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PROCESS FOR K POLY( ALLYL CARBONATE) - FUNCTI ONAL

PREPOL YMER C&gﬁ%%sm Backgr ound ‘of T hHe > 124

| nventi on 5 Poly(al lyl carbonate)-functional nononer
conpositions are polynerized using free radical initiators to pr oduce
hard pol yners. Many of these polyners are - 1 - substantially transparent
to visible light, are substantiall col orl ess, have refractive

i ndi ces of from about HRAESEFOR FO FORY BLLXR{ICARBOVATE) EINEBIOMMY dnesses
above about zero. For these r cBFFREIMERCGPMRBFIIREN conpositions find
utility as precursors for transparent coatings, optical |enses,

opti cal | ens bl anks, and other optical elenents, and flat or curved

e IR en

C

transparent sheets. Light transm& fet Fay be 15 al tered
by incorporatisg dyes, |ighbighsonrbi a&w&&eevnﬁﬁmiml RbSSRA S, and the
o

|'i ke, in the nononer conposition before P merization, or by dying
t he pol yner. compositions a@ﬁe"%ﬁ?’eﬁﬂdaé‘%%ﬁ el wAiRal hinigdryees itrat i on
of pol y(al | yl psoatdeenmd:) pbiffdrsQNakadyDBeNBlec0fRORt-E0NSs. i s the 20

relatively high shri nkage of the material which occurs duri nl& _the
course of pol ynerTREPBR 310 ¥t REARESDREENY Her NdSEIepdigher are substaptiaddipl e,

there is a shrinkagerabsapmaexi redakyidesd iRRLEONF from QUELNG WBELe
pol ymeri zati on_of _di ethyl ene gl‘%/col bi s( al I{\;I carbonate). Such high
shrinkages ar é°pafaEulat1 Vo HePresmEAt 2A¥°0% PRrdngsteh FosperaRdwbngesuch as

those used to prorhicenophitdeakshe, such h@iREES Ehbosphidnal Fiks hens: B} anks,
where the |iquid nononer conposition is introduced to a nold and
thereafter pol ynegtizag-or® fof’ot’f"’rr%pf“?% CPREI TS e PPAA mkfrses, optical
Al though it is notendeslamss,t enberthednshtiyadnylsient ey, Fidt oy beligved
t hat the shri nkag;;;er LS _pri result of a_reduction_ in volune

: anspdren %hlgféjqeLi ht trapnsmissi ha
acconpanyl ng t he conversion O? 3 on 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.
One problem associated with the polymerization of
poly{allyl carbonate)-functional monomer compositions is the
20 relatively high shrinkage of the material which occurs during
the course of polymerization to the final thermoset polymer.
For example, there is a shrinkage of approximately 13 percent
during the polymerization of diethylene glycol bis(allyl
caxbonate) . Such high shrinkages are particularly detrimental
25 in casting operations such as those used to producé ophthalmic
lenses and ophthalmic lens blanks, where the ligquid 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 erimarily the
result of a reduction in volume accompanying the conversion of

allylic groups to units of polymer.



allylic groups to units of polyner. WD 99/ 33888

PCT/ US98/ 27124 - 2- . . It
i s known t hatweséwsssgsage in the nold may be reduced by potaestugizag a

|l iquid prepolyner to the nold and thereafter polynerizing the -

prepol yner to the final thernoset pol ymer. The prepolymer is usually

produced by partially S5 polynerizing the_poly(allyl .

car bonat e) - functi onal nonomer conposition to consunme a portion of the

allylic groups. The .  ipad ik%m?c%% |£ﬂﬁ%‘£§8§ shSesd %P"Qﬁg‘{‘a however, before

nore than a trivial anmount o ation Occurs so t e pr epol yner
may be i ntiesaaeddnt dnerrsiugding diguid guepblymed to the mold af“.it hough the
rinciple is s ; LEfT culti in_acc i shi ng
gccept gbl er es%ge?fn&g{ gg{&?ﬁggl 9% tfle pre%oa%&uage&gepgg Bach ajso%%en_ to
conduct the PRYBPO! yABE | RRepPbyme is hesyad &y amoduodd a:yspbnsttiarmirgl ly inert
or gani ¢ sol ventyg1 eS8 nlefkd Bat, AR 101 N8 oheas L FOR., 120d, t.hen renove
t he sol vent by péni Sti| I_a%l%on. gee%’%{‘lor? ex_anﬁ%e‘?é:)t Ee ctl. %omfn(?\?\ﬁeﬁg pat ents:
US 4613656, US S#888560onUS® 4P594TD 2 POft@USO_ﬂMB@,YILJJS 564866, Tand JP
61[ 1986] - 64706 paRefDy @lo1 Qferizat1$P11%CB odpal 'megg?s%@fgg? pepsLye, and,
in those cases _  where the solvent is toxic or flammble, haZardous.
Renovi ng 20 t F&+Vash 2gppentd 8ellediiormeciire suthantithedneepr voms atdysft act ory

color to the prepohywBaicks teseallneadi £ icbbnsia. Anot her
approach has been to conduct the prepolymerization in a neat system
i.e., a systkm substdicngh | fher peEEPLE Nk soved v here tisivagbéeri ti at or s

havi ng 25 | ow tsemsh@uribal fir hbt&gﬁam{ffau&%aﬁ@ere&%sem%sziéé‘.e
foll owi ng patents: US 4590248, US 4623708, 511 1976] - 9188, JP
57[ 1982] - 26521, JP 57[ 198 #PRIRTE B heep 19BEPLSUEHL heand JP

05[ 1993] - 29664 prupdlyriehi satiRRr 020he PRGRNELCMOESEHIRA antially inert

organic solvent, ensure termination of the reaction, and then

15 remove the solvent by distillation. See, for example, the
following patents: US 4613656, US 4686266, US 4859429,
US 43538433, US 5017666, and JP 61[1986]-64706. Removal of
solvent is timé consunming, expensive, and, in those cases
where the solvent is toxic or flammable, hazardous. Removing

20 the last amounts of solvent without introducing unsgatisfactory
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 imert solvent, using initiators having

25 low ten-hour half-life temperatures. See, for example, the
following patents: US 4590248, US 4623708, JP 51[1376] -9188,
JP 57[1982]-26521, JP S57{1982]-133106, JP 61[1986] ~51012, and
JP 05[1293]-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. If the low ten-hour
half-life temperature initiator has not been consumed, the

storage stability of the prepolymer product is poor. In order



viscosity has been or is about to be achieved, the reaction 30 m xture is
cooled to stop the reaction. If the |ow ten-hour hal f-life ten;oerature
initiator had¥g#¥3g88en consuned, the storage stability fSFYHR¥?

prepol yner product is poor. In order WO 99/ 33888

PCT1US98127124 to address the problem attenpts have been nade to
regul at e the anobunt of initiator, the3eaction tenperature, and ot her
vari abl es so that when the reaction is cooled to stop the

pol yneri zat i on, tehaddxpgst ehe howbleml fatkefrtst bapeiwenrmvade Soi neduilater wil |

have been consurggg &flolne PLARILUEY chb SRkt compedldireDCaill dillg desi T ed

val ue. This node of operation iIs pract t1 cal “becausé the ni
vari abl es to be veshthisis 6d that W&Fle té?@ reaqydophia capled meenatopftbdesired

repol yner prod 0 i € difficult.
prepoly p 'ﬂ:%&ymera.za\f!x_éﬁ STANE &v%?g m?gﬁ&ilﬁla %{E}%&'\/e $

10 rocess has now been Isre easy to
control and whi éhittardyevwiisbdiave bemrs coneuneldy apt oﬁx&cnrezwlypﬁrepmssmeity

pr OdUCt S haVI ng w\il.lﬁcbpe's'att' @ﬁe fE@S:lLC‘Q& \;gl{lgn n This m{:{d%aég %tﬂ‘?x{ rl% B?t

speci fication ranges. The prepo products are polyneriza
| i qui d, subst anWéFHﬂag]ePef-‘ﬁﬂeﬂé‘ t% nuper s (fifs vantakd ek yta toer ag@t@tlébﬁe at

ordinary anmbi entyre go LEHRELBRIULESainment of des:.red gﬁ?&&yﬂﬂegﬁ%d&:pe

invention is a process for formng a polyneriz
substantially gé‘llsF?Fe‘é"leﬁoPW(aalr?ymduc»’kbl%é%aﬁéﬂalt%)ﬂ—lﬁm{ht@nal pr epol ymer

conposi tion gonprising: 2 £aeBealdsNdoR YARAl s GAEPASIdH 9B £OMAVLS1T at
| east one poly(allyl carbonate)-functional nononer and free radical

initiator havi n@aayt"e% cRBbFohaps- Vi¥ch eainher ueef doororiistensty progaterr] C

at tenperat ur es phBpdfifne-apasah sf 1O Galkye; PGLeethg wiPelpW the
t en- hour half-llfe tenperature of the free radical 25 |n|t|ator to

150[ err] C, to f3PAPPIRACEFHIPNFREUTECREAMEGBIPS-  The REPBALERPT25[ err] C
viscosity in therpdnge akeflsdfAndbiia»140, DORi8PSubstadih1ay &4Nyhepi ¢ doubl e

bond utili zatl on of at | east
and substantially storage -stable at ordinary ambient
temperatures.
Accordingly, the invention is a process for forming
a polymerizable, ligquid, substantially gel-free, polyv{allyl
carbonate) -functional prepolymer composition comprising:
2¢ (a) heating a neat compogition comprising at least one
poly({allyl carbconate)-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
and an ethylenic double bond utilization of at least
3 percent; and (b} over a period of less than 90 minutes
cocling the reaction mixture to a temperature at least
30 20 Celsius degrees below the ten-hour half-life temperature of

the initiator.



3 percent; and (b) over a period of |ess than 90 m nutes cooling the
reaction mxture to a tenperature at |east 30 20 Cel sius degrees below t he

ten-hour hal f-11f enper at ure of the initiator. S94133888
F>CT1U39812715“2fi $orSasy 1P L, FONsRE

Since the process is solventless, the hazards associ ated with handling
solvents are elimnated, and a sol ven‘%-rem)vi ng step is not required.
Since the initiator has a high ten-hour half-life 5 tenperature and is

stabl e at ordinary anbienj,_tenperatures, . th repal r_product is
stabl e at ordinary anbi enrgtmcen&et BRP&SAt ﬁ’?essolﬁ%?%%%té}%i%%ﬁa’t fe presence
of initiator assogcsiediosthBepalldeg i doliventmwitaraeckissaryed,0 aodnpl et el y
consune the j.niti r,..5h rocess s r.elatively robust in respect of
10 vari ations i%di‘;rzf’:n%ig“gﬁwg%n%e trggﬂc%n?equlreq“ A product with a
particul ar specificationsihce the25hiriskCr \hesceshigh tsuchouashilHinifa0 to 120
cps) can be . o fQnslalenthy; Pradhred ok munll ool helsgagldsy of the
reaction mxture during the partial polynerization process.

I n the interestshafprepelsney, productati®rtahdy iatgordinaryeantieut hal f-1ife

t enper at ures of | . : 11 r s to as "high
tenperature ini %l tegrgﬁgefﬁggﬁjit?l?g%yr%}g the gggﬁﬁcet gr%- ﬁ})ﬁ“aﬁgff -life

t enper at ur es of re¢ssigives harPegbosr i85femdtCrecessaiy | theomplateigdedrzuas " | ow

tenperature inif{iaLaEsiaeo,20ine process ;fl?%y#@@él)ﬁ%gg L E#S%g%c%h kS

heated conprises at l'east dne po _carbonate t1 ona :
monomer . | n Yosvariatiopydiesinkdatentcaneapusitiodn conprises a mi xture of
pol y(al |yl car bonat g) @L&M' Q{'@H AR S ar specification of.PO| y(allyl

carbonat e) -functional nononers which can 25 be utilized in the practice of
the present inveéhtq gaseRsdtyhésuch ap|iuamdlpdIbp( 480 yArse afdsoMat es) of

pol yhydroxy or gaéisi stent®t Ebdlcta B¥aRRLES- 2y BACH 13RB®Y 351 1 ude
pol y(al Tyl reaction mixture during the partial polymerization process.

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

Pely(allyl carbonate)-functional monomers which can

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

30 and poly({allyl carbonates} of aromatic-containing polvhydroxy
compounds. The monomers are themselves known and can be

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



carbonates) of linear or branched aliphatic polyols, pol y(al |yl
carbonat es) of cycloaliphatic-containing polyols, 30 and poly(allyl
%/"%qﬁﬁfz%ﬁ%oners

car bonat es) OYO ¥Rt i c- cont ai ni ng pol yhydr oxy conmpound& )

are thensel ves known and can be prepared by procedures well known in the
art. See, for WD 99/ 33888

PCT/ US98/ 27124 -5 - -5- exanple, U S
Patents No. 2,370,567; 2,403,113; 2,455, 652; 2,455, 653; 2,587, 437,

4, 1_44, 2_62; and 487plel3U. the Patentd ¥e| cbi7esSoON @hi@h 1aBe, 2/455t BB s
entireties, |ncopnoiled; 3, sehCiolnabyad o e 402 Q83 "pRdod, the

appropriate allyl. 5 al cohol is reacted phosgené té formthe
correspondi ng dl%#@?#r%%l%{ shbeiare. i cheis emhéretieact bocavpbhatdrd

desired pol yﬂé/fglgxxﬁ Own&%'}leﬁcémt Qﬁ'&le mgﬂhc?cﬁog:ﬂgr g@%&p?ﬂ:\ttehgllyl

pol yhydr oxy organi c mat erl al is reacted wt osgen orm or gén iC
pol ychl or of or fiat 8 §@Hcdhis srasend gl RigPagiens ttchécim prmamdmé yI

al cohol . I'n a thifd1mehdoshsdRee P Y BY HOXHen rea%&@ﬁbﬁh n@ﬁeﬁ el »

appropriate ally] alcohol, and phosgene are m xed together an react ed.
In al| of these PRARWPENEY (9Fganic "BESHAYL OFD Wth@a@leah@@ tdee

approxi nately stgd EJ??{@.E@:E}F Idzganic nBXELR EQaéeanEQégﬁ%% %Ws%euégdfdr&

substanti al excess 15 desired. The tenperatures of
chl or of or mat e- fo?’?ﬁaﬁ@‘* polychiereinreats ehirhf et abpy lt?@lcévﬁabdlbt the0[err]Cin

order to 101 Nigpe8rt b 08 pRtd100nef . U&Qeélt{tﬁ%%é&oﬁr %E:Eiyl?cﬂ'o@” ly

the chlorof ormate-form n%reactlon is in the range of from
O[err]C to about®ZEFPeFrTEserfhd endPREP Larhisddyt edeeheh iapdopbesasak| v

conducted at abaide tiResABFetREPRLA HREeadl tﬁi&ngi" of thbiPheh taimeratures
may be enployed. Suitable acid acceptors, pyridine, a tertiary

am ne, an al kal i PYRRCEF IR PExFRAStEants age m%%ﬁ% aapehipEeRFichydr oxi de

may be enpl oyed eshept thaiﬂ@;ﬁbé@’he A8y be used in sWAEBANBOAY (Blck¥k if
car bonat e) - functéonal ners ca Y’]li)ﬁresent ed by Fornmula (1):

01 [err] egired. T & temperatures ﬁSr gh 3’§°f°mmrfﬁqrﬁlﬂ err] is the
group derived f riomacthensinsat pfeaﬂe&dbnﬁl— cehol a3duanthiox an ddey tor

;gISUSth; S(; 1g‘|4| yl rzqgnggg thR[% atllgntc u_(r)zégsa{]r%ble by»pr\é\glcgtgs/.:gsggginarily
the chloroformate-forming reaction is in the range of from
about 0°C to about 20°C. The carbonate-forming reaction is

20 usually conducted at about the same temperatures, although
higher temperatures may be employed. Suitable acid acceptors,
e.g., pyridine, a tertiary amine, an alkali metal hydroxigde,
or an alkaline earth metal hydroxide may be employed when
desired.

25 ) Many poly{allyl carbonate)-functional monomers can

be represented by Formula (1):

i
N
n

Formula (1)
wherein R, is the group derived from the unsaturated alcohol

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



- 6- group derived fromthe pol yhydroxy organic material, and the
average value of nis in the range of fromabout 2 to about 5,

preferably algife2sssF0r any particul ar conpound the val ue @trmsesn7iasl S an
i nteger. For m xtures of conpounds, however, the 5 average value of n may

be a whole or a fractional nunber. The average value of n is based on
t he nunber average nol ecul ar wei ght of the poly(allyl
carbonat e) -functi onal nononmer species constituting the m xture. The

allyl group (R ted at the ositjon th a
hal ogen, nost n %g fgg%é&g FoF | tf'\% %gi%hryt)ém R maa}gﬁyjra or Sﬁ%n @t ai ni ng
fromlto averAgedveiudof atonEp generabé yafafnm lpbutr2 etchybowgr aup. The

Rlerr] group cap,be...ep ed b [

Formula (2) 15 \?vher elag %{[ erri |£]s %%ygr%x?lﬁgrﬁ‘(%)lar Gl n“%iik%}fe ﬁ?%‘ﬁep of
containing fronk is ap inptessyut How adbowrest oﬁmOmSpewia‘,i hoe«mml ese of Rerr]
i ncl ude the r b al quo al lyl,
2-met hal |yl 52 et hylal Yaﬁlel %EI sop&g%gli ho# tazn %?ag%y Pa nyq imbex gﬁ
2-n-butylallyl. awgecmloﬁ n Rz brbed ont hee aiuhpér greupge rrme{nelam}

R2 is a pol yval gpi@r gep-ieth f P r Yol gani o materi al ,
whi ch can be an aI?phatl C % gyfjallwn&&%%m?e) (}BX%%(/% énc rfcg‘ﬁgl Species
aromat i c- cont ai ﬁpwl@amﬁ@etmmre Cthat al sl gro® (&;) ernSbéydr oxy

groups. Typi cal kynsdiRGced anaot;x@yz%ggy ’%?gé*ﬁe %ﬁ;éfrﬁ% £OLE 3l F§b12 hydr oxy

groups, as for exanpl e glyCo |pha I C ponoI can
be | i neal® ofHiziRehed PAREieon i @Pfarlémi Zmﬁcipa%‘u!talamg:érrbmnl te atons.

Conmonly, the abbafaki aRhYQtcds ggn@mye@%eghyf% ehyd) fogm 2 to 4

carbon atons or_a poly(Cerr] al kyfene 30" gl ycol or e?(’arrp e, ‘ef hyI ene
gl ycol, propyl efie 9GPYR G131 be repropermighpdgprmula (2)
PCT/U898/27124
Ro
HyC=C-—CHy—
Formula (2)
15 wherein Ry is hydrogen, halo, or an alkyl group containing from
1 to about 4 carbon atoms. Specific examples of R, include the
groups: allyl, 2-chloroallyl, 2-bromocallyl, 2-fluorcallyvl,
2-methallyl, 2-ethylallyl, 2-isopropylallyl, 2-n-propylallyl,
and 2-n-butylallyl. Most commonly, R, is the 21lyl group,
20  H,C=CH~CHy-.

R, ig 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 about 10 carbon
atoms. Commonly, the aliphatic polyol is an alkylene glycol
having from 2 to 4 carbon atoms or a poly(C,-Cy) alkylene

30 glycol, as for example, ethylene glycol, propylene glycel,



-7- trimethyl ene glycol, tetranethylene glycol, or diethylene

glycol, triethylene glycol, etc. One cl ass of

pol yhydr oxy- f WREHBHERAI aromati c- cont ai ni ng conpounds ca%cwsgla%’blﬁesent ed
by 5 Formula (3): [err] Formul a (3)

in which each Rlerr] is independently alkyl containing from1l to about
4 carbon atons, phenyl, or halo the value-of -each ais 10 independently
in‘the range of fromO to 4; each Qis i ndependently oxy, sulfonyl,

al kanedi yl havi ngrifeebhyereogdyenit. tetrapeghylsne alwied, or dldtpviersne havi ng

from1l to about é&g@gibqgﬂﬁthyg%gygi and the value of g is in the range of
3! ably

fromO to about 3. Prefer is'l-nelhylethy[idene, viz., 15

i sopropyl i dene. _ One clasef of agllybydrexyafwectdPngl is zero, in which

case a sub- cl, A58k S- dBRLESENY eGnunER’ Bl Be(Adpresch@dd by

Formula (4) 20 in which each R3,” each a, and Q are as discuSsed in respect
of Formul & (BrmupgefBr:ably the two hydroxyl groups are both in t he

especially preferred.
iani ng conpound is

ortho or para positions. The para pos ons are

[
The preferred pol yhydroxy-funtRilenal 2 Jraat i c-
represented by Fornula (5):
HO Q

Formula {3)

in which each R; is independently alkyl contaiﬁing from 1 to
about 4 carbon atoms, phenyl, or haloQ the value of sach a is
10 independently in the range of from 0 to 4; each Q is
independently oxy, sulfonyl, alkanediyl having from 2 to about
4 carbon atoms, or alkylidene having from 1 to about 4 carbon
atoms; and the value of g is in the range of from 0 to
about 3. Preferably @ is 1—me£hylethylidene, viz.,
15 dsopropylidene.
Preferably the value of g is zero, in which case a

sub-clags is represented by Formula {(4):

(Rg,)a (Rs)a

HC OH

Formula (4}

20 in which each R;, each a, and Q are as discussed in respect of
Pormula {(3). Preferably the two hydroxyl groups are both in
the ortho or para positions. The para positions are
especially preferred.

The preferred polvhydroxy-functional

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



WD 99/ 33888 PCT/ US98/ 27124 [err]
Formul a (5) The pol yhydroxy organic material fromwhich R err]
is deri vego panssfal so be pol yhydroxy-functional chai n exteendsski27123
conpounds. Exanpl es of such compounds based on al kyl ene oxi de :
extensi on include ethyl ene oxi de extended trinethyl ol propane, propyl ene
oxi de extended tri net hyl ol propane, ethylgng_pxide ext ended gl ycerol,
and propyl ene oxi de extended gl ycerol. Addi ti onal exanpl es incl ude
et hyl ene oxi de extended bi sphenols 10 such as those represented by Fornul a
(6): [err] CHzFornul a ( 6) where Q Rerr],
and a are as discussed above in re mula (3), and j and k are
each independently 1, 2, 3, éé or, ased on | actone

[ 945, the entire

extension are described  in U
di scl osure of which IS incorpo reference.
Speci fic exanples of the radical R err] irdé&aude: al kyl ene groups

containing from2 to 10 carbon atons such fs 50 et hyl ene,
(-CH err], trinethyl ene, nethyl et hyl end®¥™2 (& r anet hyl ene, et hyl et hyl ene,
pent anet hyl ene, hexanet hythengolyhydrdeyeihyttenaveiiayl ensn wastanet hyl ene,

‘F‘g(rjr ? e;?‘gf Q%Leg%-‘j?rgfihlg%} léX!sS r&:?e %E:Q}%ydg%%P&n%:gana%S ckg{z{ ]extendgder "] and
5 compounds. Examples of such compounds based on alkylene oxide
extension include ethylene oxide .exte_nded trimethylolpropane,
propylene oxide extended trimethylolpropsne, ethylene oxide .
extended glycerol, and propylene oxida,\ extanded glycerol.

Additional examples include ethylene oxide extended bisphenols

10 such as those represented by Formula (6):

(R3}a

) (R3) &
HO——CH,CHy 3 Q-——{@§E§>-EOCH2CH2+E*OH

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,

13 or 4. Many compounds based on lactone extension are described
in U. 8. Patent No. 3,169,945, the entire disclosure of which
is incorporated hersin by reference.

Specific examples of the radical R; include:
alkylene groups containing from 2 to 10 carbon atoms such as

20 ethylene, (~CH,~CH,~},trimethylene, methylethylene,
tetramethylene, ethylethylene, pentamethylene, hexamethyiene,
2-methylhexamethylene, octamethylene, and decamethylene;
alkylene ether grxoups such as ~CH,OCH,~, ~CH,CH,OCH,CH,—,
~CH0CH,CH,~, and —~CH,CH,CH,0CH,CH,CHy—; alkylene polyether

25 groups such as —CH,CH,O0CH,CH,OCH,CH,~ and



25 groups such as [err] and WD 99/ 33888

PCTRUS98/ 27124 -9- [ er r}] ﬂsg %,)qpe
car bonat e andv@pidzFEne et her carbonate groups such as [&T %/ ‘f[err]
and [err] (O [err] and | - met hyl et hyl i denedi -4, | - phenyl ene. Most

commonly, R2is 5 [err] or [err] Speci fic exanpl es of
poly(allyl carbonate)-functional nonon®rs useful in the practice of the
i nvention herein contenplated include ethyl ene glycol bi s(2-chl oroal | yl
carbonate), et hmngkgwﬁhc%mz@amwhwﬁﬂ adayberatcayboria 4 bud arlddilehe

bis(allyl car bon ent aned oI bi.s( ate)., ,
1, 6- hexanedi ol g’f (farbonate cc’g Bhat ekl iﬁ?ﬁ%zéé%{ao’%%% b%( 2-met hal | yl

car bonat e) wﬂh&@mﬂzytmz@(motrizbﬁ@@aidwh caxdbonat e) triethylene glycol
bi Iyl bonat l I | | t
Sy o bonat gl PR 02 o0 S0LnBARL S LA Lol gatbonate).

1, 3- propanedi ol bi'S carbonat e); “Anedr ol
carbonate), 1s 4%&5@{19(&%}1;,(:}{20(:3{11}&—,( 2rbronorldoglCHzarholat.e) , di propyl ene

gl ycol bis(allyl carb nat, t hyl ol bis(2-ethylallyl
car bonat e), pent amet hy?% gf)“—‘ SRPIpe Fs aPPy’?lQﬁ fbonate), isopropylidene
20 bi sphenol bi sn(earbbzyéta)afbmoe)al opnbrs plzefol i shaldrpletice ofatbenate),

sul fonyl bi sphenol carb nat1 and e i | carbonate)
of tris(2- hydroxyefaﬁ %I soc?lzaz}uﬁ"ron? a)ced mCl{‘Qe Ethxl%)éee%(lglrzéé% cl ass of

poly(allyl car bo:aaft(e)ehleroaiuﬂctcanbradatabnmems glgpeleddstietiyly Fornul a
(7): [err] 10 :§%rbonate), 1,4-butanediol his(ailﬁfrégfhgnéég),
1,5-pentanediol bis(allyl carbonatek; 1,6-hexanediol bis{allyl
carbonate}, diethylene glycol bis(z-méthallyl carbonate),
diethylene glycol bis(allyl carbonate), triethylene glycol
bis(allyl carbonate), propylene glycol bis(2-ethylallyl
15 carbonate), 1,3-propanediol bis{allyl carbonate),
i,3-butanediol bis{allyl carbonate), 1,4-butanedicl
bis(2~-bromoallyl carbonate), dipropylene glycol bis{allyl
carbonate), trimethylene glycol bis(2-ethylallyl carbonate},
pentamethylene glycol bis{aliyl carbonate}, isopropylidene
20 Dbisphenol bis({allyl carbonate), oxy bisphenol bis{allyl
carbonate}, sulfonyl bisphenol big{allyl carbonate), and the
tris (allyl carbonate) of tris(2-hydroxyethyl)isocyanurate.
A preferred class of poly(allyl carbonate)-

functional monemers is represented by Formula (7):

Ro ‘ l Rp
CHo==CCH0CO+CHyCH O COCH, C==CH,
25 m
Formula (7)

wherein R, is hydrogen, halec or C,~C; alkyl, and the average
value of m is in the range of from about 1 to about 3. Ry is
preferably hydrogen. Diethylene glycol bis{allyl.carbonate)

30 ie preferred. This monomer is commercially available from PRG



wherein R err] is hydrogen, halo or Cferr] alkyl, and the average val ue

of mis in the range of fromabout 1 to about 3. Rerr] is preferably
hydrogen. Di gidyleqae 9l ycol bis(allyl carbonate) 30 is preteissgnzdhis
nmononmer is comerclally avail able from PPG WD 99/ 33888 .

PCTf US98/ 27124 - 10 - I ndustries, Inc.
and is sold as CR- 39 Allyl D glycol C (gqnate. Because of
t he process by which the poly(allyl carbonat e) -functional nononer is

prepar ed, the MRRRIRS:cd £QTPAR LODH HIUALLY S SIRCHSE BTN Ure, of

pol y(al Iyl nate) -tuncti onal conmpounds e sented by either
Formul a (B): Cafignale. Formula (8) 10 or
Formul a (9) [err]

wher ein
Rlerr] is as defined abovBeec\fi\lnu?% Orfeétlﬁgc%mtcgs obryrrﬁFgéi %;g Egogj?y(gyé%l Rlerr] is
i ndependent | y acafkcragal - et pons mpedndr dm prepifedi Irper vonomergani ¢
conpound, | Rl kohdRkebhd ba Btk o ol Suure oPIRLIYEAN eOCT, aNd !

is a positive integer. ogous princi y when the
functional ity ofarbonathe-fsicyhyerlocyreruydsi eacharepredented great.gitert han t wo.

Formula (8):
O O '
i I
RJ_“‘“ oC O“"“‘Ré""O"""’C G""‘Rl
8

Formula (8}

i
H40~R 4 =0=C4-0~R !
t

Formula (3)

16 or Formula (9):

wherein R, is as defined above with respect to Formula (1},
each R, is independently a divalent group derived from a
15 dihydroxy organic compound, R' is R, or hydroxyl, s is a
positive integer, and t is a positive integer.
Analogous principles apply when the functionality of

the polvhydroxy organic material is greater than two.
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Di et hyl ene gl ycol bis(allyl carbonate) nononer conposi tions usually
compri se a m™Q W& di et hyl ene gl ycol (al 1yl car bondCEVSEH4unds
each represented by either Fornula (10): [err] )
Forrmul a (10) or by Formula (11): [err]

Formula (11) 10 wherein s is a positive i-nféger and t is a positive

i nt eger. The di ethylene glycol (allyl carbonate) conmpound for which the

value of s is 1 usually cBistinigresivecom R (23180 carbangicentomer of t he

m xture of di et hyheBe: GlahsOhsi:ah ko2t hona 0 &#{w 0.t he
di et hyl ene gl ycol?rjal |yl carsbona%e)o“%% conpténg%]cauzfeof’%vﬁ?c t%ge%&%@lof sis
1 constitutes frigitys qagbonata)s cappeunder exgit represemtail dw edthér deethyd ene

gl ycol (allyl (1o§arbonate) conpounds. As used herein and in the clains,

t he rel ati ve amounts, expressed as area percent, of the diethyl ene
glycol (allyl carbonate) conpoungsfhaving differigdijvalues of 20 s are

det erm ned by hi gh performance | {gui d chromat ograph usi ng an

i nstrument equi pped WER=FCBEHERE 7 OFHaSH S TH 6800 CHoPére=eH, at a
temperature of approximately 15[err]C, a refractive ® i ndex detector, and

enpl oying a nobi |l e phase conposition Gormuia 4Q% nethyl ene
chl ori de/ 25%t hyl ether/25% et hyl ether which 25 was saturated with

wat er / 10% n- hex &7e®Y ifgFE13 he1pér cent ages are expressed as percent by
vol une. A subcl ass of particular interest is a mxture of °
di et hyl ene gl ycol (allyl carbognate) corrpounds(”) ach represented -
H-~QCH,CH,0CH,CHL,0C0 QCH20H==CH2
£
Pormula {11)
10 wherein s is a positive integer and t is a positive integer.
The diethylene glycol (allyl carbonate) compound for which the
value of s is 1 usually constitutes from 25 to 39 area percent
of the mixture of diethylene glycol (allyl carbonate)
compounds. Often the diethylene glyecol (allyl carbonate)
15 compound for which the value of g is 1 constitutes from 25 to
35 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) compounds having differing values of
20 s are determined by high performance liquid chromatography
using an instrument equipped with a DuPont Zoxbax 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% athyl sther 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



WD 99/ 33888 PCTI US9S/ 27124
- 12 by Formula (10) or Fornula (11) wherein the (allyl carbonate)

conmpound for gyﬁﬁ%s he value of s is 1 constitutes from 82ptgusssn7i9b ar ea
per cent of t B re of diethylene glycol (allyl car bonat e)
conpounds. 5 Anot her subclass of particular interest is a

m xture of diethylene glycol (allyl carbonate) conpounds each
represented by Formula (10) or Formul a ("11])2 wherein the (allyl

carbonate) conpound for which the val ue o is.1 constifutes from 25
to 75 area perc‘éﬁt“&fw%%e‘jﬁsx?ﬁr”é’%"f‘ %i‘éﬁﬁmy%&lﬁl%oﬁaﬁl (cﬁf}l)%ﬂateg
carbonat e) conpéstiitnd for which the valllie offi Xtiy e odnsdiiettnd erem gizycol
(allyl carbonate conpounds .each, represgnj.e For mul Q), or
Formula (11) i Sg% areﬁr%?%n%gﬁl QEp&‘@pﬁ?”étdﬁﬁyo eéd‘c‘?g?’f?%en&i %ﬁ‘iﬂaer%ﬁd?lycol
bi schl or of or mat eaMécduhtal |admpalseehol and optionally diethylene 15 glycol in
the presence of a suitable acid %S:Dc]e_gtor as_f.or r.idi ne,

Re? gpoos

._examl e a
tertiary am e, or an al KECF 5% PR P T 831 hlng%fea F1L§;’/da{r)o>?‘"iﬁc o1t is
of ten conveni endf tdietifigiene gaySiidoByiyeicghborsalelit ¢awponhds adickm hydr oxi de in
water as the acid acceptor. A .substantiaglly.inert, ar. LNso
organic 20 di Iﬁ%‘?ﬁesﬁ%e%&yi %ﬁzgﬁlf gé)usoé:d 2ege ?‘{1}3 &on ?lﬁeéﬂgn%32 g of
al Iyl al cohol aaskutinetby|engoghd ciok emplhoybel wles adf Isedstl conssitfftesi ent to
react with substanti.al |..of .th | ef . |y | I rmat e.
An increase in % 2 rzgt lféc/) ’%Jf a%'%ae Per%ﬁ%%boeépxggqﬁéﬁf’gls‘eo g% kﬁj;}?g%egqgfqégol to
the nunber ab mkEylotarRmatteetdpppenedgyl ycol bischloroformate results in a

decrease in t he ar ealér%%rﬁ;l%gg ::%f E"&te%,f‘%%gi fofe] (g?io‘}lylcagggnggg te)
conpound represented by Fornu au( 05) in ch's .’é% al ong vmtﬂ a
correspondi. ng | conEasdsi srdhheeprasenped donfFooiulgokpdurdsFormulpepridsdat ed by
o 30 LSSy s 8y Eihs dlindtd Gng Lhe nurber o
bischloroformate with allyl alcchol and optionally diethylene
15 glycol in the presence of a suitable acid acceptor, as for
example, pyridine, a tertiary amine, oxr an alkaline or
alkaline earth metal hydroxide. It is often convenient to use
a 50% by weight solution of sodium hydroxide in watex as the
acid acceptor. A substantially inert, water insoluble organic
20 diluent wmay 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
glveol bischloroformate. An increase in the ratio of the
nunber of moles 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 Pormula (10) in which s is greater than 1. The
30 ratio of the number of moles of diesthylene glycol to the
number of moles of diethylene glycol bischlorﬁfcrmate is

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



nunber of noles of diethylene glycol bischloroformte
within the range of fromO to 0.9:1. The base is

PCTf US98127 13vD 99/33888 - 13 -

to the reaction medi um containing the diethylene g

bi schl orof ormate, allyl alcohol, and diethylene glycol,

cooling is applied in order to control the3 - reactio
within the range of fromO[err]Cto 5 25[err]C

IS general ly
WO 99/ 33888
PCTARGRH 4 ol y
| ycol

whi | e ext er nal
n tenperature, often
After

substantial | y ahkddeaf susrel:,clubomé aregetirgredist cont@mipdngetied adetheysmeal of
t he aqueous phas fer ir rgani ase may
S5, b lomgrolthe S, bl B0 bRl )

be washed with ¢ M OF b

and

vacuum 10 stri mnﬂde tastemaiveoa\‘)astngr is sgipléed irapdiet lter comtxalli tee

material s. r ac:t:.cn ?emg&rso e %é%éérl WJ.tﬁﬁ{ l%?xga}&}g

conposi tion may puri 0 contaln essentia
nonomner spec&eszsﬁnt this is rarely done. Although 25

car bonat e) - funct i onal noNQIEr ggéiéﬁg of the @A
co

rel ated nononer species, 1Tt Usua ntains a m

%JPCH&P@LC ’E%FO”EV

at ed
the poly(allyl
E?&&&QH 0%0?1399' €

xture o rent

rel ated rmnorrera:sq)e:@aetsed rem&vy@ @al tlya akbewis phese dlsapédemononer speci es

t aken t oget her st |Itfu§lgs 4aM ahout 1 40 ﬂQQéJtm

the 20 pol y(al?yef c onate Funétronal Smonofer

t of
xR ©

all of the rel avzemhm@nowmerspeme@’evemmgetﬂYeprMm tapde vacuum f r om

about 5 10 gRouL 5 uRl ANL-RBLE SRlke0! dd16eRO! %ol bitler

carbonate)-functrio nmonomer composition. In many ins
t he rel at ed nonextmrigpeci es taken together constitute

volatile
t ances al I of

25 fromabout 5 to

about 18 wei ght percent ghol & Il?“’].aléa)ﬁ)onate) @%é&%ﬁ&@)m&f&ﬁﬁ" onal

nononer conposition. |In other |nstances of th
speci es taken teepRoséEionpiay petmrified so as tO contam

e rel ated npnomer
esgentially no

related monomer species, but this is rarely done. Although

15 the poly{allyl carbonate)-functional monomexr

composition may

contain only a single related monomer species, it wsually

contains a mixture of different related wmonomer species.

Typically all of the related monomer species

taken together

congtitute from about 1 to about 75 weight percent of the

20 poly({allyl carbonate)-functional monomer composition. Often

all of the related monomer species taken together comstitute

from about 5 to about 75 weight percent of the pely{allyl

carbonate) ~-functional monomer composition. In many instances

all of the related monomer species taken together constitute

25 from about 5 to about 18 weight percent of the poly(allyl

carbonate) -functional wonomexr composition. In other ingtances

all of the related monomer species taken together constitute

from aboub 25 to about 75 weight percent of the poly(allyl

carbonate) ~functional monomer composition.

30 As usad in the present description and c¢laimg, the

term poly{aliyl carbonate)-functional monomer or similar

names, e.g., diethylene glycol bis{allyl carboﬁate), are



from about 25 to about 75 weight percent of the poly(allyl

carbonat e) -functi onal nononer conposition. 30 As used in the
present descijigdsisasgssand cl ai ns, the term poly(allyl PCT/US98/27124

car bonat e) -functional nmonomer or simlar nanmes, e.g., diethylene glycol
bis(allyl carbonate), are WO 99/ 33888

PCT/ US9S/ 27124 - 14 - - 14 - i ntended to
mean and i ncl ude the named nononer and all related nononer speci es
whi ch may be COM@&&@@ td18e8hNand include the named BS{med’ ndTBAY ARLRELAl S
which may optionally be present in the liquid poly(allyl carbonate)
-functional noNEARATEr SPIBRFoSTFIGORAENYR GPRERINgdt Ff%ﬁlﬁﬁléeess of the

i nvention. Among th%@réraeré)%hmate@tm ehiGallay YNSRIULR ed
conmpounds. As used herein and in the clains, "optional ethylenically

unsat urat ed conPERAFHt Hedwe ARTWIhPPLN|idaNE yCarmenrtR)afeactional JiRoBERd
which i s notsa agipskatiod £RLOARSLE): thé wastbanal A 1a0apouRd. alhe optional

et hyl eni cal | y unsaturated conpound na be an opti onal

pol yet hyl eni cal ¥4#58n &5 Lﬁ%’t@ﬂ%(ﬁ’?&é’&%‘&”?tmﬁawrw BEMRAYIERt | dFal

monoet hyl eni cal hdediReaéil an@d: € AHROUNEkns, “optibea: takyPEn fRU18yOPt i Onal
et hyl eni cal |l y unsat urat ed conpounds are present, they g be opti onal
g

pol yet hyl eni cal f3Fat15atfR seRPIEt E‘Bﬂ%@ﬁd%‘:hﬁﬁwﬁ%}’ H‘B?ﬂfé‘trﬁ ®nically
unsat ur at ed corgRURAUMITh 05 @buTeXbollya0lyDRerPéndtR) er@iivienal

pol yet hyl eni cal | y unsat ur ated conpounds _.and one or nore opt i onal
monoet hyl eni*®al FEIHESt uriteBP TS Ukt Lenically unsaturateqyqpupoyis Y q)
conpounds whi chodraw bﬁtﬂfrﬁ&eﬂbly&ayllékﬁd&deyQﬁf@ﬁﬂfﬁiﬁew\bbrﬁﬂb@ﬂeoﬂa\toI d of
all vt carbonat el QeoUR% o sonb ncl3a Gk Dafl PLUEA ke ecibliha 7 OUPS-

When two or more optional ethylenically umsaturated compounds

are present, they may be optional polyethylenically

15 unsaturated compounds, optional monoethylenically unsaturated

compounds, or a mixture of one or more optional

polyethylenically unsaturated compounds and one or more

opﬁional monoethylenically unsaturated compounds.

Other opticnal compounds which may be present

20 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 3101-37-1},
criallyl-i,3,5-triazine-2,4,6 (1H,3H,5H) ~trione
fCas 1025-15-61, diallyl phthalate [CAS 131-17-9], trialiyl

25 trimelilitate [CAS 26%4-54-4), and triallyl trimesate
fCas 17832-16-5].

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

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

tetrakis {methacrylates) of tetraocls. Examples of suitable



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

trlaIIyI 135tr|a2|ne246(IH3H5H)trlone (CAS 1025: 15- di al |yl
phthal ate [CH99%33887.9] triallyl 25 trimellitate [CAS ze?f’gfﬁ%ﬂ%ﬁ“ and
triallyl trinmesate [CAS 17832- 16-5] . Pol yneri zabl e

pol yet hyl eni cal | y unsat ur at ed conpounds whi ch do not contain allyl
groups nay optionally be present. Thés$e-include the bis(acryl ates) and

30 bis(methacrylates) of diols, the tris(acrylates) and
tris(nethacryl atiesy bhcludeoHRCHAHMPCHEE L ORtarak kB¢ atiolkatesesanted by

tetraki s(net ha S f tetraols. Exanples of suitable WD 99/-33888
PCTJUS9827124 o1 €941 - 15 - di ol s include
[err] and the diols represented by rmul a (12)

HO- A- OH F%?rr?ﬂ ‘%}12 5 The dival ent radical A
may be aliphatic, aromatic, or conprig £§p al i phatic and aromatic
portions. Exanples include alkaned|?7 groups containing from2 to 10

carbon at ons3 su@‘h: divalent] radiaiafediybe 41idpherbparredingtic, or comprise
2, 2- di et hyl - | et han: | Cbut anediyl |
1) 2 et hapﬂie }zecll (11:1)5 an% aronadfl 0¥ g TJ_]Un% gﬁ!gg C]luée

10 1-ethyl- pent anedi nedi
2-ethyl -1, 6- heﬁﬁ@éﬁ@iyl yreum:temem:wns émin 3 m ljbmnb@ha ysltoms sudBugs her

exanpl es incl udﬁe ggﬂﬁ%r%q gt h_@@_gg yfh AS .1 et[hg,&rli . gg £ % Q her
exanpl es i ncl'ude al éne pol yet'her ¢ oups such 53 ? % E{ [err]
Yet ot her e‘scMhﬁé‘S"ll ﬁcPu@PéledllKM éné-bardneday® groups such as [err]
and al kyl eng, etheknGArHeNat L2 HAYRS 13,%Qgeﬁ!.sanediy1, 1,6~-hexanediyl, .
2-ethyl-1, 6-hexanediyl, 1,8—octanedij;r1; and 1,l0~-decanedivyl.
Further examples include alkylene ethe:i: groups such as
~CHROCH, ~, -CHCH,CH,OCH,CH,CH,~ and ~CH,OCH,CH,~.  Other examples
include alkylene polyether groups such as
15 -CH,CH,OCH;CH,OCH,CH,~, and ~CHpCH,CH,OCH,CH;CH,CCH,CH,CHy- . Yet
other examples include alkylene carbonate groups such as
-CH,CH,0C (0) OCH,;CH,- and alkylene ether carbonate groups such as
~CH,CH,OCH,CH,L0C (O} OCH,CH,~ . Examples of cycloaliphatic groups
include 1,3-cyclopentanediyl, 1,3-cyclohexanediyl,
20 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-phenvlene,
25 methylene-di-4,l-phenylene,
l-methylethylidene-~-di-4,l-phenylene,
i-methylethylidenebis {2, 6~dibromo-4, i-phenylene],
l-methylethylidenebis{2,6-dichloro-~4, 1-phenylenel,
1-methylipropylidene-di-4, 1-phenylene,
30 l-methylethylidenebis {2-methyl-4,1-phenylene],
1,2-ethanediyl-di~4, 1-phenylene,



[err] Exanples of cycloaliphatic groups I ncl ude 1, 3-cycl opent anedi yl ,
1, 3-cycl ohexanediyl, 20 1,4-cycl ohexanediyl, and 1, 5-cycl ooctanedi yl.
Exanpl es of qe0@idefmtic groups include 1,3-phenyl ene and pcrupisanghene.

Exanpl es of groups containing both aliphatic and aromatic portions
i ncl ude 2-net hyl -1, 4- phenyl ene, 2, 6-di net hyl -1, 4- phenyl ene, 25
nmet hyl ene-di - 4, 1- phenyl ene, 1- met hyl et hyl i dene-di - 4, 1- phenyl ene,

1- met hyl et hyl i denebi s[ 2, 6- di br onp- 4, 1- phenyl ene],

1-met hyl et hyl i denebi sl 2, 8- di chl.oro-4, 1-phenyl enel ,

1- met hyl pr opy! i’“d‘%%é’?%‘[‘? zf?llgpﬁer‘}%‘in‘e’%%‘?e' 30

1-met hyl et hyl i demwebhgl&:nyatiyheblsl2pliempbeylegthyl) -4, 1-phenylene] ,
ééiﬁggg‘?ggIj_gldf-f,l.‘?;u%hé:‘fqplhe%n llse W—-’methylethyy\i%egn%/—é?]? -8}'_)%_81’1}11691'.\_83 p

met hyl ene- di - 2, 1,4pbbayyiemepis {1 -nethyiithyl bddng- i depdlbngldn@, (1- met hyl et hyl)
-4, | -phenyl gne _ 4 3-pF | enebis [ 1-nethyl et hylidene-4, 1-phenyl ene],
1,4-pheny|engbf%ﬂff?%%f#y%égﬂsi|3§ﬁ§91, 1- phenyl ene, 5

sul fonyl - di - 4, leysfiehykengiene-di-4ceplwhaiyhe dene- di - 4, 1- phenyl ene,

1- phenyl et hyl i deng- di s 3 .ene, t hyl i dene-di - 4, 1- phenyl ene,
propylidene-di?h?ﬁggﬁgﬁﬁpéﬁgg%g%% 4$§§Fﬁ§¥%§%ﬁylidene-di-4,1-pheny|ene,

4- cycl ohexanedigtdhydiidene-tiphempbenglene,

i g gzg: gﬂgigﬂg‘%‘%{’b’? #%n%-%}gﬁé%nﬁhgﬁ&enaeﬁd ' t hi o-di - 4, 1- phenyl ene.
.10 l-ethylpropylidene-di-4,l-phenylene, .
Lod~ceyclohexanediyl-di~4, l-phenylene;
i,3~cyclohexanediyl-~di~4, l-phenylene, *
i1,2~cyclohexanediyl-di-4, l-phenylene, and
thio-di-4,l-phenylene.

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

The half-life 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 Peroxids
Sglaction Based on Half-Life, Atochem North America, Organic

25 Peroxides Division, Buffalo, New York (198%}); and OCrville L.
Magelli and Chester 8. Sheppard, ngahiguzgxgxiggs, Volume I,
Daniel Swern, ed., Wiley-Interscience, New York, pages 81-87
(1870). 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 formulatioms and



15 Exanpl es of suitable triols include
1,1,1-trinmethyl ol propane, 1,2, 3-propanetriol, and tris(2-
hydr oxyet hyl WMOs388y8Rur at e. Exanpl es of suitable tetraols
pentaerythritol and erythritol. The half-life of a free
radical initiator at any 20 specified tenperature is defined as the tine
I n which the initiator loses half of #fs activity. It is determ ned
through studies of the deconposition kinetics of the initiator. See,
for exanple, thergsesging Pudisiers PEPEPRFEial pPola@EreEttatrBat et on
Hal f-Life, — Atgg %&git&x%ﬁat@muﬁwﬁﬂaq BnonReY eXHHas cbbY] SngNot

Buf f al o, hbm/Ybrk (1989); and Oville L. Magel I'i and Chester S,
Sheppard, OrganFke meRgRREanalyareamaafical mEaéh%"equSvﬁR?ClééliY peroxide

W ey-Intersci e@%@ma@%% Yokikkn Rage%aBle Sen-hout 1REQ) 11 fNQelnfElrAQWE can
hal f-life tenperature of an initiator is the tenperature at which

one-hal f of thebfHaeCat o igrirgPRRITU tabre FrEsBiR 1R Fhe REFESRPOSBVERE YR

hours. Thus, hahfvd iaf @en-holre AREF Alikker MiRrhEESe drUseiWasdngs €f.f eokd ve
guide to t he selection of initiators faor specific fornulations and
WD 99/ 33988 ten-hour half-life temperature ip ovdlnarllyFﬂgﬁhygggﬁgygggp

- 17 - procgsgsiieh §98Widd @85.c FOrtpas tﬂr@l;u&&ﬂwmzﬁ kB8 Afngd of
poly(al Iyl carbonate)-functional nononer conpositiqn, of t he

conventional fr@8°% &@ ¢3P°GnFrPatB°s, t‘és’ﬁ’écFaW Wrﬁéﬁﬁﬁddemere %Pt TMHfor s,

with a suitafl esh@n-RQULatlsf - bhd ear{eeﬁia@f@truaem@aatér ke use@lam-auiynat ors
suitabl e for use |n the_present inventio ave a ten-ho r f-l'ife

tenperature of r ?“@&?Yl%‘[yétr)rff‘@wpﬁ’fexycarbof‘éﬁe hf&?ﬁ ik ‘"ehrature
is ordinarily whkfia cehendan @81z -1ife0t ediger@mr8b¢ &5 1O @, 1351[1@H] C.Itis

frequently within the ran f o 120[err. From 95 err]Cto
105[err]Cis pr é?’erﬁaéﬂrs‘r”%&‘g‘ Bre br?aﬁ?‘L‘?l’ﬁ‘] gﬂé‘ﬁ %f%t%’l’zgl cE)Li‘ts °Ph
preferred initi %ﬁpéx&xﬁ&ﬁ&z&xbtbutqﬂs 2372-20~6P- aimpbhmmyzh)amyl
nDnOperOXycarbona& J&gﬁgh %%o%é%ekaycarbonate which have a ten-hour

half-life temperature of 99°C.

CTIRT I,

Mixtures of high temperature initiators having the
same or different ten-hour half-life temperatures way be used
when desired. If the ten-hour half-life temperatures are the

20 same, the principles are the same as wheﬁ uging a single high
temperature initiator. If the half-life temperatures are
different, it is preferred to use a non-isothermal reaction
temperature profilé which increases continuously or in
stepwise fashion. The highest temperature in the later stages

25 of the reaction should be high encugh tc 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 alsc be used.

30 In this case it is preferred to use lower reaction
temperatures during the sarly part of the reaction until the

low temperature initiators are mostly consumed. The purpose



has a ten-hour half-life tenperature of 100[err]C. O her initiators
whi ch may be used include OO tert-butyl O i sopropyl
rmnoperoxycar\ﬁﬁ%:,,gss[ CAS 2372-21-6] and OOtert-anyl 15  PCT/US98/27124

yl') no

O (2- et hyl hex noper oxycar bonat e whi ch have a ten-hour hal f-1ife
tenperature of 99[err]C M xtures of high tenperature
initiators having the sane or di ffer_e% ten-hour half-life

t enperatures may be used when desired” "It the ten-hour half-life
tenperatures are the . 20.sane, the principles ar he sane n using a
Single high  EoFoRbREaPign TPETATES LPICRETnd S PRa e hhRY Al oo are

different, it i prpdederiigdid puepelmawoponsatitépnatilichetdtable at
t enperature profj [ Lhcreases._continuous|y ot .i st.epw se
Ehlke)g?wet%ggép Ju?ce% év?nh é.tfl 'lél%CQﬂSll%ean li’llgﬂ 21;\).&!1\81_21'?%111‘)

fashi on. The hig raturein er stages eereaction
shoul d be hi gh démétigrdwicoprsramatat itedst tisomfore prebéridiie tbnhdveat or t hat

has the hi gheSSt 1&%9%@00'“};:1 afl.e%& lt:ie era uret SIRSL gtgrtur%esent in  the product
M xtures of at ['east one high tenperature Nt at or and a a5t one
| ow t enper at ur e liigiid grepohpyeralcsopdrd tisr dvhicB0cduldt hesuldase produst

preferred to usqn}sggﬁirliq:gag‘%ia%iem éeﬁ@@?é&fr‘érs?s during the early part of
the a

the reaction unti ow tenperature 1nitiators are nostly consuned.
The pur pose The amount of high-tewmperature initiator which is

PCT/ US98/ 27124 99433888, . - i del 1'15(1 -
for using high e?’rperat ure ?rﬁetai a%%nllpﬁsét%%n endure it Hétetyﬁe usua rgzaeuct

| i qui d pr epotdy nemoerineds bitlortepbkraturesiabtiatar. employedridiseiron didpbeat ur es
even if unconsumggy Nighs! BAPELRLULE: per miﬁito}'xaée&rtsi Sz MESROE, it 1S
therefore preferred 'to have 5 Ti1ttl'e or no low tenperature initiator
present in the pebeitet Frequently the amount employkd is from 25 to 1200
parts of initiator per millicn parts of monomer, by weight.
From 25 to 600 parts per million by weight is preferred. From
15 25 to 200 parits per million by welght is especially preferred.
As polymerization progresses, initiator concentration usually
decreases. Incremental additions of initiator during
polvmerization are contemplated.
The monomer which comprises at least one poly(allyl
20 carbonate)-functional monomer is partially polymerized by
heating a neat composition initially comprising the monomer
and a high-temperature initiator to a temperature in the range
of from 80°C to 150°C. In many cases the temperature is in
the range of from $ Celsius degress bkelow 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
£rom the ten-hour-life temperature of the initiator to 10
Celsius degrees above the Een—hour half-life temperature. The
30 neat composition may optionally be sparged with a nonreactive
gas in order to remove subgtantially all of the dissolved

oxygen. The neat composition is often sparged with a



l'iquid prepolymer conposition which could result in product

instability at anbient tenperatures. . The a@%
hi gh- tenperafvl?ré P8 tiator which is present in the neat ¢ 05|%| on nmay

vary widely. Usually the 10 anount of high-tenperature initiator enployed
Is from10 to 2500 parts of initiator per mllion parts of nononer, by
wei ght. Frequently the anmount enployed is ¥r om 25 to 1200 parts of
initiator per mllion parts of nononer, X From 25 to 600
parts per nilliTPBFCETYHEST SO PEf ee3%d £ Fr%‘rﬁsr—lss FGnuEe2 08 phe tsinser

mllion by wei ghirihg @siReckal iy Maﬁéﬁrr%@eferam@s DY YEBE | &bk 1 on
progresses |n|t|ator concentratl on usually decreases. Increnental

addi tions of i % EREEFEHIHERGE RonrBRFSAver FaatdvaAng ride: 8RE bR ItAR® dhhat

The nononer whiiah igORMHSLS Ahe |1ﬁ@§tréﬁ'é90@0iﬂe( abh¥dactdle gas is usually
car bonat e) - functlonal mononer is partially polynerized by heat1 ng a
neat conpositi ¢tF *RRFEF A -0 ERHFAS VA BSRUNGHER - Ordingridy. the flow

hi gh-t enper at urftieni§ i vAlt®lint thed AOGPSALEVER d D1t B J 3BHELor voPlmdd L
80[derr]Cto 15Q[err]C_1In nany cases the tenperature is in the"range of

from5 Cel sius FBes WerBirthe itett MBGRin 2heh5p199 ofefx@nPePtih e of the

hi gh t enper at ure rpa&ex %lumes et hadhe .t 0r30h 605 1d4S 10884 A8 AbQYE the
ten-hour half-life |, enperature. Preferably the tenperature is in the

range of f F5H f“?féutteer‘rsha’fﬁfqurf’% t SHPBPLRUOE BIRHeRETLYR RaeDIthES 10

Cel si us degnee&:a&bbyazéémEtbeépd’t@Wtllih':l|nfeal:| EdngdoB MPRIAL HE BugeTRB1 530 Neat
conposition may oBt i onal | ed with_a nonreactive gas in order

be
to remove subst¥AtFalty= é?nofo ﬁe Hiues 9k dvo, or gigFgehhermes - ndast

conposi tion is cEkken:impakrgedeoddoBition is sgwgaa/mgommemany pure
PCVTUS9/ 27124 19 - nonr eactive
gas for at | ead¥ FRESY r SP° 12°3% FOTRRSLSEOR ey FRgRin quiescent or it may

be agitated while it is maintained at the temperature

15 discussed above. The agitation of the neat composition
provided by the rising bubbles of nitrogen or other
nonreactive gas that is used for sparging is often sufficient,
but it is preferred to employ additional agitation such as
that provided by paddles, stirrers, mixers, pumps, or other

20 similar devices. BAs the neat composition is heated and
polymexization progresses, its 25°C viscosity increases. The
neat composition is heated to form a reaction mixture having a
25°C viscosity in the range of from 25 to 10,000 ¢ps and an
ethylenic double bond utilization of at least 3 percent. The

25 reaction mixture is then cooled over a pericd of less than 90
minutes to a temperature at least 20 Celsius degrees below the
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 when cooling to a temperature

30 at least 20 Celsius degrees below the ten-hour half-life
temperature of the initiator is begun. Frequently the

reaction mixture has a 25°C viscosity in the range of from 60



during which it is heated. Preferably, the neat conposition i s sparged
Wi th a nonreactive gas during the entire tinme that it is heated. The
flow rate of yh\wsh@preactive gas is usually 5 at |east Op@iusssagizar

vol une per mnute. Ordinarily, the flow rate is within the range of
fromO0.01 to 5 reactor volunes per m nute. Frequently it is within the
range of fromO0.03 to 2 reactor volupgs per mnute. FromO0.05 to 1
react or vol une per mnute is preferred. Exanples of nonreactive gases
that 10 may be used, i S&?é&%ugﬂeco%ﬁ%g%%%}k{{' on '&Wgss&e'tb@m
argon, nitrogen, or a xture of two or  nmore Thereo often the
neat conpositi eratsiapaigedravhth ﬁ:%ﬁ’é‘rm@dsytx)wnethe rangpt ebfewm The neat
conposition may r q t I t is
mai nt ai ned at #ﬁeggg grg?%?E%Q %&gAh%ussegguBov gﬁkgg%??§¥?%n€%% t he
neat conpositi @raction giyixiedapya t%écrvmqtvglbﬂbbﬂ e gfangit e dermo?0 ot her
honreactive gag, tbﬁf S uzge‘%iﬂ.tmr pSRALY wseaugft% Stid % fUnces the PUL it
is preferred to enpl oy ad |t|ona agl fati1on“such at provided by
paddl es, stirr@esctifn@istupuips, & &5 °6t ngcos2oy ﬂnntharra@eﬁl eledroms2tthe neat
conposition is peaded @Nthen suchOy Beflgati on progresses, its 25[err]C
viscosity increases. f%e neat conposition is heated to forma reaction
m xture having a 25berusee berrissi EYe i2R "Fhescanbiey 6F RrEancEsoRo 10, 000
cps and an waebind 0l ¢ govhbeshend Uidddieat eieghoababegel- eper cent

The 25 reaction mxture is then cooled over a period of |ess than 90
mnutes to ¥ t CAPRPHtIFE bt deésspinrd &8|aGeesdasg vath PETHW ¢He Methedn- hour
hal f-1ife tenperatsygef the initiator Oten the reaction
m xture has a 25[err] C viscosit t he range of from45 tqg 3000 cps
when cooling to a tenper Bfeuent th&t TeddEnpiHENre | HRE GBgRERdeBef ow t he

ten-hour half-lgoliie ponbienPariabtieh @h the daRbéicH gkoh S ROOUA.pfrbefitient | y

t he reaction m xture has a 25 errLC Vi scosm)é inthe ran e of from 60
when cooling to a temperaturs at least 20 Celsius de

15 below the ten-hour half-life temperature of thn 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
ethylenic doubls bond utilization in the range of fxom 8 to

20 12 percent when cooling to a temperature at least 20 Celsius
degrees below the ten-hour half-life temperature of the
initiator is begun.

Ag used herein and in the claims, the ethylenic
double bond utilization of a reaction mixture oxr a

25 polymerizable, liquid, substantially gel-free composition is
the percentage of total availlable ethylenic double bonds of
monomer which are consumed in forming the prepoclymer. The
ethylenic double bond utilization is determined by iocdometric
titration as follows. One gram of sample weighed toc the

30 mnearest 0.0001 gram is added to a 250-milliliter Erlenmever
flask, and 50 milliliters of chloroform is added to dissolve

the sample. Twenty milliliters of a 0.5 molar solution of
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20 - to 1000 cps when such cooling is begun. In nmany cases the
reaction mi xworeehess a 25[err] C viscosity in the range of fRIMSE2724 4
400 cps when the cooling is begun. In sone instances the reaction

m xture has a 25[err]C viscosity in the range of from80 5 to 120 cps
when the cooling is begun. In other instanzes the reacti on m xture has
a 25[err]C viscosity in the range of from 200 to 350 cps when such is
begun. iodine mggoaisedifierial apetie a2Sfiets hGivd scadetfraak Asreaction

m xture or a pol 4 e, l.lquid, . .su tiall el-fr 10 .conposition
is deternmined i n¥ Sor a%csemvﬂlﬁghirgéi%lc?%}sf@%t%%% ndiix D@%%-‘@é&l@tem
Frequently the refad itoA miaxureuéras anletivpl efiimtassivpublitdddrdthen
utilization in thesd2008 &f . 6 I t n_cooling to a
tenperature at |east %‘8 O’%ltg{aﬁgé%gﬂétrtge% s%dgﬁgladv% ?%’}g@t eﬁ‘-"%mﬂ“r hal f-1ife
tenperature of t¥eldsmilfate olitsion ispbemun wOED evigbheus edictiiom.ni xt ure has
an ethylenic dou)g.+; Y j iat r.an f.from6 to 14

per cent when suc “8%?[%%8“?%%%3%9 rr'g1 e‘?%b 032 ?‘ﬁle&r ‘eig%?l?pc?ﬁrﬁi XETL}JLFE has
an et hyl eni ctii@bien behetkldt be icaarieh dus- shewlyawyen ebploarhiBgt the 20 12
percent when coolif@:he & LSNPS’ Al E; .east i U .degr ees_bel ow
t he ten-hour hal f-cﬁgfle tenpgjrggturee"o?l%aeél%g‘ |£n?)tlf8§]% %‘rs ?és%etglg%gw({am

As used herein ot iSAme Heaxgieai nelodihe walvel evipecher ofidipel pasgadivtili zati on

of a reactiongni ﬁl%ﬁr@éecﬁ moABndOlHBE | é@)kﬁ%tiaﬁq!&%ﬁm&”?g%?g%? lhlli, ani G

gel -free conposition is the percentage of total avai
doubl e bonds of Yeen gRBREFRELYWAPEMReal sedorsuRRECHIatedran Aglidws:prepol yner.

The ethyl eni ¢ doubl e bond utigl Lzghi onplysufletLEabneed by iodometric
titration as foll ows. One gram of sarrﬁ’l e wei gﬂedz'eto tﬁg 30 nearest 0.0001
gramis added td*B8*¥250-nilliliter Erlenneyer

I is the iodine value expressed as grams of I, per
15 100 grams of sample;
Ty, 1g the titer of the blank expressed as milliliters of
the sodium thiosulfate solution;
Te is the titer of the sample expressed as milliliters of
the sodium thiosulfate solution;
20 N is the normality of the sodium thiosulfate solution;
and
W is the mass of the sample expressed in grams.
The ethylenic double bond utilization is calculated as
follows:
25 U = 100(I; - E,)/I4
where:
U is the ethylenic double bond utilization expressed as
percent;
I; is the lodine value of the initial monomer which has
30 not been partially polymerized expressed as grams of I,

per 100 grams of sample; and



flask, and 50 milliliters of chloroformis added to dissol ve t he

sanple. Twenty mlliliters of a 0.5 nolar solution of WD 99133888
PCT1US98/ 27134 99733888 - 21 PCTIUSSRMEL4
nonochloride in acetic acid is added. The flask is capped and stored
in the dark for one hour. Fifty milliliters of a 1.8 nolar aqueous

sol ution of potassiumiodide is then dded and titration with a
standard 0.5 nor nal SOdI um 5 thiosul fatze solution is begun wth vigorous
stirring. . S,eC d,.unt| coI r_disa pears
The "% i radort SR Paked SR e i R R P8 g

endpoint to avcﬂmrgwfrd eet gxeaisont B bb—arﬁl@ol Srmgftmt‘meed in the sane

manner. | odi ne val ue, ﬁﬁ%etrooggné Q)%rgg%téoal I v\_(engp Pﬁuyen%]rl Egd nononmer or of

the initial nonomer whic o] ynerlzed S

cal cul ated as 4 Fehgius degrees below the ten- hourlhaif(l{ﬁﬁ|ﬁpmpeﬂ§ﬂame]Qf (N)
(12.692)/ W REEL: s srar 3 | he_ |.odi val expr ed as grans of
I[err] per 155 e mmtlf(%" glrsar%e%?érgcal ?%%50@5953 g %oggTb&ngﬁﬁlengt iter of the
bl ank expr essed®exioditd gl femnerapfire at least 20t ¢rdledudi dagrielb osailovatiee
sol ution; -h qgg}i%tp d:1:€ e as
mlliliters of een-hou l ee socfs lum i[:lﬁl oosipggﬁglqgéﬁjﬁ(%ﬁ &1%%{1

the nornmality &f Y“#@ltseédPnrﬁetsﬁl b8 efeEred| UFhomixture is thereaffidr
Wis the mass Qlpolbg 12AERbfARXPERSSS @ui‘? 4 @H‘?‘ convem-.rcl.}ﬁ: eLhy! e%g‘ug;oum e
bond utilization is cal culated as

= 100[err] %0 Gjfefesl-down, the VwQ@the?%tthyl@ﬂcﬁlﬁ@)u@%ub@rvdwmeweszat i on
expressed as g small amoR@¥ CQBEnmagm.tude of Lhesd ]debénci§1%?bﬂdél{ée val ue of

the initial nononer which has 30 not been partially polynerized
expressed as gﬁ?ﬁﬁt%ﬁltPF%r?ﬁ the initiator and ethylemically wmsaturated

Nis

U

compounds, the initial and final temperatures, and the cooling
rate.
15 The prepolymer product is substantially
storage-stable at ordinary ambient temperatures
Often the polymerizable, liquid, substantially
gel-free composition produced by the process of the invention
has a 25°C viscosity of 10,000 cps or lower. In many
20 instances the 25°C viscosity is 3000 cps oxr lower. Fregquently
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 c¢ps or lower.
The polymerizable, liguid, substantially gel-free
25 composition produced by the process of the invention has an
ethylenic double bond utilization of at least 3 percent.
Freguently 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 is especially preferred.
30 In most cases the polymerizable, liguid,
substantially gel-free composition of the invention is

conformed to the shape of the desired solid polymerized



per 100 granms of sanple; and WO 99/ 33888

PCT/ US98127124 - 22 - 8Ié%err] i's
the iodi ne VAPE¥3¥8the partially pol yneri zed nononer PSR4, s
grans of I[err] per 100 grans of sanple. The cooling period
to a tenperature at |east 20 Cel sius degrees bel ow the ten-hour

hal f-1ife tenperature of 5 the initiaterzas frequently less than 1 hour.
A cooling period to a tenperature at |east 20 Cel sius degrees bel ow
t he t en- howrrthalé -baforet paperat waeief tbhfodmisttRtaitiale abal 30
mnutes or less_is preferred. The mxture is. thereafter cooled to
anbi ent terrperaet}{l?ﬁ‘gi‘)%t tglﬁypg%m%rﬁiz %(e’r A8 by AREE GRS FUSEEEDWn, t he
viscosity of themwpeattimn canxbemeuradreases flat sArSiR! kndEilvheritf

magni t ude of | C pends.upon .t he . reactivities of the initiator and
et hyl eni cal | y\,\,rt}éﬁ:’sgf”tc]ir‘ir?aatt ggat Ehe%tor%oﬁon <SPSt hSRFETS TRnB Fiidd) Fuxther

t enper at ur esy amumphefiomglibng the poaymerizdble, liquid, subdtenyikepel ynmer
product is subsiantiall ... Storage-stable at .ordi nary anbi ent

t enper at ur es YAk %mposj"acfneﬁsgﬁleacﬁ I?rr‘rérfc’l&?ﬁblaés, %f’¥q’t1‘?‘stﬁ ERLERERti al |y
gel -free conpogiclden prdgulpdebizetihto plcaaesisapeld dhwel dieeestdioRs lendas a

25[ err] C viscos] f cp | ower.. In many 20_ instances the
25[err] C vi scoé:%lt%ékigsoégsggg%s gl'rhgfgog\lfec’rc.eaufer ez’(fugﬁﬁvular Y (SRS PFrC
viscosity is 1030 ths mwrepkoacion ofrefletabhy; ltche Bhfrddsr hfs ophthaimeosity is
400 cps or Lpwer,..Mpre preferably the 25[err]C viscosity is 125 cps or
| ower . The pol yneri zable, liquid, substantially gel-free 25
conposi tion produced by Fhe prlovesizaiflet hkiduivendutsrtahasaldly gel-freehyl enic

doubl e bond ut iéoh‘gaéi&%n%fa{hé %%Iem?i&%e{nﬁ}grﬁe- pqiwnzlgirzgﬂ%ec?ttlhx the

et hyl eni ¢ doubl e bond utilization s in e of Trom3 to 16
percent. From Gregmagetphetabatby nown comvehpioned. tdgrovinBes Eok? percent i s

F_Spe_CidaJ ly pr efp%ﬁ&ﬁ@riﬁgg {allyl carbcﬂa%e@éént%@ﬁﬂ?g e RPl HIRL! zabl e,
' quid, is 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
pelymerization is conducted at temperatures in the range of

20 from about 28°C to about 130°C. In many cases post curing,
that is, heating beyond the time thought necessary to
substantially fully polymerize the formulation is emploved.
The post cure is often carried out at temperatures at or above
the maximum temperature of the cure cycle, but below those

25 temperatures at which thermal degradation provides undesirable
yvellowness, 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 masy be widely varied, but



substantially gel-free conposition of the invention is confornmed to the

shape of the desired solid polynerized WO 99/ 33888

PCT/ US98127124, oo/33s88 - 23 - perrustyriigl e
bef ore pol yneri Za%l on to formsuch article. For exanple, the -
pol yneri zabl e, liquid, substantially gel-free conposi tion can be
poured onto a flat surface and pol yneri zed to forma flat sheet or
coating. According to a still further "524ex'errpl i fication, the

| yeri zabl e, | i guid,  substantiall |- f onposi.tion i.s placed i
ol ds, s for PRsPEEslgPaRs e hopiplly AsRERANVAS: 9 Ca Rt P Shaped

articles such gairensOne or hoahksenbers asfsebe Adtisaprmciedare awipavide cul arly

advant ageous .far. the preparation of ht h ' ens anks and
ophthal w10 Peiiiiakd aRiERE: B RegeBR00 1 BEAGIZB 01E
substanti al | y gekbatumeed groupenposiki wsilloknbie ranvent i on may be pol yneri zed

to the her nbset st.ate by.known.canventional techni.ques .f or
ol yrreri zi ngt (al 1yT car bANaFEy At al o NS CPEF P aPPERg, 15 acors. n

one enbodi nent Mapp| suieebZatdeonxy sirdctanplsi shediipplosed ibetibltegl Bhetes
pol ymer i zabl e ng%M %ISI %gsu%%?;av%k%léc%g%{%cel%s{lgg Iicsalinco orlaglféllfa_léatrggntlgy

el evat ed tenperatlres. ating | acconplished I'n“an oven
or in a water baféxenbPepi calilsppropyl petoumidczeidrenei sCcondacied] at

tenperatures i AF Of foLom alou [err t. 1 [.f]C. In
ma;\rg casgs Eost@’e %gﬁi*ngfgg&l%e t[%gﬁ 9{;5:,5% ?\@ét ﬁ%@%&%@:*ﬁg@%ﬁ’)ﬁéﬁf ﬁg‘%’éﬁt
necessary t¥ carbeasst &S aRPFY-Fiukly ol preriay-aheldesory| HEaborpys |

enpl oyed. cAPECRQS! (AN 83b 3. O e, GALLL e%&*r?&é i&.@ﬁ{f&%ﬁs‘”es at or

above the maxinum tenperature of the cure cyc q'w t hose 25
tenperatures at which t H&meraksetbgitheanicynt pedvindesatariereses én the

polymerizable, liquid, substantially gel-free composition of
the invention may be widely varied. Ordinarily the weight
15 ratio of the initiator to all ethyvlenically unsaturated
material present in the polymerizable, liquid, substantially
gel-free composition is in the range of from about 0.3:100 to
about 7:100. In many cases the weight ratio is in the range
of from about 0.5:100 to about 5:100. The initiator may be
20 incorporated into polymerizable, ligquid, substantially
gel-free compogition by admixing it with the other components.
It will be recognized by those skilled in the art
that the most preferred weight ratios of imitiator will depend
upon the nature of the initiator used as well as the natures
25 and ratics of the variocus 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 geveral factors including the size of the



yel | owness, and preferably for a tinme sufficient to attain ei t her

substantially constant or maxi num Barcol hardness. In nost i nstances
the post cur &0 %9/33a88onpl i shed at tenperatures in the rEAGESsE7124 om
100[err]C to 130[err]C. 30 The initiators which nay be used in
t he present invention to polynerize the polynerizable, |iquid,
substantially gel-free conposition may be a4 dely varied, but WO

99/ 33888 PCTf US98/ 27124

24 - in ge;fmahgt hey acentiher saldne dacoipoesabiel n;ﬁepiﬁateea.ﬂadjfcal

pairs. One or er, the radical pair, are avgllable
initiate addi t| Sgﬁ%ﬁ’?g d‘WsBF“"’eattl‘?% @%?%’315 y BPT eﬁﬁ’é’éetdulgéf‘éd groups
in the well-knowrleaptmeruse whth diisopropylpdh®ajeledfionadei Mildiater Sisar e

ero nitiators n sui_tabl e peroxy i.,nitiators edislosedin
Dni o St o Hiowmpin Fabials 20 RS Sl e B bl ASril il BRg Dor e

herein by s cﬂmre@semluﬂ)mgsQ;mepyd:.qmbswdlmawmmtz%[&ﬁASniﬁéd 64- 6] ,

car bonat o | CAS FHF98 G AREEEHED ma | eony T26Rr DEVIE U4 %y bonat e

(CAS 2372-22- 7]Stal’cestmemlteﬁﬂrd’%déhmiatﬂeaﬁﬂé&pczated herein by refieshoesed,

the anobunt of initiator present in the pol yneri zabl e, |iquid,
substantially gel-free conposition of the invention nmay be wi dely
varied. Ordinarily the weight 15 ratiozaﬁuihe initiator to al
ethylenicall¥ unsaturate i al_ pres t he ngLi zabl e,
l'iquid, subStantially 05|t| e of from
about 0.3:100 to about 7: 1@0 I n many cases the weight ratiois in the
range of from about 0.5:100-%0 about 5:100. The Baitiator may be 20
i ncorporated into polynerizable,01iquid, substantial l6¢
14.8 70
15 15.2 77
16.2 85
16.5 90
17.0 104
17.25 104
20 18.75 80 {End of Cycle)

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

If wolds were employed, the polymerizates are removed from the
25 molds. '

The polymerizable, liquid, substantlally 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

3¢ 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:



gel -free conposition by admxing it with the other conponents.

It will be recognized by those skilled in the art t hat the nost
preferred weight ratios of initiator will depend upon of
the initiat or‘gﬂé’@%ﬁs?s wel | as the natures 25 and ratios of 1{ eé\?gﬁi%ﬁs
ethylenically unsaturated materials present in the polynerizable,
liquid, substantially gel-free conposition of the invention.

A wide variety of cure cycles, that is, ~ %% time-tenperature sequences, nay
be used during polynerization 30 of the polyperizable, .l.iquid,
substantially gel-free The G5RBbEIeS BE.P@YH‘F%%E}ql?'tHéI“&ﬁlre cycl e enpl oyed
I's based upon subslagiRshyesatl-rose HompoyRiidhs i @oteonsrdniahedi g the size of
t he WD 99/ 33888 ,

PCT/ 1JS98/ 2712fccordance with ASTM Method D 4052-96; 25 - cast i ng,
the identity of the initiaé errafiviehendRRet b¥idoivRbrizablel NeieiAyl eni cal |y
unsaturated material. A ﬁreferred cure . f.or use wi

.__cycle th
di i sopropy! per SPGFEAT FINEt L AFET SOBPOTEions “’esﬁr?oﬁﬁt‘?wl?ﬁgi 1. This cure
cycle is only exe@pbaids abch ashM wdvhenspy i2nelpgi ng those disclosed in

Tables 1-4 of United States Patent.US 4959429 nn e used., .Tables 1-4
of United St ates PatBht’ g"‘ﬁ@f@@’@d’eﬁe@ P (?(?ﬁﬁfg?lé‘t%ﬁ’gﬁér F95-By
ref erence. substantially gel-free compositions vadsl €efexiined in
Sirrm ative Hourasccordanceoéiga ﬁ%ebrﬁe %gieE 45&3@51 (cw::eappg%ved 1987) ; 0
12.0 10 The Giknsities of solid polymerizdiksbwere determined
70 15 . 15. 2, h Method T 792 .
16. 2 in accordance ?ﬁ? ASTM Test Metho 32-3% ¢
90 THe Quminous transmissions of §Q4id polymerizates
17. 25 . 2 : . ; 2
nickn T .
80 (End of Q/é’T%)e demn:m:Lng.&)Al\lfélt g?mpl?ﬁeh?%lr?ge?a% Ure c]%%nges bet ween adj acent
poi nts 3.2 millimeshosvini acedndiafiad|withr 25TM Fear Method D 1003-35

15 using 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 about 2 wmillimeters or @3 high as about
4 millimeters approximate reasonably well the luminous
transmission at the standard thickness;

25 The vellowness indices of scolid polymerizates were
determined on specimens having a thickness of 3.2 millimeters
in accordance with ASTM Test Method D 1825-70 (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

vellowness indices ascertained from samples having thicknesses



I f nolds were enployed, the polynerizates are renoved fromthe 25 nolds.

The polynerizable, 1iquid, substantially gel-free conp05|t|on may be
pol ymeri zed P P¥E%8her moset state by exposure to i oni ZFWEFFAMP4GL i on
such as gamma radi ation, X- rays, accelerated el ectrons, accel erated
protons, accelerated 30 alpha-particles, or high speed neutrons.

The invention is further described in conjaj’ncti on with the foll ow ng
exanpl e which is to be considered illustrative rather than limting,

and in which al # p@t 35 Awut 2 piddnetsraner (ir hagl a8 kbpek cent ages are
percentages by Mﬂh&met?é:él%g_éébﬁfdgea{ \Ms%@uﬂq%%gfqmlbgty&i uggylgefg 8va“ ous

physi cal properties were determ ned as
PCT/ US98/ 27124 Yellowness index at the standard thickness; g -

The densities of polymerigablgae ldigbbthion tempabbela bal Ly el -free
conpositions were determ ned in accordance wth ASTM NEt od D 4052-96;

The refracti ve PHOFEEszHfespyryeeiateapined foyd deflsetdapsetintially gel -free

conposi tions vvemgi%&ﬁmé%%ésl Mo ml@)cq%rg@émaﬂeé mlféﬁTAéMtnheé?.[%ﬂB 92;
The yel | owness i ndices of i/rrerl zabl e, liquid, substanti gel free

conposi tions were deter mBI%”GO ardnessesc 6F RAIEE RRYNeASTAR A HRLR] E 450- 82

(reapproved 198dgtermifed in accordantB,i38Nskdd 880 TMtabldy %Bﬁmﬁ IZAhgs vere
det er m ned in accordance with ASTM Test Method D 792-

The | um nous t raf&Fed| BREesFoR At PHIRgnesa e raadings %\ér%e%ﬂér%ﬁtﬁéd on

sanpl es haviigg ehd hinpkedrss Bbint had. Fed¥khidPkBE SsddriaegOr dance W' t h ASTM
Test Method D 1003-95 15 u5| ng a Hunterlab[err] Colorquest[err] Spher e

Col ori meter System FREnTEraRs s itathced fhoFAish ?°1¥Wﬁ?123%%ﬁ“’8ﬁ3
Virginia, USA).detexmined in accordance with ASTM Test Method D 542-85; and

The Abbe Numbers of solid polymerizates were
determined in accordance with the usual definition:
15
A= (np ~ 1)}/{ng - ng)
where:
np is the refractive index using a wavelength of
589.3 nanometers (viz., the average of the yellow
20 doublet of sodium),
ne is the refractive index using a wavelength of
486.1 nanometers (viz., the blue line of hydrogen), and
ne is the refractive index using a wavelength of
656.3 nanometers (viz., the red line of hydrogen).
25
Exanple
Diethylene glycol kischloroformate (DECF)
{Cas 106-75-2], allyl alcohol (AR} [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



As the |um nous transm ssion approaches one hundred percent, t he
difference in |um nous transm ssions for two sanpl es of t he sane

mat eri al but @ ¢glidkéseri ng thi cknesses approaches 20 zero. geapsesusent |y,
val ues of | um nous transm ssion of 90 percent or greater ascertained
from sanpl es havi ng t hi cknesses as | ow as about 2 mllineters or as

hi gh as about 4 mllimeters approxi_%e reasonably well the | um nous
transm ssion at the standard thickness; B The yel | owness

i ndi ces of solid Vier | were. ... determned speci mens_having a

t hi ckness of 3.a2rr2ng+ﬁmir£r?rle%é&ts£%turﬁ ﬁfa%cofqagﬁceé‘tm%]ﬁg%ﬁ%‘stAi%‘flfrlod D
1925- 70 (Reapprypeckntiall®88) afithg ehMuntferthalk| ercjpsCaborhsesederonk | |
Sphere Col ori ng| ; Hunser ciates, Laboratory, Inc., Reston,
Virginia, 30 U %C.’uSAIP%l%%é‘%@t %e ye?l%‘@sﬁwzsg ?er?élz?l%@ﬁﬁ%‘t‘%g\?gry nore with
sanpl e t hi cknegdetiahenkusd ynods (a¥lyAscdgsnene) mewpsthiel ess washey eddi@aness

i ndi ces asceqt gipgd,fr.am sam i hi cknesse 99133888

PCT| US98/ 27124 4 rate gy .Iagstlﬂeﬁ lrgc_g.m‘fn str:.ppea asc 2=u? e_s.bso\égteas | OW as
about 2 milli nPressinsy cfseirirghinafedpol3 Pascald atld ivemperstude §f ovi de a

useful general ;R4 [ fathe ] nd t_the. standard
t hi cknegs; abﬂ%ﬁ%h@i’y q‘?ﬁe@heg%ledﬁ%{sﬁg%%)yg(}ﬁi?%wggg?%?a@geo b1 d 5
pol ynmeri zat es REFearossrpiivedantliysig eefthechizomrefbased of) REmold | fmeters (10
mls) in accordance Wil ASTMR 484950 table 2: Bar col hardnesses
of solid polynerizates were determ ned 1 n accordance with ASTM Test
Met hod D 2583-95 usi ng a Barcol Inpressor .and taking scale readings 15
seconds after 10 the inpressor point Rag,penetrated the specimen;
The refractive indices of solid polynerizates were determned in
accordance with ASTM Test MeERBRRPE542-95; 2gAwnt. ares % The Abbe
Nunbers of solid polynerizates;wege determ ned in accordance with the
usual definition: 1 64.1
is 2 5.0
3 17.6
4 3.0
5 5.2
6 1.0
20 7 1.1
1 0.5
2 1.2
3 0.7
Total' 99.3
25 ' geveral other peaks of small areas

for compounds of uncertain structures
were also present.

A 114-liter, glass-lined, jacketed reactor equipped
30 with an agitator, thermocouples, and sources of steam and city
water comnected to the jacket for heating and cooling,
respectively, was charged with 81.65 kilograms (kg) of the
above mixture of diethylene glycol {(allyl carlounate) compounds
characterized by Table 2, 4.%0 kg of 2,4,6-tris(allyloxy) -
35 1,3,5-triazine containing approximately 180 ppm

4-methoxyphenol, and 17.3 grams of QOO-tert-butyl



15 A= (n[err] - 1)/ (n[err] - n[err]) wher e:

nferr] is the refractive index using a wavel ength of 589. 3
nanomet ers (wra9s/sssdse average of the yellow 20 doBSIT@IS9¥ R 71¢bdi uny ,
nF is the refractive index using a wavel ength of 486.1
nanoneters (viz., the blue line of hydrogen), and nferr] is the
refractive index using a wavel ength of - 25 - 656. 3 nanoneters (viz.,
the red |ine of hydrogen). 25 Exanpl e

Di et hyl ene gl yoeol2bgghherplioperatey(zDbCigte. Thed CASrdibmiabeliglsalvkyd
al cohol (AA) [ 8= n hyl eng g S
111- 46- 6] ey o SRR t%ggg‘]ﬁ“‘ "‘ga‘:‘é’ﬁn ﬁ”‘?* f!rovn\ﬁ%r? by Sl% ‘%ﬁ "&’%A 00 DECF /
1.96 AA / 0.21rBEGidomixturd hias patwearne3o 3nd43mpesamfzsma&m ithet he form
of a 50% by L.ght _sol.utj.on,l ter) was.sl. |

mai nt ai ni ng deng\fﬂj}g\xésg&%aéggB s Yels E e nggﬁoﬁ%%&urm&\e

PCT/ US98/ 27124 stixrred and heated to 110°C and maintained at 280¢C whileg reaction
t enper at ure of o] e tantially all
of the chl orof OEL%{A‘E’W %ﬂ}%%&%%ga& gdﬂavﬁgat@ o Ba %Seéfﬁ%g% ase was renoved
and the result |vr¢gum/5mmee of sampleslivetrtighdraginy evbry S0l piawaspdnat e)
Compounds was WaBECd Woifror IneMtddill Glipuld WBSLLASH VARIMIMSL | PDEd al
an absol ute pressure of approxi matel at a tenperature of
approxi natel y Pogferst C10The thest# s Veﬁccmlgh plerther reartdoh| witgre

chr omat ogr aplli G.oapAly ShSublad ResT1 Ml E-DAsRly Ut BRI 2ebdial was AN

Formula (Il) are s own I'n Tabl & 2:
thereafter increased to onca every 10 to 15 minutes. After 4

hours at 110°C, the 25°C viscosity of the reaction mixture was
105 ecpe. The reaction mixture was then cooled to about 80°C
within 30 minutes by gradually increasing the amount of cold

15 waber in the steam-water mixture that was being supplied to
the jacket inlet. The reaction mixture was then ccoled to
50°C over a 1 hour period. During the cool-down from 118°(C,
there was an additional viscosity increase of 12 cps,
resulting in a viscosity of 117 cps measured at 25°C for the

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

25 Portions of the above polymerizable, liguid,
substantially gel-free composition were stored fox varlous
periods of time after which several properties were

determined. The results are shown in Table 3:



Conmpound Amount. area % n m

1 64.1 15 2 5.0

3 17.6 4 periusssinrize 3.0

5 WO 993388 g 5 6 - 1.0 20
7 1.1 1 0.5

2 1.1 3 0.7

Total. 99.3 25 [err] d8veral ot her peaks of small areas
for conpounds of uncertain structures were al so
present. A l114-liter, Tﬁ’lﬂé%‘%-l i ned, jacketed reactor

equi pped 30 wid4erage-Sepdisiae t her nocoupl es, and sources of steamand city
wat er connect etFoF#I% ReFiPcREEBor hBating dnd cooPi n‘\%, 4 respéttively,
was charged wiTH % 85K SGPant (kY of tAE2%  ABdWe ni*litie JP° 43

di et hyl ene gl yempexXtdkéyl carbonate) conpounds characterized by Table 2,
4.90 kg of 2, L@siyy 8¢ AP gkyy - 35.17803, 5-11Pazitnsdontial Tiong 11798

appr oxi mat el y ¥gG°Hyin &t zﬁgnﬁpﬁoxy?ﬁbnol , *&hd 172123 gramg38f QO-Yért - butyl
WO 99/ 3SS8 Refractive Index, n, 4627 1.4627 ND Pﬁ/ U898|]27i¥4

29 - q-(zgeééﬁﬁ;ﬁ%&ij; groxycathpnate, -, The gharged ,nateria)s were
adni xed to form'a AT LN M XLUHE. " The viSCosity of the™ réaction

m xture was bet weery$3Q afidpksRsgat 25[err] C and the density was
1.1628 g/cnjferr] at 25[err]C. The reaction m xture was 5 stirred and
heated to 110[err] C and nmaintained at 110[efr]C whil e sparging wi-th

nitrogen at a flow rateaohoftidh tLakkOibove un¥fdigBlyidiiteblHanpesd wer e
W t hdrawn ever

et o oINS gl v - FHEL L2 MER 0L e npgl Lon xture
reacti on m xt 3 & parts of diisoprcpylperoxydicarbona&e per 100 parts of
polymerizable, ligquid, substantially gel-free composition, by
weight {phr). The initiated composition was poured into a
mold and polymerized intc a sheet 3.17%5 millimeters thick
20 using the cure cycle of Table 1. The thermoset polvmer which
resulted was allowed to cool to ambient temperature and then
tested for various physical properties. A portion of the
polymerizable, ligquid, 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
gsheet 3.175 millimeters thick using the cure cycle of
Table 1. The thermoset polymer which resulted was allowed to
ool to ambient temperature and then tested for various
30 physical properties. The results of testing are shown in
Table 4:



10 reached about 90 cps. The frequency of sanple renoval was

thereafter increased to once every 10 to 15 mnutes. After 4 hour s at
110[err] C, theO>25pe8r] C viscosity of the reaction m xture W& TUS982T1 G 5 cps.
The reaction m xture was then cooled to about 80[err]C within 30

m nutes by gradually increasing the amount of cold 15 water in the
steamwater m xture that was bei ng supptizad-to the jacket inlet. The
reaction m xture was then cooled to 50[err] C over a 1 hour period.

During the cool -down from 110[err]C, <Iablélere was an additional viscosity

i ncrease of 12 cps, resulting in vi s¢osity of 117 ured ac
25[err]C for the 20 product. The degmmt §LS\}lol%sm“@he pr odu%?%
g/cnerr] at 25[err]C. Accordi ng enents car by

i odonetric titeatiwmge, ¥ 9 percent of tihesdoubl e bonds wele' consumed
during the s Densigt ron25°Thegpedduct was..a2pol yneri zabl e, i34 d,
substantial |l y @ehirfouwee conposition. 25 Portions of the above
pol yneri zabl e, | Tcprsthission, §ubstanti al | ¥3gel -free conpositi®Pdn? were stored
for various YelpwmiegdsImiext i e after wWHi.8h several proper®ies were

det ermi ned. Th#erestlstexrgiw shown in Table 3: WD 99/ 33888

PCTf US98/ 27174 Temperature, °C 55 - 30 - 57

Tabl e 3 BeoralgEaComrtst | ns . St or #de Period, nonths 280 7
3 4 Refrartive Btdswages' Tenperat 4rB01f err]C NA[err[-5013 22-26

40- 43 40- 43 ~bbe 4Butd8r5 Properti es Bénsity at 25[err]C83g/cnierr]
1.1780 1.1780_. 1.1781 1.1789 1.1798 Viscosity, at 25[err]C, cps

117 11715 * ¥ 23Not Detgg@ined 162 Refractive Index, n[err]

1.4627 1.4627 Yel | owness | ndex, 10 (50 mm pat h
| engt h) 1.7 1.7 1.9 1.7 2.1 [err] NA - Not
Appl i cabl e [ er r3NDorgiNGtheDRYaseRt nisyention 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 accowmpanying claims.



A portion of the above unaged polynerizable, liquid, 15 substantially

gel -free conposition was initiated with 3.5 parts of

di i sopropyl pw(pgg?&g&sgar bonate per 100 parts of pol yrer ipzafksn7i26qui d,

substantially gel-free conposition, by wei ght (phr). The initiated

conposition was poured into a nol d and pol ynerized into a sheet 3.175

mllimeters thick 20 using the cure cy_c% of Table 1. The thernoset

pol ymer whi ch resulted was allowed f0 cool to anbient tenperature and

t hen testgd. for various physical properties. A portion of the

pol yneri zabl e, "TTquid, substantially gel-free conposition whi ch had

been aged for 6 nonths at 40peprdce€sd3fcay P ringsaipnlvinatieehbl2b 1iguibd, 3. 5 phr

of diisopropyl par. i bonat i H 4,42 __c%rl(lg i tjon was poured

into a nold an S‘g y%eaﬁ'?gesgg?rﬁgeémgy(Qis]w&efgg%oﬁge%ﬁ |?r£'!t>ﬁea{rls t hi ck using

the cure cycl eengpolymer Fabpesitiofheomphrésimset pol ynmer which resul ted was

allowed to cool to i : u i f pous 30
5 (81o ﬁ«rfﬁm‘iag”&’%{e%t:, E&nﬁgtiﬂ‘g\%ﬁﬁfﬁ_ﬁgg Qr% g]\é%%ljf:

physi cal properties. The results of testing are s

WD 99/ 33888 one poly(allyl carbonate)-functi@@liusugrez7124

- 31 - ) and free radipalF§ﬁ¥EE££B§ih§bing a ten—hcuErc”n Aged
Pr epol yner Pr epol yner Shri nkage, % 10.9
ND{err] 5 Density at 25[errpdf-ghén{tampprature of ‘a 3ggst 85°C at

1.321 Lum nous Tr angfiusishflres”lin the range of ffom $ celsius

93.7 Yel | owness | ndex 0.8 . 0.9 -Heat
Di stortion0 Tenper at ur edegigeg] fplow the ten-Rour half-life . 57
Bar col Hardness tempefdture of the free radical Zitizcdiefbactive

| ndex, n[err] 1.5011 1.5013 Abbe Number

54 59 15507%r FP HqE™=2 NeRECEERR AiiFRetEe baving an

increased 25°C viscogity in the range of from
25 to 10,000 centipoises and an etﬁylenic
i5 double bond utilization of at least 3 percent;
and
{b) over a period of less than S0 minutes cooling
the reaction mixture tec a temperature at least
20 Celsius degrees below the ten-hour

20 half-life temperature of the initiator.

2. The process of claim 1 wherein the neat
composition i1s heated at temperatures in the rangs of from
5 Celsius degrees below the ten-hour half-life temperature of
25 the free radical initiator to 30 Celsius degrees above the

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
30 ten-hour half-life temperature of the free radical initiator
to 10 Celsius degrees above the ten~hour half-life temperature

of the free radical initiator.




Al t hough the present invention has been descri bed with reference to

specific details of certain enbodi nents thereof, it is | 4ged
by

that such det¥?P¥38%oul d be 20 regarded as linitations up e of
t he i nvention except insofar as they are included in the acconmpanying
cl ai ms. WD 99(33888

PCTTUS98/ 27124 - 33 - - 32 - CLAI VEB:

1. A process for formng a polynerizable, liquid, substantial ly

gel -free, poly(allyl carbonate) -functional prepol yner conposition
conprising: 5 4. (8)rneNgRlddad 8¢ NAALMCONRRSEI] QR CRMY | SiNg at

| east one poly(allyl carbonate)-functional nononer

and free radi cAP"PHITIGROPINTAVE N aPerdrchylFh a nonreactive gas for gl f-|ife
temperature of j1akst aast £8alenE]lfiles of the time during whi&Reratures in the

range of from5 Cel sius 10 degrees bel ow t he ten-hour

hal f-1ife 5 heated. temperature of the free radical initiator to
150[err]C, to forma reaction m xture having an

i ncreased 25[err]C viscosity in the range of from 25 to.

10, 000 centipoi ses and ah et HyPeRFRCees of claim i wherein thgpsad bond
utilization of c3hpdBASbnIiPEHLERAS with a nonreactive gas d@hthg the

(b) over a period,of less than 90 m nutes cooling t he
reaction m xt ufE tE FPenfitattir'd dpatshst 20 Cel si us
degrees bel g t he ten-hour 20 ' half-1ife tenperature of the

initiator. 2. The process of- claim 1 wherein_the neat
conposition is heated at®tenp&FabIREES| FF (HEIP InyBeHF LT £8f reackien) sj us
degrees bel ow whgchmnhasw Jsabfvidcbeiteipetnd Waggeforbhasf ree radical
initiator to 3 C§I sinﬁs djgﬁgerees abovg t he ten-hour half-life tenperature
of the free radPll|CTHiPPLISSy when cooling to a temgeratuggeal, Je@8ts of claim 1
wherei n the neab CelsGoRpdsireesbdlsvhend ednahodre BREL-AliHe eSeniparhtierd ange of

fromthe 3015t enhgoijnritgg <fn£ Iiisfﬁeterrper ature of the free radical initiator
to 10 CelsilUs degrees abdve™ Re?Fen- hour hal f-life tenperature of the

free radical initiator. WO 99/ 33888
PCTUS9127124 7. The provess 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 cocling to a temperature ab 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
36 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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33 - 4. The process of claim1l wherein the neat

conposition mxture is sparged wwth a nonreactive gas for at | east the
first 15 m nyj$sRfssthe tine during which it is 5 heat edpetriisesarize

5. The process of claim1l wherein the neat conposition is sparged

wi th a nonreactive gas during the entire time that it is heated. 10
6. The process of claim 1l wherein the geaction m xture has a

25[err] C viscosity in the range of from to 3000 centi poi ses when
.cooling to at i e | i d e h

Fon- hoar  har 10 oot Sedtens Blow rpe, fthHEliP A RS EEnBRL AL 1

7. The procdsde dhitglagom 4= Wiggrei n the reaction m xture has a

25[err] C viscosity in the range of from80 to 120 centi poi ses when

cooling to a tenperature at |least 20 20 Cel sius degrees bel ow the ten-hour
hal f-1ife tenperature of0. The propes ioft okaimsipdpuain the reaction

8.
The process; ofp;Ghal iyl MLr &g LAS. 10861d Pnd wei1TbAlihe 1 DaS,A2nler 1] C
h

viscosity in the range of from 200 to 25 350 centipol ses when cooling to a
tenperat ure atof] Exge 8 te ip(pegekrt (whedegrldsg b guntenpreratwra@lr 1erdtf - | i f e

tenperature ofyg Celsittﬂed!aﬂéé—sakgim\i $nRelnour half-1ife temper. Qure i€
process of claim1l whereinh the reaction 30 m xture has an etahyfenl c doubl e

bond utilizatit®® {#-%¥F&ECF aky®egum- of from 3 to 16 percent when cooling to a
tenperature at | east

10 11. The process of claim 1 wherein the reaction
mixture is ~zooled 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
compesition comprises diethvlene glycol bis{allyl carbonate)
monomer comprising a mixture of diethylene glycol (allyl

carbonate) compounds each represented by either the formula:

O G
I f
CH, ==CHCH,0C OCH,CHoOCH,CHL0C CH,CH ==CH,
8

25 or by the formula:

H
H-~OCH,CH,0CH,CH,0CH0CH,CH==CH,
t

wherein s is a positive integer and t is a positive integer.
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- 34 - 20 Cel sius degrees below the ten-hour half-life tenperature of
the initiatoM™q¥3p&88un. 10. The process of FGT4% 4 4her ei n
the reaction 5 mxture has an ethylenic double bond utilization in the
range of from8 to 12 percent when cooling to a tenperature at |east
20 Cel sius degrees below the ten-hour hal¥s|-ife tenperature of t he
initiator is begun. 10 11. The process of claim1l wherein the
reaction m xture is i¢eol &deowmceas peff icddinfll ebsréimmhe Aathylena

temperature at giﬁ:@ﬁt (gﬂy@kékﬁ%#&?@&@ﬁ% Oé’&ftznﬁiélkﬁg:hgoxgglue ofhal f-lite

tenmperature of "t’he initirator. pr oCes’s 6f%claim1
wherein the redetl ganstitupegt iram 28 wodlPedrean ereepefothefmilkesse tdfan 30

T UteS 10 8 qiedSHDEL AhULE: Alath685la 20nCELS iR gRALECS Del ow the ten-hour

half-life tenperattre of The initrator 13. The process of
claiml whefei n t he neat conposi tion conprises diethylene glycol

pi s(al Iyl carbonate) = ;5TONGAETLLARDLISH Ugafly TyHbfeof (b CLEhODS, 0! Voo
(allyl carbonat e) conpounds ‘each represented by ‘ei'ther the rul a:
[err] gixsed] (aBylopagenate) feampahad -for which the value of H [err]

wherein s is a;Paskhbh¥s thitbE WforPRE o 158 Qr&oﬁbgééé“ﬁ: Bt B i xture of

diethylene glycol (allyl carbonate) compounds.
10 '
16. The process of claim ;3 wherein the diethylene
glycol {(allyl carbonate) compound for @hich tle value of s
is 1 con§titutes from 82 to 95 area percent of the mixture of
diethylene glycol {(allyl carbonate) compounds.
i5
17. The procesg of claim i3 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.
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35 The lRrocess of claim13 wherein WP et hyl ene

- - 14. g
gl ycol (allyl Bledonat e) cOifBEUNE- FREPERL RS AT of s “&8fs 1
COHStitUhﬁ&kﬁh@ﬁ%@ég@%L@ﬁﬂﬁ&@ggﬁﬁﬁﬁﬁ9b§BERH%%ﬁ%&ﬁh?%ﬁo@ﬁ%gnogﬂhﬁk?¥'

L |

gl yco Hyi—carbonat-e)y—corpotnas b

cl ai m % Mieprafony ﬁ““‘t’*h‘é‘““ﬁﬁ‘@i"ﬁ“’ﬁ ene gl| Yo hterpasipal AubliciohWmrktre)  c oMY OUIRA3IBER
whi ch{ t hEBIE of s is 1 constit u}@)s‘m;:r%maﬁé 9. 95 area psgjrlc?grglgwé)g”gt)he
m xt ub-e—of diethylene glycal (hl 1y A RORA et ehptunds. 10 i

16. T&‘ﬁ Xxﬂl:ngﬁ)ﬁéﬁppgiaﬁogxll\ﬁain :13 \Apﬁlélg%/sgr%«g e(gls b;%tngaYe!l Sihles: P&Lc'éx%égﬂ% L‘ @%kﬁx’%% &

car bopate) conpound for ich t SBY, Ca, dHSC

to 95| @ Egerplenst Bie Dok t has Iviembeuto®s (1258 | dli egihioo 1 onl (1l Fadls Ko, K, KX,
carbohate) conpounds. 15 . 17.@, L%R é‘vi?[fzé%}, = ggé oy
wher e} @) Pingstydiad hyl ene gl ycol (ally|] caraofaine)rCanousdz & vilfiwg Ri%\a
val ue| of s05/000660] s 1 COBPBtriberdPLE0.1290m BH| t 0 7Bt (GBS gg%gngﬁg g%f@g. ggg))éﬁuume
1 ? ] y (] 3 ) y EUrcpea
of di et hyl ene glycol (allyl carbonate) cﬁ@% "UB oxi ‘cv, DE, DK, BS, F, BB GB. OR,
{71) Applicant: PPG INDUSTRIES CHIO, INC. [US/US]; 3800 I, IT, LU, MC, NL, PT, SE), OAPI pawent (BF, BJ, CF,
West 143rd Street, Cleveland, OH 44111 (US). - CG, CI, CM, GA, GN, GW, ML, MR, NE, 8N, TD, TG).
{72) Inventor: HEROLD, Robert, D.; 218 Leaside Drive, Mon-
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(54) Title: PROCESS FOR FORMING POLY(ALLYL CARBONATE)}-FUNCTIOMNAL PREPOLYMER COMPOSITION
(57 Abstract

A process for forming a polymerizable, liquid, substantially gel-free, poly(aliyl carbonate)-functional prepolymer composition
comprises heating » neat composition comprising at least one poly(allyl cerbonate)-functional monomer and free radical initiator having
8 ten-hour half-life temperatire 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 initiator to 150 °C, to form 2 reaction mixture having an increased 25 °C viscosity in the range of from 25
to 10,000 centipoises and an ethylenic double bond utilization of at least 3 percent; and over a period of less than 90 minutes cooling the
rezction mixiure to a temperature at Jeast 20 Celsius degrees below the ten-hour half-life temperature of the initiator.




