.1 012e3e\ TTUAW<XF[ 6] T\ | ~~~~~~ WV ~hYl A<l IN - 1 PROCESS FOR FORM NG

POLY( ALLYL CARBONATE) . ONAL PREPOLYMER COVROSit&hb&ackegeaind of the
I nvention 5 Pol ?@W\m&\ﬁ\w nat e) - f uncti onal nNDITOMET TOMPOSTTTONS ar e

. pol yneri zed usi radical initiators to produce hard polyners. Mny of
these polyners are se®¥antially transparent to visible light, are
substantially colorless, have refractive indices of from1.45 to

10 possess Barcol hardnesses above zero. For these reasons, such W'Mmﬁm"““m
conpositions find utility as precursors for transparent coatings, '

| enses, optical |ens blanks, and other ,optical elenents, and flat or *@¢ifred

transparent sheets. Light transm ssi onlcharacteri stics may be altered by 15

i ncor porating e | i i [ t e like, in
t he nononer cog%g%FFﬁogB%e @ﬁg&g&g%ﬁggggggggiﬁBBhgggpaépﬁ%ngéhpoIyner. One
probl em assaci ated with the " t% Qﬁi 5§&y(allyl

carbonat e)-functi onal nononer conpositions is the 20 relatively high
shrinkage of the material which occurs during t he, course of polynerization
to the final thernoset pol gregad L s a shrinkage of
approxigately 13 per (AUkiNgat BEn Q)L IRNLEEZ 86 AN rfnodieet hvl ene gl ycol
bis(allyl carbonate). Such high shrinkages are particularly detrinental 25
i n casti ngCOWEAtions atrPAyTeRdzed uxedd drpe oS dpirparAFers ditses and

ophthal mc Hjﬂ?t b i/%g]r thg ki G 4 IRROFET A £PQL i On s introduced
to a nold an tee#lgggfpe? po r%rrerﬁ%e% to the f?ﬁa ther noset pol ymer .

Al t hough isubstangtiadieyi rethdrerbetboand diypleanyigot t ey pubstansidely eved

t hat the shrinkage i ri ily.the.result of .a redugtion.ipn vol une
rcoonpany: o ThEtgontale B Srtab Py e 3 Bt ch i o pdrv BT - 2 s
No~nbero 20fksdds Barkobviaiddimissehr abkagezdn .t hBonotitksmayeheoneduneth by
introducing a liquid prepolyner to the nold and thereafter polynerizing the
pr epol ynerrg?xbo'?erfe cf’F‘HSPf’rf@%r‘r&éBfl Bbt et 2STRECHYEFHY A i s usual Iy
produced byrfiaddadrahkycsatgdTebbelbgl tieneql yoptlydl cakonabaks f wiad i onal
nmononmer conposition to consune a paortion of the allylic groups. The parti al
pol yner i zaPv ¥ iPtdEBppRtETilevaPd bAtordF FUFESE hFPRERATPREafiefidnt  of

gel l'ation COMW §,8Qshhaki R ROLYIBY: AR Bt N1 ducedto the nold as a
liquid. to Although the principle is sound, there have beén difficulties in
acconplfshimgprznrastingl dyees dlighti abperinic €omppendpprigivnhgs dekn to
conduct th repal yaerpzat | J ence . of ngglg antiakly inert
organi c so r&%nlfl%énsqﬁr{éﬁ‘?edF%&r'#g?i ]S%ﬁ%?éﬁg&r egctlr%nl? nd then %s' renove the
sol vent bybyli&yirng &heopelBes;. for exanple, the follow ng patents: US
4613656, US 4686266, .US 4959429, US 4959433, . US 5017666, .and.JP

61( 1986] - 64706. RemdVar B ‘%)lcﬁ‘“v%ﬁt”i’%a ?drrew%’:‘gnghu% %‘él%eéxrﬁgﬁgﬁé%,"fand, in

t hose casepowh&rldytlheaspbvatd) - fankaX bta D mdrcaemabbepodiazizmgous. tiRenovi ng 20
the | a bream)gnt,s f sol ven]it) Wit hout _i nt roduci ng unﬁatlilsfact or y color to the
prepol §ier TEE2USFaM PHEP FRTUPRICARGt WY BT aaehV AL B Eo tbifict t he
prepol yner tEat ¢QurdeN o PEBymSDiTa@Alonl t€. thel fiyall eFhérthsdeatnpoahyr f ree of
inert solvent, using initiators having 25 | ow ten-hour half-life

t enper at ur BST SEEPILer tEREPpi 2 FREIRBIID R GPPAPEHIRt NS 185985981E US
4623708, IRy SIS IR p3188e r IR U1 332h1 2652 bne) B15461982] 2433106, JP

61[ 1986] - 51012, and EP 5[1993]-29664. Wth this approach, once the desired
vi scosity Rasbemaielor Fychboigh shriakaghs eared parhecnbaety dletzamantalire is
cool ed 50 $10pad i EACEhLLond foddi® bOMLL SN BALLoALLE JeREi Rl €
initiator has not bee consurrecf, the storage stabilTty of the prepolyner
product isleoees dnd optiehalmic Narenbéank@00ere the liquid monomer

composition is introduced to a mold and thereafter polymerized
to the final thermoset polymer.
Although it is not desired to be bound by any
30 theory, it is believed that the shrinkage is primarily the
result of a reduction in volume accompanying the conversion of

allylic groups to units of polymer.



- 3 to address the problem attenpts have been made to regul ate

t.h. e. anmount of initiato;_,k the reaction tenperatygrg a8t hgpogari abl es so
that when the reaction’is cooled to stop the ' pUT?%sﬁgféirﬁﬁf t he | ow
ten-hour half-life tenperature 5 initiator will have been consuned and the
prepol ymer viscosity will be at the desired value. This node of operation
is not practical because the nunbers of variables to be controlled are so
| arge that attainment of desired prepol yner product viscosities on a
reproduci ble basis is difficult. 10 A pracess has now been found which is
rel atively easy to control and which can be used to consistently produce

prepol ymer products hay ng ¥hseasthaesshaldkaye wht bhé fieBSgdly narrow
specification _ranges. The prepol ynmer products are pol ynerizable, |iquid,

subst ant i al F§UgeRd % dntoedycdng| Bs i iAeidIREPROIENGEE Rt Eif v ndi nar y

ambi ent t eNpREAL LY ESr p%ﬁl%i’e@‘;'%gh}é th@epféﬁl&l%e(%”tbstﬁe pfﬂ%ﬁ%ﬁe%o&@f:m ng a
pol yneri zabl e, liquid, gel-free, "poly(allyl "carbonate)-functional X

pr epol ymer @@Mm%ﬁl &h%mppémr 26 payrhearragusedhder ruHiEdilyi on

conpri si Rg. I I ?,q?é )y irqP Lnd free
radi cal ini ?IB %aﬁbﬁgﬁ% S%bﬁég%{}?a{? - 'fa) te?}pg}ézr:g?%lr’ae rgglrel east 85C
at tenperat apesosrrcicme treargasufnef aoml‘éti&n s:ﬁjshdeglb:eblcbegmnshe Tea- hour
half-llfetemc)gla% of thefreeragté |n|t|at ?%o 150C forma

erlza ionh is howeve ore mofe
reacti on ﬁl? ure an ﬁcreased VISCOSIt e rang FF%HIZS

to 10, 000 cpm{n?é'nltandlﬁuﬂ@& glellllaeaeﬁabeaefs)md: (:Hﬁ?a 131)5} p:mboajweh:hy\bgni c
doubl e bond utilization_ of it 3 percent; and (b) over a period of

| ess than 95enfﬂﬁf%‘§u%lt|°n§h€hg‘° 8afFi a3 re to 30 a tenperature at

| east 20QoCel si us degreas gawthaepirmcml& ihalkbuhdf ecH@r@araiubeenf the
initiator. 5 Novenber, Since the process is solventless, the

hazards ass®@éEiedl e %ﬁmqowglséhw%t%ccﬁréaél—ﬁnrﬁﬁwas Hh@ractice.

sol vent -renovi ng step d3 QLGN LEL. bg,pct% tRQal, 8¢ td@d or has a high
ten-hour half-life 5 tenperature and is stable at ordinary anbient

t enper at ur e@rephbmemﬂw ipr s8ecpregentalsie aasubs tamat gl lantineat
tenperat ur esBghit | StAR NG PLESRRGE: fln I LAl pLaserbiuany BaEAUSE 1t

i s not necess o co consune the initiator r'ocess i's
rel ati velsy rr@hnuse tine rsaslp@att oy BAsvailations iSeei nforaemmmfmca;mbr ation.

following patents: US 4613656, US 4686266, US 4959429,

US 4959433, US 5017666, and JP 61[1986]1-64706. Removal of

solvent is time consuming, expensive, and, in those cases

where the solvent is toxic or flammable, hazardous. Removing
20 the last amounts of solvent without introducing unsatisfactory

color to the prepolymer is usually difficult.

Another approach has been to conduct the
prepolymerization in a neat system, i.e., a system
substantially free of inert solvent, using initiators having

25 1low ten-hour half-life temperatures. See, for example, the
following patents: US 4590248, US 4623708, JP S51[1976]-9188,
JP 57[1982)-26521, JP 57[1982]-133106, JP 61[1986]-51012, and
JP 05([1993]-29664. With this approach, once the desired
viscosity has been or is about to be achieved, the reaction

30 mixture is cooled to stop the reaction. 1If the low ten-hour
half-life temperature initiator has not been consumed, the

storage stability of the prepolymer product is poor. 1In order



A product with a particular specification of 25C viscosity (such as from
110 to 120 cps) can be consistently produced by s tdpovi scosity of
the reaction m xture during the partial pol ynerrzmn—gr%mr 15 In the
interests of brevity, initiators having ten-hour half-life tenperatures of
at least 85C will be referred to as "high tenperature initiators" and
initiators having ten-hour half-life tenperatures of |less than 85C will be
referred to as "low tenperature initiators”". 20 ~ The neat conposition
which is heated conprises at |east one poly(allyl carbonate)-functional
nmononer. I n nost cases the neat conposition conprises a m xture of
poly(allyl carbonate)-fun=Tonal nononers. Poly(allyl carbonate)-functional
nmononer s Wi haealsa5c e pitddiieredat Bedhtes MGt beenOhaddiecPrRgnbtenvent i on
are the liquid poly(allyl carbonates) of polyhydroxy organic materials.
Exanpl es ofthsu@ionbRofernitidtede pbEy¥eR iAo c &FHBRER NS of2NG RERRT or

br anChe,d al\}aq}l%tb'lgspgéb)/%ast y(:ﬁlal ¥éa8@f&9%§t e2b18d to stop the

cycl oal i phatic-contai ning polyols, 30 and poly(allyl carbonates) of

ar omat i c- c@mtlyimeiraga pbby hyehreoypwe apoleels . hafiife lifaohereezgtainehensel ves
known and c e roce | I . or 5
Noverbert 702 aeBrBELE Ve Bledh"dhhEindS dod R35nk Bpotiind igBEucY

2, 455, 652; wi1g5®e658; tRe 5BY5 4®A valbd4, 20Ris anvdied 0¥ 43pd 38 idm igneonet hod,
the appropriate.ally] alcohal is reacted.w th osgen to formthe

Cor r eapondl i HUEPE BRFBIT it DU mBRTE HoF /ATl 182 EAche RA SR ILRE. des red
pol yhydr oxyam ganilargat efdtlatdainaeat hef dedired pheppdiwdry drrexdacer gani c

material is reacted with phosgene to form ,or%%ni G %ol ﬁchl orof ormat e whi ch
is then reaftSPWERSt AR APPFRRINGUSLRIGI PIFLSSoBE PRI third nethod, the

pol yhydi@xy organi c nptgrédlss Hhie aBRroPdh aRinkOwal byl i &l £ohaliveand
phosgene are m xed together and reacted. In all of these reactions the
proporti onsedTY tea€PBRFIL %A appichx Caat e yusadbitehiconBL FEent lak PEpEuFhat

phosgene ”Byrafolg,@ggr %}%&&9@& %&Ui@l{g g)fggééiéi‘cesd%%ilﬁ?g? Jhedenperatures of

t he chl or ofor mat ng reactions are preferably below 100C in 15 order
to m ni m zeredreraplyahaonowfspamdddicrabbre byngeodufhe. pCepbarsd y t he

chloroformate-formng reaction is.in the range.of .. The
car bonat e- f%?oréur?é:sr 85ct¥o |%rluzsaz°allel'yi% nﬁ%’ct%e Sé:takggg%?&tiegl%a%%’

t enper at&ir esnd alubaeaghihl phestdremjeesabbl esatmyrdicaeyphoykreht Sui t abl e aci d
acceptors, 20 e.qg.~, pyridine, a tertiary amne, an al kali netal hydroxide,
or an al kal Y¥®® fi®fet al hydroxi de may be enpl oyed when desired. Many

pol y(al Iyl carbonate)afusediily;! tHeNOARESt (N ke ar ppoesent sk Wyrohgul a
(1) OR C;-é%fgégiizable, liquid, gel-free, poly(allyl
carbonate) -functional prepolymer composition comprising:

20 (a) heating a neat composition comprising at least one
poly(allyl carbonate)-functional monomer and free radical
initiator having a ten-hour half-life temperature of at least
85°C at temperatures in the range of from 5 Celsius degrees
below the ten-hour half-life temperature of the free radical

25 initiator to 150°C, to form a reaction mixture having an
increased 25°C viscosity in the range of from 25 to 10,000 cps
{25 to 10,000 milliPascal-second (mPa-s)} and an ethylenic
double bond utilization of at least 3 percent; and (b) over a
period of less than 90 minutes cooling the reaction mixture to

30 a temperature at least 20 Celsius degrees below the ten-hour

half-life temperature of the initiator.



25 n Formula (1) wherein RL is the group derived fromthe unsaturated
alcohol and is an allyl or substituted allyl grgumovmbesx ! 2®02r gano 5
Novenber, 2002 - 6 group derived fromthe poIyﬁVﬁTﬁYV‘ﬁTéﬁﬁTE‘hateriaI,
and the a~-rage value of nis in the range of from2 to 5, preferably 2. For
any particular conpound the value of nis an integer. For m xtures of
conpounds, however, the average value of n may 5 be a whole or a fractiona
nunber. The average value of n is based on the nunber average nol ecul ar

wei ght of the poly(allyl carbonate)-functional nononmer species constituting
the m xture. The allyl group (Rl) can-be substituted at the 2-position with
a hal ogen, nost notably chlorine or bromne, 10 or an al kyl group

containing from1l togdnearbRd MU 48Ngoaydnt 1t byl RLzLidy! group. The
R1 group can be represented by Fornmula (2): Ro H2C=C-CH2 Formula (2) 15

wher ei n Ro2apsogiRfrashen thhhppdling @elyerys group dumesedi ngndrdm 1 to 4
carbon at ogp;SRECLIIS 18%a s of i ;udg the groups: allyl,
2-ch|oroalg§}Y 2-bf%%%&ﬁéyg?éé-#?dgﬁ%ékﬁgb,gg-nethaIIyI, 2-ethylallyl,
2-isopropylallyl, 2-®ipcepyhalindtiaded Raam- dutighaltep-hovbshakbhrindiel y, Rl is
the allyl gr 20 HzC .CH is a Lyval ent. gro Y fromthe
poIyhyd%oxgeggg%?ﬁ%?%nﬁﬁgrfﬁ?géﬁgﬁ%ﬁﬁbéﬁ.ggxgﬁ %ﬁ%ﬁﬁ%&t%gmgg %%? ' a

pol yhydr oxghkupeépainale rapasatt€ - LOdaibliengt corguiowny ahateaont ai ns 2, 3, 4,
or 5 hydrox roups. Typically, the 25 pol yhydroxy or.ganic _nateri al

cont ai ns 2t%?ﬁ?ﬁ?@“ﬁ?b%ﬁ@flEEX?%Wiﬂ¥hﬁﬁFe?¥§¥§ﬁ?%6ﬁ d%lﬁ?gﬁﬂﬁnol. The

al i phatic peky@he£an fRaukBedt 0§ tymRebedsand €OMHrpleteN doddurdd carbon
atoms. Commonly, the aliphatic polyol is_an_ al kyl ene glycol havi ng from 2

to 4 carbofihgt dRELIRtOY pbbp(BEOEHSS dikyrdAEiYRItoToPuES 3D FBFPeaf e,

ethyl eng ghyeohe i BLORH 8A8cJLYSP concenchay¥epper, 2002 trinethyl ene glycol,
tetranet hyl ene gl ycol, or diethylene gl 3ccol, triethylene glycol, etc. One

cl ass of pol yhydr oxy# prethonavldr cmprirEicohtni sravy fdeppoondst can be

rePresent eg by 5, Fagma Gk LoShedn (a8) (B (28)of HLQ boformila (3) in

which each R is iIn containing from1l to 4 carbon atons,
phenyl , or ceakdstemel wgneduokdeay menitorifgi bdeperdmstity P the range of

“erg‘g 10 4eaBREln Qs AIGRENIENTLY Q003 SULE PN 25 Ak BRedl ¥l favi ng from

15 In the interests of brevity, initiators having
ten-hour half-life temperatures of at least 85°C will be
referred to as “high temperature initiators” and initiators
having ten-hour half-life temperatures of less than 85°C will
be referred to as “low temperature initiators”.

20 ' The neat composition which is heated comprises at
least one poly(allyl carbonate)-functional monomer. In most
cases the neat composition comprises a mixture of poly(allyl
carbonate) -fun. zional monomers.

Poly(allyl carbonate)-functional monomers which can

25 be utilized in the practice of the present invention are the
liquid poly(allyl carbonates) of polyhydroxy organic
materials. Examples of such monomers include poly(allyl
carbonates) of linear or branched aliphatic polyols,
poly(allyl carbonates) of cycloaliphatic-containing polyols,

30 and poly(allyl carbonates) of aromatic-containing polyhydroxy
compounds. The monomers are themselves known and can be

prepared by procedures well known in the art. See, for



carbon atons, or alkylidene having from1l to 4 carbon atons; and the val ue
of gis in the range of fromO to 3. Preferably QNsvehdgit hYdaggdyl i dene
viz., isopropylidene. 15 Preferably the value of—gq I'S zero, 1n which case a
sub-class is represented by Fornula (4): (R3) a (R3) a Q HO OH Fornul a (4)
in which each R3, each a, and Q are as discussed in respect of 20 Formul a
(3). Preferably the two hydroxyl groups are both in the ortho or para
positions. The para positions are especially preferred. The preferred

pol yhydr oxy-functi onal aromatic-containing conpound is represented by
Formula (5): 5 Novenber, 2002 - s ._..5~~-H3 . H~ C~ H CH3 Fornula (5)
The pol yhydroxy organic material fromwhich Rz is derived may al so be

pol yhydr oxyeksmstd ongl schake£Xd apsled,5376080PUNs0306a8P! 85494, 5ich
conpounds based on al kyl ene oxi de extension include ethyl ene oxi de extended

trimet hyl ol préparf3 ipropflefhd” oxt de feXbénded t+i He AyPol pFapeife, et hyl ene
oxi de ext engleh g4 Y G8{lapp2By PLOPY 187 g%bgﬁo @@%%@t%yﬁﬁ{f?' hcﬁ%%h%' onal
exanpl es i ncl ude et hyl ene okl de extended bi sphenols 10 suc ad those

repr esent edtbyfFon millea co8yespiBling (aRkylachirofom@id2z€Hwhicl) s QQEACH2 k OH
J Formula ( -.Q, ngd. re ' SS above, in. respect of

For mul a ?3)?L3%%§fggﬁ%lg%§rgegﬁg #ﬁﬁ§§¥§5§%¥|3faﬁn4§,m%Fei agr FINhny
conpounds basethemn neatiodnehexpehgiyairoxyeotdgsnid beteriall. i 8. r&adtadt  No.

3,169, 945. Speci fic exanples of the radical i ncl ude: kyl ene gr oups
Contai ning FROMBARSSE B8; bR ARHAN LGB LKE L TRctece hidh IE el

(- CHZ- CH2-) reatte@d hwiltenehemebpydmtinteene 1 y20ai@dnctet hyl anenied hyl et hyl ene,
pent anet hyl ene, hexanet hyl ene, 2-net hyl hexanet hyl ene, oct anet hyl ene, and
decanethyleﬁ%?h%?kyﬁﬁh€° Vﬁﬁﬁriﬁ¥nﬂ£$%§&8hm3§e¥E¥boéﬁ?—?PPEPQEFEEEHZCHE-,

- CHZOCHz 6Hz 21 1 9N th T L3HEEHIZGH re ALKYL yPlyehhger régurs such as
- CHz CHZOCH2CH20CHz CHz -  and Novenber, 2002
In all of these reactions the proportions of reactants are

approximately stoichiometric, except that phosgene may be used
in substantial excess if desired. The temperatures of the
chloroformate-forming reactions are preferably below 100°C in
15 order to minimize the formation of undesirable by-products.
Ordinarily the chloroformate-forming reaction is in the range
of from 0°C to 20°C. The carbonate-forming reaction is
usually conducted at about the same temperatures, although
higher temperatures may be employed. Suitable acid acceptors,
20 e.g., pyridine, a tertiary amine, an alkali metal hydroxide,
or an alkaline earth metal hydroxide may be employed when
desired.
Many poly(allyl carbonate)-functiol 11 monomers can

be represented by Formula (1):

O
2L A |9 A%
n

Formula (1)

25

wherein R, is the group derived from the unsaturated alcohol

and is an allyl or substituted allyl group, R, is the organo



_ g -CHzCH2CH20CH2CH~CH, OCHz CHZCH2- ; al kyl ene car bonate and al kyl ene et her
carbonate groups such as -CH2CHzOC (O OCHzCHz- saRghvenreria@gdCHZOC (O
OCHz CH, OCH2CH2-; and 1-nethy|ethy|idenedi-4,1-phEﬁVTEﬁET‘ﬁUgr‘CbnnDnly, R2
is 5 -CHZCHZ-, - CHzCHZOCH2CH, -, or -CHzCHZOCH2CH20CH2CH2-. Speci fic exanpl es
of poly(allyl carbonate)-functional nonomers useful in the practice of the
i nvention herein contenplated i nclude ethylene glycol bis(2-chloroallyl
carbonate), ethylene glycol bis(allyl 10 carbonate), 1, 4-butanedi ol
bis(allyl carbonate), 1,5-pentanediol bis(allyl carbonate), 1, 6-hexanedi ol
bis(allyl carbonate), diethylene glyca gbis(2-nmethallyl carbonate),

di et hyl ene glycol bis(allyl carbonate), triethylene glycol bis(allyl

car bonat e) ,grﬂfu?)p}rﬂa@ﬂeecmﬂ’x‘&d tBeSHA1 Ghytdy YhgdRi & HNANALR),, and the
(0]

1, 3- pr opanedi bis(allyl carbonate), 1,3-butanediol bis(allyl carbonate),

1, 4- but aned¥§ITaBEsT21 R gtfodl iyl ieaten@nge ofi propy?d e gl pesteprial |yl

car bonat e trigget I i 3 l.a C - t hyl ene
) )2 Lripae QM%%&&(&%E Qbrﬁﬁ% [oAR 'vh!%:ia @1;]99&@ &h HF?%;%‘TE y

gl ycol bis(allyl carbonate), isoprop ene 20 sphenol bis(a

car bonat e) ,Faaxypisrypeene] dempoahfiy) kewdysrat she svérfagey|vaiuephénolmay

bi s(al ly, 0 , d rls{a car hgna 0 .
tris(2-ﬁid?%i%%?ﬂ%?%i%%2@5%%%%%853 %ﬁ%ﬁ%ﬁ’reggglég%F%#e agﬁyfaPFy? e

car bonat ) Hasect bonghe numdrer avesage prieisentled hyidior mf ahe? bol CHREGAH20C0

CH2CH20 COCH2C=CH 5 Fornul.a (7) wherein Ro is hydrogen, halo or Cl-C,
A kyl - and THERIER eE A0 THIPLST RGP aRgR® DY Fifo 3. CRo i s
pref erabl y oipcuegen. ThE e hyhereogpycr)) bha(pé|sibszarhenat &} tise 30
preferred. This npnonmer is commercially available fromPPG = 5 Now-nber,
2002 - to JMASFAGIPRi BEED |hPaloAgnt SR dokebER- SB1IRA B rgRbre.

Carbonai®. or Becausgl ofrdlie Jeaeasndye il ahebhe polsdRldms,
carbonat e)-functional nononer is prepared, the nononmer 5 conpositions

usual | y corfffieFélayng xreffiy loforpeEyy hl 952urcar BBAake PrPURCERBA2E conpounds

each repre iLh roulgy (B): OO0 RlI- OC OR4-O-C 0-R1L s Fornmul a
(8) 1o or E%?%ﬁ%39¥%§:E%fﬁ?%@%%yféﬁc O-R t Fornmula (9) wherein RL is as
defi ned above with respect to Formul a Q%;, each R9 is independently a

dival ent group derived froma i5 di hydrpxy organic conmpound, R is Rl or
hydroxyl, s is a positive integer, Hade=C—CHa—positive integer. Anal ogous
princi ples apply when the functionality of the pol yhydroxy organic materi al
is greater than two. Formula (2)

15 wherein R, is hydrogen, halo, or an alkyl group containing from
1 to 4 carbon atoms. Specific examples of R, include the
groups: allyl, 2-chloroallyl, 2-bromoallyl, 2-fluorcallyl,
2-methallyl, 2-ethylallyl, 2-isopropylallyl, 2-n-propylallyl,
and 2-n-butylallyl. Most commonly, R, is the allyl group,

20 H,C CH CH,-.

R, is a polyvalent group derived from the
polyhydroxy organic material, which can be an aliphatic polyol
or a polyhydroxy-functional aromatic-containing compound that
contains 2, 3, 4, or 5 hydroxy groups. Typically, the

25 polyhydroxy organic material contains 2 hydroxy groups, as for
example, a glycol or bisphenol. The aliphatic polyol can be
linear or branched and contain from 2 to 10 carbon atoms.
Commonly, the aliphatic polyol is an alkylene glycol having
from 2 to 4 carbon atoms or a poly(C,-C,) alkylene glycol, as

30 for example, ethylene glycol, propylene glycol,



5 Novenber, 2002 - 11 Diethylene glycol bis(allyl carbonate) nononer
conmposi tions usually conprise a mxture of diethyhfRfenlescolade | Y!
carbonat e) conpounds each represented by either Formora (10 O O

.=CHCHzOC OCHz CH20CH2CH20C CH2CH CH2 s 5 Fornmula (10) or by Formula (11): O
H OCHzCH20CH2CH20C OCHZLH=CH2 t Fornula (11) 10 wherein s is a positive
integer and t is a positive integer. The diethylene glycol (allyl
carbonate) conpound for which the value of s is 1 usually constitutes from
25 to 99 area percent of the m xture of diethylene glycol (allyl carbonate)
conpounds. Often the diethylene glycol_(allyl carbonate) i5 conpound for
which the value of s is 1 constitutes from25 to 95 area percent of the

m xture of dj g (all (o] . d herein
and in the g%%ﬁ%%gfﬁgﬁg %%?g%}Vgkg%%ﬂ%?éyggg%géggggpagpg$g§ﬁ§%E§§nt, of the
di et hyl ene glyowl, (tadikyhytendayilate)l,cetrpounds having differing val ues of- 20
s are determ ned by high r f or anc iquid romat ogy aphy using an

i nstrunent equi pped mpgﬁ gf J Pnggﬁgrgijgégfﬁﬁﬁnoperated at a

t enper-at ur eapbmai-@ontRL fl ¥g IGmpcandef cantbes acprdexnted ant or, and
enploying a_nobil e phase conposition of 40% net hyl ene chl ori de/ 25%t hyl

et her/ 25% ef A Her *whi ch 25 was saturated with water/ 10% n- hexane, where
t he percentages are expressed as percent by vohune. A subcl ass of
particular interest is a fxtare of di &ala (al |yl carbonate)
conpounds each represented 5 Noye -‘\ A \- Formula (10) or
Forrmula (11) wherein thHe sejys OF A Wi ch the val ue of
s is 1 constitutes from 82 5 area perce A xture of diethyl ene
glycol (allyl carbonate) conpounds. fcl ass of particul ar
interest is a mxture of diethylenﬁﬁ%%%c§l gi&ﬂyl car bonate) conpounds each
represented by Formula (10) or For £13) erein the (allyl carbonate)
conmpound f ofinWahLdh tdaRhval U GhdepbAddntBANKL UL €6nddiHMnd5 firem 7D & @A
percent of the m xture of diethylene glycol io (allyl carbonate) conpounds.
The m xt u- _S2BPORi AINF eRBSBY Y c o?r (dlPyl thartos &f edfpolinids each
represenped; RYefddHthd (L0 O fifd¥raslhh)o i Rr,ebgeRbY Y Hrepared by
reacting diethylene glycol bischloroformate with allyl al cohol and
optional | y #ndepsandandlysoglyycenlfonylhe apkanedind dRvangufremnlZ tackd
acceptor, a l e . pYyridi a AN i pe, ,0 I Lne or

al kal i ne ea?? Qﬁ%ta ydng¥g%§H§§%qﬁsh%?%é%a%%ﬁeg%?§n€ %%aﬁggaggég@bby

wei ght sol uandntind wddieumthgdioximdehen raagerofast ndme 0Oato d3 ackefeoebl A

substantial Ly.inert t i nsol ubl e organic 20 .diJuent nmay optionally be
used al so. bhéscﬁﬁﬁﬁﬁﬁgiegﬁﬁgﬁagn%ﬁ 33yl *EPREAN 1884 di et hyl ene gl ycol

enpl oyedsare at | east pxeffbirabEnttied via@aet oM & hissulesbanin athicratisefat he

di et hyl ene ghgco bi schl orof ormate.. An inciea?e in the ratio of the nunber
of nol es of *BPett3Aene JEPESFEREY Y FOrBBf2of4)nol es of 25 di et hyl ene

gl ycol bischloroformate results in a decrease jn the area percent of

di et hyl ene glycol (allyl carbonat®s)eonpound r@BMéSented by Formula (10) in
which s is 1, along with a corre di ng incr in the area percent of
conpounds

HO OH

Formula (4)
in which each R,, each a, and Q are as discussed in respect of
20 Formula (3). Preferably the two hydroxyl groups are both in
the ortho or para positions. The para positions are
especially preferred.
The preferred polyhydroxy-functional

aromatic-containing compound is represented by Formula (5):



represented by Fornula (10) in which s is greater than 1. The 30 ratio of
the nunber of noles of diethylene glycol to the gwiamyr Mo of

di et hyl ene gl ycol bischloroformate is generally ange of fromO
to 0.9:1. The base is 5 Novenber, 2002 - 13 added slowy to the reaction
medi um cont ai ni ng the di et hyl ene gLKcoI bi schl orof ormate, allyl al cohol,
and di et hyl ene glycol, while external cooling is applied in order to
control the reaction tenperature, often within the range of fromO0Cto 5
25C. After substantially all of the chloroformate groups are reacted,
removal of the aqueous phase is often-pgeferred. If desired, the organic
phase may be washed with water in order to renove inorganic by-products,
and vacuum |10 stripped to renmove water, solvent, and other volatile
materials. The poly(allyl carbonate)- fdﬂ&tlonal nononer conposition nay be
purified so&s to contain esse ly nk relg nononer species, but thrs

is rarely done. Although 15 t 4!]3‘ al A gf unctional rmonomner
y a\i oyl e r

conposition nay contain on speC|es it usually
contains a mxture of different Tel ated| nononer—speci es. Typically all of
the rel ated nonomer species taken toget®y constitute from1 to 75 wei ght
percent of the poly(allyl 20 carbonate)-functional nononer conposition.
Often all of the related nDnoner specTeLat &en toget her constitute froms5
to 75 wei ght percent tgt b!baﬁ?éh&ﬂﬁhﬁklfBBS&'@Mﬁhlﬁpn9§9r
conposition. In many ins ances all of "the rel ated nononmer species taken

t oget her céﬁ§%V%@ﬂ%@W|@éﬁ95b@opq}YhM§n@HV penrgkipnals chpinhexpendgdl |yl

car bonate) Eupstianal uhds Y ns I t he
rel ated nnﬁongr spécigggﬁggg %oget e%bg ﬁsté%tn%ga r8n1é§gf€ Fgc%%?%h

per cent ofeKhen@bhy@@bﬂyﬁecathﬂha&erMﬁdﬁcBRC¢udednmndmethztm@mmdnanan As
used in th pressent descriptio the 30 ter (aI
carbonate)gfu ??ﬁuaXIﬁbno%%r ég&i %hnﬁbﬁ%FOPane tg%e?%%lene gl ycol

bi s(al |yl eatbnmmueglyoamel 5nakprdﬁyabne26ﬁfde éutenﬁﬂaegngcbfan Jrean and

i ncl ude the

ononer and, all rel ate nDnone
cont ai ned Pﬂgiiﬁ Tﬁ@?@pé?ﬁ h%ﬁﬁPqﬁnﬁéﬁVgFEevﬁﬁ ﬁ%§ g??zgﬁﬂﬁgfqe Spresent

in the o _qgudhpgé y&yajsleylregaégg,&aé&)bj woehliogatesnononer 5 conposition
enpl oyed in the process of the invention. Anong these are optional

ethylenlcally unsat urated conpoyrds. As used H§FEIH and in the clains,
"optional ethylenically unsatura ed conpound ghs an ethylenically
unsat urated conpound which is pon(aII rbonate) functional to
conpound. The opbHenal,ellyle 3 a . gzi— bg an
opti onal polyethylenlcally uhsa ed conpo t nay an opti onal
nonoet hyl eni cal | y unsat ur at ed conpound

Formula (6)

where Q, R,, and a are as discussed above in respect of
Formula (3), and j and k are each independently 1, 2, 3,

15 or 4. Many compounds based on lactone extension are described
in U. 8. Patent No. 3,169, 945.

Specific examples of the radical R, include:
alkylene groups containing from 2 to 10 carbon atoms such as
ethylene, (-CH,-CH,-),trimethylene, methylethylene,

20 tetramethylene, ethylethylene, pentamethylene, hexamethylene,
2-methylhexamethylene, octamethylene, and decamethylene;
alkylene ether groups such as -CH,OCH,-, -CH,CH,0OCH,CH,-,
-CH,0CH,CH,-, and -CH,CH,CH,0OCH,CH,CH,-; alkylene polyether groups
such as -CH,CH,0CH,CH,OCH,CH,- and



When two or nore optional ethylenically unsaturated conpounds are present,
they may be optional polyethylenically 15 unsat gr ghodmea¥porad2, opti onal
nonoet hyl eni cal | y unsat urat ed conpounds, or a niX Ol one or nore
optional polyethylenically unsaturated conpounds and one or nore optional
nonoet hyl eni cal | y unsaturated conmpounds. O her optional conpounds which may
be present 2o include conpounds which are devoid of (allyl carbonate)
groups but do contain a plurality of allyl groups. R-canples include
2,4,6-tris(allyloxy)-1,3,5-triazine [ CAS 101-37-1],
triallyl-1,3,5-triazine-2,4,6(1H, 3H 5H) 9trione [ CAS 1025-15-6], diallyl
pht hal ate [ CAS 131-17-9], triallyl 25 trinellitate [ CAS 2694-54-4], and
triallyl trcHRESHCR,JOBAS:, R G18,CH] - ; I%alkyrlenézabﬂsormﬂqemldylaéhyma:hé y
unsat ur at ed onpounds whi ch do not contain all [ ou optionally be
present. TRESET| FATUBE EnETBHET a1 étsesfH%ﬁ%oé&O%? E’Et'hﬁ%’ﬁ/l ates) of

di ol s, the tn;@{za@mayj;@@@gd)@chﬁ bg(dgt hagiy/| ates) of triols, and the
t et r aki s(acryl ates) and tetrakis(nethacryl ates) of tetraols. Exanples of

suitable 15TREDEHEY1isenedi-4 5l -Rhepvdenfc| MRS HOSWOMYTHBCHEOH and t he
diols r gpr e@gr&hﬁd by cardait an(-12h - HOoA b RQERB@L,ER2). 5 The dival ent

radi cal A may be al i phatl c, aromatic, or corrprl se both ali phatic and
aromati c portions. B&@mﬂlésq %#Weesalolﬁaﬁééﬁ’ﬁlbfbups containing from2 to

10 carbon , , rop qg{%gl
2, 2-di net h%Fggggégﬁfp)gpgﬁlg%l%Pg& c%égs _J[l%glé?hane yﬁyaftéllc u(t)%nte ryl, 10
1-et hyl - Zneehan@mlyeir)em 5opeamlamanhWI1pCIpée hexianediey lglycol

2- et hyl - a 1, 8- oct anediyl 1, 10- decanedi urt her
exanpl es |ncFS§ n%f?( ]T%Léflef:ﬁéé B3 '5tlps est%é’gené Oléﬁf&ﬁz Shayf
CI-lZCI-th@I—lzG@HbG:E&}Z namdbueazmﬂ ampercemmalt@s i ncl ude al kyl ene
pol yet her such_as 15 - CH2CHzZOCH2CH20

P e D O PO B D B EHB. YL VR GTREP el IR AR 6D K3 e

carbonat e @aeUBHasaIch cﬁ%th@ﬁggb'm@lqﬂﬂngmeﬁlﬁ@l]@}]k)ﬂa&l&@n@t@ﬁ‘l’ car bonat e
groups such as_-CHZCHZOCHZCHz OC( O) QCHZCH2- . npl es of cycl oal |{)hati C

O
groups i nclidgenylene yEsREn AR At YL CPr@C’B?Ethe'k‘&r%dW)}lenezS yco
1,4-cycl Oh%@sr@S@lYi7C&‘Bﬂ>njeut%')CYﬁfﬁ&%ﬂéﬁe@lyholEﬁm-‘ae?th"}flaif&ﬂat' C groups
y

i ncl ude 1, 3- phenyl ene and 1, 4- phenyl ene | es of groups containing both
al i phatlisc &ﬁefbaneﬁ@ki ¢t pamptr]o@ﬁgeq‘lml e <21ﬁf’ei hg#rhonptsienyl ene,

2, 6-di th | t 4,1,
2,6 Ih;/TFet 1, |3|8 %@%{MAA} ?ﬁs(%?l?? Avdengxd) ;4 1 BhEN%1

1- net hyl et Mlsndehe@n@im}ﬂ @I:iahrbormsd) 1-qcﬂm;piyéan¢ glycol bis(allyl

t hyl et hyl i denebj s Ioro 4 phenyl e
hylprﬁ%yk ae%%’ bﬁ ?egkyc ol bls¥5 gﬂylallyl carbonate) ,

t
thyIethmhmdeeehyséﬁbrgﬂywwh Bléfiﬂmynﬂdambbnate), isopropylidene
e

thane(ii)l henyl_ene, %rrber 2002

1
1-
1-
1 1P

1sphenol bis(allyl carbonate), Xy bisphenol bis(allyl

me
nme
nme
, 2-

carbonate), sulfonyl bisphenol bis({allyl carbonate), and the
tris (allyl carbonate) of tris(2-hydroxyethyl)isocyanurate.
A preferred class of poly(allyl carbonate) -

functional monomers is represented by Formula (7):

i T
CH,==CCH,0C0~+CH,CH,01+~COCH,C==CH,
m

Formula (7)

25

wherein R, is hydrogen, halo or C,-C, alkyl, and the average
value of m is in the range of from 1 to 3. R, is preferably
hydrogen. Diethylene glycol bis{(allyl carbonate) is

30 preferred. This monomer is commercially available from PPG



- 16 nethyl ene-di-2, 1- phenyl ene,

1-net hyl et hyl i denebi s(2-(1- et hyl et hyl ) -4, 1- phegyhedghber, 2002

1, 3- phenyl enebi s[ 1- et hyl et hyl i dene- 4, 1- phenyl eneJ, -

1, 4- phenyl enebi s[ 1- net hyl et hyl i dene- 4, 1- phenyl ene, ~~ 5

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

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

propyl i dene-di -4, 1- phenyl ene, io0 1-ethyl propylidene-di-4, 1-phenyl ene,
'.,4-cycl ohexanedi yl -di -4, 1- phenyl ene, - 10 -

1, 3-cycl ohexanedi yl - di - 4, 1- phenyl ene, 1, 2-cycl ghexanedi yl -di -4, 1- phenyl ene,
and t hi o- di -ZThduguirdeyl, enec. landExianEcas ek sriiabhelylibpiglyduwl ude

1,1, 1-trinethylol propane, 1,2, 3-propanetriol, and

tris(2hydrox a)tlesocyanurate. Exanpl es of suitable tetraols include
pentaerythritol and erpébshd®lor e babtebs f18y afhizhf ERE pady cal1yini tiator
at any 20 specified tenperature is defined as the tine in which the
initiator |SEPWAL)oFUREEICRF} HAPMert 1F SPHRRANSH, nEBSt RPBOMAF st udi es of
the decomnposidrsikiiBRE G8ufl1y NeonigtibibahOfhixR0% Jfoboﬁgsamfl the product
bulletin ps~roxide Sel ection Based on Half-Life, Atochem North Anmerica,
Organi ¢ 2s Peaxhdangds) BEwnst benaBufampionndpletp do riepregenfedahy <ittidd e L.
Magel I'i and §gyﬁﬁfy'(§3:8heppard, Organi ¢ Peroxides, Volune |, Daniel Swern,
ed., Wley-Interscience, New York, pages 81-87 (1970). The ten-hour
half-1ife tenperature of an initiagor| is the terperature at whi ch one- hal f
of the initiator originally 30 pregent wll deggnpose in 10 hours. Thus,
hal f-1ife tenperature provi deg;a- 0§ —and-cefCeeDi-vR, gui de to the
selection of initiators for specific fornul ati ong and 5 Novenber, 2002 -
i 7 processing conditions. Fox parti al O|Z rization of a poly(allyl

car bonat e) -functi onal nononer conposFP’ Hlaa @)of the conventional free
radi cal hpi téatmew18SRestally peroxide initiators, with a suitable
ten-hour half-life tenperature can s be used. Initiators suitable for use
in the present invention have a tep-hour half[-1ife tenperature of at |east
85C. The ten-hour half-life tenperpture is dr[dinarily wthin the range of
from85C to 135C. It is frequent Byr@ithi® Pangt of 90C to 120C. From
95C to 105C is preferred. There ar€ many io S&ch initiators, but the
preferred initiator is 00-text-butyl g%&%iEth | hexyl ) nonoper oxycarbonate

[ CAS 3443-12-4], which has a t en- hour® 21 {¥e tenperature of 100C. O her

initiators WahéekeiFRRk,bes usedid iGlaadanBe twith MélspecO tSopsamla (1),
nmonoper oxycar bonat e (CAS 2372-21-6] and 00-tert-anyl i5

O ( 2- et hyl heS34Y fond et BIGRIBIAYe AL VAL ¢y STRVPeASHbYRA hE™ 13 f e
tenperatype §in@ddoxMotbuhes 8bmpbey t @TPeEaRUIR hPphtbRyP! Ss aviang the sane
or different ten-hour half-life tenperatures may be used when desired. |f

t he ten-hourPpl§ive fimteghper aRdr sl sarfe PPRRL 2V s Iehe principles are the
same as when using a shaghgqhoihd SIMSIALULEHL Pl She Einbhodalily bEe
tenperatures axe different, 1t i's preferre ?o use a non-i sot her mal
reacti on tenpee @endywirokyl erghnth naterdadesscorgdtryotrdlap §woin st epwi se
fashi on. The highest tenperature in the |ater stages 25 of the reaction
shoul d be high enough to consune at | east sonme of the initiator that has
the highest ten-hour half-life tenperature. Mxtures of at |east one high
tenperature initiator and at | east one |ow tenperature initiator nmay al so
be used. so In this case it is preferred to use | ower reaction tenperatures
during the early part of the reacr_ion until the low tenperature initiators
are nostly consuned. The purpose 18 _ 5 No~r~qgnber, 2002 for using high
tenperature initiator is to ensure that the product |iquid prepolymner
conposition will be stable at ambient tenperatures even if unconsuned high
tenperature initiator is present. It is therefore preferred to have 5
little or no low tenperature initiator present in the product liquid

prepol yner conposition which could result in product instability at anbient
tenperatures. The anount of high-tenperature initiator which is present in
the neat conposition may vary widely. Usually the to anmount of

hi gh-tenperature initiator enployed is from 10 to 2500 parts of initiator
per mllion parts of nmononer, by weight. Frequently the amount enployed is
from25 to 1200 parts of initiator per mllion parts of nonomer, by weight.
From 25 to 600 parts per mllion by weight is preferred. From




1s 25 to 200 parts per mllion by weight is especially preferred. As

pol ynerization progresses, initiator concentratsOfovéhiséty 2i@g2eases.
Increnmental additions of initiator during polynerization are contenpl at ed.
The nmononer which conprises at | east one poly(allyl 20
carbonate)-functional nononer is partially polynerized by heating a neat
conposition initially conprisir.y the nononmer and a high-tenperature
initiator to a tenperature in the range of from80C to 150C. In nany cases
the tenperature is in the range of from 51Cel si us degrees bel ow t he
ten-hour 2s half-life tenperature of the high tenperature peroxide
initiator to 30 Cel si usiéagyrasr ahgvelt bes {&thowarbahbté) feodedeger at ure.

Preferably the teneerature is in the range of fromtge ten-hour-life

t enper at ur e SIROFEELAPE| BFR11% CRTPEIFE; s HEGH e STaFdFELY hent eh-isedr

hal f-1ife temarat ekebodBe BOcdtfRiunciRMBash  +&prdBBA LAl bonak t Ne P& ssR@Rged
with a nonreactive gas in order to renove substantially all of the

di ssol ved oxV*feri. The neat conposition is often sparged with a 5
Novenber, 2002 - 19 nonreactive-gas during the entire time that it is
heated. The f7.nla rate of th onr eactive gas i@ sually at least 0.01
reactor vol ume per~g nutg, ar t f tie 4§y opthin the range
of from0.01 to 5 (E%n%lctor C\:/}(%u Hggzc%zﬁg%{ébﬁ\éb r @Je('mzlcy it ?E‘zwithi n the
range of ¥rom0.03 to 2 reactor volunes per minute. FromO0.05 to 1 reactor
volume per mnute is preferred. Exanpmsilef (36hreacti ve gases that may be
used to sparge.the neat c sition include helium argon, nitrogen, or a
m xt ure of t?/\qrob r%r?or}“g ?hgggf_ Most often the 10 neat conposition is
sparged with commercially pyre nitrogen. TheO neat conposition may remain
quiescent or it may be agitated while it ismintained at the tenperature
di scussed above. The agit afioncRich fecmesat, I,iUHeaCpr,ovi ded by the

ri sing bubbl es of nitrogen qQr other nonreacti gas that is 15 used for
sparging is often sufficient, but it is preferred to enploy additional
agitation such as that provided by ppsehels (@uhrrers, m xers) punps, or
other simlar, devices. As the neat conposition is heated and Po'_lsgmeri zation

progresséd, YREDBCS/iHEcBsPP TG S3ETST TRR nedt® CoRpSSFtyBn ' Ifdated to
20 form a repgd iORcFVIEHEEGDENONO(A 12ACKBERSE )Y dohpbiaar 88gewiefcH e 25
to 10,000 cps (25 to 1Q,008 nPas{ and an ethylenic double bond utilization
of at |east BB &ht. i¥he nawrilwranskitnees stxaeRScé6l 84 sver RERSE&Mtod of
| ess than 90, [£ 8 ast (20 .Gelsihyus,degy ees bel ow t he
25 ten-hour %al% ?ﬁé{ttlggr%pze)r%g?%%{ o] eqﬁltehéllkh(% ti élt ory.C:;LeOc t ennt hef reaction

m xt ure has ec@E@ndsscoiftygni phe hiletdiydenef glyem 4&1lyl30e6bepxtg)d5 t o 3000
nPas) wh C I t eoner r t | east .20 J r t he
t en- hour ?Eal ‘T?&]l\éé]%’% gﬁ%e?vglgggeé%% ‘t%hlg)el I’?Igt |§a %rl %@é&%ﬁg%gogg‘?%%ﬁée%ﬁ y the
reacti on m xgbirerdmapexrc2bC viEsctositixtguret bé daegeylene Kdymcéd (allyl

carbonate) compounds. As used herein and in the claims, the

relative amounts, expressed as area percent, of the diethylene
glycol (allyl carbonate) compounds having differing values of
20 s are determined by high performance liquid chromatography
using an instrument equipped with a DuPont Zorbax Sil column
operated at a temperature of approximately 15°C, a refractive
index detector, and employing a mobile phase composition of
40% methylene chloride/25%ethyl ether/25% ethyl ether which
25 was saturated with water/10% n-hexane, where the percentages
are expressed as percent by volume.
A subclass of particular interest is a mixture of

diethylene glycol (allyl carbonate) compounds each represented



5 N Quenber,- 2002 - 20 to 1000 cps (60 to 1000 nPas) when such cooling.is
begun. In mar,~y cases the reaction m xture hassanedFamperCOiooR i n the
range of from75 to 400 cps (75 to 400 nPas) WhETT—TmLTn_g_I_S begun. In
sonme instances the reaction mxture has a 5 25C viscosity in the range of
from80 to 120 cps (80 to 120 nPas) when the cooling is begun. In other

i nstances the reaction m xture has a 25C viscosity in the range of from 200
to 350 cps (200 to 350mPa~s) when such is begun. As used herein, the 25C
viscosity of a reaction 10 mi xture or a pdfymerizable, |iquid,

substantially gel-free conposition is determ ned in accordance with ASTM
Test Met hod %YZ%@‘SQ‘BI@. (FPagenFrymile (dctvhsresn el el ady lasasbapeen) ¢

doubl e bond bbibddd 1:RR LAiLhCchanggl I A3 LOcdRaAnARA chonBEo

cooling to a tenperature at |east 20 Cel sius degrees bel ow the ten-hour
hal f-1ife tefperrgamersenthefi hheimixtules dfegiathyiersn glywoledeldiph ni xture

has an ethyl gni¢ rgég:%ql %oQ\BBQngéi.l ization in the range of from6 to 14

percent when such cooling s begun. Preferably the reaction mxture has an
20 et hyl eni ¢ doubl e bordoubeki gabclass ofl partangbanfidfteamst tie 42mprerwnent

when cooling to.a tenperature at | 20.Cel si us degrees bel ow the
t en- hour hal ?‘%I?eretl}yg%ﬁ‘gr g#HFS?ofafﬁg icfﬁ’iblogt%?yi gorﬂg%)ﬁ‘r?.ss R&Ctlsed herein
and in the ckapisseridedl eyhybemula2b1aowy erdrandautil) zaidr@inotha (£awfi on

m xture or a polynerizable, liquid, suhstantially gel-free conposition is
the percent a§erfPat ) alcoTPerPdpFer efF e ¥8dBPeCbohds df SRBAbHERLSHhI ch

are consunedgidnfof NG st Beepr gRobyErIof HHR liRYLAI & dawWkhg188Bdg1veol
utilization is determ ned bg i odonmetric 30 titration as fol [ ows. e gram
r

of sanpl é%weilghbd tFrERRagEAr ESFPOUBBD1 gramis added to a 250-nmilliliter

Erl enneyer flask, and Lk LLlLte f f I I ve 5
Novenber . 2002 - 21 tﬁgeg%F%féTﬁn&tEftﬁl%ﬁ %’?&S&Zf&gng&%?g‘?gg%l ution

of iodi ne nonoepdunddeaich gepreseniced ¥y Faduwda The) fdmdlornmleapped wnd
stored in th rk .for qne _hour, Fif mlliliters of a 1.8 nolar aqueous
sol ution of Po g%?sallbulrﬁ ipc]):&ipagglgsb?h’é%g%“f(?déf&e&nﬁ e ]’[ylcc?r;lL with a standard
0.5 normal sbilsciditvfesmatcat eishl allyh disdhequandi éit Mrgarigudisthylémy.

Titrati onsi s iont' nued until the ye%l ow c_olag)r di sagpear‘s. The titration
shoul d bé°caPtYSY oift "CPoRFFSRAER Appt cHEHiARd St AEL R itfFsiAtC ™ 0 28 HPT
over-titrati eRampid) gciiainal sa tettoded dniink) bheasacdEmMebr | 0di ne

val ue, whether_ of the partiall ol ynmerized nononer or of the initial
nononer whi cRIkasinfieasddn mﬁ&?ii gl’@?o’f)’cﬂeynerxitzéﬂ, of et ATV SREERT a5 F¥F9 ows:
I = (Tb - T9) 66% ﬂﬁj@éia%k Wiution of sodium hydroxide in water as the

acid acceptor. A substantially inert, water insoluble organic
20 diluent may optionally be used also. The combined amounts of
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 moleg of diethylene glycol to the number of moles of
25 diethylene glycol bischloroformate results in a decrease in
the area percent of diethylene glycol (allyl carbonate)
compound represented by Formula (10) in which s is 1, along
with a corresponding increase in the area percent of compounds
represented by Formula (10) in which s is greater than 1. The
30 ratio of the number of moles of diethylene glycol to the
number of moles of diethylene glycol bischloroformate is

generally within the range of from 0 to 0.9:1. The base is



where: 15 1 is the iodine value expressed as grans of |1Z per 100 grans of
sanmple; Th is the titer of the blank expressed & Novdmbet £r30@d t he sodi um
thiosulfate solution; THis the titer of the sanple expressed as

mlliliters of 20 the sodiumthiosulfate solution; Nis the normality of
the sodiumthiosulfate solution; and Wis the ~~~ss of the sanple expressed
in grans. The ethylenic double bond utilization is calculated as 25
follows: U =100 (li - Ip) /Ii where: Uis the ethylenic double bond
utilization expressed as percent; 30 li is the iodine value of the initial
nmononer whi ch has not been partially polynerized expressed as granms of |z
per 100 grans of sanple; and | 5 Nogenber, 2002 - 22 |Ip is the iodine

val ue of theadparsiably qaolcywe e et o netdumerpnesseichashgr distiofldrie per 100

grans of sanple., The coolin erio ate rature at .| east 2 | si us
degr ees bel% P%eb’f%?{‘-c]rﬂﬁ?rfogﬁ‘gfgli"lc‘j]e{ﬁer?&&ogggrea% qslettlli‘é&faﬁ?t?g’fcc%rel’i s
frequent |y whgse é&kedrraln@doliAgCos| apeliReY iiadot@ed dergaatabur enat | east 20
Cel si us degrees below the ten-hour half-life tenperature of the initiator
of 30 i NUFEECHiOP ckAMBaraSugrer PERER THENHX COR T 7R9% 1RFr £3PPePCot ed to
anbi ent 4 epggegature at any convenient rate. During the 10 cool -down, the
viscosity of the reaction mxture increases a snall anpunt, the magnitude
of whi ch.depends uporpfitter seketantiakly Gfllt RE Fhe t¢hkBotanpabe gT®liscal | y

unsat ur at ed, £ounguRds, JAielll bealndndhddal hegperatapies, and the cooling

rate. 15 The prepolyner pro t 1s subStanti y storage-stable at ordinary
anbi ent tempeferueés f alestiredpotyaerrgeatilce phbsquialy eubeishati wltly

oeL 1 ee, SRR Lo Mo ndyet e gesss, o LG A 9RIRR2,2°C |
3000 cp orstlrapeed &6 etpieiid watBe, 2561 wersc0antlyot Ssed O8f) agid eor | ower.
Pr ef er abl y,mattr(]a(%ig g:

The poly(allyl carbonate)-functional monomer
composition may be purified so as to contain essentially no
related monomer species, but this is rarely done. Although

15 the poly(allyl carbonate)-functional monomer composition may
contain only a single related monomer species, it usually
contains a mixture of different related monomer species.
Typically all of the related monomer species taken together
constitute from 1 to 75 weight percent of the poly(allyl

20 carbonate)-functional monomer composition. Often all of the
related monomer species taken together constitute from 5 to 75
weight percent of the poly(allyl carbonate)-functional monomer
composition. In many instances all of the related monomer
species taken together constitute from 5 to 18 weight percent

25 of the poly(allyl carbonate)-functional monomer composition.
In other instances all of the related monomer species taken
together constitute from 25 to 75 weight percent of the
poly(allyl carbonate)-functional monomer composition.

As used in the present description and claims, the

30 term poly(allyl carbonate)-functional monomer or similar

names, e.g., diethylene glycol bis(allyl carbonate), are



viscosity is 400 cps or lower. Mire preferably the 25C viscosity is 125 cps
or lowe . The polynerizable, liquid, substantialg m%ﬁ&ee oz onposition
produced by the process of the invention has an yIéni ¢ _doubl e bond
utilization of at least 3 percent. Frequently the ethylenic double bond
utilization is in the range of from3 to 16 percent. From6 to 14 percent
is preferred. From8 to 12 percent is especially preferred. 30 In nost
cases the polynerizable, liquid, substantially gel-free conposition of the
invention is confornmed to the shape of thd4desired solid polynerized 5
Novenber, 2002 - 23 article before polynerization to formsuch article.
For exanpl e, intendedyhermneabl and limpliude thbsnamid aldnpmge| afd exl k arglesietli on
can be poure a ur e an ol | .2€ forma flat sheet or
coat i ng. Accgrg?%%rtSgég%?leﬁﬁﬁ}ﬁﬁggbg 8§§§%+%?£éggfgg?'the pol yneri zabl e,
i quid, substantially gehefd eerecomnysimbhteniaks plhdcadmap optitnalds ber

i nstance glass nolds, and pol ynerized to._form shaped articles such as |ens
bl anks  or Ieﬁ?@f?n$h?§ g?%c %éﬁ%éigéiﬁéF&}ng%?¥ AR fHPEbLR G mappmer
preparati on afomppizibabii émp Boged|iankheapdoophs ol he 1AvERPSES. aldRg

pol ymeri zabl e, liquid, substantially gel-free conposition of the invention

may be polyné?FfﬁHaFG PRELPPRY ISR STEERL LBy U RIRFMT 2GRV ERTPOHRAS ¢ edini ques
for polymerizigea hakkYh £R40boRatil) -QRAKAI, nhalgti&{armlea?%ﬁicalﬁﬁ n one
enbodi ment, pol ynerization is acconplished by heatin he pol yreri zabl e
formul ati on CHFEEUARAGA FRBPPERHCAIeaNS EnacbRrYIaniciedvyt vAsewmtiest ur es.
Usual ly the hﬁﬁ&J i onpl | j J V .
Typi cal ly pol yneroi%%gt ?gﬁggs{%o%%gggaﬁg%g fgcrag{bl?rn%gél) n t J;et]gc%{a!rlange of
from 28C t© 130@ound. nafle coptesorpds ety enjcat hatunsgtuheted nopripepmdd makre

ti me thought .neces t 0. subst anti.al I, | | | ri.ze the formul.ation is
enpl oyed. Théﬂbggt%gﬁggn?% %#f%%ﬂléﬁ?ﬁeﬁagﬁtxggﬁ%éﬁggpa are Rt Gr *above

t he maxi ~. . umdyepenat dpeiofial homiathydgal eal byturbelcawat Baseotmsmay.at ur es
at 25 which gagrnal degradation Provideg ﬁndesirable éellomness, and
preferably fdPSEd ¥eCEuPPTei Bt TG Lt ay neRi tHerY Juseruntret | SPBMSEEnt or

nmexi num Bar calrhprdress, tRey Dy iHtSopsesal SoPasthytehechsipcconplished at
tenperatures in the range of from 100C to_130C. 30 _The initiators which may

be used it t HPSHAEEHE] AOBRPTRAF ¢ CRSGOPARr PR 158R Gl Y 78bA %5 134 d,
substanti al | Yoi@louhige SPNMRORILEOR WY Bt WkOgbde \GptiieHa1but 5 Novenber,
2002 - 24 n general they are thermally deconposable to produce radi cal
pairs. One orP hydebéealby wpratugdited cpapeuntdse andapnabPe were niti ate
addi ti on pol yuer.izati | ' r ups in the

wel | - known ma nelr. % %EIelg%Fg#géﬁlrlg%lﬁﬁ{ %’%ﬁgtagggégé&je pe g}(lg&?hi tiators. Many
sui t abl e peroxy initi atotkeareptiswlosetprpundniviEdhSmayebe PexesantUs

(o2 e P LRGP N A SES 038 e bR, gy

and but do contain a plurality of allyl groups. Examples include

2,4,6-tris(allyloxy)-1,3,5-triazine [CAS 101-37-1],

triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione

[CAS 1025-15-6], diallyl phthalate ([CAS 131-17-9], triallyl
25 trimellitate [CAS 2694-54-4], and triallyl trimesate

(CAS 17832-16-5].

Polymerizable polyethylenically unsaturated
compounds which do not contain allyl groups may optionally be
present. These include the bis (acrylates) and

30 bis(methacrylates) of diols, the tris(acrylates) and
tris (methacrylates) of triols, and the tetrakis(acrylates) and

tetrakis(methacrylates) of tetraols. Examples of suitable



10 tertiary-anyl peroxy isopropyl carbonate [CAS 2372-22-7] are the
preferred initiators. Wen used, the anmount of pnNbwaimberpr 2088t in the

pol ynmeri zabl e, liquid, substantially gel-free conposition of the invention
may be widely varied. Odinarily the weight 15 ratio of the initiator to
all ethylenically unsaturated material present in the polynerizable,

liquid, substantially gel-free conposition is in the range of from 0. 3: 100
to 7:100. In many cases the weight ratio is in the range of from0.5:100 to
5:100. The initiator nmay be incorporat edlgnt o 20 polynerizable, Iiquid,
substantially gel-free conposition by adiixing |t wi th the other

conmponents. .lt.will be r ose .s n the art th~t the nost
preferred witght FEIUsE g‘%%%ﬁ¢§%%g:#b'¥l{ﬁ F“SeE% Jtﬁ)]ﬁnrﬁ%eﬁﬁflﬁ?‘g Bf the
initiator usegmésa Weld) as the natures 25 and ratios of the various
ethylenically unsaturated materials present in the polynerizable, |iquid,
substantially gel-free conposition of;sthg_imsention. A wide variety of cure
cycles, that is, tinme-tenperature sequences, may be used during

pol ymeri zati on 30 of the polynerizaklen,hhquish substantially gel-free
conposition. Odinarily the cure cycle enployed is based upon a

consi der ati 6heo#ueael\m¥talrafda@1aéré hag | heliadg pblasici zarofatite or5chupehder
2002 - 25 ti ; itiato tivity of

t he et hyl enlgéIé kEtura g %%éwgh%:}?o:%loﬁq feréx%‘%rst'qumcrzlﬁggf or use with
di i sopropyl aenmqmﬁﬂarmwse conthinatng ﬁ:s:ms 2own 10 dadtben fb.toTﬂSl suchir&s cycl e
is only exenplar and. . others inclu th s dlsclose i_n _Tabl -4 of
Uni t ed St at 82 %/lé B %os9428 Oﬁﬁ?e%ey s d(3 ABPERY Y= Prﬁﬁﬁf‘gg at es
Patent US 4959429y B/ ¥, zx&wm@aaywd hﬁ&&bdtabgedrigﬁer ence. ~~~le 1 10

~,unul ative Hours. ' Oven Tenperature_, 44 10.1 58 12.0 64_14.5 70 15
15 . 2 7% 16" 9’5*8151136%3561311?561’}@4115/ %‘tf@fd2®'1191'7%"r8?3‘3(”5‘?d3’6f oycl e)
Note: The teupengt i & Ghangesihet Wwees sl Aeent,1P0hAE S1 ST dakelilgr Tabl e
are linear. If nolds were enpl oyed, t he polynerizates are renoved fromthe
25 nol ds. TEerpety nesdurdisise lmcilqé?dallsﬂﬁ’@am“—h&rl grygeps feusd @6nposition may

be polyneriz the b X i on Lon
such as gam’rgg?éa iFaf i o%ﬁqg?tf vE, éccgﬁf}gr afxreng %{Z(B:Frﬁf)%g acb I:Iéekga"{%g{pg%gtons,
accel erated 1ﬁglad@rmllpalretneclp@§ye©heh| growpeedicheasrons. The inventi on IS

further desc ion W|th I i |ch to be

consi dergd |H{5&E f & 't R4R I—?éﬁr&?‘f‘%%&cg\é\& ﬁ%rf{l% i ZC% par?s are

parts by vvebghéraénda@iﬂeq)a&mamﬁagemaxmq)efmnagewbqumlsgim as
-CH,CH,OC (0) OCH,CH,- and alkylene ether carbonate groups such as

~CH,CH,0OCH,CH,0C (O) OCH,CH,-. Examples of cycloaliphatic groups
include 1,3-cyclopentanediyl, 1,3-cyclohexanediyl,

200 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-1,4-phenylene,
2,6-dimethyl-1,4-phenylene,

25 methylene-di-4,1-phenylene,
l1-methylethylidene-di-4,1-phenylene,
l-methylethylidenebis[2,6~dibromo-4,1-phenylenel,
l-methylethylidenebis[2,6~-dichloro-4,1-phenylene},
l-methylpropylidene-di-4, 1-phenylene,

30 l-methylethylidenebis(2-methyl-4,1l-phenylene],
1,2-ethanediyl-di-4, 1-phenylene,



35 unl ess otherw se specified. The values of various physical properties
were determ ned as foll ows: 5 Novenber, 2002 5 Iowahbarxder200d es of

pol yneri zabl e, liquid, substantially gel-free conpositions were determ ned
in accordance with ASTM Met hod D 4052-96; The refractive indices of

pol yneri zable, liquid, 5 substantially gel-free conpositions were

determ ned in accordance with ASTM Met hod D 1218-92; The yel |l owness indices
of polynerizable, liquid, substantially gel-free conpositions were

determ ned in accordance with ASTM Met hedi& 450-82 (reapproved 1987); 10
The densities of solid polynerizates were determ ned in accordance with
ASTM Test Menwdioly 12neS&i9%;, 1Thaehymenous transm ssions of solid

pol ynmeri zates were determ ned on sanpl es having_a thickness of 3.2

mliineters FiedRoidydddsrehiasint raatveerbyl b 40oPhenyisraling a
Hunt er Lab Coj of quiestyiléneBRBehemephpié 3 1%;?&& e fhdmhidhefssoci at es

Laboratory, Inc., Reston, Virginia, the 'um nous transm ssi on

appr oaches ohe? tRiREENSPL6dAr mefREl ey lsidenes 41 h-PRAAYAGES /t r ansni ssi ons

for two sanpLesefythe SanepiRheibal but of differing thicknesses
approaches 20 zero. Consequént|y, values of |um nous transnission of 90

percent or greaierexsidaiengi-ddc4f opheridHes havi ng t hi cknesses as | ow as 2

mllineters or [ Ll i et e an Xi mate reas:~nably well the
| um nous trag§%?§§F%%HB?§P%3 sggnggéé&ﬁﬁlcgﬁggs; 25 The yel | owness i ndi ces

of solid pol yueyl rddres- diene 1dephenpiaesel, on speci nens having a thickness of
L STM Test Method D 1925-70 (Reapproved

3.2 mllinmeters if' ccordance whth
1988) usi ng BTERMT & 5-41Ch1 5 §HERYE®RE Sphere Col orimeter System (Hunter

Associ at ag Labef@yaisepyliGeneRast @ni -phdrgiiana, 30 USA). Al though the
yel | owness index seens to var{ more w th sanpl e thickness than | um nous
t ransni ssi oni-+ feEtidarese Y- Ghnd s PRIYEES Cascer t ai ned from sanpl es

havi ng thi cknessggc1orReIRar 12002 phedfr1ede,l OW as 2 mllinmeters or as
high as 4 mllineters do provide a useful general indication of the
yel | owness i hdexcyelahnrxanesdiadrdicfi tihanylense ARAt distortion

tenperaturesy i sglid o fpRyARLLzates were determned for a deflection of

15 Examples of suitable triols include
1,1,1-trimethylolpropane, 1,2,3-propanetriol, and tris(2-
hydroxyethyl) isocyanurate. Examples of suitable tetraols
include pentaerythritol and erythritol.

The half-1life of a free radical initiator at any

20 specified temperature is defined as the time in which the
initiator loses half of its activity. It is determined
through studies of the decomposition kinetics of the
initiator. See, for example, the product bulletin Peroxide
Selection Based on Half-ILife, Atochem North America, Organic

25 Peroxides Division, Buffalo, New York (1989); and Orville L.
Magelli and Chester S. Sheppard, Qrganic Peroxides, Volume I,
Daniel Swern, ed., Wiley-Interscience, New York, pages 81-87
(1970). The ten-hour half-life temperature of an initiator is
the temperature at which one-half of the initiator originally

30 present will decompose in 10 hours. Thus, half-life
temperature provides a useful and effective guide to the

selection of initiators for specific formulations and



0.25 mllinmeters (10 mls) in accordance with ASTM D 648-95; Bar col
hardnesses of solid polynerizates were determ nef Ndverber d@pO2 W th ASTM

Test Method D 2583-95 using a Barcol |npressor and Taking scal e readi ngs 15
seconds after 10 the inpressor point has penetrated the specinen; The

refractive indices of solid polynerizates were determined in accordance
with ASTM Test Method D 542-95; and The Abbe Nunbers of solid polynerizates
were determned in accordance with the usual definition: 15 A= (nD- 1) /
(nF - n~) where: npis the refractive index_using a wavel ength of 589.3
nanoneters (viz., the average of the yellow 20 doubl et of sodium, nF is

the refract e bBdeXqUshidh & Hay elrpoblrf af 851 ma2RNR i &1 Sod W 2., the blue
| ine of hydrogen), and n~ is the refractive indéx using a ~~ravel ength of

656. 3 nanom@cdydal¥y:. carbhenate) {SunetadPnal dReRRNEL. COBPERBITe Binat kYl ene
gl ycol bischlar Q?Eé% : |y . CAS
107- 18- 6] , gﬁ‘ Fgﬁ’%ﬁg%‘é%%%e&[ é Q[éiégfff?‘lf& Léfﬁég‘?%ﬂr?{ i‘t%?% Egé\t her
in 30 the fdhniswahgrapl eith &t ismithble DEGFhéurd @8 fAALfe Ot@ipia@uréockhi s
m xture, 2.44 noles o OH (in th rmof a 5Q% weight salution in
wat er) was eoﬂsﬁgaddéﬁ%\@%ﬁres r%'i%?%?ﬁr?@r vy Iﬁ&vg P TSy Lnvegtign
reacti on tem@eatUtenochodf Wl 19 reeteabeeaphta@f Att Beastibegant i ahky all
of the chloroformate groups had reacted, the agueoys phase was renoved and

the resul ti AgPTPREEr BAbE - HH &R FATBSEAGIY ol S (AIRTLAY b HEREY W6 388REs was

washed tw cgd fdbhhs¥atefo 1isa@s thensvassgantlly RReHi Al L1dd 3Rl wke
pressure of approximately 1.3 Pascals at a tenperature of approximtely
150C. The r&QICt §ooft2pPGh Perd RofEnEe LPHEF dit MrGFRrEEE aphiereadaiey BRBY of

the ni xtweéd%glemeigewy! %&é%ea%gegggggaaﬁ(i&)atage-gheméﬁ.mw 2: 10

Tabl e 2Conpo Anmount, areas t164.1 17. 643. 055.5 1. 020
71.110. 521. 180 27eTbyahsxPD) In@oreresyergbonatrer(@SakR4403 -iredll, ahdagd f or

conmpounds of__uncertain structure r e JA 114-liter,
gl ass-1i ned,h&ﬁsagkéfegdﬂ?%]éc_%yelq%eg%éaglp%%gg\??% °Zfﬁr1t§8i _éét oélt:‘h?%er nocoupl es,
and sour ces iafitdteamsantich tyaywdiecusedniacl ede tom-tteet fBakel d-drsdpeapbiybg and

cooling, respectively, s charged wi.th 81.65 ki) ggrans (kg). of the above
m xture of d&%F@ﬁ%cﬁgﬁ%ﬁ‘t? a\%rhﬁ 283?58?1&?@)"‘“{305%65?385'% acterized by
Table 2, 14. ¥ g e@hyZnéxH1 f hdisdd dosdy@ayboRdt d ,vhizhl hadéi A &OMHAIMNI NY
appr oxi mateIgal%qgi%gmtg&gg}:;\g&?eprl)efncs)’lg,ocgnd 17.3 granms of 00-tert-butyl
Mixtures of high temperature initiators having the
same or different ten-hour half-life temperatures may be used
when desired. 1If the ten-hour half-life temperatures are the
20 same, the principles are the same as wheﬁ using a single high
temperature initiator. If the half-life temperatures are
different, it is preferred to use a non-isothermal reaction
temperature profile which increases continuously or in
stepwise fashion. The highest temperature in the later stages
25 of the reaction should be high enough to consume at least some
of the initiator that has the highest ten-hour half-life
temperature.
Mixtures of at least one high temperature initiator
and at least one low temperature initiator may also be used.
30 In this case it is preferred to use lower reaction
temperatures during the early part of the reaction until the

low temperature initiators are mostly consumed. The purpose



5 Novenber, 2002 - 29 O (2-ethyl hexyl) nonoperoxycarbonate. The charged
materials were adm xed to forma reacti on m xt up eNovdisbetr sc2802y of the
reaction mixture was befween 30 and 31 cps at 2Z5C and the density was
1.1628 g/cm at 25C. The reaction mxture was 5 stirred and heated to 110C
and mai ntained at 110C while sparging with nitrogen at a flow rate of 0.05
reactor volune/m nute. Sanples were withdrawn every 30 mnutes in order to
nonitor the reaction mxture viscosity. After 3.5 hours at 110C, the 25C
viscosity of the reaction mxture 10 reachgd 90 cps. The frequency of

sanpl e renmoval was thereafter increased to once every 10 to 15 m nutes.
After 4 hours 0C, .th 5C viscosity .of cti 1 XLure s 105
cps. The reac%oﬁ%#]s#ln t&?‘ggvé%m eh %réaol%ﬁgg‘ggggés\?ﬁt ie%ggg]emg%% €3 eoy )
gradual | y i ngreasiorg 1tiheidnpueapobymenolcbmpatéetiom WS it e stelbewat er m xture
t hat was bein s.up%lied to the Jfacket dnlet. The% action mxture was then
cooled to 50 P e FERBERCPETT 0T bt AYCPREVESLIMFOWRCFPRRT TR, there
was an additiiiadiaticsCasi pyebs@it cask: Gfs tRefPSord gatdflerBgdi Hoahavscosity of
117 cps measured at 25C for the product. The, 20 densit¥1 of the product was
1.1780 g/ cm Jalttfé@c.orAeeo}avnge%‘fge%%ﬁ SRRt 3R RHEEFE UL bYRT RGBS ¢
titration, 9 peiGeNprabol PedodbiSodiAiIGh WaEEhCONBIWREsHUE 1E phsidaact i on.
The product was a ~~lynerizable, liquid, substantially gel-free

conposi ti on. PEPRHlisHsabf anhtenhRRRssRFHERFzabl e, |iquid, substantially

gel -free conposition we S f i_ I ads ;0 & af i ch
several properties mere&g%tée@%‘l‘ﬁg%ﬁ 'Fﬁg&lr ggﬂ ?’g&are é g\%ﬁ%é?ﬁrTa}%ﬁhgé 5
No~Yenber, 2002%ser30 inTabkengatSt oreps iCdiedi napmedtomagelPer i Belally the

nont hs07346St or age Tenperature ' 22-.2640-4340- 4340- 435 _ProperiiesbDensity
2t 250, | of bt TG0 DL FRBE, LUBITT ARG TI530f ShoR Yo, TasEron 10
cps1171171 2313846 Haftsacti veit haexy pr-inid6234. daXEANBENDind6eY Yeby owness

| ndex, 10 (50 mmpath length)l, 71.71.91.72.11 = Not | i cabl e’ = Not
Dot of i ned A BOrdon GF SHEREboVERG AT tpETDRYSS 4 T0Ts2F | b 100
substanti al | ypgels fdreans@aResttHOR mES idh phatedofMinidhote?, PBYt e lht .

di i sopropyl per oxydi carbonate per 100 parts of polynerizable, |iquid,

subst ant i al | yFEt 3% &€ EQRPBIFEF ST B3 MEioGhPY phPIE e PHBTREFES: of 58S n
(phr)). The ipdtiatRe ¢RAFRASHELOR: WBSPYY QEibAE 0 A é@e‘éiamﬂyp?}é/f@fﬂe@.d
into a 20 sheet 3.175 mllinmeters thick using the cure cycle of Table 1.
The t her noset AparshenilFaE honeBNPTERSS&Es dNishetor cansentrat Apphi esnally
tenperature a es i : i cal ;b rti :A.portion of
the pol ymer | zgg?lte%gglgl%ui Eﬁggﬁﬁé?g%{i,i ytgg% -?r@e’é’p’{:‘%%%gsi ??%&m ch had
been aged f orpélyempationabrd0CABEmEtadnitiated with 3.5 phr of

di i sopropyl peroxydi carbgpnate. The_initi.at siti 0 | a
nol d and pol ynerized i nt&gleamg et~ 3" Jﬁ‘P m ﬁP%r?re %ré‘stt tl%i%g\éaéglgngéﬁﬂ(eallgﬁe
cycl e of Tabl eafborite:)t-famnensehap ohymee mtiisc baresal e polgseal kededy t 0 cool

to 30 anbient _tenperature and then tested for_various physical properties.
The resul ts oPSEERNd My REAS SRORASThiTACAE AL LY SCRERRARIAY, C380BORoMG
Shrinkage, Deafdity migrraEmpgrathirbuihOitoll 8BS HI Seipbatiel! OWNERS Faiiex

Heat Distortion L.
of from 80°C to 150°C. In many cases the temperature is in

the range of from § Celsius degrees below the ten-hour

25 half-life temperature of the high temperature peroxide
initiator to 30 Celsius degrees above the ten-hour half-life
temperature. Preferably the temperature is in the range of
from the ten-hour-life temperature of the initiator to 10
Celsius degrees above the ten-hour half-life temperature. The

30 neat composition wmay optionally be sparged with a nonreactive
gas in order to remove substantially all of the dissolved

oxXygen. The neat composition is often sparged with a



Tenperature, C Barcol Hardness Refractive |Index, np2o0 Abbe Nunmber 15 1 ND =

Not Determned - 31 Table 4From I nitial From Agesl e/ Prage! yner 10 .
OND11. 3221. 32193. 993.:70\ 80. 9555723281. 50111. 50135459 The present invention

. is clainmed in the acconpanyi ng cl ai ns. 5 Novenber, 2002 - 32 CLAIMS: 1.
A process for formng a polynerizable, Iiquid, gel-free, poly(allyl
carbonat e) -functi onal prepol yner conposition conprising: 5 (a) heating a
neat conposition conprising at | east one poly(allyl carbonate)-functional
nononer and free radical initiator having a ten-hour half-life tenperature
of at |least 85C at tenperatures in the yange of from5 Cel sius 10 degrees
bel ow the ten-hour half-life tenperature of the free radical initiator to

150C, to feapp-aabeard l(?% At HE ee VARG AN Lh RET ERSed 236 Wleaeasi t yrid the
range of from25 to 10,000 nPas and an ethyl eni c double 15 bond utilization
of at |eastflauwptrtemt thednPOhreaviive gaer igdusnal st H&As80 ni nut es

cooling th agt i 1 X era . ].ea | si grees
bel ow t he :6 éﬁ?hg%é%ﬂ@l%g {ngﬁritré{ra ure o? Eit§ ﬂg{}irﬁ?'t isctell}teg(r}.lgglo%géTﬁsg
process of wikaim ghevhesmgen ofhéroeal . @omeosi reantos YEated pert wiperet ur es
in the range of fromp5 Cel si,us,'.egrees belaw.the ten-hour, half-life

t enper atur rSquf’ﬂéﬂf rde lrsaa'ilggf‘niﬁ?‘?iraatngre g §5°‘?:e(§ 'sclpjurszzodggrrg"élgt%’f)ove t he
25 ten- houkohahés!pée diengrer.at gfémof . dshed neeeaath e atoliumie! patonindce The
process of claim1 wherein the neat cor;posi tion is heated at éengerc?tur es

Sy

in the randéd BFeFeBRSd he BEAPhSEr OhAIHSACEVENPRT SR i of3h 2 r adi cal

initiator 3Q kPatfe GelsintnrdeBhEEsi ARAY 4 nichadbeRe DM, haldonl,i fe tenperature
of the free radical initiator. 5 Novenber, 2002 - 33 4. The process of

claim 1l wh&iéErRIERe Pleadt "HHFPERI OF oFWMioR MPES| ShefRfiged MASth o4t ABNFRACt i ve
gas f ory At nle%%SEoﬁqggs{éir 1%55839&&&%1% %ﬁm@i:g?aﬁw iﬂﬂ:‘ey\’{?liiq:?ogéni S S
heated. 5. The process of claim 1 wherein the neat composition is sparged
wi t h a nonfégcneet gepaiitiiong nhe eendime quigscehbto¥ tiy saye®eed. 10
agitated while it is maintained at the temperature discussed
above. The agitation of the neat composition provided by the
rising bubbles of nitrogen or other nonreactive gas that is
15 wused for sparging is often sufficient, but it is preferred to
employ additional agitation such as that provided by paddles,
stirrers, mixers, pumps, or other similar devices. As the
neat composition is heated and polymerization progresses, its
25°C viscosity increases. The neat composition is heated to
20 form a reaction mixture having a 25°C viscosity in the range
of from 25 to 10,000 cps (25 to 10,000 mPa:-s) and an
ethylenic double bond utilization of at least 3 percent. The
reaction mixture is then cooled over a period of less than 90
minutes to a temperature at least 20 Celsius degrees below the
25 ten-hour half-life temperature of the initiator.

Often the reaction mixture has a 25°C viscosity in
the range of from 45 to 3000 cps (45 to 3000 wmPa-s) when
cooling to a temperature at least 20 Celsius degrees below the
ten-hour half-life temperature of the initiator is begun.

30 Frequently the reaction mixture has a 25°C viscosity in the

range of from 60



6. The process of claim1l wherein the reaction m xture has a 25C vi scosity
in the range of from45 to 3000 centipoi ses whery %#mxtozagdzerrperature
at | east 20 Cel sius degrees bel ow t he ten-hour T ture of 1s
the initiator is begun. 7. The process of claim1l wherein the reaction

m xture has a 25C viscosity in the range of from80 to 120 centi poi ses when
cooling to a tenperature at |east 20 20 Cel sius degrees bel ow t he ten-hour
hal f-1ife tenperature of the initiator is begun. 8. The process of claim1l
wherein the reaction mxture has a 25C viscosity in the range of from 200

to 2s 350 centipoi ses when cooling to_a,senperature at |east 20 Cel sius
degrees below the ten-hour half-life tenperature of the initiator is begun.

2 e Process oo ebal lBd cebEh Tbds ) GGk Qgcxggcalag&%gr@shﬁég eyl eni ¢

doubl e bond utilizatron 1n the range of from rcent en cooling
to a tenperwRy caaks| Bastreachibpvmibxinber ha208225°QB4/1s20sCel simsttdegr ees

bel ow the ten-hour. half-life t er at ure . of e dinitiatar Ls_be . 10. The
process of %Tnﬁemof \]tf]vtr"lcé“r1 e%gn tt%élgrgg%%?i g{ls st°m4§)<{slutpiéa hse{s w%l’ﬁnek%llcemliéngoubl e
bond utili zad ibegunn the sarganetaficesn the aeddt pet enituseehasodl ing to a

tenperature at | east 20 Cel sius degrees bel ow the ten-hour half-life
terrperat%reZ%fC HECPHT Y afbHes THR %n?fsif%OTl.aoT'f‘u% 15%ERSs (B8P Waim 1
wherein thergeadhl-8n Whed W icdol0Rh etk Beiuind Perf i Mhedf ihesanéd@ntnk hour to
a tenperature at |east 20 Cel sius degrees below the ten-hour half-life

t enper at ur FFICHUE MEXERER d1as 85232C MHRCFis¥edR Yie @3asm 2f wHet®i2?0t he

reaction mxd Ws icﬁscgé’é@dcé)%%mﬁap@fi&ﬁan”sul:ﬁ%s thapn30 mnutes to a
tenperature at |east 20 Cel sius degrees below the ten-hour half-life

tenperature of the indgivgesk hezein, 1tthe RFECproeedsitof ofl ai FedctidY ein t he

neal composiLanCommal sesdl L ene: aluteel obLa(all i caghonais) monorer

conprising a mxture of yl ene gl ~ car bon conpounds each
repr esent edcdypasiitthen iheddmmmihad O QCdR daGEEHR2 DG CEHPCHE OCHAGHREGC OCHz CH

CH2 D 2393-86.
Frequently the reaction mixture has an ethylenic

double bond utilization in the range of from 3 to 16 percent

15 when cooling to a temperature at least 20 Celsius degrees
below the ten-hour half-life temperature of the initiator is
begun. Often the reaction mixture has an ethylenic double
bond utilization in the range of from 6 to 14 percent when
such cooling is begun. Preferably the reaction mixture has an

20 ethylenic double bond utilization in the range of from 8 to
12 percent when cooling to a temperature at least 20 Celsius
degrees below the ten-hour half-life temperature of the
initiator is begun.

As used herein and in the claims, the ethylenic

25 double bond utilization of a reaction mixture or a
polymerizable, liquid, substantially gel-free composition is
the percentage of total available ethylenic double bonds of
monomer which are consumed in forming the prepolymer. The
ethylenic double bond utilization is determined by iodometric

30 titration as follows. One gram of 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



S 2s or by the fornmula: O H OCH2CH20CH2CHZOC OCH2CH=CH2 t wherein s is a
positive integer and t is a positive integer. 5 Rovaber, 2002 - 35 14.

. The process of claim 13 wherein the diethyl ene grycor (allyl car bonate)
conpound for which the value of s is 1 constitutes from25 to 99 area
percent of the m xture of diethylene glycol (allyl carbonate) conpounds. s
15. The process of claim 13 wherein the diethylene glycol (allyl carbonate)
conmpound fox which the value of s is 1 constitutes from25 to 95 area
percent of the m xture of diethylene glycol (allyl carbonate) conpounds. io
16. The process of claim 13 wherein thez2di ethylene glycol (allyl carbonate)
conpound for which tl~e value of s is 1 constitutes from82 to 95 area
percent of the sampllere Deriiettiflienecgtycet A al.lsyhotar bestaitdloncespounds. i s
17. The process of clajm 13 wherein the djethyl ene glycol 5f(aI I}é/l car bonat e)

conpound f or%HiSc AOPRENVATIRE df @cpEig RoMith%t 3A984f r o2 1a5K755ar ea
percent of &dyped ahdr 8cotedi £ HeRBrEl ¥60 ooyl . car DANALAN 16 QPOLAdS.
ASELAS AT AT AL AY. AT, L Ay. Ay, ) _ o )
f % As@. AsSPTA@ .JA8. BSEAA 2qU@MSASCAMRIOMSPE AGtassimaf 12dis A%F CAB AT . A(y. A(
f%Af 9. AQ dida AdAcEYattion WBen a”sHd®dard 0.5 normal sodium
| 1| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca

thiosulfate solution is begun with vigorous stirring.

Titration is continued until the yellow color disappears. The
titration should be carried out slowly when approaching the
endpoint to avoid over-titration. A blank is also titrated in
10 the same manner. Iodine value, whether of the partially
polymerized monomer or of the initial monomer which has not
been partially polymerized, is calculated as follows:
I = (T, - T,) (N) (12.692) /W
where:
15 I is the iodine value expressed as grams of I, per
100 grams of sample;
T, is the titer of the blank expressed as milliliters of
the sodium thiosulfate solution;
T; is the titer of the sample expressed as milliliters of
20 the sodium thiosulfate solution;
N is the normality of the sodium thiosulfate solution;
and
W is the v ass of the sample expressed in grams.
The ethylenic double bond utilization is calculated as
25 follows:
U = 100(I, - I,)/1,
where:
U is the ethylenic double bond utilization expressed as
percent;
30 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
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U] caal oa] coriaiil SRPESHERL COIRRAIAE) O8] OR intrintor 91 20 minutes
U] c”a] ca] caf chkd=wa)icaprefefsedot tThe mixture is thereafter cooled to
T UV WDWW2 X XX ) .25 {b 5}}1~vtoje

Jca) oa U] oA S s SFBREAT S5 10 GXpe AP AT ST Ln 6o  ca] BT 65 cafoa] ca o Cn
U] cMa] ca! } bod 7wy, LIV E¢vaitghblo¥ the reaction mixture increases a

N ca]ca] ca] ca] ca] ca] ca
dod)co) cobed] afeaben ) eabiakig) ekt gakadlislan! el ool el el e
Ul ca] ca] cajeatentiadlegabeat Rd] Ha]t3alte® and ethylenically unsaturated _
U] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caTca c”a] ca] cal +' 93ej Y
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U] c*a] ca] calea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca U] c”a] cal ca] ca
~3>"3: QWt a) { vagl gb] X
U] ] ca] @3] ca] ca] ca] caFba] prérea]wwc aredhich] ba]wdstaptdd ] ca] cal cal ca
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U] cMa] ca] capsad ca wajdalkealeg] ef]imglova) eps caf Caower. In many

20 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 125 cps or lowe .
The polymerizable, liquid, substantially gel-free
25 composition produced by the process of the invention has an
ethylenic double bond utilization of at least 3 percent.
Frequently the ethylenic double bond utilization is in the
range of from 3 to 16 percent. From 6 to 14 percent is
preferred. From 8 to 12 percent 1s especially preferred.
30 In most cases the polymerizable, liquid,
substantially gel-free composition of the invention is

conformed to the shape of the desired solid polymerized
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The polymerizable, liquid, substantially gel-free
composition of the invention may be polymerized to the
thermoset state by known conventional technigques for
polymerizing (allyl carbonate)-containing formulations.

15 In one embodiment, polymerization is accomplished
by heating the polymerizable formulation containing free
radical initiator to elevated temperatures. Usually the
heating is accomplished in an oven or in a water bath.
Typically polymerization is conducted at temperatures in the

20 range of from 28°C to 130°C. In many cases 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 maxiium
temperature of the cure cycle, but below those temperatures at

25 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.

30 The initiators which may be used in the present
invention to polymerize the polymerizable, liquid,

substantially gel-free composition may be widely varied, but



10/ 10% & ()-! 156G 10% ()- ! #56G 10%&' ()-=1 !}[<{\=! G 10%& ()-g! #G 10% /
/& ()-g! _fZ#10%0CE () - 2! f 2#10% / & () - 210% & () - S3O08bBoddet 7' 2665 " #IE(\ =1 %40
%& ()-Y 10%& ()-2 ' 10% & ()-Y 10% & ()-3
10% & ()-ys10% & () - ####$$$5$2X6{\ =1 1 010% / /& ()-S! $010% () - S! &
10% /& ()-f+ 1004 & ()-11'"10%& ()-!,' "10% /& ()- 53r $$$$$$$%C! | 0S

10% & ()-"y10% & ()-1y10% & ()- 10/ 10/

10/ £ 8mL0% & () - 6Z10% & () - %904 &8#' v' } A?bCl 1 10% & ()-fs! 10%& ()-! (s! 10% &
()- 10% & ()-T&y! 10% & ()-! @10% /& ()-v''" ((()a?bCl ! #y,"10% /

& ()-*VI0% & ()- SEL0% & ()1 6@HH10%] ()= 1 10% & ()" 10W & ()-1) crreeass
++~_@!!y10%0&'() 21 110% o& ()- 10/ 167

007 52 SRS ek G S i

@' 1096&%% )Ohe"éﬁ@b@ﬁh %s of the radical pair are available
"10%0000&' 10% o0& OCV' 0% AP~ @!'1510% - &
)-f1 12I109éé0&ﬂé% g é%tlon po g%lzatlon %%‘g%hylenlcally (

10% o0& () - l}iriglahﬁ%am&d( Q;rg‘hﬁﬁs 1008 ¢l y)owtD¥Bnher. /KIL/MN /el p/~ >I11
8940% & ()- z10% & é% 10%&';51 10' 0 10' 0
10' 08109 0& () -! 510%B%’ E%/Seﬁe&/re j 1RANARRERE 2181 PRTORY IHSR&tPTYSt " 10068 () - 3

I'nf"109% / &M£ﬂ %dﬂt’éﬂs@e’«ﬁ?&}m&/ it %Qa((toigs (Are3 di%3%8689@ in United States
& ()-d1112d222}~?~ >11i]10% & (

| . 10% & ()Pat'@nh UE0% P57 439~ srB(lsm%pmﬂ PEPXY%H gAYYenFre
& 10% / - /&i@ 2§d53%4;4_é?flﬁem@y1' §610%8ad ) 1ol Q¥&56) 0y 10/ 10/ 10/ &6

v &' Y/
"ggagh&f()tqnﬁéggi§¢?CBiﬁﬁ39&§!iﬁﬂpxgpﬁﬂ(9aI§QQﬂtEO¢@A§)2132’21"6]: and
10 tertiary-amylperoxy isopropyl carbonate [CAS 2372-22-7] are
the preferred initiators.

When used, the amount of initiator present in the
polymerizable, liquid, substantially gel-free composition of
the invention may be widely varied. Ordinarily the weight

15 ratio of the initiator to all ethylenically unsaturated
material present in the polymerizable, liquid, substantially
gel-free composition is in the range of from 0.3:100 to 7:100.
In many cases the weight ratio is in the range of from 0.5:100
to 5:100. The initiator may be incorporated into

20 polymerizable, liquid, substantially gel-free composition by
admixing it with the other components.

It will be recognized by those skilled in the art
th.t the most preferred weight ratios of initiator will depend
upon the nature of the initiator used as well as the natures

25 and ratios of the various ethylenically unsaturated materials
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

30 of the polymerizable, liquid, substantially gel-free
composition. Ordinarily the cure cycle employed is based upon

a consideration of several factors including the size of the
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10 = °
0 44
10.1 58
12.0 64
14.5 70
15 15.2 77
16.2 85
16.5 S0
17.0 104
17.25 104
20 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
25 molds.

The polymerizable, liquid, substantially gel-free
composition may be polymerized to the thermoset state by
exposure to ionizing radiation such as gamma radiation, X-
rays, accelerated electrons, accelerated protons, accelerated

30 alpha-particles, or high speed neutrons.

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
parts by weight and all percentages are percentages by weight

35 unless otherwise specified. The values of various physical

properties were determined as follows:
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5 substantially gel-free compositions were determined in
accordance with ASTM Method D 1218-92;

The yellowness indices of polymerizable, liquid,
substantially gel-free compositions were determined in
accordance with ASTM Method E 450-82 (reapproved 1987) ;

10 The densities of solid polymerizates were
determined in accordance with ASTM Test Method D 792-91;

The luminous transmissions of solid polymerizates
were determined on samples having a thickness of
3.2 millimeters in accordance with ASTM Test Method D 1003-95

15 wusing a HunterLab® 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

20 zero. Consequently, values of luminous transmission of
90 percent or greater ascertained from samples having
thicknesses as low as 2 millimeters or as high as
4 millimeters approximate reaswnably well the luminous
transmission at the standard thickness;

25 The yellowness indices of solid polymerizates were
determined on specimens having a thickness of 3.2 millimeters
in accordance with ASTM Test Method D 1925-70 (Reapproved
1988) using a HunterLab® Colorquest® II Sphere Colorimeter
System (Hunter Associates Laboratory, Inc., Reston, Virginia,

30 USA). Although the yellowness index seems to vary more with
sample thickness than luminous transmission, nevertheless

vyellowness indices ascertained from samples having thicknesses
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arcol hardnesses of solid polymerizates were
determined in accordance with ASTM Test Method D 2583-95 using
a Barcol Impressor and taking scale readings 15 seconds after
10 the impressor point has penetrated the specimen;
The refractive indices of solid polymerizates were
determined in accordance with ASTM Test Method D 542-95; and
The Abbe Numbers of solid polymerizates were

determined in accordance with the usual definition:

15
A= (ny - 1}/ (n - ng)
where:
n, is the refractive index using a wavelength of
589.3 nanometers (viz., the average of the yellow
20 doublet of sodium),
n; is the refractive index using a wavelength of
486.1 nanometers (viz., the blue line of hydrogen), and
n. is the refractive index using a wavelength of
656.3 nanometers (viz., the red line of hydrogen).
25

Example
Diethylene glycol bischloroformate (DECF)

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

30 the following molar ratio: 1.00 DECF / 1.96 AA / 0.21 DEG. To
this mixture, 2.44 moles of NaOH (in the form of a 50% by

weight solution in water) was slowly added, while maintaining
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a reaction temperature of 5°C with external cooling. After
suhstantially all of the chloroformate groups had reacted, the
aqueous phase was removed and the resulting mixture of
diethylene glycol (allyl carbonate) compounds was washed twice
5 with water. It was then vacuum stripped at an absolute
pressure of approximately 1.3 Pascals at a temperature of
approximately 150°C. The results of high performance liquid
chromatographic analysis of the mixture based on Formula (10)

and Formula (11) are shown in Table 2:

10
Table 2
Compound Amount, area %
S od
1 64.1
15 2 5.0
3 17.6
4 3.0
5 5.2
6 1.0
20 7 1.1
1 0.5
2 1.1
3 0.7
Total? 99.3
25 ! Several other peaks of small areas

for compounds of uncertain structures
were also present.

A 1l14-liter, glass-lined, jacketed reactor equipped
30 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
above mixture of diethylene glycol (allyl carbonate) compounds
characterized by Table 2, 4.90 kg of 2,4,6-tris(allyloxy) -
35 1,3,5-triazine containing approximately 180 ppm

4-methoxyphenol, and 17.3 grams of 0OO-tert-butyl
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wexe admixed to form a reaction mixture. The viscosity of the
reaction mixture was between 30 and 31 cps at 25°C and the

‘ density was 1.1628 g/cm’ at 25°C. The reaction mixture was

5 stirred and heated to 110°C and maintained at 110°C while

sparging with nitrogen at a flow rate of 0.05 reactor
volume/minute. Samples were withdrawn every 30 minutes in
ordgr to monitor the reaction mixture viscosity. After 3.5
hours at 110°C, the 25°C viscosity of the reaction mixture

10 reached 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
105 cps. The reaction mixture was then cooled to 80°C within
30 minutes by gradually increasing the amount of cold water in

15 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, there was an
additional viscosity increase of 12 cps, resulting in a
viscosity of 117 cps measured at 25°C for the product. The

20 density of the product was 1.1780 g/cm’ at 25°C. According to
measurements carried out by iodometric titration, 9 percent of
the double bonds were consumed during the reaction. The
product was a } >lymerizable, liquid, substantially gel-free
composition.

25 Portions of the above polymerizable, liquid,
substantially gel-free composition were stored for various
periods of time after which several properties were

determined. The results are shown in Table 3:
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- 5 Properties
Density at 25°C, g/cm’® 1.1780 1.1780 1.1781 1.1789 1.1798
Vigscosity, at 25°C, cps 117 117 123 138 162
Refractive Index, np*° 1.4627 1.4627 ND? ND 1.4627
Yellowness Index,
10 (50 mm path length) 1.7 1.7 1.9 1.7 2.1
NA = Not Applicable

’ND = Not Determined

A portion of the above unaged polymerizable,

15 1liquid, substantially gel-free composition was initiated with
3.5 parts of diisopropylperoxydicarbonate per 100 parts of
polymerizable, liquid, substantially gel-free composition, by
weight {parts per 100 parts of resin (phr)}. The initiated
composition was poured into a mold and polymerized into a

20 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 physical
properties. A portion of the polymerizable, liquid,
subsfantially gel-free composition which had been aged for 6

25 months at 40°C-43°C was initiated with 3.5 phr of
diisopropylperoxydicarbonate. The initiated composition was
poured into a mold and polymerized into & sheet 3.175
millimeters thick using the cure cycle of Table 1. The
thermoset polymer which resulted was allowed to cool to

30 ambient temperature and then tested for various physical

properties. The results of testing are shown in Table 4:
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From Initial From Aged
Prepolymer Prepolvmer
Shrinkage, % 10.9 ND*
" 5 Density at 25°C, g/cm’ 1.322 1.321
Luminous
Transmission, % 93.9 93.7
Yellowness Index 0.8 0.9
Heat Distortion
10 Temperature, °C 55 57
Barcol Hardness 23 28
Refractive Index, n,*° 1.5011 1.5013
Abbe Number 54 59

15 * ND = Not Determined

The present invention is claimed in the

accompanying claims.
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CLAIMS:
— 1. A process for forming a polymerizable, liquid,

gel-free, poly(allyl carbonate)-functional prepolymer
composition comprising:

5 (a) heating a neat composition comprising at least
one poly{allyl carbonate)-functional monomer
and free radical initiator having a ten-hour
half-life temperature of at least 85°C at
temperatures in the range of from 5 Celsius

10 degrees below the ten-hour half-life
temperature of the free radical initiator to
150°C, to form a reaction mixture having an
increased 25°C viscosity in the range of from
25 to 10,000 mPa-s and an ethylenic double

15 bond utilization of at least 3 percent; and

{b) over a period of less than 30 minutes cooling
the reaction mixture to a temperature at least
20 Celsius degrees below the ten-hour
half-life temperature of the initiator.

20

2. The process of claim 1 wherein the neat
composition is heated at temperatures in the range of from
5 Celsius -‘egrees below the ten-hour half-life temperature of
the free radical initiator to 30 Celsius degrees above the

25 ten-hour half-life temperature of the free radical initiator.

3. The process of claim 1 wherein the neat
composition is heated at temperatures in the range of from the
ten-hour half-life temperature of the free radical initiator

30 to 10 Celsius degrees above the ten-hour half-life temperature

of the free radical initiator.
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4. The process of claim 1 wherein the neat
composition mixture is sparged with a nonreactive gas for at
least the first 15 minutes of the time during which it is

5 heated.

5. The process of claim 1 wherein the neat
composition is sparged with a nonreactive gas during the
entire time that it is heated.

10

6. The process of claim 1 wherein the reaction
mixture has a 25°C viscosity in the range of from 45 to
3000 centipoises when cooling to a temperature at least
20 Celsius degrees below the ten-hour half-life temperature of

15 the initiator is begun.

7. The process of claim 1 wherein the reaction
mixture has a 25°C viscosity in the range of from 80 to
120 centipoises when cooling to a temperature at least
20 20 Celsius degrees below the ten-hour half-life temperature of

the initiator is begun.

8. The process of claim 1 wherein the reaction
mixture has a 25°C viscosity in the range of from 200 to
25 350 centipoises when cooling to a temperature at least
20 Celsius degrees below the ten-hour half-life temperature of

the initiator is begun.

9. The process of claim 1 wherein the reaction
30 mixture has an ethylenic double bond utilization in the range

of from 3 to 16 percent when cooling to a temperature at least
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20 Celsius degrees below the ten-hour half-life temperature of

the initiator is begun.

10 11. The process of claim 1 wherein the reaction
mixture is ~ooled over a period of less than 1 hour to a
temperature at least 20 Celsius degrees below the ten-hour

half-life temperature of the initiator.

15 12. The process of claim 1 wherein the reaction
mixture is cooled over a period of less than 30 minutes to a
temperature at least 20 Celsius degrees below the ten-hour

half-life temperature of the initiator.

20 ) 13. The process of claim 1 wherein the neat
composition comprises diethylene glycol bis(allyl carbonate)
monomer comprising a mixture of diethylene glycol (allyl

carbonate) compounds each represented by either the formula:

I I
CH, =CHCH,0C——~0CH,CH,0CH,CH,0C OCH,CH =—=CH,
=]

25 or by the formula:

0

[
H--OCH,CH,0CH,CH,0C+0CH,CH=CH,
t

wherein s is a positive integer and t is a positive integer.
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15. The process of claim 13 wherein the diethylene
glycol (allyl carbonate) compound for which the value of s
is 1 constitutes from 25 to 95 area percent of the mixture of
diethylene glycol (allyl carbonate) compounds.
10
16. The process of claim 13 wherein the diethylene
glycol (allyl carbonate} compound for which tl'e value of s
is 1 constitutes from 82 to 95 area percent of the mixture of
diethyleﬁe glycol (allyl carbonate) compounds.
15
17. The process of claim 13 wherein the diethylene
glycol (allyl carbonate) compound for which the value of s

is 1 constitutes from 25 to 75 area percent of the mixture of

diethylene glycol (allyl carbonate) compounds.



