10

15

' ' ' EP 0 302 537 B1

Description

The present invention relates to a liquid composition, polymerizable by the free-radical polymerization
route, to yield organic glasses endowed with a high thermal stabllity.

The invention relates also to the organic glasses which can be obtained from said composition.

in the sector of the high-transparence organic glasses, those obtained by means of the polymerization of
bis(allyl-carbonate) of diethylene glycol are of considerable interest from a commercial viewpoint, owing to their
particular mechanical characteristics, and characteristics of chemical and ageing resistance.

-See, e.g., F. Strain, "Encyclopaedia of Chemical Processing and Design", 1%t ed., Dekker Inc., New York,
Volume [I, pages 452-foll, ; and "Encyclopaedia of Polymer Science and Technology”, Vol. |, pages 799-foll.,
Intersclence Publishers, New York, 1964.

However, the products of polymerization of bis(aflyl-carbonate) of diethylene glycol suffer from a limitation
derliving from the relatively low values of their heat distorsion temperature (HDT), of the order of 65°C, what
makes them unsuitable in applications wherein high operating temperatures are required.

~ In order to overcome such a drawback, the use was proposed of copolymers of diethylene glycol bis(allyl-
carbonate) containing up to approximately 10% by weight of triallyl cyanurate, such as dloeloaed e.g., by HW,
Starkweather et al. In Ind. Eng. Chem., Vol. 47, No. 2, 1955, page 302.

However, if on one hand they show improved heat distorsion temperatures, on the other hand such
copolymers show worse values of some other characteristics than the polymerizate obtained from diethylene
glycol bis(allyl-carbonate) alone.

In particular, the possibility 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 atmould open-
ing time. Said phenomena mainly derive from the high shrinkage during the polymerization step, and from the
higher fragllity of the polymerizates, deriving from their considerale crosslinking density.

The present Applicant has found now that the above reported drawbacks affecting the prior art can be over-
come by means of the liquid composition of the present invention, which can be easily polymerized by free-
radical polymerization, with a low shrinkage during polymerization, in order to yleld organic glasses endowed
with high values of thermal distorsion temperature.

“This invention, therefore provides a liquid composition polymerizable by free-radical polymerization and
with low shrinkage for producing highly thermally stable organic glasses, characterized in that it is obtalned by
subjecting fo a transesterification reaction, at a temperature of from 80°C to 160°C, preferably from 90°C to
130°C, in the presence of an alkaline catalyst, diallyl carbonate (component A) with a mixture of

~— an either linear, or a branched aliphatic diof having from 3 to 10 carbon atoms (component B), and
— an elther linear, or a branched afiphatic, cycloaliphatic, or heterocyclic polyol having from 4 to 20 carbon
atoms and from 3 to 6 hydroxy! groups (component C),
or, as an alternative, with a mixture of :
— (component B) as defined hereinabove, and
~— a cycloaliphatic diol (component C’),the molar ratio of (Component A) to (Component B + Component
C), orof (Component A) to (Component B + Component C') being equal to, or greater than 3 : 1, the amount
of (Component C) in the (Component B + Component C) mixture bsing 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 transesterification reaction product an amount
€ polymerization initiator of from 1% to 6% by weightrelative to the weight of sald transesterification reaction
product.

According to the prefemdfonnofpracﬂeal embodiment, lhevaluesoflhe molar ratios of (A)/(B + C) and
(AY(B + C*) are kept comprised within & range of from 3/1 to 12/1, and the (C) and (C') components are re-
spectively present in an amount comprised 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) diols used for the purposes of the present invention are the either linear or branched aliphatic diols
containing from 3 to 10 carbon atoms in their molecule.

Specific examples of diols are diethylene glycol, triethylene glyod. tetraathylene glycal, 1,4-butane-diol,
1,6-hexane-diol, 1,3-propane-diol, neopentyl glycol, dipropylene glycol and 2,2 ,4-trimethyl-1,3-pentanediol.

Among them, diethylene glycol is preferved.

The (C) polyals, used for the purposes of the present invention, are either linear or branched aliphatic, cyc-
loaliphatic or heterocyclic polyols, containing from 4 to 20 carbon atoms, and from 3 to 6 hydroxy groups in
their molecule.

Specific examples of polyals sultable for the intended purpose are : pentaerythritol, trimethylolpropane, di-
pentaerythritol, di-trimethyfol-propane and tris(hydroxysthyl)isocyanurate,
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Among these, pentaerythiritol, trimethylolpropane and tris(hydiexyethyl)isocyanurate are preferred.

The (C’) component, used for the intended purpose, Is selected from cycloaliphatic, monocyclic or polycyc-
lic diols, with 1,4-cyclohexane-di-methanol and 4,8-bis(hydroxy-methyl)tricyclo[5.2.1.0.2¢]decane.

The composition according to the present invention is obtained by starting from diallyl-carbonate (A) and
from the (B + C) or (B + C*) mixture by operating under transesterification conditions. More particularly, the pro-
cess is carried out by placing the reactants into mutual contact, in the hereinabove stated proportions, and mak-
ing them react at temperatures comprised within the range of from 80° to 160°C, and preferably of from 90° to
130°C In the presence of a catalyst of alkaline character, with the allyl alcohol which is formed as the reaction
byproduct being continuously removed. Suitable catalysts for the intended purpose are hydroxides, carbonates
and alkoxides of alkali metal, the organic bases and the basic ion-exchange resins.

Specific examples of catalysts are sodium hydroxide, sodium carbonate, sodium methoxide. The catalyst
is advantageously used In an amount equal to at least 1 ppm (part per million parts 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.

The reaction Is advantageously canied out under stich a pressure that the system is made boll atthe selec-
ted operating temperature, so as to favour the removal of allyl alcohol from the reaction mixture ; e.g., pressure
values comprised within the range of from 26,66 hPa to 1013,88 hPa (20 to 760 torr) and preferably of from
686,65 hPa to 533,2 hPa (50 to 400 torr) are suitable for the intended purpose.

. Under the above specified conditions, the reaction times are generally comprised within the range of from
0.5 to 20 hours, and typically are of the order of 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 unreacted dialiyl carbonate is distilled off, by
heating up to temperatures of the order of 120°C, under a decreasing pressure, with end pressure values of
the order of 0,1333 hPa to 26,66 hPa (0.1-20 Tom), and preferably of 1,333 hPa to 3,999 hPa (-3 Torr, with
the desired product being obtained as the residue. }

The compasition is finally submitted, if necessary, to fiitration, after a preliminary treatment with activated
charcoal.

The composition according to the present invention is liquid at room temperature, and has viscosity values
comprised within the range of from 15.10-8 m?/s to 300.10-¢ m%/s (15 to 300) cst and density values of the order
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 oligomer form, as Well as mixed oligomer allyl-
carbonates of sald (B) and (C) or (C') components, with the relative amounts of said constituents of the
composition mainly depending on the preselected ratios of the (A), (B) and (C) or (C’) reactants.

This composition can be transformed into organic glasses, by means of free-radical polymerization, with
the usual "casting” technique. _ -

For that purpose, to the composition one or more polymerization initlator(s) is(are) added, which are soluble
in the same composition, and is(are) capable of generating free radicals at temperatures comprised within the
range of from 30° fo 120°C. :

Preferred examples of such initlators are di-cyclo-hexyl-peroxy-dicarbonate, di-isopropyl-peraxy-dicarbo-
nate, di-benzoyl-peroxide, di-sec.-butyl-peroxy-dicarbonate and sec.-butyl-cyclohexyl-peroxy-dicarbonate.

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

The composition can additionalty contain one or more conventional additive(s), such as stabllizers, lubric-
ants, dyes, pigments, U.V.-absorbers, I.R.-absorbers, with the overall amount of such additives being anyway
not higher than 1 part by weight per each 100 parts by weight of the same compasition.

The composition of the present invention containing the initiator, and, possibly, one or more additive(s)
selected from the above mentioned additives, is transformed into the relevant organic glass by operating at
temperatures comprised within the range of from 30° to 120°C, with polymerization times which can be generally
comprised within the range of from 1 to 100 hours.

During the polymerization, small-extent phenomena of shrinkage occur, and the organic glasses obtained
have a high thermal distorsion temperature (HDT higher than approximately 90°C, when determined by ASTM
D-848), and a good set of optical and physical/mechanical characteristics.

The so-obtained organic glasses are particularly useful jn protecting shields (e.g., forwelders), in sight win-
dows (e.g., in blast fumaces), in windows In the transportation sector and in the civil building sector, in lenses
for vehicle lights, in solar and photovoltaic collectors and panels, in substrates for optical disks and in panels
for displays. :

The following experimental Examples are reported for exemplifying purposes.
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In the following examples, liquid polymerizable compositions are prepared by reacting, under transesteﬂ-
fication conditions, diallyl-carbonate (A) and a mixture of the hydroxy-compounds.

The (B) diol used in the examples is diethyiene glycol (DEG).

The (C) polyols used in the examples are : pentaerythritol (PE) ; tris-hydroxyethyl-isocyanurate (THEIC) ;
and trimethylol-propane (TMP).

The (C') cycloatiphatic diol used in the examples is 1 #cydohexane-dimethanol

To the so-obtained liquid compeositions, di-cyclohexyl-peroxy-dicarbanate (DCPD) is added as the initiator,
In an amount of 5% by weight, of the mixture weight.

The catalyst-containing compositions are transformed by polymerization into flat sheets or neutral lenses,
respectively of 3 mm and 2 mm of thickness, by means of the conventional casting technique. According to
this technique, the liquid composition, containing the catalyst, is cast into the hollow of a mould constituted by
two glass elements, with a spacer gasket of plasticized polyvinyl-chloride or of ethylene-viny! acetate copolymer
(EVA).

The liquid composition is then submitted to polymerization by means of a thermal treatment carried out for
72 hours Inside a forced air circulation oven at 48°C, _

Atthe end of this treatment, the moulds are opened and the polymerizates are recovered and are left stand-
ing at 110°C for a further 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 determined :

a) Optical Characteristics :

— Refractive index (n?®) measured by Abbe refractometer (ASTM D-542) ;

—- Haze and transmittance at visible wave lengths (%) : measured by using Gardner’s Hazegard XL-211
(ASTM D-1003) ;
—- Yellow index (Y1), defined as :

100
Yl = (---) » (1'.277X'1 «062)
Y

as determined by means of Gardnier’s XL-805 colorimeter (ASTM D-1925).

b) Physical and Mechanical Characteristics

— Denslty : as determined by means of the hydrostatic balance at the temperature of 25°C (ASTM D-792);
— Shrinkage during polymerization, computed by means of the following formula :
Shrinkage % =

(polymer density - monomer density)

polymer density

— Rockwell hardness (M), as measured by the Rockwell durometer (ASTM D-785) ;

— Elastic modulus at bending (ASTM D-790) ;

~ Abrasion resistance, Taber method (ASTM D-1044, modified), carried out with a couple of grinding

wheels 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 tested, to the same parameterfora reference sample of poly-methyimethacrylate
(PMMA). :

On the neutral lenses, the
— Sutheriand Abrasion Resistance is determined.

The test consists in camrying out 25 abrasive cycles (50 passages), on the neutral lenses, of a pad of 2/0-
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type steel wool of 6.5 cm x 7.5 cm, loaded with a welight of 630 g. The abrasion degree 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 sample based on disthylene giycol bis(allyl-carbonate) homopolymer. The abrasion
resistance is expressed by means of a scoring on a scale of from 0 to 10, wherein score 10 is assigned to the
scratch-free sample, or to a sample showing from ane to three thin, not very deep scratches, and score 0 is
assigned to the completely scratched sample (this is the case of diethylene glycol bis(allyl-carbonate)
homopolymer, assumed as the reference standard).

Intermediate 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 sample shows a 60% of scratches
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. )

¢) Thermal Characteristics

— Heat Distorsion Temperature Under Load

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

Example 1

To a three-neck flask with jacket, fitted with a thermometer, a magnetic stirer and an overhead distillation
column with 20 perforated trays, there are charged : .

60 g €(0.447 mol)

Trimethylol=-propane (THP)
piethylene glycol (DEG) 140 g (1.320 mol)
piallyl-carbonate (DAC) 1,254 g (8,835 mol)
- Solution at 30X by weight of sodfum amethoxide in

methanol 2 0.20 ml

The reaction Is carried out for 45 minutes at a temperature of 88-118°C, and under a pressure of 1989.95
hPa (150 torr), with aliyl alcohol being distilled off as it forms (total 230 g ; purity of 99,0%.).

Afier cooling, the reaction mixture is washed with two portions of 500 ml each, of distilied water.

The excess of diallyl-carbonate is distilled under 1 torr, with increasing temperature up to 120°C.

The obtained product Is decolorized by contactwith 2% by weight of activated charcoal, for 4 hours at 80°C,
and is then filtered.

In this way, 500 g is obtained of a liquid product having the following characteristics :

Viscosity ¢25°¢) 34,5.1070 m/s (3.5  cst)

~ vensity 20°0) : 1.164 g/ml
- Refractive index (nzbo) : 1.4585
- Colour CAPHA) H 15

This product is a mixture of both monomer and oligomer diethylene glycol bis(allyl-carbonate), trimethylol-
propane tris(allyl-carbonate), and of mixed allyl-carbonates, having the following presumed composition :
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— Diethylene glycol bis(allyl-carbonate) :

CH_ =CH~CH_ -0~C~0(CH, -CH ~0~CH_=CH

2 270§ 2", 2 ~CHp=0-f=0 ~CH,=CHCH,
0 0
monomer n=1 45.8% by weight;
dimer n=g 10.1% by weight.

—Trimethylol-propane tris(allyl-carbonate) :

monomer 17.3% l'_ay weight;

CH3_-CH2-C (CI(Z'O-C"O-CHz-CH’CHz) 3

dimer 2.4% by weight.
0 CH_CH 0
CH_ =CH=-CH : : b ;
= - L+ L3 of L g o J o - - =
2 2 0-C O(CHZ f CHZ .0 C O)ZCHZ CH Cl{z
CHZ-O-CH-O-CHZ‘-CPCHz'
(1]

~— Mixed allyl-carbonate : 10.1% by weight

0 .
It
.. ?'CH2°CHZ-O"CHZ-Cﬂz-O'C'.'O"Cl'lz-cHSCHZ
() -
C= ?HZ CHS /0

O-CHZ-IE-CHZ-O-C-O-CHZ-_CH*“CH

CHZ-O-f‘-o-CHZ-CHS_CHZ
0

2

with the residual percentage being essentially constituted by the higher oligomers of the above disclosed
species.

Example 2
To the same equipment as disclosed in Example 1, there are charged :

[
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= TrisChydroxyethyl)isocyanurate (THEIC):
30.0 g €(0.115 mol);

= Diethylene glycol (DEG): ’ 70.0 g €0.660 mol);

- Diallyl-carbonate (DAC): 1,320 g (9.30 mol);

- Solution at 30X by weight of sodium methoxide in
methanol: ' 0.15 ml.

The reaction Is carrled out for 1.5 hours at a temperature of 116-119°C; and under a pressure of 199,95
hPa (150 torr), with allyl alcohol being distilled off &s it forms (total 98 g ; purity of 96%).

After cooling, the reaction mixture Is washed with two portions of 500 mi each, of distilled water.

The excess of diallyl-carbonate is then distilled under 1,333 hPa (1 torr), with increasing temperature up
fo 120°C.

The so obtained product is fiitered over decalite.

In this way, 212 g Is obtained of a liquid product having the following characteristics :

- Viscosity (25°¢) : 47,06,10"6 m/s (47.06 cst)
- Density ¢20°c) H 1.195 g/mt
= Refractive index (nio) g 1.4640

= Colour (APHA) H 15

This product Is a mixture of both monomer and ofigomer diethylene glycol bis(allyl-carbonate), tris-(hyd-
roxyethyl)isocyanurate tris(allyl-carbonate), and of mixed allyl-carbonates, having the following presumed

composition :

— Diethylene glycol bis(allyl-carbonate) :
?-CHZ-CIMCHZ
» i
0CCHZ—CHZ—O-CHZ-CHz-o-c-O)n-CHZ-CH=CH2
monomer n=1 64.8X by weight;
dimer n=2 6.8% by weight.
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— Tris(hydroxyethyljisocyanurats tris(allyl-carbonats)

monomer 19.2% by weigﬁt;
CH=CH2 0 Cllza(':ll
cnz-_-o-ﬁ-o-cuz-cuz /Cﬂz-CHZ-O-ﬁ-O-CHz
0. : y L 0.
; /\ ‘l/\o ﬁ
. CHZ—CHZ-O-C-O-'CHz-CH'CHz

dimer 0.8X by weight.

CH=CH CH_ =CH

{ 2 2 2 i
cuz-o-ﬁ-occuz-cuz\ c"z"c"z"""ﬁ'o’zc"z
0 r o

o/\u 0 (}

I
Cllz-CHz-O"I*D-CHZ"ClFCHZ

—Mixed allyl-carbonate : 5.1% by weight

CH,=0=CH,~CH,~0-C-0-CH,~CH=CH, CH,=CH
H,~0=C=0~CH_=CH CH, ~CH,~0=C~0~CH
27 0Tfjm0CHymcH, 27 HT07 7O
o \u s 0
¢ 1
CH,~CH,~0-C-0-CH,~CH=CH,

with the residual percentage being essentially constituted by the higher oligomers of the above species.
Example 3

To the same equipment as disclased in Example 1, there are charged :
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: 947 g (6.66 mol);
weight of sodium methoxide
: 0.40 mt.

£5.4 g (0.33 mol);
106.1 g €1.00 mol);

in

The reaction Is carried out for 45 minutes at a temperature of 109-118°C, and under a pressure of 199,95
hPa (150 torr), with allyl alcohol being distilled off as it forms (total 218 g ; purity of 90%).

After cooling, the reaction mixture is washed with two portions of 500 ml each, of distilled water.

The excess of diallyl-carbonate is then distilied under 1,333 hPa (1 torr), with increasing temperature up

to 120°C.

The so obtained product is decolorized with 2% by -welght of activated charcoal for 4 hours at 80°C and is

then filtered.

In this. way; 380 g is obtained of a liquid product having the following characteristics :

~ Viscosity (25%¢)

- bensity c20°C)
Refractive index (n
- Colour (APHA)

20
]

).

87,7.10°% m2/s (87.7

.cst)
1.1939 g/nl
1.4616

5

This product Is a mixture of both monomer.and oligomer diethylene glycol bis(allyl-carbonate), pentaeryt-
hrito! tetrakis(allyl-carbonate), and of mixed allyl-carbonates, having the following presumed composition :

— Diethylene glycol bis(allyl-carbonate)

0-CH_-CH=CH. -
i 2

2

- ;
o¢ CHZ-Cﬂz-O-CHz-CHZ-O-C-O) n-CHz-CH'BCIlz
monomer n=1 53.9% by weight;
dimer n=2 9.0X by weight.,

— Pentaerythritol tetrakis(allyl-carbonate) :

monomer 13.0X by weight;

I?

C(CHZ-O-C-O-CHZ-CH=CHZ)4

dimer 2.5X by weight.
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o.
CH -o-g-o-cu <CH=CH
2 2 2
0 0

I | |
=0-C=0(CH,=C~CH_ ~0~C~0)CH,~CH=CH

2 Z| 2 2 2 2
_ CHZ-O-E-O-CHZ'-CHﬂ!CHz
0

Cllz'QH-CH

— Mixed allyl-carbonate : 10% by weight

oAcuzacu-cu

i 2
€=0

l

0

=CH=CH,,)

2 fo-ﬁ-o-cu

2 2
0

=CH,=CH,=0~CH,~CH -o-ﬁ-o-cnz~c<¢ﬂ 2

with the residual percentage being essentially constituted by the higher oligomers of the above species.
Example 4

By operating according to as disclosed in Examples 1-3, the polymerizable compositions Nos. 1, 2, 3 and
4 are prepared by reacting diallyl-carbonate (DAC) with mixtures of pentaerythritol (PE) and diethylene glycol
{DEG), at various molar ratios (R) of DAC to the sum of (PE + DEG), as shown in following Table 1. In sald
table, also the characteristics of viscosity (at 25°C) ; density (g/ml at 20°C) and refractive index (n?) in the

obtained polymerizable liquid compositions are reported.
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Composition No.

PE (X by weight)
Mixtire

DEG (X by weight)
Ratio of DAC/(PE+DEG)
Viscosity (m*/s at 25°C)

Density (g/mi; 20%¢)

- IABLE.L

1

25

75

4

73,6.107°

1.190

1.4609

[-74
(4

2
25
75
5/1
53,5.10°5
1.183

1.5598

‘o
0

3
30
70

571
6

87,7.10"

1.194

1.4616

4
30
70
7]
110,107
1.202

1.4624

19 2£S 20€ 0 43
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The compositions, after the addition of di-cyolohexyl—peroxydlcarboﬁate' (DCPD) ; 5% by weight in the
composition) are submitted to polymerization in the same way as previously set forth and on the hardened
compositions, the characteristics reported in Table 2 are determined.

Example 5

'For comparative purposes, the polymerizable liquid compositions Nos. 5, 8 and 7 according to the prior
art are prepared, by mixing triallyl-cyanurate (TAC) and diethylene glycol bis(allyl-carbonate) (BACGD), this
latter being the product resulting from the transesterification between diallyl-carbonate and diethylene glycol
in the mutual molar ratio of 12/1. The characteristics of these liquid compositions are reported in following Table
3.

IABLE.Z

Composition No. S - 6 4
TAC - 5.5 10.5
BACGD 100 94.5 89.5
Viscosity (m*/s 25°C) 14.107° 14,1.107%  14,2.107°
bensity Cg/ml; 20°¢C) 1.151 1.150 1.148
ni“ 1.4520 1.4549 1.4576

After the addition of di-cyclohexyl-peroxydicarbonate (DCPD) in an amount of 5% of the welght of the same
compositions, said compositions are submitted to polymerization under such conditions as stated in the text,
and on the hardened compositions the characteristics as reported in Table 2 are determined.

12
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IABLE. 2

COMPOSITION No. 1 2 3 4 S 6 7
bensity, (glcns) 1.3290 1.3274 1.3317 1.3316 1.311 1.3112 1.3111
sysinkage, X 10.4 10.8 10.3 9.7 - 42.2 12.3 12.45
ny 1.5016 1.5014 1.5016 1.5015 1.5010 1.5041 1.5070
Haze, 4 0.27 0.26 0.36 0.40 0.16 0.19 0.15
Transaittance at .

visible wave lengths, % 92.1 91.8 91.7 91.7 ?3.3 92.5 92.0
Yellow index 2.90 3.20 3.50 3.89 1.20 1.59 2.88
Elastic modulus )

at bending (Mpa) 2900 2900 3050 3070 2400 2500 2680
Rockwell hardness 1€, }) 11 112 109 112 97 104 108
1zod {mpact strength, 2 _ '

without notch (Ki/m) 6.0 5.2 4.2 4.9 7.9 7.0 4.0
Taber sbraston '

resistance (XPMMA) - - - - 18 20 25
Sutherland abrasion

resistance 0 8/9 8/9 9710 9 (1] 576 4
HoT, ¢ 108.2 410.8 142.9 121.3 66 73 89.6

l

19 28S 208 0 d3
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Example 6

The polymerizable liquid compositions Nos. 8, 9, and 19 are prepared by starting from diallyl-carbonate
(DAC), tris(hydroxyethyl)isocyanurate (THEIC) and diethylene glycol (DEG), as shown in following Table 4.

JABLE &

Composition No. 8 9 10

[%ue:c (% by |
Mixture weight) 40 50 30

‘1056 (X by weight) 60 50 70
Ratio of DAC/CTHELC+DEG) 511 6/1 12/1
Viscosity (m/s; 25°C) 95,7x10%  187x10™0 48, 5x10~5
bensity (g/mi; 20%¢) 1,220 1,2308 1,1907
020 | ND ND* 1,4640

ND*= Not Determined

After the addition of di-cyciohexyl-peroxydicarbonate (DCPD) in an amount of 5% of the weight of the same
compositions, said compositions are submitted to polymerization under such conditions as stated in the text,
and on the hardened compositions the characteristics as reported in Table 5 are determined.

Example 7

The polymerizable compositions Nos. 11 and 12 are prepared by starting from diallyl-carbonate (DAC), tri-
methylol-propane (TMP) and diethylene glycol (DEG), as shown in following Table 6.

IABLE. S

Composition No. 1 12

THP (X by weight) S0 30
Mixture

PEG (X by weight) 50 70
Ratio of DAC/(TMP+DEG) &1, sn
Viscosity (mt/s; 25°C) 96,1x10°  34,5x1078
bensity (ol 20°%¢) 1,1716 1,164
n® 1,4635 1,4585

After the addition of di-cyclohexyl-peroxy-dicarbonate (DCPD) in an amount of 5% of the welght of the same
compositions, said compositions are submitted to polymerization under such conditions as stated In the text,
and on the hardened compositions the characteristics as reported in Table 5 are determined.

14
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COMPOSITION No.
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bensity,
sgﬁinkage, _
n

Haze,
Transmittance at

visible wave Llengths,

Yellow index

Elastic modulus
at bending

Rockwell hardness

Izod impact strength,

without notch
Taber abrasion
resistance

Sutherland abrasion

resistance
HDT,

(" {”
A 8 8 8 8 3 3 -
JABLE_ 5
8 9 10 11 12
Cg/en) 1.3473  1.3516  1.3288  1.3031  1.3077
2 9.4 8.9 10.4 10.1 11.0
1.5080  1.5082  1.5052  1.5010  1.5004
p 0.08 0.10 0.10 0.19 0.14
% 92.4 92.0 92.7 92.5 93.0
3.5 4.0 2.4 3.2 1.48
(MPa) 3380 3300 3160 2950 2510
) 104 110 107 109 100
(kd/m%) 10 9.6 7.8 4.5 8.6
CXPHMA) 16 18 24 27 18
. - - - 6 5
¢ 91 98.3 93.4 131.8 90.0
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Example 8

A liquid and polymerizablé composition is prepared by starting froi §

- 1,4-Cyclohexane~dimethanol - 138.7 g (0.96 mol)

= Diethylene glycol 46.2 g €0.44 mdl)
- Diallyl-carbonate 795 g (5.6 mol)

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

sodium methoxide in néthanol 0.30 ml

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

(150 torr), with allyl alcohol being distilled off as It forms (total 167 g ; purity of 97%).

Aftér cooling, the reaction mixture is washed with two portions, of 500 mi each, of distiled water.

The excess of diallyl-carbonate is then distilled off by operating under a pressure of 1,333 hPa (1 torr), with
increasing temperature up to 120°C. '

The obtairied product is decolorized 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 :

-6

- Viscosity (25°C) : 62,1.107° m*/s
- Density-€20°C) : 1.124 g/nt
- Refractive index Cno ) 1.468

= Colour CAPHA) : 5

This product is formed by both monomer and oligomer bis(allyl-carbonates) of cyclohexane-dimethanol,
diethylene glycol or mixed allyl-carbonates, having the following presumed distribution :

CHZ-'-'-CH-CHZ"O-ﬁ-O(CHZ-O-CHZ“O—({'O)n-CHZ-CH=CH2

0 0

monomer n=1 '45.91 by weight;

dimer n=2 12.2% by weight;

trimer n=3 . 2.8% by weight.

CH2=CH—CH2-0-ﬁ-0 ( CHz-Cﬂ2-0°CHz-CH2-D-ﬁ-O) n-CHZ-CH=CH2
0 0

monomer n=1 18.5% by weight;

dimer n=2 2.2% by weight;

trimer n=3 0.2% by weight.

The mixed cyclohexane-dimethanol and diethylene glycol bis(allyl-carbonate) dimer :

16
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CH =CH-CHZ-0-C-0-R-0-C-O-R1--O-C-0-CH -~CH=CH
i i e e

2
0 0
wherein R = ‘
R! 2 —CHxCH»0-CH,-CHz—~

is present in an amount of 10.3% by weight, and the relevant trimer is prasent in an amount of 5.2% by weight.
The mixture contains furthermore an overall amount of 2.7% by weight of higher oligomers than the trimer.
After the addition of di-cyclohexyl-peroxy-dicarbonate (DCPD) in an amount of 5% of its welght, said
composition is submitted to polymerization under such conditions as stated in the text, and on the hardened
‘compositions the characteristica as reported in Table 6 are determined. '

TABLE 6

bensity, Cg/cm>) 1.2366
Shrinkage, % 9.1
n2) | 1.5040
Haze, b4 0.23
Transmittance at visible

wave lengths, 4 92.7
Yellow index . 1.10
Elastic modulus at bending (MPa) 2,320
Rockwell hardness 14, ) : 108
Iz0od impact strength,

without notch (kS 702) 5.0
Taber abrasion resistance (XPMMA) 18
HDT. °c 93.0

Example 9

To a three-neck flask with jacket, fitted with a thermometer, a magnetic stirrer and an overhead distillation
column with 20 perforated trays, there are charged :

- 1,4-CycLohexane-di'nethanol 288.4 g ¢ 2.00 mol)

-~ Neopentyl glycol 123.6 g ¢ 1.19 mol)

- biallyl carbonate 1,810 g €12.75 mol)

~ Solution at 30X by weight of sodium wmethoxide 1in
l;iethahol 1.60 mi

17
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The reaction Is carried out for 45 minutes at a temperature of 107:116°C, and under a pressure of 199,95
hPa (150 Tom), with allyl alcohol being distilled off as it forms (total 370 g).

After cooling, the reaction mixture is washed with two portions of 1,000 mi each, of distilled water.

The excess of diallyl-carbonate is distilled under 1,333 hPa (1 ton), with Increasing temperature up to
120°C. -
The obtained product s decolorized by contact with 2% by weight of activated charcoal, for 4 hours at 80°C,
and is then filtered.

In this way, 840 g Is obtained of a liquid product having the following characteristics :

= Viscosity (m*/s 25°C) 73.,0-6
- Density (g/at; 20°C) 1.099
= Colour (APHA) ; 5

This product is a mixture of both monomer and oligomer cyclohexane-dimethanol bis(allyi-carbonate),

' neopentyl glycol bis(allyl-carbonate), and of mixed allyl-carbonates, having the following approximate compo-

= Cyclohexane-dimethanol bis(allyl-carbonate):

monomer 42X by veight;
dimer 104 by weight;

- Neopentyl glycol bis(allyl-carbonate):
monomer 19% by weight;
dimer 3% by Qeight;

= Mixed bis(allyl-carbonate)

' . | fﬂs CRZ-CH=sz
CH2=§H-CH2-0-§-O-CH2-f-CHZ-O-ﬁ-o-cuz-<:::>>-pﬂz-o-?-o
0 CR3 0
10% by weight ;

with the residual percentage bsing essentially constituted by the higher oligomers of the above species.

After the addition of di-cyclohexyl-peroxy-dicarbonate (DCPD) in an amount of 5% of weight of the same
composition, the reaction product is submitted to polymerization under such conditions as stated in the text,
and on the hardened compositions the characteristics as reported in Table 7 are determined.

18
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IABLE_Y

dbensity, .(glcmsi 1.2104
Shrinkage, b 9.3
n2? | 1.500
Haze, 4 . 0.22
Transmittance at visible

wave lengths, £ 92.7
Yellow index 1.2
Elastic modulus at bending.(NPa) 2,400
Rockwell hardness M) - 112
I1zod impact strength,

without notch (KJlmz) 4.6
Taber abrasion resistance (xPMMA) 14
woT, . °c 86.2

in Table 8, the results are reported of the tests of water absorption for long soaking times, as compared
fo the values measured on the polymer of diethylene glycol bis(allyl-carbonats) (BACGD), taken as the refer-
ence standard. '

JABLE_ B
Weight Change %, Composition
seaking lime ei_Exapple T _ BALED
1 day 0.12 0.27
7 days 0.32 ' 0.65
15 days 0.43 | 0.96

Claims

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

1. Aliquid composition polymerizable by free-radical polymerization and with low shrinkage for producing
highly thermally stable organic glasses, characterized In that It Is obtainable by subjecting to a transesterifi-
cation reaction, ata temperature of from 80°C to 160°C in the presence of an alkaline catalyst, diallyl carbonate
{component A) with a mixture of .

—-an either linear, or a branched afiphatic diol having from 3 to 10 carbon atoms (component B), and

— an either linear, or a branched aliphatic, cycloaliphatic, or heterocyclic polyol having from 4 to 20 carbon

atoms and from 3 to § hydroxyl groups (component C),

or, a8 an alternative, with a mixture of :

— (component B) as defined hersinabove, and

— a cycloaliphatic diol (component C’),the molar ratio of (Component A) to (Component B + Component
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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 (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
fower than 80% by weight, and adding to the thus obtained transesterification reaction product an amount

a polymerization initiator of from 1% to 8% by weight relative to the weight of sald transesterification reaction

product.

2, Liquid polymerizable composition according to claim 1, wherein the transesterification reaction Is carried
outwith 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) 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 of from 20% to 80% by weight.

3. Liquid polymerizable composition according to claim 1, wherein the (Component B) diol is selected from
diethylene glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, 1,4-butanediol, 1,6-hexanediol,
1,3-propanediol, neopentyi glycol, and 2,2,4-trimethyl-1,3-pentanediol. '

4. Liquid polymerizable composition according to claim 1, wherein the (Component C) polyol is selected
from : pentaerythritol, trimethylolpropane, di-pentaerythritol, di-trimethylolpropane, and fris(hydroxyethyl)iso-
cyanurate.

5. Liquid polymerizable composition according to claim 1, wherein (Component C’) is 1,4-cyclochexane-di-
methanol, or 4,8-bis(hydroxymethyl)tricyclo-[5.2.024] decane.

6. Liquid polymerizable composition according to claim 1, wherein said alkaline catalyst Is selected from
the alkali metal hydroxides, carbonates and alkoxides; the organic bases, and the baslic lon-exchange resins.

7. Liquid polymerizable composition according to claim 1, wherein the polymerization initiator is selected
from di-cyclohexyl-peroxy dicarbonate, dibenzoyl peroxide, di-sec.butyl peroxy dicarbonate, and sec.butyl-cyc-
lohexyl peroxy dicarbonate. '

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

8. Organic optical glasses obtained by casting into moulds and polymerizing a liquid polymerizable compo-
sition according to any of claims 1 to 7. _ ' o

Claims for the following Contracting State : ES

1. Process for preparing a liquid composition polymerizable by free-radical polymerization and with low
shrinkage for praducing highly thermally stable organic glasses, characterized by comprising the steps of sub-
Jecting to a transesterification reaction, at a temperature of from 80°C to 160°C In the presence of an alkaline
catalyst, diallyl carbonate (component A) with a mixture of

~—an elther linear, or a branched aliphatic diof having from 3 to 10 carbon atoms (component B), and

— an either linear, or a branched aliphatic, cycloaliphatic, or heterocyclic polyol having from 4 to 20 carbon

atoms and from 3 to 6 hydroxyl groups (component C),

or, as an alternative, with a mixture of :

— (component B) as defined hereinabove, and

— & cycloaliphatic diol (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, orgreaterthan 3 : 1, theamount

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 80% by weight, and adding to the thus obtained transesterification reaction product an amount

a polymerization initiator of from 1% to 6% by weight refative to the weight of said transesterification reaction

product. -

2. Process according to claim 1, wherein the transesterification 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) 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 of from 20% to 80% by weight.

3. Process according to claim 1, whereln the (Component B) diol Is selected from diethylene glycol,
triethylene glycol, tetraethylene glycol, dipropylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,3-prapanediol,
neapentyl glycol, and 2,2,4-trimethyl-1,3-pentanediol.

4. Process according to claim 1, whereln the (Component C) polyol is sefected from pentaerythritol,
trimethylolpropane, di-pentaerythrito!, di-trimethylolpropane,and tris(hydroxyethyl)isocyanurate.

5. Process according to claim 1, wherein (Component C') is 1,4-cyclohexane-dimethanol, or 4,8-bis(hyd-
roxymethyi)tricyclo-]5.2.028| decane.
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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 (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 + Coriponent C') mixture being equal to, or
lower than 90% by weight, and adding to the thus obtained transesterification reaction product an amount

a polymerization initiator of from 1% to 6% by weight relative to the weight of said transesterification reaction

product.

2. Liquid polymerizable composition according to claim 1, wherein the transesterification reaction is carried
out with amolarratio of the (Component A) to the (Component B + Component C) mixture, or of the (Component
A) fo 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 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. Liquid polymerizable composition according to claim 1, wherein the (Component B) diol is selected from
diethylens giycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, 1,4-butanediol, 1,6-hexanediol,
1,3-propanediol, neopenty! glycol, and 2,2 4-trimethyl-1,3-pentanediol.

. 4. Liquid polymerizable composition according to claim 1, wherein the (Component C) polyol Is selected
from : pentaerythritol, trimethylolpropane, di-pentaerythritol, di-trimethylolpropane, and fris(hydroxyethyf)iso-
cyanurate.

6. Liquid polymerizable composition according to claim 1, wherein (Component C’) is 1,4-cyciohexane-di-
methanol, or 4,8-bis(hydroxymethyl)tricyclo-{5.2.02¢%] decane.

6. Liquid polymerizable composition according to claim 1, wherein said alkaline catalyst Is selected from
the alkali metal hydroxides, carbonates and alkoxides, the organic bases, and the basic lon-exchange resins.

7. Liquid polymerizable composition according to claim 1, wherein the polymerization Initiator is selected
from di-cyclohexyi-peroxy dicarbonate, dibenzoyl peroxide, di-sec.butyl peroxy dicarbonate, and sec.butyl-cyc-
lohexyl peroxy dicarbonate. _

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

8. 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 following Contracting State : ES

1. Process for preparing a liquid composition polymerizable by free-radical polymerization and with low
shrinkage for producing highly thermally stable organic glasses, characterized by comprising the steps of sub-

jecting to a transesterification reaction, at a temperature of from 80°C to 160°C in the presence of an alkaline

catalyst, diallyl carbonate (component A) with a mixture of

—an either linear, or a branched aliphatic diol having from 3 to 10 carbon atoms (component B), and

- an elther linear, or a branched aliphatic, cycloaliphatic, or heteracyclic polyol having from 4 to 20 carbon

atoms and from 3 to 6 hydroxyl groups (component C),

or, as an alternative, with a mixture of :

— (component B) as defined hereinabove, and

— a cycloaliphatic diol (component C’),the molar ratio of (Component A) to (Component B + Component

C), orof (ComponentA) to (Component B + Component C') being equal to, or greaterthan 3 : 1, the amount

of (Component C) in the (Component B + Component C) mixture being equal to, or lower than 70% by

welght, 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 transesterification reaction product an amount

a polymerization initiator of from 1% to 6% by weight relative to the weight of said transesterification reaction

product.

2. Process according to claim 1, wherein the transesterification 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) mixture being from 20% to 60% by welght, or, as an alternative, the amount of the (Component
C’) in the (Component B + Component C*) mixture being of from 20% to 80% by welght.

3. Process according to claim 1, wherein the (Component B) diol is selected from diethylene glycol,
triethylene glycol, tetraethylene glycol, dipropylene giycol, 1,4-butanediol, 1,6-hexanediol, 1,3-prapanediol,
neopentyl glycol, and 2,2 4-trimethyi-1,3-pantanediol.

4. Process according to claim 1, wherein the (Component C) polyol Is selected from pentaerythritol,
trimethylolpropane, di-pentaerythritol, di-trimethyloipropane,and tris(hydroxyethyl)isocyanurate.

5. Process according to claim 1, wherein (Component C') is 1 +4-cyclohexane-dimethanol, or 4,8-bis(hyd-
roxymethyl)tricyclo-|5.2.02¢] decane.
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6. Process according to claim 1, wherein sald alkaline catalyst is selected from the alkali metal hydroxides,
carbonates and alkoxides, the organic bases, and the basic lon-exchange resins.

7. Pracess according to claim 1, wherein the polymerization initiator is selected from di-cyclohexyl-peroxy
dicarbonate, dibenzoyl peroxide, di-sec.butyl peroxy dicarbonate, and sec.butyl-cyclohexyl peroxy dicarbo- -
nate,

8. Process for preparing organic optical glasses comprising the steps of casting into moulds and polymeri-
zing a liquid polymerizable compaosition prepared according to the process as defined in any of claims 1 to 7.

Patentanspriiche
Patentanspriiche fiir folgenden Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, LI, LU, NL, SE

1. Flissige, durch freiradikalische Polymerisation und mit geringem Schrumpfen zu organischen Glésem
mit hoher thermischer Stabilitit polymerisierbare Zusammensetzung, dadurch gekennzeichnet, daft sie
dadurch erhéitlich Ist, daR bel einer Temperatur von 80°C bis 160°C und in Gegenwart eines alkelischen Kata-
lysators Diallylcarbonat (Komponente A) mit einem Gemisch aus

— einem entweder linearen oder verzwelgten aliphatischen Diol mit 3 bis 10 Kohienstoffatomen (Kompo-

nente B) und

— einem entweder linearen oder einem verzweigten aliphatischen, cykioaliphatischen oder heterocykli-

schen Polyol mit 4 bis 20 Kohlenstoffatomen und 3 bis 6 Hydroxylgruppen (Komponente C),

oder, als Altemnative, mit einem Gemlsch aus

— (Komponente B) geméR vorstehender Definition und

— einem cykioaliphatischen Diol (Komponente C*) einer Umesterungsreaktion unterworfen wird, wobel

das Molverhiitnis von (Komponents A) zu (Komponente B + Komponente C) oder von (Komponente A)

zu (Komponente B + Komponente C') gleich oder gr&Rer als 3 : 1 ist, und die Menge an (Komponente C)

Im Gemisch (Komponente B + Komponente C) gleich oder nledriger als 70 Gew.-% ausmacht und die

Menge an (Komponente C') in Gemisch (Komponente B + Komponente C’) gleich oder niedriger als 90

Gew.-% ausmacht, und daR zu dem soicherart erhaltenen Umesterungsreaktionsprodukt eine Menge

eines Polymerisationsinitiators von 1 bis 6 Gew.-%, bezogen auf das Gewicht des Umesterungsreaktion-

sproduktes, zugesetzt wird,

2. Fldssige polymerisierbare Zusammensetzung nach Anspruch 1, worin die Umesterungsreaktion mit ei-
nem Molverhiiltnls von (Komponsnte A) zu dem Gemisch (Komponente B + Komponente C) oder von (Kom-
ponente A) zu dem Gemisch (Komponente B + Komponente C’) von 3 : 1 bis 12 : 1 ausgefithrt wird, wobel die
Menge der (Komponente C) im Gemisch (Komponente B + Komponente C) von 20 bis 60 Gewichtsprozent
betréigt oder als Alternative die Menge der (Komponente C’) im Gemisch (KomponenteB + Komponente C*) von
20 bis 80Gew.-% ausmacht. .

3. Flssige polymerisierbare Zusammensetzung nach Anspmch 1, worin das (Komponente B)-Diol unter
Diethylenglykol, Triethylenglykol, Tetraethylenglykol, Dipropylenglykol, 1.4-Butandiol, 1,6-Hexandiol, 1,3-Pro-
pandiol, Neapentylglykol und 2,2 4-Trimethyl-1,3-pentandiol ausgewdhit wird,

4. Flissige polymerisierbare Zusammensetzung nach Anspruch 1, worin das (Komponente C)-Polyol unter
Pentaerythrit, Trimethylolpropan, Dipentaerythrit, Dltrlmethylolpmpan und Tris(hydroxyethyl)isocyanurat aus-
gowdhit wird.

5. Flilssige polymerisierbare Zusammensetzung nach Anspruch 1, worin die (Komponente C) 1,4-Cycio-
hexan-dimethanol oder 4,8-Bis(hydroxymethyl)tricyclo-[5.2.02%dekan ist.

6. Flssige polymerisierbare Zusammensetzung nach Anspruch 1, worin der alkalische Katalysator unter
den Alkalimetallhydroxiden, -carbonaten und -alkoxiden, den organischen Basen und den basischen lonenau-
stauschharzen ausgew&hit wird,

7. Flilssige polymerisierbare Zusammensetzung nach Anspruch 1, worin der Polymerisationsinitiator unter
Dicyklohexylperoxydicarbonat, Dibenzoylperoxid, Di-sec.butylperoxydicarbonat und sec.Butylcyciohexyl-
peroxydicarbonat ausgewdhit wird. . :

8. Verwendung einer flilssigen polymerisierbaren Zusammensetzung nach Anspruch 1 zur Herstellung von
organischen optischen Gl&sern.

9. Orgenische optische Gliser, erhiltlich durch GleRen einer fllissigen polymerisierbaren Zusammenset-
zung nach einem der Anspriiche 1 bis 7 in Formen und Polymerisieren.
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Patentanspriiche fiir folgende Vertragsstaat : ES

1. Verfahren zur Herstellung: einer fiilssigen, durch freiradikalisché Polymerisation und mit geringem
Schrumpfen zu organischen Glésern von hoher thermischer Stabillitit polymerisierbaren Zusammensetzung,
dadurch gekennzeichnet, daf bei einer Temperatur von 80°C bis 160°C in Gegenwart eines alkalischen Kata-
lysators Diallylcarbonat (Komponente A) mit einem Gemisch aus

— glnem entweder linearen oder verzwelgten atiphatischen Diol mit 3 bis 10 Kohlenstoffatomen (Kompo-

nente B) und ' _ .

— einem entweder linearen oder elnem verzweigten aliphatischen, cykloaliphatischen oder heterocykli-

schen Polyol mit 4 bis 20 Kohlenstoffatomen und 3 bis 6 Hydroxylgruppen (Komponente C),

oder, als Alternative, mit einem Gemisch aus

— (Komponente B) gem#R vorstehender Definition und

~— einem cykloaliphatischen Diol (Komponente C’) einer Umesterungsreaktion unterworfen wird, wobel

das Molverhiitnis von (Komponente A) zu (Komponente B + Komponente C) oder von (Komponente A)

zu (Komponente B + Komponente C') glelch-oder gr&fter als 3 : 1 ist, und die Menge an (Komponente C)

im Gemisch (Komponente B + Komponente C) gleich oder niedriger als 70 Gew.-% ausmacht und die

Menge an (Komponente C') im Gemisch (Kemponente B + Komponente C’) gleich oder niedriger als 90

Gew.-% ausmacht, und daR zu dem solcherart erhaltenen Umesterungsreaktionsprodukt eine Menge

eines Polymerisationsinitiators von 1 bis 6 Gew.«%, bezogen auf das Gewicht des Umesterungsreaktion-

sproduktes, zugesetzt wird.

2. Verfahren nach Anspruch 1, worin die Umesterungsreaktion mit einem Molverhéltnis von (Komponente
A) zu dem Gemisch (Komponente B + Komponente C) oder von (Komponente A) zu dem Gemisch (Kompo-
nente B+ Komponente C) von 3: 1 bis 12 : 1 ausgefiihrt wird, wobei die Menge der (Komponente C) im
Gemisch (Komponente B + Komponente C) von 20 bis 60 Gewichtsprozent betréigt oder als Altemative die
Menge der (Komponente C*) im Gemisch (Komponente B + Komponente C’) von 20 bis 80 Gew.-% ausmacht.

3. Verfahran nach Anspruch 1, worin das (Komponente B)-Diol unter Diethylenglykol, Triethylenglykol,
Tetraethylenglykol, Dipropylenglykol, 1,4-Butandiol, 1,6-Hexandiol, 1,3-Propandiol, Neopentylglykol und 2,2,4-
Trimethyi-1,3-pentandiol ausgewahit wird.

4. Verfahren nach Anspruch 1, worin das (Komponente C)-Polyol unter Pentaerythrit, Trimethylolpropan,
Dipentaerythrit, Ditrimethylolpropan und Tris(hydroxyethyl)isccyanurat ausgew&hit wird.

5. Verfahren nach Anspruch 1, worin die (Komponente C’) 1,4-Cyclohexandimethanol oder 4,8-Bis(hydro-
xymethyl)tricyclo-5.2.028]dekan ist. '

6. Verfahren nach Anspruch 1, worin der alkalische Katalysator unter den Alkalimetallhydroxiden, -car-
bonaten und -alkoxiden, den organischen Basen und den basischen lonenaustauschharzen ausgewdhit wird.

7. Verfahren nach Anspruch 1, worin der Polymerisationsinitiator unter Dicykiohexylperoxydicarbonat,
Dibenzoylperoxid, Di-sec.butylperoxy-dicarbonat und sec.Butylcycichexylperoxydicarbonat ausgewahit wird.

8. Verfahren zur Herstellung von organischen optischen Glésem, welches die Stufen des GleBens einer
flissigen polymerisierbaren Zusammensetzung, hergestellt nach dem Verfahren, wie in einem der Anspriiche
1 bis 7 definfert, in Formen und des Polymerisierens der Zusammensetzung umfafit.

Revendications

Revendications pour les Etats Contractants sulvants : AT, BE, CH, DE, FR, GB, GR, LI, LU,
NL, SE

1. Composition liquide polymérisable par polymérisation radicalaive, et avec un faible retrait, pour ia pro-

duction de verres organiques trds stables thermiquement, caractérisée en ce que I'on peut 'obtenir en sou-
mettant & une réaction de transestérification, & une température de 80°C 4 160°C, en présence d’'un catalyseur
alcalin, du carbonate de diallyle (constituant A) avec un mélange d'un diol aliphatique linéaire ou ramifié, ayant
de 3 & 10 atomes de carbone (constituant B) et d’'un polyol aliphatique, linéaire ou ramifié, cycloaliphatique ou
hétérocyclique, ayant de 4 & 20 atomes de carbone et de 3 & 6 groupes hydroxyle (constituant C),
ou, en variante, avec un mélange du constituant B défini précédemment et d’un dio! cycloafiphatique (consti-
tuant C'),
{s rapport molaire du constituant A & la somme des constituants B et C ou du constituant A & la somme des
constituants B et C’ étant égal ou supérieur & 3 : 1, la proportion de constituant C dans le mélange constituant
B + constituant C étant égale ou inférieure a 70% en poids, la proportion du constituant C’ dans le mélange
constituant B + constituant C’ étant égale ou inférieure 4 90% en poids,
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eten ajoutant au produit de laréaction de transestérification ainsi obtenu une proportion d'un amorceur de poly-
mérisation de 1% & 6% en polds par rapport au polds dudit produit de la réaction de transestérification.

2. Composition liquide polymérisable selon la revendication 1, pour laquelle on réalise la réaction de tran-
sestérification avec un rapport molaire du constituant A'au mélange constituant B + constituant C ou du cons-
tituant A au mélange constituant B + constituant C' de 3: 1 & 12: 1, la proportion du constituant C dans le
mélange constituant B + constituant C étant de 20% & 60% en poids, ou, en variants, la proportion du consti-
tuant C’ dans ie mélange constituant B + constituant C’ étant de 20% & 80% en poids.

3. Composition liquide polymérisable selon la revendication 1, pour laquelle le diol (constituant B) est choisi
parmi le diéthyléneglycol, le triéthyiéneglycol; le tétraéthyiéneglycol, le dipropyldneglycol, le 1,4-butanediol, le
1,6-hexanediol, le 1,3-propanediol, le néopentylglycol et le 2,2,4-triméthyl-1,3-pentanediol.

4. Composition liquide polymérisable selon la revendication 1, pour laguelle le polyol (constituant C) est
cholsi parmi le pentaérythritol, le triméthylolpropane, ie dipentaérythritol, le ditriméthylolpropane et I'lsocyanu-
rate de tris(hydroxyéthyle).

5. Composition liquide polymérisable selon la revendication 1, pour laquelie le constituant C’ est le 1,4-
cyclohexanediméthanol ou le 4,8-bis(hydroxyméthyl)tricyclo-{5.2.02%]décane.

6. Composition liquide polymérisable selon la revendication 1, pour laquelle ledit catalyseur alcalin est
choisi parmi les hydroxydes, carbonates et alcoolates de métal alcalin, les bases organiques et les résines

EP 0 302 537 B1

-6changeuses d'lons basiques.

7. Composition liquide polymérisable selon la revendication 1, pour laquelle I'amorceur de polymérisation
est choisl parmi le peroxy dicarbonate de dicyclohexyle, le peroxyde de dibenzoyle, le peroxy dicarbonate de
di(sec.butyle) et le péroxy dicarbonate de sec.butyle et de cyclohexyle.

8. Utilisation d'une composition liquide polymérisable selon la revendication 1, pourla préparation de vemes
optiques organiques.

9. Verres optiques organiques obtenus par coulage dans un moule et polymérisation d'une composition
liquide polymérisable selon I'une quelconque des revendications 1 & 7.

Revendications pour I’Etat Contractant sulvant : ES

1. Procédé de préparation d'une composition liquide polymérisable par polymérisation radicalalre, et avec
un faible retrait, pour la production de verres organiques trés stables thermiquement, caractérisé en ce qu'il
comprend les étapes consistant & soumettre & une réaction de transestérification, & une température de 80°C
& 160°C, en présence d'un catalyseur alcalin, du carbonate de diallyle (constituant A) avec un mélange d'un
diol aliphatique linéaire ou ramifié, ayant de 3 & 10 atomes de carbone (constituant B) et d’'un polyol aliphatique,
linaire ou ramifié, cycloaliphatique ou hétérocyclique, ayant de 4 & 20 atomes de carbone et de 3 & 6 groupes
hydroxyle (constituant C),

- ou, en variants, avec un mélange du constituant B défini préeédemment et d'un diol cycloaliphatique (consti-

tuant C'),

le rapport molaire du constituant A & la somme du constitiiant B et du constituant C ou du constituant A & la
somme du constituant B et du constituant C’ étant égal ou supérieur & 3 : 1, la proportion de constituant C dans
le mélange constituant B + constituant C étant égale ou inférieure & 70% en poids, la proportion de constituant
C' dans le mélange constituant B + constituant C’ étant égale ou inférieure & 90% en poids,

et & ajouter au produit de la réaction de transestérification ainsi obtenu une proportion d’'un amorceur de poly-
mérisation de 1% & 6% en poids par rapport au poids dudit produit de la réaction de transestérification.

2. Procédé selon la revendication 1, dans lequel on effectue la réaction de transestérification avec un rap-
port molaire du constituant A au mélange constituant B + constituant C ou du constituant A au mélange cons-
tituant B + constituant C’ de 3: 1 & 12: 1, la proportion du constituant C dans le mélange constituant B +
constituant C étant de 20% & 60% en poids, ou, en variante, la proportion du constituant C’ dans le mélange
constituant B + constituant C’ étant de 20% & 80% en polds.

3. Procédé selon la revendication 1, dans lequel le diol (constituant B) est choisl panmi le diéthylénegiycol,
le triéthyléneglycol, le tétraéthyléneglycol, le dipropyléneglycol, le 1,4-butanediol, le 1,6-hexanediof, le 1,3-pro-
panediol, le néopentylglycol et le 2,2 4-triméthyl-1,3-pentanediol.

4. Procédé selon la revendication 1, dans lequel le polyol (constituant C) est cholsi parmi le pentaérythritol,
le triméthyloipropane, le dipentaérythritol, le ditriméthylolpropane et I'isocyanurate de tris(hydroxy-éthyle).

5. Procédé selon la revendication 1, dans lequel le constituant C’ est le 1,4-cyclohexanediméthanol ou le
4 a-bls(hydroxyméﬂ\yl)h'icydo(s.z.ozﬂdécane

6. Procédé selon la revendication 1, dans lequet ledit catalyseur alcalin est cholsi panmi les hydroxydes,
les carbonates etles alcoolates de métal alcalin, les bases organiques et les résines échangeuses d'ions basi-
ques.
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7. Procédé selon la revendication 1, dans lequel I'amorceur de polymérisation est choisi parmi le peroxy-
dicarbonate de dicyclohexyls, le peroxyde de dibanzoyle, le peroxy dicarbonate de di(sec.butyle) et le peroxy
dicarbonate de sec.butyle et de cyclohexyle.

8. Procédé de préparation de verres optiques organlques. comprenant les étapes consistant 4 couler dans
un moule et & polymériser une composition liquide polymérisable, préparée selon le procédé tel que défini dans
Fune quelconque des revendications 1a 7.
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