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Description 

The present Invention relates lo a liquid composition, polymerlzable by the free-radical polymerization 
route, to yield organic glasses endowed with a high thermal stablllty. 

The invenUon relates also to the organic glasses which can be obtained from said composition. 
In the sector of the high-transparence organic glassea, those obtained by means of the potymerlzatlon of 

bls(allyl-carbonate) of dlethylene glycol are of considerable Interest from a c0mmerclal viewpoint, owing to their 
pmtlcular mechanlcal characterlstlce, and characteristics of chemlcaf ·and ageing resistance • 

. see, e.g., F. Strain, "Encyclopaedia of Chemical Processing and Design•, 1• ed., Dekker Inc., New York, 
Volume II, pages 452..foll. ; and •Encyctopaeclla of Polymer Science and Technology", Vol. I, pages 799-foll., 
lnteraclence Publlshera, New York, 1984. 

However, the products of polymerization of bls(aRyl-carbonate) of diethylene glycol SUfferfrom a limitation 
deriving from the relatively low values of their heat dlstorslon temperature (HOT), of the order of esoc, what 
makes them unsuitable In appUcaUons wherein high operatl'1g temperatures are required. 
. In order to overcome such a drawback, the use was proposed of copolymers of dlethylene glycol bls(allyl­

carbonate) containing up to approxlmataly 10% by weight of lrlaDyl cyanurate, euch as dladoaed, e.g., by H.W. 
Starkweather et al. In Ind. Eng. Chem., Vol. 47, No. 2, 1955, page 302. 

However, If on one hand they show Improved heat dfstorslon temperatures, on the other hand such 
copolymers show worae valUe& of aome other characteristics than. the potym9rlzate obtained from dtethylene 
glycol bla(allyl-carbonate) alone. 

lri parUcular, the poaafblllty of being polymerized by means of the usual casting method results endangered 
for such copolymers, owing to the presence of phenomena of cracking during polymerization, or at mould open­
ing time. Said phenomena mainly derive from the high shrinkage during the polymerization slap, and from the 
higher fragHlty of the polymerlzates, deriving from their conslderale nsallnklng density. 

The present Applicant has found now that the above reported drawbacks atreclfng the prior art can be over­
come by means of-the Uquld composition Of the present lnvenUon, which· can be easly polymerized by free­
radlcat po1ymerlzallon, with a low shrinkage during polymerizatlon, In order to yield organic glasses endowed 
with high values of thannal dlstorslon temperature. 

· This Invention, therefore provides a liquid composition polymerlzable by free-radical potymerfzatlon and 
with low shrinkage for producing highly thennally stable organic glasses, charact8rlzed In that ft Is obtained by 
subjecting to a transesterlflcatlon naactlon, at a temperatuna of from 80°C to 160°C, preferably from 900C to 
130-C, In the presence of an alkaline catalyst, dlallyl carbonate (component A) With a mixture of 

- an either llnear, or a branched allphatlc dlol having from 3 to 10 carb0n atoms (component B), and 
- an either linear, or a branched aliphatic, cycloallphatlc, or heterooycllc polyol having from 4 to 20 carbon 
atoms and from 3.to 8 hydroxyl gcoups (cOmponent C), 
or, aa an altemative, with a mlxtur9 of: 
-(component B) as defined heralnaboYe, and 
-a cycloallphatlc dfol (component C'),the molar ratio of (Component A) to (Component B +Component 
C), orof (ComponantA) to (Component& + ComponentC') being equal to, or greater than 3 : 1, the amount 
of (Component C) In the (Component B +Component C) mbdura being equal to, or lower lhan 70% by 
weight, the amount of (Component C') In the (Component B + COmponent C') mbdure being equal to, or 
lower than 90% by weight, and adding to the thus obtained transasterfflcatlon reacllon product an amount 
a polymerization lnllatoroffrom 1% to 8% bywelghtrelatlve to thewelghtof aakl tnmaealarlftcatlon reacUon 
product. 
According to the prefell9d fonn of pracllcel embodiment, the values of Iha molar ratios of (A)l(B + C) and 

(A)l(B + C') ant kept comprised within a range of from 3/1 to 1211, and the (C) and (C') components are re­
apecllvely present In an amount comprlaad within the range of from 20 to 80% and.of from 20 to 80% by weight 
In the mixture (B + C) and (B + C'). 

The (B) dlols used for the pu~ of the present Invention are the eltherUnearor branched aliphatic dfols 
containing from 3 to 10 carbon atoms In their molecule. 

Specific examples of dlols are dlethylene glycol, trlethylene glyCol, tetraethylene glycol. 1,4-obulane-dlol, 
1,6-hexane-dlol, 1,3-propane-dlo~ neopentyl glycol, dlpropylene glycol and 2,2,4-trlmethyl--1,3-pentanediol. 

Among them, dlethylene glycol ls preferred. 
The (C) polyols. used for the purpose& of the present Invention, ana either llnearor branched allphatfc. cyo­

loallphatfc or heterocycllc polyols, containing from 4 to 20 carbon atoms, and from 3 to 6 hydroxy groups In 
their molecule. 

Specific examples of polyola eultable for the Intended purpose are : penlaarythrltol, trlmethylolpropane, dl­
pentaerythrftol, dl-trlmethylol-propane and trls(hydroxyethyl)lsocyanurate. 
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Among these, pentaerythiitol, b'lmethyldpropane and b'ls(hydroxy8thyi)1aocyanurate are prefen'ed. 
The (C') component. used for the Intended purpose, ls selected from cycloallphallc. monocydlc or polycyo­

llc dlols, with 1,4-cyclohexane-dl-methanol and 4,B-bls(hydroxy-methyl)lrlcycfo[S.2.1.0.U]decane. 
The composition according to the present Invention ·Is obtained by starting from dlallyl-carbonate (A) and 

6 from the (B + C) or (B + C') mixture by operating under transesteriflcatlon conditions. More particularly, the pro. 
cess Is carried out by placing the reactants Into mutual contact. In the herelnabove stated proportions, and mak­
ing them react at temperatures comprised within the range of fi'om 80111 to 180oC, and preferably of from 90111 to 
13C)lllC In the presence Of a catalyst of alkaline character, with the aUyl alcohol which Is formed as the reaction 
byproduct being continuously removed. Suitable catalysts for the Intended purpose are hydn>xldes, carbonates 

10 and alkoxfdes of alkali metal, the organic bases and the basic Ion-exchange resins. 
Specific examples Of cetalyata are sodium hydroxide, sodium carbonate, sodium methoxlde. The catalyst 

Is advantageously used In an amount equal to at least 1 ppm (part permlllon parlS by weight), relatively to the 
sum of the weights of (B + C) or (B + C') components, and .Preferably In amounts comprised within the range 
of from 0.01 to 0.3% by weight 

16 The reaction Is advantageously can'led out under such a pressure that the system Is made bol at the selec>-
ted operating temperature, so as to favour the removal of aDyl alcohol from the reaction mlxtura i e.g., pressure 
values comprised within the range of from 28,88 hPa to 1013,88 hPa (20 to 780 tQnj and preferably of from 
88,65 hPa to 533.2 hPa (50 to 400 torr) are suitable for the Intended purpose. 

Under the above specified conditions, the reaction times are genemly comprised within the range of from 
20 0.5 to 20 hours, and typically are of the ordel'. Qf from 0.5 to 2 hours. 

After cooling, the reaction mixture Is washed with water, In order to remove the small catalyst amounts, 
and, after de-mixing and separation of the aqueous phase, the unreactsd dlallyl carbonate Is distilled off, by 
heating up to temperatures of the order of 120oC, under a decreasing pressure, with end pressure values of 
the order of 0, 1333 hPa to 28,88 hPa (0.1-20 Torr), and preferably of 1.333 hPa to 3,999 hPa (1-3 Torr, with 

26 the desired product being obtained as the residue. 
The comPQSltfon Is finally submitted, If neceasary, to fDtratlon, after a prellmlnary treatment with activated 

charcoal. 
The composition according to the present Invention Is liquid at room temperature, and has vlacosff¥ values 

comprised within the range of from 15.10-- m'/s to 300.1 D-' m'/a (15 to 300) est and densff¥ values of the order 
30 of 1.1-1.3 g/ml. 

The composition of the present Invention Is a complex mixture containing allyl-carbonates of the (B) com­
ponent and of the (C) or (C') component. In either monomer or ollgomerform, as Wei as mixed ollgomer allyl­
carbonates of aald (B) and (C) or (C') components, with the relative amounts of said consUtuents of the 
composition mainly depending on the preseleoted ratios of the (A), (B) and (C) or (C') reactants. 

35 This comP091tfon cai1 be transformed Into organic glasses, by means Of free.radical polymerization, with 
the usual •caaang• technique. 

For that purpose. to the composition one ormore polymerization lnltlalor(a) ls(are) added, which are soluble 
In the aama composition, and ls(are) capable of generating free radicals at temperatures comprised within the 
range of from 30111 to12QlllC. 

"" ~ferred examples of such Initiators are dl-cyclo-haxyt..pe~lcarbonate, dl-lsopropyl-peroxy-dlcarbo-
nate, dl-benzoyl-peroxlde, cfl..sec.-butyl-pa~lcarbonate and sac.-butyl-cydohexyt..peroxy-dlcarbonate. 

The amount of Initiator may generally vary within the range of from 1 to 6 parts by weight par each 100 
parts by weight of the composition. 

The compoafflon can addltlonaly contain one or more conventional addltlve(a), such as slabllzera, lubrl~ 
"6 ants, dyes, pigments, U.V.-abaorbera. l.R.-abaorbera, with the overal amount of such additives being anyway 

not higher than 1 part by weight per each 100 parts by weight of the aame composition. 
The composition of the pre8ent Invention containing the Initiator, and, possibly, one or mare additive(•) 

selected 6'om the above mentioned addltlvea, 18 lransfoimed Into the relevant organic glass by operating at 
tamperatunts comprised within the range of from SO°to 120"0, with polymerlzatlon times which can be generally 

tsa comprised within the range offto'm 1to100 hounl. 
During the polymerization, small-extent phenomena of shrinkage occur, and lhe oiganlc glasses obtained 

have a high thennal dlstoralon temperature {HOT higher than approxlmately 9QlllC, when detennlned by ASTM 
D-848), and a good sat of optical and physlcal/mechanlcal characteristics. 

The so-obtained organic glasses are particularly useful fn protecting shields (e.g., for welders), In sight wln-
ss dows (e.g., In blast fumaces), In windows In the transportaJ!on sector and In the clvO buUdlng sector, In lenses 

for vehicle lights, In solar and photovoltaic coRectora and panels, in substrates for optical dlska and In panels 
for displays. 

The following experimental Examples are reported for exempllfylng purposes. 
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In the following examples, llquld polymerlzable compositions are prepared by reacting, under transesterf­
ffcalion condftfons, diaffyf-carbonate (A) and a mixture oflhe hydroxy-compounds. 

The (B) dfol used In the exa_mples 1$ dlethylene glycol (DEG). 
The (C) polyols used In the elcimples are : pentaerythrltol (PE) ; tris-hyclroxyethyl-lsocyanurate (THEIC) ; 

s and trlmethylol-propane (TMP). . 
The (C') cycloallphaUc dlol used In the examples Is 1,4-cyclohexane-dlmethanol. 
To the so-obtained liquid compositions, dl-cyclohexyf-peroxy-dlcarbonate (DOPD) Is added as the Initiator, 

In an amount of 6% by weight. of the mixture weight. 
The catalyst-containing composldom; are lrilnsfonned by polymerization Into flat sheets or neutral lenses, 

10 respectively of 3 mm and 2 mm Of thickness, by means of the conventional casUng technique. According to 
this technique, lhe llquld composldon, containing the catalyst. is cast Into the hollow of a mould constituted by 
two glass el8ments, with a spacer gasket Of plastlclzed polyvlnyl-chlorlde or of ethylene-vinyl acetate copolymer 
(EVA). 

The liquid composition Is then submitted to polymerlzatk>n by means of a thennal treabnent carried out for 
1s 72 houn1 Inside a forced air ci'culaUon oven at 48°C. 

._. 20 

30 

At the end Of this treabnent, the moulds are opened and the polymerizates are recovered and are leftatand· 
Ing at 110-C for a rurther 2 hours, In order to decompose any possible residues Of Initiator, and of relieving 
possible Inner stresses. 

On the so-obtained sheets, the following characteristics are detennlnad : 

a) Optical ·Characteristics : 

- Refractive Index (n:> measured by Abbe refractometer (ASTM D-542) : 

- Haze and transmittance at vlslble wave lengths (%) : measured by using Gardner's Hazegard XL-211 
(ASTM 0-1003) : 
- Yeflovi Index (YI), defined as : 

100 
Tl • <--->.<1~277X·1.06Z) 

y 

as detannlned by means of Gardner's XL-805 colorimeter (ASTM D-1925). 

b) Phyalcal and Mechanical Characteristics 

- Denslfr : as detennlned by means of the hydrostatic balance at the tempe1111ture Of 25°0 (ASTM D-792); 
-Shrinkage during polymerization, computed by means of the following formula : 
Shrinkage % = 

(polymer density - monomer density) 

• -----------------~----------------- x 100 
po l-ymer density 

-Rockwell hardness (M), as measured by the Rockwell duromater (ASTM D-785) : 
- Elastic modulus at bending (ASTM D-790) i 

60 -Abrasion resistance, Tabar method (ASTM D-1044, modified), carried out with a couple of grinding 
wheals CS-10F and under a load of 500 g on both wheels. 
The results are expressed as the ratio Of the number Of passages necessary for producing a 10% Increase 

In Haze for: the sample being teated, to the same psameterfor a reference sample Of pOty-methylmethacrylate 
(PMMA). 

lf5 On the neutral lenses, the 
-Suthertand Abrasion Resistance Is detennlned. 

The test consists In carrying out 25 abrasive cycles (60 passages), on the neutral lenses, Of a pad Of 2/0-

.. 
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type steel wool of 5.5 cm x 7.5 cm, loaded With a weight of 630 g. The abrasion degn1e produced Is evaluated 
by means of the visual observation of the number, the length and the depth of the scratches, as compared to 
a corresponding reference eampfe based on dfethyfene glycol bfs(allyf-carbonate) homopolymer. The abrasion 

reslstance'ls expressed by means of a scoring on a scale of from Oto 10, wherein score 10 Is assigned to the 

s scratch-free sample, or to a sample showing from one to three thin, not very deep scratches, and score o Is 
assigned to the completely scratched sample (this Is the case of dlethylene glycol bls(allyf-carbonate) 

homopolymer, assumed as the reference standard). 
lntennedlate scores from 1. to 9 are assigned on the basis of the percentage of scratches shown by the 

tested sample, as compared to the reference.standard. For example, If the aample shows a 80% of acratches 

10 relatively to the reference standard, Its abrasion resistance value Is 4 ; If It shows a 30% of scratches, Its assig­

ned score Is 7, and so on. 

c) Thermal Characteristics 

16 - Heat Dlstorslon Temperature Under Load 

1.82 MPa (HOT), (ASTM D-648) 

Example 1 
20 

"''""·.·· To a three-neck flask with Jacket, fitted with a thermometer, a magnetlo atlrrer and an overhead dlstlllatlon 

30 

column with 20 perforated trays, there are charged : 

- Tri•ethylol-propane <TMP' • 60 g (0.447 moL> • 

- Diethylene glycol (DEG) • 140 a (1.320 mol> • 

- Diallyl-carbonate (DAC> . 1,254 I <8.835 mol> • 

- Solution· •t 301 by weight of sodiua aethoxide in 

•ethanol : 0.20 al 

The reaction Is carried out for 45 rnfnute8 at a temperature of 9B-11S-C, and under a pressure of 199.95 

hPa (150 torr), with alyf alcohol being dlslllled off as It farms (total 230 g ; purity of 99,0%.). 

After cooling, the reaction mixture Is washed with two porlona of 5QO ml each, of di&tllled water. 
The excess of dlallyl-carbonate Is distiled under 1 torr, with Increasing temperature up to 12D°C. 

"° The obtained product Is decolorized by contactwlth 2% by weight of activated charcoal, for 4 hours ataooc, 

so 

and Is then fltered. 
In this way, 500 g Is obtained of a liquid product having the fOllowlng characteristics : 

- Viscosity <2s 0 c> -6 est) • 34,5.10 m&/s (34.S • 

- Den·sity c20°c> • 1.164 9/ml . 
- Refractive ;ndex <n~o> . 1.4585 • 

- Colour CAP HA) 15 . • 

This product Is a mixture of both monomer and ollgomer dlethylene glycol bls(allyf-carbonate), trlmethyfol­

propane trls(allyf-carbonate), and of mixed allyl-carbonates, having the following p198Umed composition: 

5 
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- Dlethylene glycol bls(allyl-carbonate) : 

CH •CH-CK· -o-c-occH -CH -0-CH •CH -o-c-o> -CH -CH•CH 
2 2 n 2 2 z 2 ff n 2 2 

aono11er 

di11er 

0 0 

n=1 

n,i:Z 

45.BX by weight; 

1.0.1% by weight. 

-Trlrnethylol-propane lrls(allyl-carbonate) : 

aono••r 17.3% by weight; 

CH -CH -CCCH -o-c-O-CH -CH•CH ) 
3 z 2 I 2 z 3 

dimer 2.4% by weight. 

; ~H2 CH3 ~ 
CHz•CH-CH2-o-c-occH -c-cH -o-c-o> CH -CH=CH 

Z I 2 . 2 2 Z 

-Mixed allyl-carbonate: 10.1 % by weight 

CH -o-c-o-CH •CK=CH· 
Z H 2 z 

0 

0 . 
II 

o-CH -CK -o-CH •CH -o-c-o-CH -CH•CH 
t Z 2 2 2 . 2 2 
C•O CH •CH 0 
I I 2 3 f 
o-CH -C-CH -o-c-o-CH -CH=CH z l 2 z 2 

CH -o-c-o-cH -CH•CH 
2 u 2 . 2 

0 

with the residual percentage being essentiaUy constituted by the higher ollgamers of the above disclosed 

species • 

.fS Example 2 

To the same equipment as dlscloaed In Example 1, there are charged: 

tiO 
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- TrisChydroxyethyl>isocyanurate CTHEIC>: 

30.0 0 co.11s •ol>; 
- Diethylene glycoL (DEG): 70.0 0 <0.660 •ol>; 

- Diallyl•c1rbonate CDAC): 1,320 g (9.30 aol>; 

- Solution at 30X by veight of sodiu• •ethoxide in 

•et:hanol: 0.1$ •l. 
The reaction Is carried out for 1.5 hours ata temperature of 116-119°0; and under a preSIUre of 199,95 

hPa (150 torr), with alyl alcohol being dlstlled off as It forms (total 98 g i pwity of 98%). 
11 After cooling, the reaction mixture Is washed with tWo portions of 500 ml each, of distiled water. 

20 

25 

The excess of dlallyl-carbonate Is then dlsUlled under 1,333 hPa (1 torr), with Increasing temperatunt up 
to 12()00. 

The so obtained product Is tittered over decallte. 
In this way, 212 g Is obtained of a Hquld produpt having the following cfaacteristlcs : 

- Viscosity C2S°C> . 47,06.10-6 uf-/S (47.06 est) • 

- Dens;ty czo0 c> . 1.195 SI /ml • 

- Refractive index c 20) • 1.4640 nD • 

- Colour CAPHA> • 15 • 

This product Is a mixture of both monomer and ollgorner dlethylene glycol bls(allyl-carbonate), trls-(hyd-
ao roxyethyl)lsocyanurate trfs(alyl-carbonate), and of mixed alyl-carbonates. having the folJowlng presumed 

composition : 

- Dlethylene "'ycol bls(allyl-carbonate) : 

r-cH2•CH•CHz 

C•O 0 
I U 
OCCH2-Cff2-o-CHz-CHz-o-c-o>n-cH2-cH•CH2 

•onoaer n•1 64.8X by weight; 

dimer n•2 6.8% by weight. 

liO 
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- Tris(hydroxyethyl)fsocyanurate bis(atlyl-carbonate) : 

mono•er 19.ZX by· weight; 

f H=CHz 0 CHz•fH 

CHz-o-uc-o-CHz-CHz CH -CH -o-c-O-CH 
~ 2 2 p 2 

o · 0,,~W o. 

di•er 
CHz-CHz-o-c-o-CHz-CH•CHz 

0.8X by weight. 

CH=CHz 
I 
CH -o-c-oCCH -CH 

2 II 2 2, 

0 """" 

0 c1t2·v" 
CH -CK -O-C-0) CH 2 2 p 2 2 

0 

I 
o~ oo 

I 11 
CH -CH -o-t-O~CH -cH=CH 

2 2 2 2 

-Mixed allyl~rbonate : 5.1% by weight 

CH_2-.o-cH2-ca2-o-rO-CH 2-CR•CHz C Hz •r 
L2-o-1r-o-cH -cH /cH -cH -o-c-o-cH 

p 2 2, 2 . 2 q 2 

o A, r o 

cH2-cH2-o-c-o-cH2-ca-=cH2_ 

with the residual percentage being essenUaDy consUtuted by the higher olfgomera of the above ~s. 

Example3 

so To Iha same equipment as dlsclosed In Example 1, there are charged : 

55 
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- Pentaerythritol: • 45.4 II <0.33 •ol>; • 

- Diethylene glycol • 106.1 SI <1 .oo aol>; . 
- Diallyl-carbonate . 947 g (6.66 aol>; . 
·- Solution •t 30% by weight of sodiua aethoxide in 

•ethanol : 0.40 •l. 

The reaction Is canted out for 45 minutes at a temperature of 109-118-C, and under a pressure of 199,95 
hPa (150 torr), with aUyl alcohol being dlsUDed off as ltfonns (total 218 g; purity of90%). 

After cooling, the reaction mixture la washed with two portions of 500 ml each, of distilled water. 
The exceaa of dlallyl-carbonate la then dlatlled under 1,333 hPa (1 ton), with Increasing tempemture up 

1s to 120°c. · 

20 

26 

30 

60 

The .so obtained product la decolorlzed with 2% by weight of acUvated charcoal for 4 hounJ at 80"C and la 
then ftltered. 

In this way, 380 g Is obtained of a llquld product having the following characteristics : 

Viscosity C25°c> • 87,7.10-6 m2 /s (87'. 7 CS't) • 
- I.lens ity czo 0 c> • 1.1939 g/11l . 
- Refractive index Cn20> • 1.4616 D 

. 
- Co lour CAPH A) . 5 • 

Thia product Is a mixture of both monomer.and ollgomer dlethylene glycol bla(allyl-carbonate), pantaeryt­
hrltol tetrakls(allyl-carbonate), and of mixed allyf-carbonates, having the follOwing presumed composition : 

- Dlethylene glycol bls(allyl-carbOnate) : 

y-cH2-CH•CHi· 
C•O 0 
I U . 
OCCHz-CH2-0-CHz-CH2-o-c-o>n-CHz-CH•CHz 
mono•er n•1 53.91 by weight; 

dimer 

- Pentaerythrltol tetrakls(aRyl-carbonate) : 

•onomer 

dimer 

9.0X by veight. 

13.0% by weight; 

0 
II 

C(CHz-o-c-o-CHz-cH=CH2)4 

2.5% by weight. 
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-Mixed allyl-carbonate : 10% by weight 

y-cHz-CH•CH2 
C•O 
I 
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o-CH2•CHz-O-CHz-CHz-o-1-o-cH -CCCH -o-c-o-cH -CH•CH > 1 z 2_ U 2 2 
0 

with the 19sldual percentage being essentlaUy consdtuted by the higher ollgomers of the above species. 

Example4 

By operaUng aCQOl'dlng to as disclosed In Examples 1-3, the potymerlzable compositions Nos. 1, 2, 3 and 
4 are prepared by reacting diallyl-carbonate (DAC) with mixtures of pentaerythrltol (PE) and dlethylene glycol 
(DEG), at various molar ratios (R) of DAC to the sum of (PE+ DEG), as shown In following Table 1. In said 
table, also the characterlsUcs of viscosity (at 25°C) ; density (g/ml at 20cic) and refractive Index (nf} In the 

30 obtained polymerlzable liquid compositions are reported. 

35 
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Co•po1ition No. 1 2 3 4 

~Pl <X by Vtight) 25 25 30 30 
Mixture !I 

DEG ex by weight> 75 75 70 70 ct 
w 

I 2 . .. .. 
4/1 en Ratio of DAC/(PE+DEG) 5/1 .5/1 4/1 ~ 

-6 
m 

-6 53,s.10-6 110.10-6 
... 

Viscosity Cm" /s at 25°C) 73,6.10 87,7.10 

·o 
1.190 1.183 1.194 1.202 Density <tl•l; 20 C> 

20 1.4609 1.4598 1.4616 ·1.4624 "o . 
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The compositions, after the. addition of dl-cyclohexyl-peroxy-dlcai'bonate (DCPD) ; 5% by weight In the 
composlUon) are submitted to polymerlzation In the same way as prevlously aet forth and on the hardened 
compositions, the chara_cterlstlca reported In Table 2 are det•rmlned. 

s Examples 

For comparative purposes, the polymerlzable llquld compositions Noa. 5, 8 and 7 according to the prior 
art are prepared, by mixing trlallyl-cyanurate (TAC) and dlethylene glycol bls(allyl-catbonate) {BACGD), this 
latter being the product resulting from the transeaterlflcatlon between dlallyl-carbonate and dlethylene glycol 

10 In the mutual molar ratio of 12/1. The characteristics of these llquld compoalUons are reported In following Table 
3. 

16 

\_..,.., 20 

30 

I611rl.I 
.Co•posit ion No. 5 6 7 

TAC - '·' 10.s 

BACGD 100 94.S 19.5 

Viscosity (m'-/s 25°C) 14.10-6 14,1.10 -6 . -6 
14,2.16 

Density (g/ml; 20aC) 1.151 1.150 1.148 
20 

1.4520 1.4549 1.4576 "o 

After the addition of di-cyclohexyl-peroxydlcmbonate (DCPD) In an amount of 5% f)f the weight of the same 
composlUons, said compositions are submitted to polymerization under such conditions as stated In the text, 
and on the hardened compositions the characteristics as reported In Tabla 2 are determined. 
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!611.1-2 
---------------------------------------------~----------------~----~--------------~-------~-----~-~-·~ COflPOSlTIOH No. 1 2 3 4 5 6 7 

1------------------~----------------------~--------------------~----------------------------------~~----Dtns f ty,. (g/cm3> 1.3290 1.3274 1.3317 1.3316 1.3111 1.3112 1.3111 
s~5tnk111, X 10.4 10.s 10.3 9.7 12.2 12.3 12.45 
n D 1.5016 1.5014 1.5016 1.5015 1.5010 1.5041 1.5070 
Haze, X 0.27 0.26 0.36 0.40 0.16 0.19 0.15 
Transaf tt1nce at 

vt1tb\e vive lengths, X 
Ytllov tndex 
Elasttc modulus 

at bendf ng 
Rockwell h•rdness 

(PIPi> 
(") 

l&od tap1ct strentt~, 2 vtthout notch (KJ/• > 
Taber abrasion 

resistance 
Sutherland 1br1sion 

re1i1t1nce 
HOT, 

(XPftftA) 

oc 

92.1 
2.90 

2900 
111 

6.0 

91.8 
3.20 

2900 
112 

s.2 

819 8/9 
101.2 ·110.a 

91.7 
3.50 

3050 
109 

4.2 

9/10 
142.9 

91.7 
3.,89 

3070 
112 

4.9 

9 
121.3 

93.J 
1.20 

2400 
97 

7.9 

18 

0 
66 

92.5 
1.59 

2500 
104 

7.0 

20 

516 
73 

. 
92.0 
2.88 

2680 
108 

4.0 

25 

6 
89.6 

-----~-------------------~~-------------------------------------~-----~-------~--------~---~-----------
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Example8 

The polymerlzable llquld compositions Nos. 8, 9, and 10 are prepared by starting from dlallyl-carbonate 
(DAC), bis(hydroxyethyl)lsocyanurate (THEIC) and dlet'1ylene glycol (DEG), as shown In following Table 4. 

Composition Na. 8 9 ·10 

ftHEIC (% by 

ftixture 1 weight> 40 50 30 
DEG (% by weight> 60 so 70 

.Ratio of DAC/(THEIC+DEG) 5/1 6/1 12/1 
Viscosity (mZ/s; 2s0c) 9S,7x10-6 187x10-6 48,Sxlo-6 
Density Cg/11l; zo0 c> 1,220 1,2308 1,1907 zo 
"o ND* HD* 1,4~40 

ND*= Not Determined 

After the addition of dl-cyclohexyl-peroxycllcarbonate (DCPD) In an amount of 5% of the weight of the same 
25 compoafUons, said compositions are submitted to polymerization under such conditions as stated In the text, 

and on the hardened compositions the characterisUcs as reported In Table 5 are detennlned. 

Example7 

ao The polymerizable compositions Nos. 11 and 12 are prepared by starting from dlallyl-carbonate (DAC), trl-
methylol-propane (TMP) and dlethylene glycol (DEG), as ~hown In following Table 6. 

I611r1-6 
35 Compo11t1on lo. 11 12 

{"'(I by weight> so 30 
Plixture 

"'° DEG (% by weight> 50 70 

Ratio of DAC/(TRP+DEG) 4/1 5/1 , 
Viscosity emz /s; 2s•c) 96, 1x10-6 34,Sx10-6 

«i Density Cg/al; zo0 c> 1,1116 1,164 
20 

"o 1,4635 1,4585 

so Afterthe addition of dl-cyclohexy!.peroxy-dlcarbonate (DCPD) In an amount of 5% Of the weight of the same 

SB 

composlUons, said composlUons are submitted to polymerlzatlon under such condlUons as stated In the text, 
and on the hardened composlUons the characterlsUcs as reported In Table 5 are detennlned. 

14 
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!!!Jr.§.2 
------------------------------------~-~~------~--------------~--------------------------~----CO"POSITlON No. 8 9 10 11 12 
------~----------------~-----------------------------------------~---------------------------Density, 
S~fiinkage, 
n D 
Haze, 
Transmittance at 

3 
Cg/cm >· 
x 

x 
visible wave lengths, X 

Yellow index 
Elastic modulus 

at bending 
Rockwell hardness 
Izod impact strength, 

without notch 
Taber abrasion 

resistance 
Sutherland abrasion 

resistance 
HDT, 

01Pa) 
01) 

CKJ/112> 

CXPMMA) 

oc 

1.3473 
9.4 
1.5080 
0.08 

92.4 
3.5 

3380 
104 

10 

16 

91 

1.3516 
8.9 
1.5082 
0.10 

92.0 
4.0 

3300 
110 

9.6 

18 

98.3 

1.3288 
1.0.4 

1.5052 
0.10 

92.7 
2.4 

3160 
107 

7.8 

24 

93.4 

1.3031 
10.1 
1.5010 
0.19 

92.5 
3.2 

2950 
109 

4.5 

27 

6 
131.8 

1.3077 
11.0 
1.5004 
0.14 

93.0 
1.48 

2510 
100 

8.6 

18 

5 
90.0 

---------------~----------------------------------~-----~-----~-----------------~~-----------
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Example& 

A llquld and pofymerfzabl~ composition Is prepared by starting from : 

- 1,4-Cyclohexane-dimethanol· 138.7 g (Q.96 mol> 

- Diethylene glycol 46.2 g <0.44 mol> 

- Diallyl-carbonate 195 g C5.6 mol) 

- Sodium methoxide, as a solution at 30X by weight of 

sodium 11ethoxide in methanol 0.30 ml 

The reaction Is carried out for 1 hour at a temperature of 114-121°0, and under a pressure of 199,95 hPa 

(150 torr), with allyl alcohol being dlstnled off al It fOnns (total 167 g ; purity of 97%). 
After coollng, the reaction mixture Is washed with two portions, of 500 ml each, of dlstlled water. 

The excess of dlallyl-carbonate Is then distilled off by operating under a pressure of 1,333 hPa (1 torr), with 

Increasing temperature up to 120°C. · 
The obtained product Is decolortzed with 2% by weight of activated charcoal, for 4 hours at 80"C, and Is 

then filtered. 
In this way, 360 g Is obtained of a liquid product having the following characteristics : 

- Viscosity <zs 0 c> • 62, 1.10-6 1113 /s • 

- Density-<20°c> • 1.124 g/nl • 

- Refractive index <n!o> • 1.468 • 

- Co lour CAPHA> • 5 • 

This product Is formed by both monomer and oligomer bls(allyl-carbonates) of cyclohexane-dlmethanol, 

dlethylene glycol or mixed allyl-carbonates, having the following presumed distribution : 

CH ccH-CH -o-C-O(CH -~-CH -o-C-0) -CH -CH•CH 
2 2 q 2 2 I n 2 2 

0 0 

monomer n=1 45.9X by weight; 

di11er n=2 12.2% by weight; 

tr;mer n=3 2.8X by weight. 

CH =CH-CH -o-c-o<CH -CH -o-CH -CH -0-5-0> -CH -CH=CH 
2 2 U 2 .2 2 2 I n 2 2 

0 0 

monomer n=1 18.SX by weight; 

diner n=2 2.2x by weight; 

trimer n=3 o.zx by weight. 

tS5 The mixed cyclohexane-dlmethanol and dlethylene glycol bls(allyl-carbonate) dimer: 

16 
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1 CH =CH-CH -o-c-o-R-o-c-o-R -o-c-o-CH -Cff•CH 
2 2 u p D 2 2 

6 0 0 

wherein R = 
-CH -0-CH -2 2 

Is present In an amount of 10.3% by weight, and the relevant trimer Is praaent In an amount of 5.2% by welghl 
The mixture contains furthennore an overall amount of 2. 7% by weight of higher ollgomara than the bimer. 

1s After the addition of dl-cyclohexyl-peroxy-dlcarboilate (DCPD) In an amount of 5% of ffs weight, said 

20 . 

30 

composition Is submitted to·polymerfzatfon under such conditions as stated In the text. and on the hardened 
compositions the charac:terlstlca as reported In Table 6 are determined. 

Density, 

Shrinkage, 
20 

n D 

Haze, 

TABLE 6 
---~----

Transmittance at v;sible 

wave lengths, 

Yellow index 

Elastic modulu~ at bending CMPa> 

Rockwell hardness 

lzod impact strength, 

without notch 

01) 

Taber abrasion resistance (XrMMA) 

HDT. 0 c 

1.2366 

9.1 

1.5040 

0.23 

92.7 

1.10 

2,320 

108 

s.o 
18 

93.0 

45 Example 9 

so 

55 

To a three-neck flask with Jacket. fiU8d with a thermometer, a magnetic atlrrer and an overhead dlstlllalfon 
column with 20 perforated trays, there are charged : 

- 1,4-Cyclohexane-di•ethanol 288.4 9 ( 2.00 mol> . 
- Neopentyl glycol 123.6 9 ( 1.19 moll 

- Diallyl carbonate 1,810 g (12.75 mol> 

- Solution at 30% by weight of sodium methoxide. 1n 

methanol 1.60 Ill 

17 
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The reaction Is canted out for 45 minutes ~ta temperature of 107"'1 ~e~. and under a pressure of 199,95 
hPa (150 Torr), with allyf alcohol being distilled oft' as it fonns (tOtal 370 g). 

After cooling, the reaction mixture Is washed With two portions of 1,000 ml each, of dlstllled water. 
The exces!' of dlallyl-carbonate Is dlstilled under 1,333 hPa (1 torr), with Increasing temperature up to 

s 120°c. 

10 

16 

20 

25 

30 

The obtained product Is dacolorlzad by contact with 2% by weight of activated charcoal, for4 hours at aooc, 
and Is then filtered. 

In this way, 840 g la obtained Of a llquld product having the following characteristics : 

- Viscosity (m1 /s Z5°C) 

- Density Cg/ml; zo 0 c> 
- Colour CAPHA) 

73.10-6 

1.099 

s 

This product Is a mixture of both monomer and ollgomer cyclohexane-dlmethanol bla(alyl-carbonate), 
neopantyl glyCol bls(allyl-carbonate), and Of mixed aRyk:arbonates, having the following approximate compo­
sition: 

- Cyclohexane-dimethanol bisCallyl-carbdnatt): 

monomer 42% by weight; 

dimer 10% by weight; 

- Neopentyl glycol bis(allyl-carbonate): 

monomer 19% by weight; . 
dimer 3% by weight; 

- Mixed bis(allyl-carbonate> 

. f"3 0 CHz-CH•fHz 
CH =CH-CH -o-c-o-cH -C-CH -o-c-O-CH - -CH -o-c-o 2 2 I 2 I 2 I 2 · 2 ff 

0 CH3 0 b 

10% by weight; 
"" with the residual percentage being essentfaRy constituted by the higher ollgomera of the above species. 

so 

After the addition Of dk:yclohexyl-peroxy-dlcarbonate (DCPD) In an amount of 5% of weight of the same 
composftlon, the reaction ptOCluct la aubmltted to polymerlzatlon under such conditions 88 stated In the text, 
and on the hsdened .compoaltlon8 the characterlsticl' 88 reported In Table 7 ma determined. 

18 
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TABLE 7 
~----.--

bensity, 3, 
. Cg/cm ) 1.2104 

Shrinkage, x 9.3 
20 1.soo n· 
D 

Haze, 0.22 

Transmittance at visible 

wave lengths, 92.7 

Yellow index 1.2 
Elastic modulus at bending OIPa) 2,400 
Rockwell hardness 01) 112 

lzod impact strength, 

without notch (KJlm2> 4.6 

Taber abras.ion resistance CxPMMA> 14 

HDT, oc 86.2 

In Table 8, the results are reported of the tests of water absorption for long soaking times, as compared 
to the values measured on the polymer of dlethylene glycol bls(allyl-carbonate) (BACGD), taken as the refer­
ence standard. 

!Rlls1D.S-Iim! 
1 day 

7 days 

15 days 

TABLE B ·-----.. 
Weight Change X, Composition 

21.11!!2!!.I----------------
o.1z 
0.32 

0.43 

lb.Si! 
0.27 

0.65 

0.96 

46 Claims 

Clalms for the followlng Contracting States: AT, BE, CH, DE, FR, GB, GR, LI, LU, NL, SE 

1. A llquld composition polymerizable by free.radical polymerization and with low shrinkage for producing 
so hJghly thermaly stable oiganlc glasses, characterized In that It Is obtainable by subjecting to a lransesterlfi. 

cation reaction, ata temperalunt of from aooc to 160-C In the presence Of an alkaline calalyat. dlallyl carbonate 
(component A) with a mixture of 

- an either llnaar, or a branched aUphatlc dlol having from 3 to 10 carbon atoms (component 8), and 
- an either llnear, or a branched allphatlc, cycloallphatlc, orheterocycllc polyol having from 4 to 20 carbon 

56 atoms and from 3 to 6 hydroxyl groups (component C), 
or, as an alternative, with a mbcture of: 
- (component B) as defined herelnabove, and 
- a cycloallphatfc dlol (component C'),the molar ratio of (Component A) to (Component 8 +Component 

19 
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C), or of (Component A) to (Component B + Component C') being equal to, or greater than 3 : 1, the amount 
of (Compc)nent C) Jn lhe (Component B + Component C) mbcture being equal to, or lower than 70% by 
weight, the amount of (Component C') In the (Component B + Component C') mbd;ure being equal to, or .. 
lower than 90% by weight, and adding to the thus obtained transesterfflcatlon reaCUon product an amount 

5 a polymerization Initiator of from 1%to6% by weight relative to the weight of said transesterfficatlon reaction 
product. 
2. Liquid polymerfzable composition according to clalm 1, wherein the transesterlflcalion reaction Is carried 

out with a molar ratio of the (ComponentA) to the (Component B + Component C) mixture, or of the (Component 
A) to the (Component B + Component C') mixture, of from 3 : 1 to 12 : 1, the amount of the (Component C) In 

10 the(Component B + ComponentC) mixture being from 20% to 60%. by weight, or, as an altematlve, the amount 
of the (Component C') In the (Component B + Component C') mixture being of from 20% to 80% by weight. 

3. Liquid pofymerfzable composition according to claim 1, wherein the (Component B) dlol'ls selected from 
dlethylene glycol, b'lethylene glycol, tatraethylene glycol, dlpropylene glycol, 1,4-butanedk:il, 1,6-hexanedlol, 
1,3-propanedlol, neopenlyf glycol, and 2.2.4-trfmethyl-1,3-pentanedlol. 

15 4. Liquid polymerlzable composition according to cfalm 1, wherein the (Component C) polyal Is selected 
fi'om : pentaerythrftol, trlmethylolpropane, dl-pentaerythrltol, di-trlmethylolpropane, and lrls(hydroxyethyl)lso­
cyanurate. 

5. Liquid polymerlzable composition aceori:fing to clalm 1, wherein (Component C') Is 1,4-cyclohexane-df-
-~). methanol, or 4,8-bls(hydroxymethyl)trtcyclo-[5.2.02.I] decane. 

20 6. Liquid polymerlzable composlUon according to claim 1, wherein said alkaline catalyst Is selected from 
the alkall metal hydroxides, carbonates and alkoxklea; the organic bases, and the basic Ion-exchange resins. 

7. Uquld polymerlzable composition according to clalni 1, wherein the polymerlzallon Initiator Is selected 
from di-cyclohexyl-peroxy dlcarbonate, dlbenzoyl peroxide, di-sec.butyl peroxy dfcarbonate, and sec.bulyf-cyc­
lohexyl peroxy dlcarbonate. 

25 8. Use of a liquid polymerizable composition according to claim 1, for preparing organic opUcal glasses. 

30 

9. Organic optical glasses obtained by casting Into moulds and polymerizing a liquid polymerizable compo­
sfUon according to any of claims 1 to 7. 

Clalms for the following Contracting State : ES 

1. Process for preparing a liquid composition polylrierfzable by free-radical polyrnerlzatlon and with low 
shrinkage for producing highly thennally stable organic glasses, characterized by comprising the steps of sub­
jecting to a transesterfflcatlon reaction. at a temperature of from aooc to 160°C In the presence of an alkaline 
catalyst. dlallyl carbonate (component A) with a mixture of 

35 - an either linear, or a branched aliphatic dlol having from 3 to 10 carbon atoms (component B), and 
- an either linear, or a branched allphatlc, cycloallphalic. or heterocycllc polyol having from 4 to 20 carbon 
atoms and from 3 to 6 hydroxyl groups (component C), 
or, as ~n alternative, with a mlxb.lre of: 
-(component B) as defined herelnabove, and "° - a cycfoallphatlc dlol (component C'),the molar ratio of (Component A) to (Component B + Component 
C), or of (Component A) to (Component B + Component C') being equal to, orgraaterthan 3 : 1, the amount 
of (Component C) In the (Component B + Component C) mixture being equal to. or lower than 70% by 
weight, the amount of (Component C') In the (Component B + Component C') mixture being equal to, or 
lower than 90% by weight, and adding to the thus obtained transesterlflcation reaction product an amount 

45 a polymerization Initiator of from 14'fl to 6% by weight relative to the weight of said transesterfflcatlon reaction 
product. 
2. Process according to claim 1, wherein the transesterfflcatlon reacUon Is carried out with a molar ratio of 

the (Component A) to the (Component B + Component C) mixture, or of the (Component A) to the (Component 
B + Component C') mixture, of from 3 : 1 to 12 : 1, the amount of the (Component C) In the (Component B + 

so Component C) mixture being from 20% to 60% by weight. or, as an alternative. the amount of the (Component 
C') In the (Component B + Component C') mixture being offrom 20% to 80% by welghL 

3. Process according to claim 1, wherein the (Component B) dlol Is selected from dlethylene glycol, 
biethylene glycol, tetraethylene glycol, dipropylene glycol, 1,4-butanedlol, 1,6-hexanedlol, 1,3-propanedlol, 
neopentyl glycol, and 2.2,4-bfmethyl-1,3-pantanediol. 

55 4. Process according to claim 1, wherein the (Component C) polyol Is selected from pentaerythrftol, 
bimethylolpropane, dl-pentaerythrltol, di-bimethylolpropane,and bis(hydroxyethyl)lsocyanurate. 

5. Process according to claim 1, wherein (Component C') Is 1,4-cyclohexane-dlmethanol, or 4,8-bls(hyd­
roxymethyl)bicyclo-J5.2.0Z'I decane. 

20 
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C), or of (ComponentA) to (ComponantB + Component C') being equal to, or greater than 3 : 1, the amount 
of (Component C) In the (Component B + Component C) mixture being equal to, or lower than 70% by 
weight, the amount of (Component C') In the (Component B + CorripOrient C') mixture being equal to, or .. 
lower than 90% by weight, and adding to the thus obtained transestarfficatlon reaction product an amount 
a polymerization Initiator of from 1%to8% by weight relative to the weight of said lransestarfficatlon reaction 
product. 
2. Uqufd polymerlzable composition according to claim 1, wherein the transeatarfftcatlon reaction Is carried 

outwfth a molar ratio ofthe (ComponantA) to the (Components + Component C) mixture, orof the (Component 
A) to the (Component B + Component C') mixture, of from 3 : 1 to 12 : 1, the amount of the (Component C) In 
the(Component B + Component C) mixture being from 20% to 80% by weight, or, as an altematlve, the amount 
of the (Component C') In the (Component B + Component C') mixture being of from 20% to 80% by weight. 

3. Liquid pofyrnerlzable composition according to claim 1, wherein the (Component B) dfol ls selected from 
dfethylena glycol, trlethylene glycol, tetraethylene glycol, dlpropylene glycol, 1,4-butanedlol, 1,8-hexanedlol, 
1,3-propanedlol, neopentyl glycol, and 2,2,4-trlmethyl-1,3-pentanedlol. 

. 4. Liquid polymerfzable composition according to claim 1, wherein the (Component C) polyol ls selected 
from : pentaerythrltol, trlmethylolpropane, dl-pentaerythrftol, dl-trlmethylolproparie, and lrls(hydroxyethyl)lso­
cyanurate. 

5. Liquid polymerlzable c0mpo8ltlon according to claim 1, wherein (ComponentC') Is 1,4-cyclohexane-dl­
methanof, or 4,8-bla(hydroxymethyl)trfcyclo-(5.2.02.I] decane. 

8. Uquld p~ymertzable compo81tlon according to clafm 1, wherein said alkaline catalyst Is selected from 
the alkali metal hydroxides, carbonates and alkoxfdea, the organic bases, and the basic ion-exchange resins. 

7. Uquld polymerlzable composition according to claim 1, wherein the polymerization Initiator Is selected 
from df.cyclohexyl-peroxy dlcarbonate, dlbenzoyl peroxide, di-sec.butyl peroxy dlcarbonata, and aec.butyl-cyc-
lohexyl peroxy dlcarbonate. . 

8. Use of a Rquld polymerlzable composition according to claim 1, for preparing organic optical glasses. 
9. Organic optical glasses obtained by casting Into moulds and polymerizing a liquid polymerizable compo­

sition according to any of claims 1 to 7. 

Claims for the followlng Contracting State : ES 

1. Process for preparing a liquid composition polymerlzable by free-radical polymerlzatfon and with low 
shrinkage fw producing highly thennally atable organic glasses, characterized by comprising the steps of sub­
jecting to a tninsestarlftcatlon reaction, at a temperature of from eooc to 1800C In the presence of an alkaline 
catalyst, dlallyl carbonate (component A) with a mixture of 

-an either linear, or a branched aliphatic dlol having from 3 to 10 carbon atoms (component B). and 
-an either linear, or a branched allphatlc, cycloallphatlc, orheterocyclfc polyol having from 4 to 20 carbon 
atoms and from 3 to 8 hydroxyl groups (component C), 
or, as ~n altematlva, with a mixture of: 
-(component B) as defined herelnabOve, and 
- a cycloallphatlo dlol (component C'),the molar ratio of (Component A) to (Component B + Component 
C), or of (ColnponentA) to (Component B + Component C') being equal to, orgreatarthan 3 : 1, the amount 
of (Component C) llf the (Component· B + Component C) mixture being equal to, or lower than 70% by 
weight, the amount of (Component C') In the (Component B + Component C') rnlxb.l'e being equal to, or 
lower lhan 90% by weight, and adding to the thus obtained banseatarlftcatlon reaction product an amount 
a polymerlzatlon lnlllatorof from 1%to8% by weight relative to the weight of aald transeaterfflcatlon reaction 
product. 
2. Pmcess acconllng to clafm 1, wherein the transesterlficatlon reaction Is carried out with a molar ratio of 

the (Component A) to the (Component B + Component C) mixture, or of the (Component A) to the (Component 
B + Component C') mixture, of from 3 : 1 to 12: 1, the amount of the (Component C) In the (Component B + 
Component C) mbdure being from 20% to 60% by weight, or, as an alternative, the amount of the (Component 
C;) In the (Component B + Component C') mixture being of from 20% to 80% by weight. 

3. Process according to claim 1, wherein the (Component B) dlol Is selected from dlethylene glycol, 
trlethylene glycol, tetraethylene glycol, dipropylene glycol, 1,4-butanedlol, 1,8-hexanedlol, 1,3-propanedlol, 
neopentyl glycol, and 2,2,4-lrlmethyl-1,3-pentanediol. 

4. Process according to claim 1, wherein the (Component C) polyol Is selected from pentaerythrltol, 
trlmelhylofpropane, dl-pentaerythrltol, dl-trlmethylofpropane,and lris(hydroxyethyl)laocyanurate. 

5. Process according to claim 1, wherein (Component C') Is 1,4-cyclohexane-cllmethanol, or 4,8-bls(hyd­
roxymethyl)lrlcyclo-JS.2.02.'I decane. 

20 
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6. Process according to claim 1, wherein said alkaline catalyst Is selected from the alkali metal hydroxides, 
carbonates and alkoxldes, the organic bases, and the basic lon-eXchange resins. 

7. Process according to claim 1, wherein the polymerlzaUon lnlUator Is selected from dl-cydohexyl-peroxy 
dfcarbonate, dfbenzoyl peroxide, di-sec.butyl peroxy dloarbonate, and aec.bulyl-cyclohexyl peroxy dlcarbo- · 

5 nate. 
0 8. Process for preparing organic optical glasses com,;rlslng the steps of casting Into moulds and polymeri-

" : .. ./ 

zing a llquld polymerlzable composlUon prepared according to the process as defined In any of claims 1 to 7. 

10 PatentanaprUche 

PatentanaprOche fDr folgandan Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, LI, LU, NL, SE 

1. FIQsslge, durch frelradlkallache PolymerlsaUan und mlt gerlngem Schnnnpfen zu arganlschen Gllsem 
15 mlt hoher therrnlscher StabHltlt polymarl8*bare Zuaammensetzung, dadun:h gekennzelchnet, dal ale 

dadurch erhllUlch lat. daB bel elner Temperaturvan 80°C bis 160°C und In Gegenwart elnea alkallschen Kata­
l)rsators Dlalfylcarbonat (Komponente ~ rnlt elnem Gemfsch aus 

-elnem enlweder llnearen oder verzwelgten allphaUschen Dlol mlt 3 bis 10 Kohlenstoffatomen (Kompo­
nente B) und 

20 - elnem entweder llnearan oder elnem verzwelgten allphatlschen, cyldaallphatlachen oder heterocykll­
schen Polyol mil 4 bis 20 Kohlenatoffatomen und 3 bis 6 Hydroxylgruppen (Komponente C), 
oder, als Altematlve, mlt elnem Gemlsch aus 
-(Kamponente B) gemlB vorstehender Definition und 
- elnem cyldoallphatlachen Dlol (Komponente C') elner UmesterungsreakUon unlelworfen wlrd, wobel 

26 das Molverhlltnls van (Komponente ~ zu (Komponente B + Komp0nente C) oder van (Komponente A) 
zu (Komponente B + Komponente C') glelch oder graBer ala 3 : 1 lst, und die Menge an (Komponente C) 
Im Gemlsch (Komponente B + Komponente C) glelch oder nledrlger als 70 Gaw.-% ausmacht und die 
Menge an (Komponente C') Im Gemfsch (Komponente B + Komponente C') glelch oder nledrlger als 90 
Gaw.-% ausmacht. und daB zu dam solcherart erhaltenen UmesterungsreakUonsprodukt elne Menge 

30 elnes POlymerlaatlonslnltlators van 1 bis 8 Gaw.-%, bezogen auf daa Gewlcht des Umesterungsreaktlon­
sproduktes, zugesetzt wlRf. 
2. FIOsalge polymarlslerbare Zusamrnenaelzung nach Anspruch 1, worln die Umeatetungsreaktlon mlt el­

nem Molverhiltnls van (Komponente A) zu dem Gemlsch (Komponente B + Komponente 0) oder von (Kom­
ponante A) zu dam Gemlsch (Komponente B + Komponente C') van 3 : 1 bis 12 : 1 ausgefDhrt wlrd, wobel die 

35 Menge der (Kornponenta C) Im Gemlsch (Komponente B + Komponente C) von 20 bis 80 Gewlchtsprozent 
beb'lgtoderala AltemaUve die Menge der(Komponente C') Im Gemlach (KomponenteB + Komponente C') von 
20 bis 80Gew.-% auamacht. 

3. FIOsalge polymerlslerbare ZUaammansetzung nach Anspruch 1, worln das (Komponente B)-Dlol unter 
Dlethylanglykol, Trlethylenglykol, Tetraethylenglykol, Dlprupylanglykol, 1.4-Butandlol, 1,6-Hexandlol, 1,3-Pro-

"" pandlol, Naopentylglykol und 2,2,4-Trlmelhyl-1,3-pentandlol auagewihlt wfrd. 
4. AOsalge polymerlslerbare ZUSammenaetzung nach Anapruch 1, wortn das (Komponente C)-Polyol unter 

Pentaerythrlt. Trlmethylolpn;pan, Dlpantaerythrlt. Dllrlmethylolprupan und Trfs(hydroxyethyl)lsocyanurat aus­
gewlhlt wlrd. 

5. FIOsslge polymarlslerbare Zusammensetzung nach Anapruch 1, worln die (Komponente C') 1,4-Cyclo­
"6 hexan-dlmethanol oder 4,8-Bla(hydroxymethyf)trlcyclo-(5.2.02.l)dekan lat. 

6. FIOsslge polymarlslerbare Zusammensetzung nach Anapruch 1, wortn der alkallsche Katalysator unter 
den Alkalimetalhydroxlden, -carbonaten und-alkoxklen, den organlschen Basen und den baaischen lonenau­
stauschharzen auagewlhlt wfrd. 

7. FIOsslge polymerislerbare Zusammansetzung nach Anspruch 1, worfn der PolymedaatlonslnlUator unter 
50 Dlcyklohexylperoxydlcarbonat. Dlbenzoylperoxld, Dl-sec.butylperoxydlcarbonat und. sec.Butylcyclohexyl­

peroxydlcarbonat ausgewlhlt wlrd. 
8. Verwendung elnerflOssfgen polymerlslerbaren Zusammenselzung nach Anspruch 1 zurHerstellung van 

organlschen optlschen Gllaern. 
9. Organlsche optlsche Gliser, erhllUlch durch GleBen elnerflOsslgen polyrnerlalerbaran Zusammenset-

56 zung nach elnem der AnsprQche 1 bis 7 In Fonnen und Polymerlsleren. 
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1. Verfahren zur Heratellung elner flQaslgen, durch frelradlkallsche Polymerisation und mlt gerlngem 
Schrumpfen zu organlschen Gllsem von hoher thennlscher Stabllltit po!ymerlslerbaren ZUsammensetzung, 
dadurch gekennzelchnet, daB bel elner Temperatur vori SO°C bis 160°C In Gegenwart elnes alkallschen Kata­
lysatora Dlallylcarbonat (Komponente A) mil elnem Gemlsch aus 

- elnem entweder llnearen oder verzwelgten allphatischen Dlol mlt 3 bis 10 Kohlenstotfatomen (Kompo­
nente B) unc:I 
- elnem entweder linearen oder elnem verzwelgten allphatischen, cykloallphatlschen oder heterocykll­
achen Polyol mlt 4 bis 20 Kohlenstoffatomen und 3 bis 6 Hydroxylgruppen (Komponente C), 
oder, als Altemative, mlt elnem Gemlsch aus 
- (Komponente B) gemlB voratehender Definition und 
- elnem cykloallphatlschen Dlol (Komponente C') elner Umeaterungsreaktlon unterworfen wlrd, wobel 
das Molvarhlltnls von (l<on'!ponente A) zu (Komponente B + Komponente C) oder von (Komponente A) 
zu (Komponente B + Komponente C') glelch·oder gr6Ber als 3 : 1 1st, und die Menge an (Kornponente C) 
Im Gemlsch (Komponente 8 + Komponente C) glelch oder nledrlger als 70 Gaw.-% ausmacht und die 
Menge an (Komponente C') Im Gemlsch (Komponente B + Komponente C') glelch' oder nledrlger als 90 
Gew.-% ausmacht, und daB zu darn solcherart erhaltenen Umesterungsreaktlonsprodukt ·elne Menge 
elnes Polymerlsatlonslnltlators von 1 bis 6 Gew.•%, bezogen auf das Gewlcht des Umesterungsreaktion­
sproduktes, zugesetzt wlrd. 
2. Verfahren nach Anspruch 1, worln die Umesterungsreaktlon mil elnem Molverhlltnis von (Kornponente 

A) zu dem Gemlsch (Komponente B + Komponente C) oder von (Komponente A) zu dem Gemisch (Kompo­
nente B + Komponente C') von 3 : 1 bis 12 : 1 ausgefOhrt wlrd, wobel die Menge der (Komponente C) Im 
Gemlsch (Komponente B + Komponente C) van 20 bis 60 Gewichtsprozent betrlgt oder als Altematlve die 
Menge der (Komponente C') Im Gemlsch (Komponente B + Komponente C') von 20 bis 80 Gew.-% ausmacht. 

3. Verfahren nach Anspruch 1, worln das (Komponente B)-Diol unter Dlethylenglykol, Trlethylenglykol, 
TetraethylenglYkol, Dlpn>pylenglykol, 1,,4-Butandlol, 1,6-Hexandlol, 1,3-Propandlol, Neopentylglykol und 2,2,4-
Trimethyl-1,3-pentandlol ausgewlhlt wfrd. 

4. Verfahren nach Anspruch 1, worln das (Komponente C)-Polyol unter Pentaerythrlt, Trlmethylolpropan, 
Dlpentaerythrlt, Dltrimethylolpropan und Trls(hydn>xyethyl)lsocyanurat ausgewlhlt wlrd. 

5. Verfahren nach Anspruch 1, viorln die (Komponente C') 1,4-Cyclohexandlmethanol oder 4,S..Bls(hydro­
xymethyl)bicycl~.2.()2.IJdekan lat. 

6. Verfahren nach Anspruch 1, worin der alkallsche Katalysator unter den Alkallmetallhydroxlden, -car­
bonaten und -alkoxlden, den organlschen Basen und den baalschen lonenaustauschharzen ausgewlhlt wlrd. 

7. Verfahren nach Anspruch 1, worln der Polym'""8atlonslnltiator unter Dlcyklohexylperoxydlcarbonat, 
Dlbenzoylpen>xld, Dkec.butylpen>xy-dlcarbonat und aec.Butylcyclohexylperoxydlcarbo11at ausgewlhlt wlrd. 

8. Verfahren zur Hemtellung von organlschen optlschen Gllsem, welches die Stufen des GleBens elner 
flOaslgen polymerlslerbaren ZUsammenaelzung, hergestellt nach dem Verfahren, wle In elnem der AnsprDche 
1 bis 7 definlert, In Formen und des Polymerlslerens der Zuaammensetzung umfaBt. 

Reven di cations 

Ravandlcatlons pour las Etats Contractanta aulvanta: AT, BE, CH, DE, FR, GB, GR, LI, LU, 
45 NL, SE 

1. Composition lfqukle polym6rfsable par polym6rlsatfon radlcalalre, et avec un falble relralt, pour la pro­
duction de verres organlques lits stables thennlquement. caract6rls6e en ce que l'on peut l'obtenir en sou-

f 

mettantA une n\actlon de transest6rfficatfon, 6 une temp6rature de 80°C a\ 18CJOC, en pn\sence d'un catalyseur ., 
so alcalln, du carbonate de dlallyle (constltuantA) avec un m61ange d'un dlol allphatlque lln6alre OU ramlft6, ayant 

de 3 6 10 atomes de carbone (constltuant B) et d'un polyol allphatlque, lfn6alre ou ramlft6, cycloallphatlque ou 
h6t6rocycllquei ayant de 4 6 20 atomes de carbone et de 3 6 6 groupes hydn>xyle (constltuant C), 
ou, en varlante, avec un m61ange du conStituarit B dMlnl pn\c6demment et d'un dfol cydoallphatfque (constf­
tuant C'), 

ss le rapport molafre du constltuant A 6 la somme des constltuants B et C ou du constftuant A a\ la somme des 
consUtuants B et C' 6tant 6gal ou sup6rleur 6 3 : 1, la proportion de consUtuant C dans le m61ange constltuant 
B ... consUtuant c 6tant 6gale ou lnMrleure a\ 70% en polds, la proportion du constltuant C' dans la m61ange 
constituant B + constltuant C' 6tant 6gale ou lnf6rieure 6 90% en polds, 
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et en ajoutant au prod ult de la r6actfon de tninsest6rlflcaUon ainsl obtenu une proportion d'un amorceur de poly­
m6rlsatlon de 1% 6 6% en polde par rapport au polds dudlt produit de la r6actlon de transest6rlflcatlon. 

2. ComposlUon llqulde polym6rlsable salon la revendlcatlon 1, pour laquelle on r6allae la r6actlon de tran­
seat6rlflcatlon avec un rapport molalre du constltuant A"au m61ange conatltuant B + consUtuant c ou du cons- · 

6 Utuant A au IMlange constituant B + constltuant C' de 3 : 1 i 12 : 1, la proportion du constltuant C dans le 
m61ange constltuant B + constltuant C 6tant de 20% A 60% en polds, ou, en variants, la proportion du constl­
tuant C' dans le m61ange constltuant B + mnstltuant C' 6tant de 20% 6 80% en polds. 

3. Composl8on llqulde polym6rlsable salon la ravendlcatlon 1, pour laquelle le dlol (constltuant B) est cholsl 
parml le dl6thyl6neglycol, le trl6thyl6neglycol; le t6tra6thyl•neglycol, le dlpropylineglycol, le 1.4-butanedlol, le 

10 1,8-hexanedlol, le 1.3-propanedlol, le n6openlylglycol et le 2,2,4-trlm6thyl-1,3-pentanadlol. 
4. Composition llqulde polym6rlsable salon la revendlcatlon 1, pour laquelle le polyol (constltuant C) est 

cholsl parmf le penta6rythritol, le trlm6thylolpropane, le dlpenta6rythrltol, le dlbimtthylolpropane et l'lsocyanu­
rate de trls(hydroxy6thyle). 

6. Composition llqulde polym6rlsable salon la revendlcatlon 1, pour laquele le conatlluant C' eat le 1,4-
16 cyclohexanedlm6thanol ou le 4,8-bla(hydroxym6thyl)tricyclo-[6.2.Q2.8]d6cane. 

6. Compoaltlon llqulde polym6rfsable aelon la revencilcatlon 1, pour laquelle ledlt catalyaeur alcalln est 
cholsl pannl lea hydroxydes, carbonates et alcoolatea de m6tal alcalln, lea bases organlquea et las r6slnes 
·6changetises d'lons baalquea. 

7. Composition liquids polym6risable Hlon la revendlcatlon 1, pour laquele l'amorceur de polym6rfsaUon 
20 est cholsl pannl le peroxy dicarbonate de dlcyclohexyle, le peroxyde de dlbenzoyle, le peroxy dlcarbonate de 

dl(sec.bulyle) et le p6roxy dlcarbonate de aec.butyle et de cyclohexyle. 
8. Utilisation d'une composition llqulde polym6rlsable salon la revendlcatlon 1, pour la pr6paratlon de verres 

optlques organlques. 
9. Verres optlques organlques obtenus par coulage dans un moule at polym6rlsatlon d'une composlllon 

26 llqukJe polym6rlsable salon l'une quelconque des revendlcaUons 1 i 7. 

Revendfcatloris pour l'Etat Contractant aulvant : ES 

1. Proc6d6 de pr6paratlon d'una composition llqukJe polym6risabla par polym6rfsatlon radlcalalre, et avec 
30 un falble retralt, pour la production de verres organlques tits stables thennlquement. caract6rls6 en ca qu'D 

comprend las 6tapes conslstant 6 sournettre ii une r6actlon de transast6rlflcaUon, ii une temp6ralura de 80°C 
ii 1SO°C, en pr6aence d'un catalyaeur alcalfn, du carbonate de dlallyle (conatftuant A) avec un m61ange d'un 
dlol allphatlque lln6alre ou ramlfl6, ayant de 3 i 10 atomes de carbone (conatltuant B) etd'un polyol allphatlque, 
lln6alra ou ramN, cycloallphatlque ou h6t6rocycllque, ayant de 4 A 20 atomes de carbona et de 3 ii 6 groupes 

as hydroxyle (coi1atltuant C), 
ou, en varlante, avec un m61ange du constlluant B d6ftnl pr6cjdemment et d'un dlol cycloaffphatfque (constl-
tuant d), · · 
le rapport molalre du conatltuant A ii la aomme du conatllilant B et du conatltuant c ou du constftuant A ii la 
somme du conatltuant Bet du conaUtuant C' 6tant 6gal ou sup6rieur6 3 : 1, la proportion de constltuant C dans "° le m61ange constltuant B + consUtuant C 6tant 6gale ou lnf6rfeure i 70% en polds, la proporUon de conatltuant 
C' dans le m61ange constltuant B + constltuant C' 6tant 6gale ou lnf6i'leunt i 90% en pokfs. 
et l ajouter au psoduft de la r6acUon de tranaesbklftcatlon alnsl obtenu·une proporllon d'un amorceur de poly­
m6rlsadon de 1% 6 6% en polda par mpport au polda dudlt prodult de la Nactlon da tranaeat6riflcadon. 

2. Proc6d6 salon la revendlcatlon 1, dana lequel an effectue la r6actlon de transeat6riflcatlon avec un rap-
46 port molalre du conatltuantA au m61ange constltuant B + constltuant C ou du conatltuantA au m61ange cons­

Utuant B + conatltuant C' de 3: 1ii12: 1, la proportion du conatltuant C dans le m61ange constltuant B + 
conaUluant c 6tant de 20% ii 80% en polds, au, en varlante, la proportion du conatltuant C' dana le m61ange 
eonstltuant B + constituent C' 6tant de 20% l 80% en polds. 

3. Pro*' aelon la ravendlcatlon 1, dans lequel le dlol (constituent B) est cholsl pannf le dl6thyltneglycol, 
60 le bi6thyltneglycol, le *'116thyltneglycol, le dlpropyltneglycol, le 1,4-butanadlol, le 1,6-hexanedlol, le 1,3-pro­

panedlol, le n6openlylglycol et le 2,2,4-trlm6thyl-1,3-pentanadlol. 
4. Prac6d6 aelon la revendlcatlon 1, dans lequel le polyol (conatftuant C) est cholsl parml le penta6rythritol, 

le b'lm6thylolpropane, le dlpenta6rythritol, le dllrlrntthylolpropane et l'lsocyanurate de trla(hydroxy-6thyle). 
5~ Proc6d6 aelc>n la revendlcatlon 1, dans lequel le constlluant C' eat le 1,4-cyclohexanedlm6thanol ou le 

66 4,8-bls(hydroxym6thyl)bicyclo(5.2.0Z"Jd6cane. 
6. Pmc6d6 aelon la revendlcatlon 1, dans lequel ledlt catalyaeur alcalln est cholsl pannl las hydroxydes, 

lea carbonates atlas alcoolates de m6tal alcalln, les bases organlques et lea r6slnes 6changeuses d'lons basi­
ques. 
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7. Proc6ci6 salon la revendlcadon 1, dans lequel l'amorceur de polym6rtsatlon est cholsl pannl le peroxy­
dlcarbonate de dlcydohexyle, kt peroxyde de dlbenzoyle, le peroxy dlcarbonate de dl(aec.bulyle) et le peroxy 
dlcarbonate de sec.butyle et de cyclohexyle. 

8. ProcM6 de pr6paratfon de verras optfques organlques, comprenant las Mapes conslstant A couler dans 
5 un moule et A polym6riserune composition llqulde polym6rfsable, pr6par6e salon le proc6de tel que d6flnl dans 

rune quelconque des revendlcatlons 1i7. 
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