5) ar ea peégent of the mixture of di eth | ene gl ycol

30 (allyl cdrb8idt e LtbRPdTRYE. CBEELtRAY §t JSRBbuTd STPR REFSERE é’§ by For nul a

(1'1) where renesmixtuZe aﬂchlacﬁpiéﬁcbnyahy (80nA! chb@tbyom 0. 05 to 4 area
re_of -7- diethylene glycol (allyl carbonate)

t of th
23%3&0@ ﬁ@%n“’éfﬁpomrﬂﬂﬁé‘ﬁ? soﬁeWsr“r{}F%d If°’9m‘étae??1|s 1, 2, and

where n is 1, 2, 3, 4, 5, 6, and 7 collectively constituted at
least 96 area percent of the mixture of diethylene glycol
(allyl carbonate) compounds. Generally compounds represented
by Formula (I) for 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



collectively constituted fromO0.1 to 3 area percent of the m xture of

di et hyl ene glycol (allyl carbonate) conpounds. 5 Conpounds represented by
Formula (I1)WO®338Tch mis greater than 3 usually col | ect PFEVGSEARZL i t ut ed
fromO to 3 area percent of the m xture of diethylene glycol (allyl
carbonate) conpounds. Conpounds represegted by Formula (I11) for which the
value of mis greater than 3 often collectively 10 constituted fromO to

1.5 area per | xt f _di.eth col (allyl carbonate)
conpounds. Féggrr%}tﬁtg%é?ﬁ ré’g géelflggnfgil‘bsotr%%fe%%}ngl@i%‘%ﬁe g%%%% eni ¢ doubl e bond
utilization ofmpdvadporepresentdd &y Foxmuld, (Blbvherd malibyl gel, - nd e
conposition | . e Er ent t et hyl eni ¢ doubl e bond
utilization Fél#%t?%%if}%‘gg%)¥ 15%0?}1%%“ toégclltgo %e%%%ang%?&tfrgeﬁ%?%e et hyl eni c
doubl e bond uwixtureadf ohietbylend lgdycahdeldyl foagheatied ddmppendent. From 8 to

12 : her el . ) hvl eni
doubl ¢ bosd STRETEE Sihreetatafny bRk ), Bok Wbty B ghefedt TN Ty ©
gel - free conpban 3 sAudELY kelpertdealagwnetitured| fxpmiol abl%* agehyl eni ¢ doubl e
bonds of ' ; (o ) I T
onds o ”Dngg%en\ggbf Rl R QRSH B dié(}g??éﬂg ﬁgﬁé{}? (;nggfm c%é&fEEn?te*)e

et hyl eni c do nd utilization is erm ric titration as
fol ows. Onecompawngs. 2Toypaphds wepyeramted hhEormalredTID. WFOYhigtam i s added

to a 250- m i1t | e agkn @n 14500 Lk of chloroformis
added to di sls:% \#ealtg%eggsg‘ngggé{%\x%%ty m ?I ‘lgﬁtl%?lerg%hoéf&%{rgf.}é nol ar sol uti on of
i odi ne noMochPRAtiguted fxomt P ccwmdi-8 areagdefeeentTol theawkxturecapped and stored

in the dark épéttf}'i_@ng’%ll}%?g'e(ﬂlgr&ycﬂﬂohég%)t %ﬁ@p%cﬂ.l:ﬁ‘d&pb o JqUEOUS

sol ution of potassium’o Is“then a titration wth a standard
0.5 nornal se¥fa PrrAeRSs disf prefeyakat i on i s begun with vigorous

The ethylenic double bond utilization of the

polymerizable, liquid, substantially gel-free composition is

1s at least 3 percent. Frequently the ethylenic double bond
utilization is in the range of from 3 to 16 percent. Often
the ethylenic double bond utilization is in the range of from
6 to 14 percent. From 8 to 12 percent is preferred. As used
herein and in the claims, the ethylenic double bond

20 utilization of the polymerizable, liquid, substantially
gel-free composition is the percentage cof 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 vigorous



stirring. Titration is continued until the yell ow col or disappears. The
titration should be carried out slowy when approaching the endpoint to
avoid over-titration. A blank is also titrated in the same manner. | odine
val ue, whet h&yoophss? the partially polynerized nononer or afcriusesirmati al
nononmer whi ch has not been partially polymnerized, is calculated as follows:
| = (T[err] - Tlerr]) (N (12.692)/W. 10 where: | is the iodine value
expressed as grans of I[err] per 100 gréarms of sanple; T[err] is the titer
of the blank expressed as mlliliters of the sodiumthiosulfate solution,
15 T[ &EL¥ring .t hBigtatdpnois tdeattruedl enteidpitbe serdllaw edldri | iters of t he

sodi um t hi O%'ﬂ!k%gééré(ﬂ U’}ﬂeOQn.t lﬁ'ljgt Qﬁoxﬁl(&r ggléa&¥'lgéd}lﬂ S§ Iﬁm&%l osul fate

sol ution; and Is the mass o sanpl e expresse
et hyl eni ¢ déEpreadddng the lendpeimnn tpsavidcavert-¢d tuat oyl | okvsblabk:tﬂoo (I[err]

~Jterr]) / bhgsrdiepheedinchs LR meremfo%eulblé SO Gndihley! g2l on

expressed as percent; err|] ist Ine value of the initial
mononer i Ghemtﬂéi-lbé@imaﬂﬂeél monamsicy e rdfz she cinpitdst awpngseyr ans  of

I[err] per ;ﬁﬂcxgrragsnaé b%aﬂ%gmawylg ?\En]zriz%dt hes | 2908 R gg of the

partially polynerized 3 nmohomer expressed as grans of I[err] per
100 grams ofokeHA:e.

I = (T - Ts) (N)(12.692) /W
.10 where:
I is the iodine value expressed as grams of I, per
100 grams of sample;
Ty is the titer of the blank expressed as milliliters of
the sodium thiosulfate solution;
15 T, is the titer of the sample expressed as milliliters of
the sodium thiosulfate solution;
N is the normality of the sodium thiosulfate solution;
and
W is the mass of the sample expressed in grams.
20 The ethylenic double bond utilization is calculated as
follows:
U = 100(I; - I,)/%;
where:
U is the ethylenic double bond utilization expressed 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¢) grams of

sample.



The m xture of diethylene glycol (allyl carbonate) conpounds each
represented by Fornmula (1) or by Fornmula (Il1), may have constituted all of
the m xture oVO&¥##%eni cal |y unsaturated conpounds present PETPHE2A2%t ure
which was s partially polynerized, or at |east one optional ethylenically
unsat urated 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 unsat ur atred GorRAENds it Hvishe! SPr, rmula (1)
or by Formula (I11). The 10 optional eet §I eni g%ﬁy Jﬁﬁ%?ﬁfﬁg é%r)rpound may

have been an BYHYRAF §hshyEePRAsented Iy Farmdau(Bl e bynfmumdactIit may have
been an opti opa} HAREOGSTNEL eRi&Rlahy HSRALUL &Qecm%ugﬂeni\éétigsétm or rmore

optional ethylenically unsaturated conpounds were present, y were
optional pol yeRsaAuEAredh dofrawRin aressd 18 Wenpixiies, wbinh onal
monoet hyl ei Cadile at Dy PhRE L LOMBAURISea X e MiptlidhEl Oéchgfgsnn%aéﬁgr €

opti onal polyethylenically unsaturated conpounds and one pti onal
nonoet hyl eni cEPFaFuER%ed FERPRIE BAY ARFEs has eph aeregent uc Rsopeédnal

pol yet hyl eni cadded n2BndiRsAEHE 6éﬁqm§9rﬂ3gsu§!&§alwakﬁyme91%£ﬁ3?'xﬁq a%tggve been

present in the m xture which has been partially polynerize e one or
more di ol bi sEAMPPIC HAFHHA ) tEBhRId LY clehtYRRSeds eomrsngywiFehniea (111):
25 not] @eprededit@ll By (Fokimia (17 4P 1 b&n&Mth?'Iﬂ J spRe di val ent
radi cal (other than -CHerr]CH err]OCHBerr (Y,I—l[err]-)
10 optional ethylenically unsaturated compourid may have been an . '
optional polyethylenically unsaturated compound or it may have
been an optional monoethylenically unsaturated compound. When
two or more optiocnal ethylenically unsaturated compounds were
present, they were optional polyethylenically unsaturated
15 compounds, optional monoethylenically unsaturated compounds,
or a mixture of one 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
one or more diol bis(allyl carbonate) compounds each

represented by Formula (III):

CH,==CHCH,0 | CO—A—0| COCH,CH=CH,

o o)

k
25

Formula (III)



derived froma diol represented by Fornula (1V): HO-A-OH Fornula (1V) 5
and k is a positive integer. The divalent radical A may be aliphatic,

aromati c, orwgggmpdvse both aliphatic and aromati c porti onSpcRYSBEPHES
i ncl ude al kanediyl” 'groups containing fromz2 to 10 carbon atons such as

1, 2-et hanedi yl, 1, 3-propanediyl, 2,2-dinethyl-1,3-propanediyl,
1-nmethyl -1, 2-ethanediyl, 10 1, 4-butanett y¥l, 1-ethyl-1, 2-ethanediyl,

1, 5-pentanedi yl, 1, 6-hexanediyl, 2-ethyl-1, 6-hexanediyl, 1, 8-octanediyl,
and 1, 10- decaneshizh. ARy tshaiverentprani dancloteratian eop,cajdm,cp-pups such as

i %[Zgﬂ-l]ZOCH[ g%ﬁﬁr% gﬁ{ﬂ?g ]dgilg{er %‘%ﬁ%@%ﬂ%ie%&% Eaheaggl yet her groups

15 such as -CH err]CH err]OCH err]CH err]OCCH err]CH err]-, and

-CH err]CHerr]CH err]OCH err] CH er BPCHerPEoCcH err]CH err]CH err]-.  Yet
ot her exanpl es include al kyl ene carbonate oups such as
-CH[err]CI—|[err]OC(O)OCI—|[err]CI—|[err]F9r'5 é?{( | ene et her carbonate groups

such as - GH ena]HsearjdSEtlies rineher 1 | 06¢ Qivabet th@if«r »] may Hexanpl es of
(iygl 831:: gﬂgilﬁlﬁé%{%%f ggf’"@bg‘g'loﬁ%iﬁéﬁ%%g egigﬁg’%g;%: P LERBRINGI . Exanpl es
of aromatic gbotixmsi. nCExaiPlés Inehedy |Arenediyl]lgroypaeaytaiaindcaopl es of
g ours £ STk PR AL PR s 3BTRS A | 007 A,
met hyl ene- di QQZQﬂWhyime;pfepmthBt hyhettgnel (i -ethdnedignyl ene,
I ot hy1 ety T SOREBPEESG. i SHVAr b SEOAReL Lonk|s Pgpraneaivi.
1- net hyl pr opytl 6 deneanedivl, 12 péhiyll- & e hexanediyl, 1,8-octanediyl, and
1-met hyl et hylli, ?@-r@lyaﬁégfm t hé@ftﬁe%‘é%&%ﬂ§ qul’:lude alkylene ether
groups such as ~-CH;OCH,-, -CHyCH,CH,0CH,CH,CH,- and
-CH,OCH,CH,-. Other examples include alkylene polyether groups
15 such as -CH,CH,0CH,CH,OCH,CH,-, and
~CH,CH,CH,0CH,CH,CH,0CH,CH,CH,-. Yet other examples include
alkylene carbonate groups such as -CH,CH,0C{0)OCH,CH,~ and
alkylene ether carbonate groups such as
-CH,CH,0CH,CH,0C (0) OCH,CH,-. Examples of cycloaliphatic groups
20 include 1,3-cyclopentanediyl, 1, 3-cyclohexénediyl,
1,4-cyclohexanediyl, and 1,5-cyclooctanediyl. Examples of
aromatic groups include 1,3-phenylene and 1,4-phenylene.
Examples of groups containing both aliphatic and aromatic
portions include 2-methyl-1l,4-phenylene,
25 2,6-&imethyl-1,4-phenylene,
methylene-di-4, 1-phenylene,
l-methylethylidene-di-4, 1-phenylene,
l-methylethylidenebis[2, 6-dibromo-4, 1-phenylene],
1-methylethylidenebis [2,6-dichloro-4,1-phenylene],
30 l-methylpropylidene-di-4,1-phenylene,
l-methylethylidenebis (2-methyl-4, 1-phenylene],



- 11 - 1, 2-ethanediyl -di -4, 1- phenyl ene, nethyl ene-di -2, 1- phenyl ene
1-met hyl et hylidenebis [2- (1l-nethylethyl) -4, 1-phenyl ene]

- phenyl enebi Fﬁgﬁgthylethylidene-4,1 - phenyl ene], 5 1, 4-% eny?%ﬂ%%is
[ 1- ret hyl et hyl i dene-4, 1-phenyl ene, sulfonyl-di-4, 1-phenylene,

cycl ohexyl i dene-di - 4, 1- phenyl ene,

et hyl i dene-di -4, 1- phenyl ene, 10 propylidene-di-4, 1-phenyl ene,

1- et hyl pr opyi ji2detgartldi4l 1dphgny bRésyr1ehe4- cycl ohexanedi yl - di - 4, 1- phenyl ene,

1, 3-cycl ohexaned| yl - dj - 4, 1- phenyl ene, 1, 2-cycl ohexanedi yl -di -4, 1- phenyl ene,
Ryhéne-dlizh athenvie

and 15

t hi

dge

whi ch Kk is or-ertRylddlanidetenisavel - enyDédsants jiprenylengipunt s.

opt i onal
pr esent

poly(al |y} cardphehydenzbi® O1HidtheDeilnilabagetahieghemylanse (al |yl

gr oups.

po
in

Exa

1,1, 1-trine
1,1, 1- tri metdpdlohekyiadank CGAS 41, 19pRe¢hB208] , and 25 the tris(allyl

carbonate) of tris(2-hydroxyerhyl)isocyanurate [ CAS 27063-69-0]. O her
optional et h’y‘lpé‘ﬁf‘éfg‘?%?’k)’\i&ﬁ%%‘%/iﬁlégeij"é‘%?ﬁ%g?fh%s whi ch may have been present
t he m xtur e adhychidems -gias|i-aHenybete,neri zed i ncl ude conmpounds which are

(e RRRETI A LT RaeY b 4PETaTe ) WP AERTad | ncl ude pol yol

car bonat e)

l.es include_the tris(allyl carbonate) of
3591 fb e [RIREYSEB86-57-4], the tris(allyl carbonat

devoi d of (all

groups.

10

1is

20

25

30

1-ethylpropylidene-di-4,1-phenylene,
1,4-cyclohexanediyl-di-4, 1-phenylene,
1,3-cyclohexanediyl-di-4, 1-phenylene,

1, 2~cyclohexanediyl-di-4,1-phenylene, and
thio-di-4,l1-phenylene.

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

Other optional polyethylenically unsaturated
compounds which may have been present in the mixture which was
partially polymerized include polyol poly(allyl carbonate)
compounds containing three or more (allyl carbonate) groups.
Exawples 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
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
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),

1- phenyl-et hyl i dene-di - 4, 1- phenyl ene,

O her
en

e) of

¥ ly k is 1, 2, 3, 4, or 5. Conpounds for

in

pro\éllflg,geneg%gp?’rl@}p@eng{é)ryéa‘s but do contain a plurality of allyl



Exanpl es include 2,4,6-tris(allyloxy)-1,3,5-triazine [CAS 101-37-1], -
12 - 1, 3, 5-triallyl-1, 3, 5-triazine-2, 4,6 (1H 3H, 5H) -trione [CAS
1025- 15- 6] , Whabhagks phthal ate [ CAS 131-17-9], triallyl tri petkdsarmez [ CAS
2694-54-4], and triallyl trinmesate [CAS 17832 16-5]. 5

Pol yneri zabl e polyethylenically unsaturated conpounds which do not contain
allyl groups nay optionally have been-pitzsent in the m xture which was
partially polynerized. These include the bis(acryl ates) and

bi s(met hacr yla? gs)traflllylolis 3, SHteriaring-Rcry b RibSH, SHidtidone i s( et hacryl at es)

of 111015, adhd Neket s T Shegr oL flabd |aly 241 86T5) haskud es) o

tetraol s. es of “sul'ta I ncl ude
HOCH err] CH Grir]\mﬂpem] TAser63094anll, tad urielldyl epriseeateed by Formul a

(1v). Exanpl Ei?AQf g@lsﬁ triols include 1,1, 1-trinethyl ol propane,
1, 2, 3-propanetr JI tri's(2- 25 hydroxyet hyI)lsocyanurate Exanpl es of

suitable tsetraols i ncIm:lle'mpemazileyphl}fmvlmaélytxmsatwta,teldn nost i nstances
the m xture Z ’q_! Y y. ch

r epr esent ed orml% ngﬁ{% Q%rﬁﬁéy églr:% ai?ﬂ)%}ggﬁstl %Qél east 60
percent by wéagﬂtbet?h Poegang én Hyeemixtudey whinhawas enasulebhpounds present in
the m xture ar, I Nl h xture of

di et hyl ene gpg ﬁ\th%@??p car%o%hacﬁg)hgcor?pégg( s% sﬁe%rrl&ensent ed by Formul a
(1) or by Fobhalwetharyylates)ietitddalat qhea§¥ls7(5<:p:e¥a:c@ﬁi #d wei ght of the

et hyl eni cgl | zryglé&ttusé}mt%é) COHTROUDAS, RhESER! té@r%lg (aaeshlaeeswgmah was
partially polynerized. At |east 90 percent by wei ght
tetrakis (methacrylates) of tetraols. Examples of suitable

diols include HOCH,CH,OCH,CH,OH and the diols represented by
Formula (IV). Examples of suitable triols include
1,1,1-trimethylolpropane, 1,2,3-propanetriol, and tris(2-
15 hydroxyethyl)isocyanurate. Examples of suitable tetraols
include pentaerythritol and erythritol.
In most instances the mixture of diethylene glycol
{(2llyl carbonate) compounds each represented by Formula (I) or
by Formula (II) constituted at least 60 percent by weight of
20 the ethylenically unsaturated compounds present in the mixture
which was partially polymerized. Often the mixture of
diethylene glycol {allyl carbonate) compounds each represented
by Formula (I) or by Formula (II) constituted at least
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 ethylenically
unsaturated compounds which was partially polymerized, they

usually constituted from 0.1 to 40 percent by weight of the



preferred. Substantially 100 percent by weight is within contenplation.
When one or nore optional ethylenically unsaturated 30 conpounds were al so
present in tweoewsissure of ethylenically unsaturated conpourf@g/ushdasizzwas
partially polynerized, they usually constituted fromO0.1 to 40 percent by
wei ght of the -13 - ethylenically unsaturated conpounds present in the
m xture. Frequently the optional ethylehically unsaturated conpounds
constituted from 3 to 10 percent hy weight of the et hi‘/l eni cal |y unsat urated

conpounds pr 8ERkenifathe upsatiraked” GRRRONNAS PISEPRE a1 VPBol yneri zed. The

m xture of dingktudeenergdgneat1y albeybpe€inaanatig)leaneamyndssaacacéepr esent ed

by Formul a (Ié@;)rung% Forrmla%llf) in_which nis a&gsitive integer, mis a

posi tive i nt EFECWRERCMESGREIh R Y 481 PREERY| P ¥PBgacE) P % mpound for

whi ch thef lg_etiﬁ}lelﬁieélnlr hﬁsitwﬁﬁﬂ:&l | a: écuimn&écma)e%ént mﬂigermtnei cent of trd1e

m xture o i et ene /C a carponat e) compounds, may be prepare

by reacting W%ﬁq{yﬁén%gﬁylﬁg&(pﬁlﬁﬁ?ﬁ ‘ormate wWith a mxture of allyl

al cohol and di et hyl enert#l wEotuden of h@igphgsens l9ptoR @UlyRMebasdtd)acceptor,

as for exanple, is yéai.cg{ ne, a ter&i ar§ am ne,, or an al kaline or, al kaline
e

earth metal RYTRBEL TRREGRANERASBhTEATRH (£ 9% &FYaFer®hiay (TR ght
solution of sadMithhydioXd gesiviveaisteds, {heisal fofitGept Mtegdr swagt anti al |y

ot o kI PR 300 b P SRl DF eger s, e
| east suffoi cvrahie o hebacth wbhidtizubss afxomabs yecahb afes perchinet bflwdee gl ycol
bi schl or of Orxrr]\%gteﬁreAgfi icel;:gfaifgnei r%l%le réﬁi{i’l Ogarkggate) compounds, may

be prepared by reacting diethylene glycol bischloroformate

with a mixture of allyl alcohol and diethylene glycol in the

pregence of a suitable acid acceptor, as for example,

15 pyridine, a tertiary amine, or an alkaline or alkaline earth
wmetal hydroxide. It is often convenient to use a 50% by
weight solution of sodium hydroxide in water as the acid
acceptor, A substantially inert, water insocluble organic
diluent may optionally be used also. The combined amounts of

20 allyl alcohol and diethylene glycol employed are at least
sufficient to react with substantially all of the diethylene
glycol bischloroformate. An increase in the ratio of the
number of moles of diethylene glycol to the number of moles of
diethylene glycol bischloroformate results in a decrease in

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



nunber of noles of diethylene glycol to the nunber of noles of diethylene
gl ycol bischloroformate results in a decrease in 25 the area percent of

di et hyl ene gl ycol (allyl carbonate) conpound represented b (1) in
which nis %W 3?’65%’ with a corresponding increase in the a¥g£/a|%6e§?(l§%%t of

conpounds represented by Formula (1) in which nis greater than 1. The
rati o of the nunber of noles of diethyl gpe.glycol to the 30 nunber of noles
of diethylene glycol bischloroformate is generally within the range of from

0.05;1 to 0. @idehytReDgsred1S naddd aleQihat el Caiid BEGHONadEdi UM CONt ai ni ng
the - 14 - diethylene glycol bischloroformate, allyl alcohol, and
di et hyl ene gld}eBrYlengi styeol evhible esbernng ic9oHPgl e RHPAied dér oFdeXont r ol

the reacti on theBRAHA UERe GEEIoWiteRbErdthif el 30ERN O dHiAMRL dafgeder 11 C. 5
After substantially all of the chloroformate groups are react eg, removal of

t he aqueous RIS tof 22 preferred. If desired, the organic phase may be

washed witi water in Ofpgedr Eﬁbé&{fﬁ\iﬁliaf%rlgasf GhRY clpY 26 fia ted §otgRCUUM
stripped to renove water, solvent, and other volatile 10 materials. The

m xture of ePRFl EFATERY yrerYatl Phattds eaipsyEnelase 28 I19f8PRg the mi xture of

di et hyl ene glpyegérded.| yir REDPER! @heC BOShA¥aVindlg R WaMheTRUEH Oof n = 1
material) may be partially polynerized bl ending the m xture with a 15

. Y,
hi gh- t enper a8F&% P&t G%feR §onFEPAfO ARIRIAHEAPY TRFCARE | BRASHRSH Rt ure to a

tenperature istripsed @80ferivel 128 G0E61VdrE,t Bnd DRheF NMoTatpref erably while
sparging with nitrqogen or other non-reactive gas, to forma m xture having

an i ncreaé‘bd"?ﬁfﬁ'arl] C viscosity in

The mixture of ethylenically unsaturated compounds

(including the mixture 6f diethylene glycol (allyl carbonate)
compounds having a low amount of n = 1 material) may be
partially polymerized by blending the mixture with a

15 high-temperature peroxide  initiator and heating the blended
mixture to a temperature in the range of from 80°C to 150°C,
preferably while sparging with nitrogen or other non-reactive
gas, to form a mixture having an increased 25°C viscosity in
the range of from 25 to 10,000 centipoises (cps) and an

20 ethylenic double bond utilization of at least 3 percent. The
reaction mixture is then cooled to ambient temperature.
During the cool-down, the viscosity of the reaction mixture
increases a small amount, the magnitude of which depends upon
the reactivities of the initiator 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

00-tert-butyl 0-(2-ethylhexyl) peroxycarbonate



the range of from25 to 10,000 centipoises (cps) and an 20 et hyl enic double
bond utilization of at |least 3 percent. The reaction mxture is then cool ed
to anbi ent tWRPIPUre. During the cool -down, the viscosit PIFUPHE3%act i on
m xture increases a snmall anmount, the magni tude of which depends upon the
reactivities of the initiator and ethyl epically 25 unsaturated conpounds,
the initial and final tenperatures, and the cooling rate. The prepol yner

product is sybsd yalhaliy. .St Orﬁﬁﬁ:h%fn‘a?ﬁﬁﬁﬂ:ogﬁh\%r%ﬁ?;ﬂé Lgt&fperatures.
nc

The high-tenperature peroxide initrator 1s one |ons effectively
at t enper at uFESHEFYabutEpeToRY [ idoPF ePY iverbod-eal GASEART25@THEI i ti at or s,

but the preferred init 2z X
peroxycanonat e - T&E Q?%EA% %Q %géﬂ fgﬁ'%giﬂi 5%hgr?£t‘{1)ﬁélttg?a %:%Chmh ch may be

used is tertPﬁ?Wqu‘H@r BRyt4s0 9F optty lead bablat unpOA8a28R2e@ipdtihds The
anount of shi ghy tvapenaddine I&J&ﬁ&%hé/\’%%t}nt Sofphﬁgr?rﬁembgféél}% m xture of

ethyl enical ly unsaturated conpounds may vary w ?y t he anopunt
of hi gh- tenpé?h‘i’ti‘t“@rl Wﬁﬁﬂ?érlﬁ'erﬁﬁpmy‘e‘d t|°sz$<PQ)ma¥98th 4500i ot peof

initiator pepiiiidn pErdALES n wei t e anount
enpl oyed is fronai 259t o] 1200mi)}g°r“{$g gglwr?ll ?{gt orﬁgé‘;er@ﬁ?'qlp'g% Ap%’r“%‘p

nononer, by FEPRED I FReRs2 68RB0H Rarsspef WFMW lpex by lidioght |s
preferred. Eaﬁa 38 thénck@D, PSY LieiBRE . MirrbhOf 186 864 GleekSp&oRATLAL Y

preferred. As ymeri zation progresses, initiator concen ¥Fation usual | y
decr easest? Ih’ér”f?ﬁgmza’rs Raafermss oFFQmhi25i e ROOJRAF YRy Des| WiAdkionaby on ar e

cont enpl at edweibht b Xddpeeifilye m@ﬂéaal | Xs b3 ghiik AL84 ﬁ%ﬂ%;i@gé &0
(including the, m xture of di et%J | ene co'ii ?&‘ caar Bonate o8
initiator concentratlon usual y decreases. Incremental

additions of initiator during polymerization are contemplated.
The mixture of ethylenically unsaturated compounds

15 (including the mixture of diethylene glycol (allyl carbonate)
compounds having a low amount of n = 1 material) may also be
partially polymerized by contacting the mixture with molecular
oxygen to increase the hydroperoxide content and then heating
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 liguid 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.



conmpounds having a |l ow ambunt of n = 1 material) may al so be partially
pol yneri zed by contacting the m xture with nol ecul ar oxygen to increase the

hydr oper oxi dgoeesdsgnt and then heating the m xture to formp&RBsesnT122

pol ynmeri zable, liquid, substantially 20 gel-free, partially polynerized
conposition. The principles of this nmethod are disclosed in United States
Patent US 4742133, the disclosure of whisch is, inits entirety,

i ncorporated herein by reference. In general, the liquid m xture of

et hyl eni cal | y unsat ur &hedl bprigouninisiviesof anthgtéwicca2 3y widaltupadercul ar oxygen
at a tenper Sud S t.63[err].Ct roduce .a |iguid

i nt er nedi at Zéaét%rrpossl ?:{a B)ngﬁaé\ﬂnﬁggg?]d iwﬁ(nge%Jslg ugvgroécﬁg?%ﬁydégt 8ft, usually
of at |east HsonixB0& partentper witH aonatmospeeghtof( idahtidig | i quid

i nt er medi at MRosd | ereafter. maintained at_a tenperature of at 30
| east about % to p#&%gcéé&#?g ?)%%y%rr‘g)rtf‘?éeolo ,m%eﬁh‘?a’,‘ BYESP S 8PFy

gel -free EomMpupPre grpn-reactidre gddms hngid dhel désiredoineidagbériezal | y

unsat ur at ed gpw_. 12:] t | ecul ar _oxygen by agitating
the mxture in tontact WX‘E‘E&é‘%Q“g’% %n%sg eir/ge‘}e%fn& S iag#gt’p‘iﬁ ol ecul ar
oxygen or a pHefer¥ed.of Such emitariex ygerbeapaovirizdbprpaudiles non- r eact i ve

gases until Jie-des! kalebnCLRANEY dieUtheOLsfYLoREL O de cONtent s

achi eved. Vigorous agitatio preferred agl tati-on may be provided
by paddl es, stirrers, Presenadlypuhss ligridominruxei pf | sthydeniaaddy Preferably,

the Iiquhgl nikabisdla BhihdeALCH 'c‘én&Qcéé'&S@:f.% HoTLAIPYAGG, 1§ contact ed

wi th nol ecul ar _oxygen by b I ng conmercl a pure nol e ar 3xygen or a
m xture of rPRLiNG COFRGEYERIANPWeemoteqrdae oxigencaxta wéxgasestt hr ough

molecular oxygen and one or more non-reactive gases through
the mixture until the desired increased level of hydroperoxide
content is achieved.

15 The agitation of the 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,
xenon, nitrogen, 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 m xture until the desired increased | evel of hydroperoxide content is
achi eved. 15 The agitation of the reaction m xture provided by
the rising bWBEPE®ET s often sufficient, but it is preferregc%?sggﬁﬂpﬁy

addi tional agitation such as that provided by any of the devices described
in the second previous paragraph. The npLecul ar oxygen enpl oyed nmay be
substantially 20 pure or it nmay be in adm xture wth one or nore

non-r eact i Ve y3ases arE¥ i SofttedtORs! £AGLILLE ARRRS 7S %fr_cgﬁé’xgﬁ used as
di l uents include helium™ neon, argon, krypton, xenon, nitrogén, carbon

di oxi de, or &°MReure of two or nore thereof. Mst often the nonomer
conposition is cont aCt@ﬁe‘@eﬁnBe?a'i:u‘:}Q@@rvﬂi%'&’rheo bRu@Reygen, air, or a

m xture thereof. In order that the increased hydroperoxide content of the
liquid inter REAYEEREL@ARY JNSEEBYRLREy corpaunds| Hreonhaetedens®habl y short tine,

the nol ecul AmcAXYSHRR- BRGEN 0t 1REs03SREOKMY, | BLAIGINEASt W th the
nmonomer conposition usually 30 contains at |east about “10 percent nol ecul ar

cxygen by vol'SRReratnrfehs iFaske nangenef drarmagbayey et ¢ontkaut of the gas is

at | east aboulo28, PEnCRRMy RYsYS|aCLedth oAb % 1hChe rARIETE BForPXYOEN
content is at |east about 75 percent by volunme. The tenperature at which

the mixture &P°BEBA°EnFe AYPE IROSCUr Rxaferahbio thastemperaturectisdimi th 5

ol ecul ar OX\@@Nrdryedbs| Bt a8RAUL 0680 Go M@ hYobHe tenperature is in the
range of from about 65[err]C to about 130[err]C. In many cases the

temperatut® is in the Grdprrareshiasonteny ofr pixtuxe about 120[err]C.
Preferably tRkenytsmieeadiynishutdtelingonpddds OfinfteofeAReEt mdddeer ] C to about

110[err] C. Cex
compositions, and prepolymer-containing compositions may be

ascertained according to the following procedure: Ten

milliliters of sample weighed to the nearest 0.01 gram is

15 added to a 250- milliliter iodine flask. Twenty milliliters
of 1:1 (v/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,)



10 The hydroperoxi de content of m xture of ethylenically
unsat ur ated conpounds, internedi ate nononer conpositions, and

pr epol yner - cyblogysizgNg conposi tions nmay be ascertai ned accop@i/ispsknz he
followi ng procedure: Ten mlliliters of sanple weighed to the nearest 0.01
gramis 15 added to a 250- mlliliter iodine flask. Twenty mlliliters of
1:1 (v/v) chloroformand gl acial acett@8aeid mxture is added to dissolve
the sanple, followed by small pieces of solid carbon dioxide. As soon as

subst anti al Ilgelamh-lbiort peres|bydweitghtort déamplde (piivg appewmcertaingd | iliters of
saturated 20g ion is added and the flask is capped and
stored in th for %8%#%3?§%ﬂﬁfty milliliters of distilled water is

t hen added and t| tration with standard sodi umthiosul fate sol ution (about

0.01 N) is begun with constarg _St4rrif color of the liquid has
become a 25 pale yellow, one m}( |I|t"gr( X\? gmtarch solution is added

and the tPtration is continued until the color changes fromblue to
colorless. Agldank is also titrated in the same manner. The parts by wei ght
of peroxide (calculated as Herr](Jerr]) - 18 - per mllion parts by

wei ght of sanpl e § gfnfhe Peastide aporyt ckpoerasieas aibmoli®ag fornula: P =

T[err] - T[err 7 S £Xpressed as
épEn H ]err] C{err} T, (oiger‘:gh]L ?%}e%%rg m@ét hgké%ﬁ%gg%e%%%gg%e S

mililiters of the°§oth Frakmsshipsiiats| geusdon, 10 _ Tb is the titer of
the blanky expresgets aneMNiiddd bf e Bladdle «spelidbant {i Qb { Al gobption,

the sodium thiosulfate solution,

N is the normality of the sodium thiosulfate solution,
and

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 molecular 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 of
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.



Nis the normality of the sodiumthiosul fate solution, and Wis the mass of
the sanpl e expressed in granms. 15 Al though the peroxide content is

cal cul at ed a¥OPPRB] gerr], for purposes of the present spBEFFFEA7123n and
claims, this value is taken as the hydroperoxi de content. The hydroperoxide
content of the internedi ate corrpositi_og after being contacted with

nol ecul ar oxygen may 20 vary widely, b £ Usual | y the hydroperoxi de content

is at | east about 300 Bgrgntcxdg ari | othoe.kggjrgrﬁeroxi de coptent is in the
range of from about 300°t& &BRGT BE0GCTRTRL Tt RV AE MY ABPRISREIR cont ent
i's in the railgeayfbd mgitatslivhdbd ittoiabelint200R ppnthPrrafperdduret he

hydr oper oxi de t s in the .rapge .of fr bout 500 1o gbout 800
ppm The ten%es(r%g? %%g 22 \S'S\lni (?%gffﬁxéa%llm glgené"&tgf"éeo({(%ﬁﬁo%?ws}iq%n i nt ai ned to
produce t he gpagdedtwitd aiticgestonlvther SmreadtiveOyds ko hy ldwstt enperat ure

Is in the.r . 80JerclC .t S50[.err] C. I n,.pany .cases .the

tenperat ure 78 ﬁ%’t‘t%ﬂa% t?lén%gék%fm%?a %rﬁ’?%ﬁfe?orﬂpesf‘ gf‘?f}zld‘[se??’jrtf r‘)‘E’F.‘éferabl y

t he t enper atalr ¢hestemperhtureadgecmibeflr gmve) 8p errddGeé cclikl PredudtC. - 19 -

The intermed] I 1] 8 i ui_e nt_ar. it nmay be agitated .
while it is%rr%tcﬁt g?@%ﬁa%o@%g"?%na&ggg?ﬂr% ?czlgg:s?s?gblaeﬁ%ve. Preferably the

i nt er nedi at eceampepd®dEi.on is sparged with nitrogen or other nonreactive gas

mai ntai ned at t he Comiatit ors Wb, FREEHSas BT HLY SRR keOluct whi o
i s then édolnxesent din shedalomevidabile, ahiguédt subspantialiy. 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 nomposition 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) whereinn ig 1, 2, 3, 4, §, 6, or
7. Other examples include one or more compounds represented
by Formula (II) where m is 1, 2, or 3., Yet other examples of
such optional monomer include the optional ethylenically
unsaturated cowmpounds 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 wmixture 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



There are many materials which may optionally be 10 present in the
pol ymeri zabl e, liquid, substantially gel-free conposition of the invention

i n adm Xt ur gu¥bdilsdsne partially polymerized mxture of et hpdiaiyogetisy
unsat urat ed conpounds. Mnoner nmay optionally be present in the

pol yneri zabl e, liquid, substantially gel-free conposition of 15 the
I nvention in adm xture with the parti-akby- pol yneri zed m xture of
et hyl eni cal |y unsaturated conpounds. The optional nononer nay be one
et hyl eni cal Iysumaawparedammypmmtoof iwaermglmrazaﬁw, ulsyudfl, et hyl enical ly
unsaturated ¢ es of opfi.ona ri]cl ude one or nore
%S

conpounds qur%gppar‘%{:sen%%og%m%ﬁg?rrcfﬂmgo%):’rt)m\ﬁ’here|n pexe egt X 5, 6, or
7. O her exargipbs impreflermede or nore corrpounds represent ed by Formula (I1)

where mis 1, 2, or 3 Yq:t Sthe m%ﬁ%%, t:.on Eg%\,ﬁq ggn%l Qrrer i ncl ude

the optional et hyI eni ca‘f‘?y unsat urat rrpoun 1156 present I n
t he m xt us e pplly@érigtabjeeriicmily subsbantrizaiéy Mmmd&mmmhoﬂnm been

partially p scri bed above. \When present, the optional
nononer in ac?i %Jlf%g\?\n %%eq}%he partially polynerized m xture of

et hyl eni cal | y unsat ur Byesl agenpprivads] nateaials cbasinayube presemn @hént o 80
percent by &h&r smEQS’ ROL¥NES né*h%a%e“ I %é‘és%a O substantially gel-free
I N~ adm X

conposi tion. I onal " nono th the partially
pol ynerized m xtur e oFuxtthey| em@lelsyommaimaelt watadape whads, maf ben

constitutgs Jrregigﬁqur gl&ﬁ’e “smal? aﬁnﬁﬁuf]i {%neQXzé{Eo%h{lnﬁbiE%?so and . o

pol yneri zabl e subst ant e conposition.

percent by Wé'—lagﬁll#egspr%i@r IﬂédfOIAemmlrel anmrn pheogphpte endl |y be present

in the 4-methoxyphenol, to promote stability during storage and
ultraviolet light adsorbers.

The listing of optional ingredients discussed above

15 is by no means exhaustive. These and other ingredients may be
employed in their customary amounts for their customary
purposes so long as they do not seriously interfere with good
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 wvarious 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-free
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 for instance glass



s polynerizable, liquid, substantially gel-free conposition is nold rel ease
Dyes are optional nmaterials that nay be present when high

agent .

t ransm ssi onwofvs/Bisght

i s not necessary. Further exanpl es oPCOpPSIsenRR

materials that may be 10 present include small anounts of polynerization

inhibitors and stabilizers, such as for exanple triphenyl phosphite and
4- et hoxyphenol , to pronpte stability dffing storage and ultraviolet |ight

adsor bers.

means exhausPPYE: #He
seriously interfere w

contai ns onele&fsgmre optional

i nvention is

onto a flat surface aq%}goly
According to a still f

gl ass

15

20

25

30

The, |istin f oBtionaI i ngredi ents discussed above 15 is by no
SRPLMEELASHO o SRFFLAPERRS SFEICIRE BHER Afodent ¢ hei r

customary anmblakes berldrmisl CriSlsOpBédeduie POS @2 rs 0ol Uy asavaRedgdtusnot
nmer formul ating_ practice.

th od ] oly
Wen the pol §RErY aBT"%F,’aqagE]ﬂ‘i‘cﬂf SEbHEIREFat 937 Dby Apd RPREHANBES ti on
materials in addition to the partially
pol yneri zed m xture of ethy| enically unsaturated conpounds, it may be nmade
by si nply ®adni xi ng t he'&aP iXﬂ? ﬁéﬂ
pol yneri zabl eompdsqtiicn o5 tRehiventicd hyyJed Yo19me£iyaROSH tinen of the
onforped to fhe shape of the desired solid polynerized

article bef oFéezﬂ'}ﬂsﬁgg‘F??&t #’Bﬁ“’t"g"f%‘?"}ﬂe%t‘?f‘% FFEIF’é’:q“FErf‘Egarrpl e, the
pol yrer i zabl polymiedtizing SabsyBdarbbhate]etotf 20166 Mrmulaibnean be poured

q@;ized 30 to forma flat sheet or coating.
RErSRRdRPT i BREYT L2 HPh oF V3RS PIEFRe PY qui d,
subst ant i &l | peajeingf the peaypasiz:bde ficGmplacith contdindag A%el Baaidagt ance

0 nopnomer _and

AR ST, FURHAnCdaths gehatree

Z%nftiator to elevated 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 caseg post curing,
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
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
invention to polymerize the polymerizable, liquid,
substantially gel-free composition may be widely varied, but
in general they are thermally decomposable to produce radical
pairs. One or both members of the radical pair are available
to initiate addition polymerization of ethylenically
unsaturated groups in the well-known manner.

The preferred initiators are peroxy initiators.

Many suitable peroxy initiators are disclosed in United States



nmol ds, and pol ynmerized to form shaped articles such as |ens bl anks or

| enses. This procedure is particularly advantageous for the preparation of
opht hal m ¢ | ens bl anks and ophthal mc | enses. The pol ynerizable, |iquid,
subst ant i al WO 993887 r ee conposition of the invention may bECHYPPRERPzed to
t he thernoset state by known conventional techniques for polynerizing
(allyl carbonate)-containing fornulatiopns. In one enbodi nent,

pol ymeri zation is acconplished by 10 heating the pol ynerizable fornul ation
containing fgee ragic i gptigt.or to elevated te ratures. Usually the
heating is a%agtoer?ﬁﬁlgg h% glg'gganwe}1 Vg né’bsrﬁi"ﬁmée W é’r’gg‘g’t‘%“gﬁg‘u‘*&’%’rﬁ‘ 3’ Y

pol yneri zat | veférencenduritiedpaipyllepaarngtiicasbdnate hECASang®-6af~61 r om about

28[err]Cto QBH 0C._.l.n ases,,po Gurin . ting
beyond t he tlgrre &F]io ?:1?1 mr‘ligc ssargjg/afeg%gdbg%%tnﬁ%l{‘r%tyﬁgf%%éf%é}ﬁe t he
formul ati on rarlempteyBiAS ZBE2{20S6] cume teruifarynamslperesy digopadplenper at ur es
at or aboye 'n}kﬁ]st rat yr e of g bel ow those

t enper at u\rgesgggtebo\%fé%h e??r:g B e.gi aa}fa?let F%% Pre(%&?ég%gbgale5| rabl e 20

yel | owness, and pr ef erdehyudest, &h¢ iameustfdf dinghiator present éntiier

substanti al | %RE or i ' S I . L QSt gnces the
post cure i s¥% co%%?%]heédlgﬁatdéurrg?élr%g{a%g%g@]%ﬁeéﬁeaengg%(;%lftr&%C%SO[ errJCto
130[ err] C. Thke iimventiay saywibe lvidely beriedd iOxdimrridyethntwe2ght nvention to
pol ymeri ze t 0O | Z I qui g, ' 5 conposition
may be wi del 5&\% %gﬁg E{)é'tle Q#Jﬁatgégngga%lt %giy??%@?{eﬁ%‘ ﬁie* )r(rlgﬁ%uégg%grrposabl eto
produce riddi vateniailrpresgnt ix thet bohwmeydrablsl, Lhauidadsekdtaphizliare

avai | abl e t ogiflidd.gt &@%@k&iﬁ] igow "Blel £85dPLR1e0E-GE RULED L8] 1Y 30
unsaturated groups in the well-known manner. The pref eyred initiators are
peroxy initiaed¥sT: Mty Jnimamt capes dep veighitaratier dFeliniitdel 53R9® in Unit ed

St at es 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 congideration of several factors including the size of the
casting, the identity of the initiator, and the reactivity of
the ethylenically unsaturated matgrial. A preferred cure
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



- 22 - Patent US 4959429, which disclosure is incorporated herein by
reference. Diisopropyl peroxydi carbonate [ CAS 105-64-6], benzoyl peroxide

[ CAS 94- 36- OWO 98/83881 ar y- but yl per oxy i sopropyl carbonate [ CRST/ESB2I2].6],
and tertiary-anyl peroxy isopropyl 5 carbonate [CAS 2372-22-7] are the
preferred initiators. Wen used, the amgynt of initiator present in the

pol yneri zabl e, liquid, substantially gel-free conposition of the invention
may be wi delyg d h leelzat i t.h i r to all
ethylenically t\é%%g%tae%dbél]gﬁr?g%%%l g\ax)ﬁir)%g‘len? ELS ol % ?rgrt‘}nzg% l'i quid,
subst ant i al | yStg&es fRatent obH AASOR DN are n-mcquperammeeoélrf Mnre'ﬁwanc@.. 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 nmay be incorporated into

pol ymeri zabl e, |iquid, substantiall y Igblgell- free conposition by adm xing it
w th the ogher conpone recmﬂﬁgﬁ:ﬂ_gﬁkllled in the
art that the nost preferre vvelg ratios of Tnitrator depend upon the
nature of the initiator useddas well as the nature44and ratios of the
various ethylenically unsati®ated materials 20 preS&nt in the

pol ynmeri zabl e, liquid, subst2aiftially gel-free conpésition of the invention.
A wide variety of cure cycl&-5that is, tinme-tenpef@&ture sequences, may be
used duri d@ pol ynerization -2 he pol yneri zable, |7fuid, substantially

gel -free 25 conposition. O ¥ +farily the cure cycl eB®npl oyed i s based upon a
consi deration of several fattdérs including the siz2 of the casting, the
identity of the initiator, ®hd® the reactivity of L®k ethylenically

unsaturated material. A pret®&@Sed cure 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 radiaton 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.

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 viscosity
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



cycle for use with diisopropyl peroxydi carbonate initiator is 30 shown in

Table 1. This cure cycle is only exenplary and others, including t hose

di sclosed in Tables 1-4 of United 23 - States Patent U ?n may be
corpora

used. Tabl eYAP3YF United States Patent US 4959429 are i éd herein
by reference. Table 1 s Cumul ative Hours Oven
Tenperatures [err]C O - 24 - 44 10.1

58 12.0 64 14.5 70 10

38-57 0 polymerizable, liql Zd]léugstﬁﬂglally gel-free composxtggh:yé ?5

19. 75 determined in accogdanqepiithASTY Jesf Fgjhed D‘F’f?é:‘t&ﬁper ature

changes between adj aceqd REEMSreIROMEE LBriR i8I fAedr 65 ld Near. |f nolds
were enpl oyed, the polynerizates are renoved fromthe 20 nolds. In another

enbodi ment, PR&VRIiFARLS 2 dbmeid) sybFeRntiably galeraey cgarasieden dénposi tion

is pol ymery ZgdedQnitid@ iNGIBEinc! 2l RYTAHRRSHA & 1h915048.2i ng radiation
such as gamma radi ation, X-rays, accelerated el ectrons, accelerated 25

protons, accel erated A gedheneinethe ¥ellpwgnss jawexntitr ons. As used
herein, the geméﬁzem@ ﬁghﬂi@rlséﬁbi&tlhiiwlgdl Srdastamdsation 4gl-free

conposition-i s determ ned
determined in accordance with ASTM Method E 450-82 (reapproved
1987},

10 Often the density of solid polymerizates produced
from the polymerizable, liquid, substantially gel-free '
composition of the invention is 1.6 grams per cubic centimeter
(g/cm’) or lower. Frequently the density is 1.45 g/cm’ or
lower, Preferably the density is 1.35 g/cm3 or lower. As used

15 herein, the density of a solid polymerizate is determined in
accordance with ASTM Test Method D 792-91.

The luminocus 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. 2As used
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 HuntexrLab®

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 material
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

willimeters or as high as about 4 millimeters approximate



accordance with ASTM Met hod D 4052-96. Oten the present polynerizable,
liquid, 30 substantially gel-free conpositions have 25[err] C viscosities
of 10, 000 cewWOispsis8es (cps) or lower. In nmany instances theCPopwri2C
viscosity is 3000 cps or lower. Frequently the 25[err]C viscosity is 1000
cps or lower. Preferably, the 25[err]C viscosity is 400 cps or |lower. Mre
preferably the 25[err] C viscosity is 35 2P50 cps or lower. As used herein,

the viscosity_of a - 24 - I rizable, liquid, substantially gel-free
conposi tion i =GSPEFY ﬁ"ggli ﬁhéggé%ﬁ%%érmw&m%&enﬁettaﬁswcb 2393-86. As
used herein ttieckeésacti ve i ndex of a polynerizable, |liquid, substantially

121502, As used her el HoPHE YITOHnCEEFFIGE BPLLE SOrymRRRR®R o |1 qui d
substanti al | ypmpeheéd ekroqonpoyidlynerizablef eriguiad subsaaserrajapce with ASTM
N oA s BRIy A tonhyr, oo o, o a1y
gel -free conpuogiended wie.t hettieny chéwereri, StHe Geylowiespeindadis @3t i meter
(oLl enr ) SlolBeeras SBRTLY WIRASIR s & Aol 7 |
density of a Rysifedaiipt phery<diceness deliex isnadok Maezor danasedv t h ASTM Test
From the polsereiaante P Hire=s SUBBeaRt (g Pl inta (i ons of the
i nvent i onfraydergryingddehysprigepe tividgg Lp b itheedsn b€ ntled mi S EimetBrOSt
instances, NOWEYELordance with ASTM Test Method D 1925-70 (Reapproved '
1988) using a HunterLab® Colorguest® II Sphere Colorimeter
System (Hunter Associates Laboratory, Inc., Reston, Virginia,
UsSA). Although the yellowness index seems to vary more with
15 sample thickness than luminous transmission, nevertheless
yellowness indices ascertained from samples having thicknesses
as low as about 2 millimeters or as high as about 4
millimetexrs do provide a useful general indication of the
yellowness index at the standard thickness.
20 The heat distortion temperature of a solid
polymerizate produced from the polymerizable, liquid,
substantially gel-free composition of the invention may vary
widely, but usually the heat distortion temperature is at
least 35°C. Preferably the heat distortion temperature is at
25 least 50°C. As used herein, the heat distortion temperature
of a solid polymerizate produced from the polymerizable,
liquid, substantially gel-free composition of the invention is
determined for a deflection of 0.25 millimeters (10 mils) in
accordance with ASTM D 648-95.
30 As used herein, Barcol hardness of a solid
polymerizate produced from the polymerizable, liquid,

substantially gel-free composition of the invention is



the lum nous transm ssion is at |east 90 percent. As used herein | um nous
transm ssion of a solid polynerizate is determ ned on sanples having a
thickness of 3.2 mllineters in accordance with ASTM Test Method D 1003-95
using a Huntwaséopigszrr] 25 Colorquest[err] |1 Sphere Col orBQraiSes27Best em
(Hunter Associates Laboratory, Inc., Reston, Virginia, USA). As the

| um nous transm ssi on approaches one hundred percent, the difference in

| umi nous transmi ssions for two sanples éf the sane naterial but of

di ffering thi cknesses approaches zero. Consequent | 30 val ues of | um nous

transni ssi on Geegningd B Acqprdgnes, wdth ASTY, ?%ﬁtné’ﬁtg?‘bﬂ 23198 s kg ng

thi cknesses af Ba@¥oRImBbesEox? afill | ddxiBY Cd1er rétlifig M sASeabHY adedd | | i MBLETS
appr oxi mat e 25 - reasonably well the |lum nous transm ssion at the

standard t hi cqa‘?e%?reﬂ?ery%?’in&mﬂ%%?@ﬁﬂﬁ‘% bhe SBEFYSTH| yeri zat es produced

fromthe polynerizabl easliddd HersithStaatiedbhdtivedehady 88 £@3RO&I ti on may
vary w delg/ de end| ng upon the intended use. Oten, haoweyver, the yell owness

index is 4°oPTIRETLIZatrcRTRAVCR T47m Fhe IW@%’%‘*HH%X Higusdgr | over .

Preferably thaibgehhtianessgdlndese i compo®iticdVet -thesincea@tibrrad n, the
yel | owness index of a soli d‘ﬂE‘)"Fl ﬁm?l’l zate is 10 determ ned on speci nens

havi ng a t hi HGTEEEIRHE 3R A%H &hER i AP TH O ¥RERC WPt A*2SPM Test Met hod D
1925-70 (Reapproved 1988)udédi ngrﬁnHuaﬁeralbab[mﬁxb]arC@ﬁ @ guesd[err] |l Sphere

Col ori nmet er em(Hunter AssQcj at es Lab rator Reston, Virginia,
USA) . Althou%i?\‘l‘@r gnf(fé’%' ERR R ’fl\a’r%? rcléqW‘ h 15 sanpl e
t hi ckness b hmblsummusytgwsnss;oe@osmwr bhahes snysmthiexnigss i ndi ces

ascertai ned fc{ ?‘.m Sarg&l ?1% ar.]caé\élr éehlwgié elstsseasual definition:

A= (np - 1)/{ng - ng)
where:
18 np is the refractive index using a wavelength of
589.3 nanometers (viz., the average of the yellow
doublet of sodium),
ne 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 parts 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 ratio: 1.00 DECF / 1.96 AA / 0.21 DEG. To



as low as about 2 mllineters or as high as about 4 mllinmeters do provide
a useful general indication of the yellowness index at the

t hi ckness. 20W0 9933887 The heat distortion tenperature O?égﬂ%g)éﬂéz

pol ynmeri zate produced fromthe polynerizable, liquid, substantially

gel -free conposition of the invention rag7vary w dely, but usually the heat
distortion tenperature is at |east 35C. Preferably the heat distortion

t enperat ure i shas ndxtleast2.4d[ es¥dsCof Asa0RS € fin hetlecEarm tdfeahswt bgh st orti on

tenperature of a solli ol yneri zat rodyced fram.the .pol ynerizabl e,
liquid, subst XRi95 |S§’g‘§‘g’r9‘¥%8e"’%‘o%§o§?‘t‘ =hRvEy 1R KRR FRETR ARG i ned
for a defl ect iaopeddtion2Cenperhtird @fss{d Ginhl sjternabcemidance agcéh ASTM D
648-95. 30 - . ed rei Bar col . hardnes f_a sol,i

Dol yer i sate gPRRRRREAaYTY ALL e Y ARl RbFaace Bhaiee hedxfadien, e

gel -free conpaguéswmpbésd hasi pereniedoand The reswdGing deixense edd | N accor dance
with ASTM Test,..Mat hod D 2583- usi ng_.a Barcol | nmpressor. ang t.aki scal e
readi ngs 15 sgégl\%’&l; e&?t%fyctcﬁe?%aeggr r°n60|e thg‘grsg‘?‘%%ngf fa%sg’efihgwg%eci men.
As used herei with hateef r ant wae thedexaoiuma sspippdSapdny absolamdee pr oduced
fromthe polynerizable. |iquid. subs jall | -free conposi tion of the
invention is §& %sfun;lengﬂ alpr?ggfz: %ﬁtfglxc%%%aﬁci%r%l%ﬁsﬁe%f ﬁ%greDogﬂ- 95. As
used herein, whprotipetdlyrisoccf Fheoreshlgel yhurighaperforvausedifuidn t he

pol yneri zap e, &&’a‘k'o%r G Subsi.ant é‘k'éhegﬁki{x{r%ebsg@gﬁ' FoQRngf (fhe
invention I's determ Hed In accordance Wth 1ts usual definition: A =
(n[err] - 1)/ @nficforjulal 611)] are shown in Table 2:

Table 2
Compound 2mount., area %
15 o _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
Totall 99.3
! geveral other peaks of small areas
for compounds of uncertain structures
were also present.
30

A 114-liter, glass-lined, jacketed reactor equipped
with an agitator, 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



where: 15 nferr] is the refractive index using a wavel ength of 589.3
nanoneters (viz., the average of the yell ow doublet of sodiunm), n[err] is
the refractivgqgdigesgyusi ng a wavel ength of 486. 1 nanonet er Sp&wugespriche bl ue
| i ne of hydrogen), and 20 nferr] is the refractive index using a
wavel engt h of 656.3 nanoneters (viz., the red line of hydrogen). The
invention is further described in conjunéion with the follow ng exanpl e
which is to be considered illustrative rather than limting, and in which
all parts are 28,Farrss (g} lvkdehit1adub -griazigeceontadoing appperiatedyes by

wei ght unl ess _ o

bi schl or of or m%d"?g%é" é%&ag(é&%ﬁ% %lgmg]’ 3 QFI y?xlgfggh%rx( f,&IAL,%E-SYJ'[ CAS

107- 18- 6], andOdﬁ?esthéwecYg mx(@pnﬁms The -barged waterigbeedexoget her
in the fol | owi ggysahat, s L8O DFCE el S6mBA QAL DB cpl0 - 27 -
this mxture, 2.44 noles of (in the formof a 50%by wei ght sol ution
in water) wés &%ﬁmyna@d@arewrﬁq éemﬁﬁt 3P rAndg3h dPSadt i Br1Ct avbdbat ure of
5[err]C with exiegl wi0ql 1o HEhChe Sl anﬂ@&ga{cﬁan Alxde & orof ormate

groups had reacted, the 5 aquedus phase was renpved and the resulting

m xture of d| e?‘w-‘lreﬁea@ 9?‘661?“-‘{ &Pl $10°Cappd madaiainedpdt idd *favridgshed twi ce

with water. 15@%%&{%&%%9%{1%&3%9@1&? rafe al¥5Ql 4% &rRLESsUr e of
appr oxi mat el y .3 Pascal s at a tenperature of approximately 150[err]C The

resul ts of hi gFPYER{BitktSce FAMPAPE VEre wHTGHAYD GVAPYI 10 BABRYAS d4Dof the
m xture baggd SuFOEFUHMRitb) 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 removal 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 cooled 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/om’ at 25°C.
According to measurements carried out by ilodemetric
titration, 9 percent of the double bonds were consumed during
25 the reaction. The product was a polymerizable, liquid,
substantially 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:



and Formula (I1) are shown in Table 2: Table 2 Conpound Anount, area

% 1 64.1 2 50 3
17.6 4 WO 99/33887 3.0 20 5 PCT/US98/27122

5.2 6 1.0 7 1.1 1 0.5
2 1.1 25 3 0.7

Total[err] 99.3 Several other peaks of s?ngall areas for conpounds of
uncertain structures were al so presentl?gg_g 114-liter, glass-lined,

j acket ed reactor equi pped with an agitator, thernocouples, and sources of
steam and ci t EtoragerCapdifigoeed to the jacket for heating and cooling,
respectivel y, ShexpoerRerdedy wrthsg1l. 65 kil ogf ans (kg%] of thAe 35 aBove mixture
of di et hyl ene S§P5Pg8| TMBEYAFTafbonale) conptdfds &¥dlact 8P1%2ed B9 *Pabl e 2,
4.90 kg of 5 proph¥ties?, 4,6-tris(allyloxy)-1,3,5-triazine containing

appr oxi mat el y pégfitpprm 4516t dbxy phenblizemndl 1786 gr ayT81 of 10088 er t-1798 Y|

0- ( 2- et hyl hexyljcqséroxge@5bengre. e chated nald}ial siykere adf xed to

form a reacti GAEFRCKENR &ndeFndboyi scost t4§2Df 114@27 ND KD 1.4627
Yellowness Index,
10 (50 mm path length) 1.7 1.7 1.9 1.7 2.1

’NA = Not Applicable
= Not Determined

A portion of.the above unaged polymerizable, liquiq,

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
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 to ambient temperature and then tested for various

30 physical properties. The results of testing are shown in

Table 4:



5 reaction m xture was between 30 and 31 cps at 25[err]C and the density
was 1.1628 g/cnjerr] at 25[err]C. The reaction m xture was stirred and
heated to 11g‘[c$!f9r,3]3&,and mai ntai ned at 110[err] C whil e spar gichais¥irrira
nitrogen at a tl'ow rate of 0.05 reactor volune/m nute. Sanples were

wi t hdrawn every 30 minutes in 10 order to nonitor the reaction m xture
viscosity. After 3.5 hours at 110[err] G, 3the 25[err] C viscosity of the
reaction m xture reached about 90 cps. The frequency of sanple renoval was
thereafter increased to once every 10 tablES4m nutes. After 4 hours at
110[err]C, the 25[err]C viscosity of %he reaggion m xturg was 15 105 cps.
The reaction nmixture was then cool ed 9% Bo[err]C vif?ﬁ igg m nut es by
gradual ly increasing the amount of co the ste m xture
that was bei ngnsimpgpigeedsto the jacket iniets. The reaction mptture was then
cool ed to 50[ eenjityower2sed, hgun® peri od.1Deri ng the cool - daws2ir om

110[ err] C, 20Lthixxemsnas an addi ti onal viscosity increase of 12 cps,
resulting in a vrecedssijorof 117 cps neasss.ed at 25[err] C f @3.vhe product.
The density oftellwmesedimdexnas 1.1780 g/eerr] at 25[err] @.sAccording to
measur enent s deat ildgtoutidyy i odonetric titration, 9 percent of the double
bonds wer eicconsTemp@erdtonrely 25 the reacti®m. The product was7a

pol yneri zabl eBat¢qjuiHdrdsesrst anti al |y gel2¥ree conposition. 28ortions of the
above pol yner Refitdasivei trdak, 84fbst anti allys0gel -free conposit.isom3 were stored.
for various pabbedimbertime after which Several properties Sgere 30

determ ned. The results are shown in Table 3: - 29 - Table 3 Storage
Conditi onsts * 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,



St orage Period, nonths 0 7 3 4 6 Storage

Tenperature, [err]C NAlerr] 22- 26 40- 43 40-43 40-43 5

Properties hapseisssgzat 25[err]C, g/cnferr] 1.1780 1. 1780CTMS/FHRZ 1. 1789
1.1798 Viscosity, at 25[err]C, cps 117 117 123 138 162
Refractive I ndex, n[err] 1.4627 1.4627 NDerr] ND 1. 4627

Yel | owness | ndex, 10 (50 nm path | e’n@f"h) 1.7 1.7 1.9

1.7 2.1‘£He4\2rirléNA: Not Applicable [err] ND = Not Determ ned A portion
of . t he above Yed pol ynerizable, liquid, 15 substantially gel-free

conposition was initiated with 3.5 parts of diisopropyl peroxydi carbonate
per 100 parts of polynerizable, liquid, substantiall el -free conposition,
by wei ght (phr). The ifiti abeEP%‘ﬁﬁbﬁ%eonlmgpoﬂPe%aﬂﬁﬁ}la’ mol d and

pol ymeri zed ifrélﬂfﬁeéfm\bo&tli& BbhpERhET S palkbLd1120polymiergzédie cure cycle
of Table 1. he ther rmset%%?jlcyrrer which resulted wgs %lfl owed to cool to
anbi ent t efpePirtyre @K AL L PSP G RIEP S 5P Bperti es. A

portion of the polymeri@abl ene liixtude FubsShyluniadlly gebatumeeedonposition
whi ch had been aged for 6 nonths at é?{ g{]r%c-% er{}}C V\?S inizg_&at ed 25
with 3.5 phr of diisopropyl F&F BN ¥R PR R h PPt E€d *Eonposi ti on
was poured into a nold and pemprEdelzedniixttife aofs HtethydehedSgiyicoli net ers t hi ck
using the cure cycle of Table 1. The thergoset polyner. which r ted was
allowed to cool to anbient t‘%’n’é@r zSF‘ﬁ]P%naz:ﬁgD?%“g’ﬁB?é%teea&hfﬁe r\'/egﬁ?%eu%s 30

physi cal ppoperties. The rpgufdrnu@éd {Bsting are shown in Table 4: - 30

— ——

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

O

o)

. —n
Formula (I)

or by Formula {(II):

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

o)

15 Formula (II)
in which n is a posgitive integer, m is a
positive integer, and the diethylene glycol
{allyl carbonate) compound for which the value
of n is 1 constituted from 25 to 75 area

20 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 at least 3 percent.

25

(T



Table 4 FromIniti al From Aged Prepol yner Pr epol yner

Shri nkage, % 10.9 ND[err] 5 Density at
25[err] C, g/ 6’%}%3547 1. 322 1. 321 LprvsdusTizz
Transm ssi on, 93.9 93. 7 Yel |l owness | ndex
0.8 0.9 Heat Distortion 10 Tenperature, C

55 57 Barcol Hardness$2 - 23

28 Refractive Index, n[err] 1.5011 1.5013 Abbe
Nunber 2. GZhe polymerizable, llquldBQ%tmqeqllmD = Not

Det er mi ned C?teﬁQE'EQe tRAPBEESER of 'VRALI nihasiRegl desaijikad 4¥ By ref erence
to specific tails of certain enbodinents thereof, it i's not” i'ntended that

such details @Adutcarbonatek ReraRIhFePresanteors FopBwa H&) s&pe of the

invention exggRtn £l§é)fv%'1uéso£ heYsal &dnBEILARA Efod RS ASGAMRAGYI Ng cl ai ns.
- 31 - CLAIMS: 1. A polynerizable, liquid, substantially gel-free

conposi ti oh RRFSEPSiHg the paktbuap| of ﬁdﬁyhﬁqff‘eﬁlﬁc% Xebhe shrlanafPeni cal |y
unsat urat ed cQpeuRds, Wwherein: (a) the mxture of ethylenically

unsat urat ed conpounds which was partially polynerized conprised a m xture
of diethylene glycol (allyl carbonate) conpounds each represented 10

by Formula (I): 3. The polymerizable, liquid, substantially
gel-free composition of claim 1 wherein the dizthylene 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 ¢ to 12 percent.

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

(2) compounds represented by Formula (I} for which
nis 1, 2, 3, 4, 5, 6, and 7 collectively
constituted at least B85 area percent of the

30 mixture of diethylene glycol (allyl carbonate)

compounds,

A



V3 e s

[err] Formula (1) or by Forrmula (I1): [err] 15

Formula (Il) in which nis a positive integer, mis a positive integer, and
t he di et hyl erW0g93388 (al |yl carbonate) conpound for which PREVSEAIE20f n
is 1 constituted from25 to 75 area 20 percent of the
m xture of diethylene glycol (allyl carbo gt e) conpounds; and (b) the
et hyl eni ¢ doubl e bond utilization of the 8 |'ymeri zable, |iquid,
substantially gel-free c osition Ls at |east 3 ‘cent . - .32, - 2.
The pol ynerizabl e, 1iqui gb@su%"é'{pgﬁ?‘l%saﬁe?rﬁ%ﬂ rdegyg%’r%“ﬁé?t ﬁg’n I8F “HsPm 1
wherein the diethylene glycoln (ial byt¢atear bharatze kol beqidedy rapiseseutesid by
Formula (1) for which the valéje OB Qoi a%econsi;tci ;tl?toetd%go‘;‘nx grgootJS area 5
percent of the m xture of di erno§,n| ene ¢ yco? 1:(eal Fy tarbonat e conpounds. 3.
The pol ynerizable, |iquid, subisitaplend lglyeel - fal2el caayposate)oroppowids, m 1
wherein the diethylene glycol 1 | 1.yl _carho ), C ou represented by
Formula (1) Tor which thig)valcﬁoe Sfugns i%pfe%%n%sep?%ﬁt%o r%n{%& ?gr 70 area
percent of the m xture of di etighemeigyliycd] sral BytoXlmcbivetye) conpounds. 15

4. The polyrmerizable, li qu'é’dns%%f@éée%’“fk&'ﬂ'&Ol to 7 area percent of the
mixture of diethylene glycol (allyl carbonate)

compounds, and
10 {d) compounds represented by Formula (IX) 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 dicl bis(allyl

25 carbonate) compound represented by the formula:

CH,==CHCH,0 | CO—A—0} COCH,CH==CH,

[

k

0

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

derived from a diol represented by the formula:

—
l I!lll[/ll/ﬂ/il{l/lllll I

L s .



gel -free conmposition of claim1 wherein the ethyl enic doubl e bond
utilization of the polynerizable, liquid, substantially gel-free

conpositioqvég%%s_gwt he range of from3 to 16 percent. 20 pcyysesnmizz O

The pol yneri | iquid, substantially gel-free conposition of claim1
wherein the ethylenic double bond utilization of the polynerizable, |iquid,
substantially gel-free conposition is-ist-he range of from8 to 12 percent.
25 6. The pol ynerizable, liquid, substantially gel-free

conposition of claim1 wherein: (a) conpounds represented by Formula (1)
for which nis 1, 2, 3, 4, 5 6, an#O72orPBctively constituted at |east 85
area percent o% the 30 ., . m xture of diethylene glycol

(al Iyl carboff@tdy 1EoARATEEVE 10E€I8E: . () conpounds represented by Formul a
(1) for which nis greater than 7 collectively constituted fromO to 5 area

percent of the m xture of djethylene,glycol_(allyl carbonate) conpounds, 5
(c) conpounds represett ed | Yr‘ﬁ?lrég?%% %b@%i%‘ﬁ’%ﬁf‘%lﬁfwz, and 3
col | ecti vel ygéDiedelet tbmpbstit 0o @£0¢14im 7 Rh&feipetke RpbtOéndihe m xture of

di et hyl ene glycal (allyl carbonate) conpoynds, and 1 (d)
conmpounds reﬁ%é‘gfﬁ‘%@ﬁi%ﬁl“ﬁﬁ?ﬁiﬁ e?l ?nggpgvﬂ‘ﬁscﬁ ?ﬁ%yﬁgﬁ’@é’t‘@?lﬂnan 3
col | ecti vel ycafnsgiake )t cghpbtundn dbnktaidirgy eAreeoeeidref(al iyl Maxboaedf
di et hyl ene gg’\_[&%ls (allyl carbonate) conpounds.

10 10, The polvmerizable, ligquid, substantially
gel-free composition of c¢laim 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 optiomal
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, liquid, substantially
gel-free composition of claim 7 wherein the optional
25 ethylenically unsaturated compound was
2,4,6-tris(allyloxy)-1,3,5-txriazine,
1,3,5-triallyl-1,3,5-triazine~2,4,6 (1H,3H,5H) -trione, diallyl
phthalate, triallyl trimellitate, or triallyl trimesate.

A



15 7. The pol ynerizable, liquid, substantially gel-free conposition of
claiml1 wherein the m xture of ethylenically unsaturated conmpounds which
was parti al | wopekssseri zed al so conprised at | east one opti R€IIUS8/27122

et hylenically 20 unsaturated compound. 8. The pol ynerizable, |iquid,
substantially gel-free conposition of claim?7 wherein the optional

et hyl eni cal | y unsaturated conpound was di3§| “bis(allyl 25 carbonate)
conmpound represented by the formula: [err] in which Ais a divalent radical

other than -CH err] CH ed?} oclpe rRiempElsapledtiapdd. f?"’é"ﬁ’Fé”H’ra&I Yr epr esent ed

by the for rrul el free%mpok&ﬁnoéfmﬂﬁl bswlfhrl%@ﬁlﬁﬂélapt{ﬁrﬁg.er 9. The
pol yneri zabl e, W(riu' d, substanti al I% 5 gel-free caonpasition of claim?7

wherei n t he optthytepicaliy unsatarpyed romparnd &@s 3 iGiATTIRseh Folyol

pol y(al Iyl carbgpat s)bf@meumryqae&ﬁlaﬁ diich.l.r eg ©Fidlaceylae)ybs car bonat e)
groups. 10 nerlza le, Iiquid, substantially

gel - free cofposFidlena oifrlél (ﬁﬁ?ﬁaF%é i Lt AEBOET oh éﬂeté?lﬁ’sﬁ @Rreiane)

unsat urated cogpquipde¥@sy bbea tudeghRlid Nﬂetﬁ@éﬁﬂﬁ&&ﬁ)oﬁ)ﬁ tetraol.
1,1,1-trinethyl ol propane, the tris(allyl carbonate) of

1,1, 1-trinethylol ethane, or the tris(allyl 15 carbonate) of
tri S( 2- hydroxyet hyl ) i sogyanuirfié epoiikeridiidie0! ViRl 87 adtibatant K116
substantially gel-free conposjtion of claim?7 wherein the (1pt i onal
gel-free composition of claim 7 wherein the optiona
10 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
15 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.
20
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 (IX) constituted at least
25 90 weight percent of the ﬁixture of ethylenically unsaturated

compounds which was partially polymerized.

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

mixture of ethylenically unsaturated compounds.

—_—
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et hyl eni cal | y unsaturated conmpound was a conpound which was 20 devoi d of
(allyl carbonate) groups but did contain a plurality of allyl groups. 12.
The pol ynerizable, |liquid, substantially gel-free conposition of claim?7
wherein the SPGB 25 ethyl enical |y unsaturated conpound RA&S827122
2,4,6-tris(allyloxy)-1,3,5-triazine,
1,3,5-trialIyI-1,3,5-triazine-2,4,6(1H,§Fg H -trione, diallyl phthalate,
triallyl trinmellitate, or triallyl trimesate. - 35 - 13. The

pol ynmeri zabl e, liquid, subpst i -free,co sitdan of claim?7
wherein the optional et h{/qj'eniaigltfl ?‘Ji'/i})tﬁnr?%g ﬁ?%et'eag%g%};oﬁ%ﬁd&\%gla i s(acryl ate)
of a diol, a bgslritelkacoypamitc}omfofaciiabh 17awhereipathe loptédnalf manemexri ol , a
tris(methacryl ; r4i §§§ﬁ§ € or a
tetraki s(net hag%@reit%feefa%% 1§Qt|s gt?%%%%& 4. %gﬁ%%%%?ggagpge,gﬁrr?‘%?d,
substantially gel-free conpositio of claim?7 whdrein the optional 10

et hyl eni cal |l y unsat ur at c u L. fuit r 40 wei ght
percent of the mxture o 2é?ﬁ§gﬁﬁi %ﬁ?gﬁﬁh?g?ﬁgéé égﬁéﬁéﬁas whi ch was
partially polynerized. 15. The pollynmeri zable, liquUid, substantially 15

gel -free conposition of claiml rein the m xtyre of diethylene glycol
(all'yl carbonate) conpounds each fepresented by KFormula (1) or by Formula
(1'l) constituted at |east 60 wei ght percent of fﬁ m xture of ethylenically
unsat ur at ed ScofpdUnGEEWHITN8As partial |y pol ynerized.” 20 16. The

pol ymeri zabl e, liquid, substantialdy .

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

0

i Im

wherein n is 1, 2, 3, ¢, 5, 6, or 7and 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—O0 | COCH,CH=CH,

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

HO—A-—OCH
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

A



gel -free conposition of claim1 wherein the m xture of diethylene glycol
(allyl carbonate) conpounds each represented by Formula (1) or by Formula
(I'l) constitwooesser | east 25 90 wei ght percent of the m xt wcaruss27122

et hyl eni cal | y unsat urated conmpounds which was partially polynerized. 17.

The pol ynerizable, liquid, substantially gel-free conposition of claim1l
whi ch further conprises 30 optional nonor@r -in adm xture with the partially
pol ynmeri zed m xture of ethylenically unsaturated conpounds. - 36 - 18.

The pol yner i zagpdnsiskingiaf, thebenizialyl wagedngtedeotonpositi on of claim 17
wherein the opiipnal,.fRNanREL bSeSheAt 9N GRMRPLNG & epr esent ed by
the formul a; [Sé'rfr)'i1 ‘E";r or by %ﬁeiforfml a: r%%fla]il\}/'me%al n neliﬁs1 1, 2, 3, 4, 5
6, or 7 and m ts&l/A-tpimeghydolgihangpcthwtypefdliyB| earianghet o bse@rtial |y

10 gel -free coppRsdhd PRy s6b@MrhfeWherein the optional nonomer conprises
at | east one conpound represented by the fornmula: [err] in which Ais a

di val ent radi caiGrheis tadwlonndn P | OHRERrFI®EH err] CH err] - derived froma
di ol represent fda,%\ct&mfaatm,as-t%%ﬁ@dza@ds fiml, Su2sQekibie WRhegar . 20.

The pol ynerizable,” I'i qui _ Substantially ge1 -free conposition of claim17
wher ei n t he oppPhEidptaoriciellyb tednpliidaseatandetisiaiyd hEHMRSat8el ected from
t he group

21. The polymerizable, liquid, substantially
10 gel-free composition of claim 17 wherein the cptional 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 tétraol, and
15 tetrakis(methacrylate) of a tetraol.

22. The polymerizable, liguid, substantially
gel-free composition of claim 17 wherein the optional monomer
in admixture with the partially polymerized mixture of

20 ethylenically unsaturated compounds, constitutes from 0.1 to
80 percent by weight of the polymerizable, liquid,

substantially gel-free composition.

W



Pﬁ%?o’pane,
Iyl

- 37 - consisting of the tris(allyl carbonate) of 1,1,1-tripg
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carbonate) of PCF(2- hydrworyst 1Y GHGENIZATION l '
2,4,6-tris(all'yloxy)-1,3,5-triazin emaonkl Doras

1, 3, 5- t INEERNATIONAL BPEMC«&'EIDNé’lEUSP@PﬂW@RWMW@OWQN TR YaPale,
tri all ke mtbehdsibiRl Hateht laiscaBRd : t 1 al | Yl t [ HRGALEN BbiicatiohREmRR! Y TET WE19H33887
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tetra )sig‘t?ﬁ "X"fﬁﬁ' % Tyrrer %%S’fw i ?q‘%g , subs.t:,am ua ek, £V, IMPEMS, MK BISt] WO .
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ol yrEPrei I ure ofn20. ehbknbpaldel unsdbmbaled: D
from|0.1 to per cent y wel ght the pol YAmazzExD (EKZ,ManlJ , TM), European patent
substjantial |y l(}gml free conposition (AT, BE, CH, CY, DE, DK, ES, FI, FR, GE, GR, IE, IT,
(71) Applicarit: INDUSTRIES OHIO, INC. [US/US]; 3800 LU, MC, NL, PT, SE), OAPI pateat (BF, BJ, CF, CG, CI,
West 1431 Street, Cleveland, OH 44111 (US). CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors: HEROLD, Robert, D.; 218 Leaside Drive, Mon-
roeville, PA 15146 (US), WU, Bo; 1005 White Val- | Published

ley Drive, Delmont, PA 15626 (US). OKOROAFOR, With international search report.

Michael, O.; 274 Jefferson Street, Export, PA 15632 (US), Before the expiration of the time limit for amending the
WIEDRICH, Charles, R.; 5160 Ashbaugh Road, Mur- claims and to be republished in the event of the receipt of
rygville, PA 15668 (US). amendments.

(74) Agents: MORRIS, George, D.; PPG Industries, Inc., One PPG
Place, Pittsburgh, PA 15272 (US) et al.

(54) Tittle: PARTIALLY POLYMERIZED MIXTURE OF DIETHYLENE GLYCOL (ALLYL CARBONATE) COMPOUNDS
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n
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(57) Abstract

A polymerizable, liquid, substantially gel-free composition comprising & partially polymerized mixture of ethylenically unsaturated
compounds wherein; (a) the mixture of ethylenically unsaturated compounds which was partially polymenzed comprised a mixture of
diethylene glycol (allyl carbonate) compounds each represented by Formula (I) or by Formula (Il), in which n is a positive integer, m is a
positive mteger, 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 (ally! carbonate) compounds; and (b) the ethylenic double bond utilization of the polymerizable, liquid,
substantially gel-free composition is at least 3 percent. The polymerizable, liquid, substantially gel-free composition exhibits low shrinkage
in the mold when polymerized.
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