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ABSTRACT

The invention relates to a barium-free, X-ray-opaque
dental glass, to a dental glass/polymer composite
comprising the glaés, and to the use thereof as dental
filling, where the dental glass has the following
composition (in % by weight): 8i0, 20 - 45, Al.,0; 5 -
35, Bs03 1 - 10, Na0 1 - 10, K0 0 - 8, Cs;0 0 - 8, sum
of all alkali metal oxides 1 - 15, Ca0 0 - 8, Sr0O 0 -
27, Zn0 2 - 20, 2r0; 2 - 10, P;0s O - 10, Lax0; 0 - 10, F
2 - 20, the total content of B;0;, Zn0O, Zr0, and La,0; is
> 20% by weight, and the refractive index ng of the
dental glass is in the range from 1.47 to 1.70.
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COMPLETE SPECIFICATION
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Invention Title:

Barium-free, X-ray-opaque dental glass and dental
glass/polymer composite, and the use thereof

The following statement is a full description of this invention
including the best method of performing it known to us:-
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The invention relates to a barium-free, X-ray-opagque
dental glass, to a dental glass/polymer composite
comprising the glass, and to the use thereof.

Fcr dental fillings, use is increasingly being made of
dental glass/pelymer composites in order to aveid
possible side-effects of amalgam fillings and in order
to achieve a Dbetter aesthetic impression. Dental
glass/polymer composites generally consist of an
inorganic component and an organic polymer binder. The
inorganic component consists predominantly .of - glass
powder. Besides the powder properties necessary for
goed filling, the glass powder used alsc has to meet
certain requirements regarding the physical and
chemical properties of the glass te be used for the

powder .

The =zrefractive index of the glass powder must be
matched as closely as possible to that of the synthetic

resin matrix used in order to imitate the partially

‘transparent appearance of natural tooth enamel and thus

to meet the high aesthetic regquirements.

Refractive index differences between glass and
synthetic resin of greater than 0.05 result in
undesirably high opacity of the dental glass/polymer
composite and should therefore be avoided. In addition,
the glass powder must have good processing properties
and favourable setting behaviour during preparation of
the composites and must ensure high strength after

curing.

It is furthermore important that the thermal expansion
of the dental glass/polymer composite in the area of
use of the filling, i.e. at temperatures between 30°C
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and 70°C, is matched to that of the tooth material in
order to ensure that the filling has adequate thermal
shock resistance. In particular the change between cold
and hot foods entails the risk here of the filling
loosening due to such thermal shock stressing and of a
cap thus forming between the filling and the tooth,
representing a preferential point of attack for
secondary caries. It is usual for the glass to have the
lowest possible expansion coefficient, since this
allows compensation for the relatively high thermal

expansion of the synthetic resin binder.

The X-ray opacity of dental glasses or materials is, in
accordance with DIN ISO 4049, guoted relative to the X-
ray absorption of aluminium as the aluminium equivalent
thickness (AlET). The AlET is the thickness of an
aluminium sample which produces the same absorption as
a 2 mm thick sample of the material to be tested. 2n
AlET of 4 mm thus means that a glass plate with a
thickness of 2 mm produces the same X-ray attenuation
as an aluminium plate with a thickness of 4 mm. X-ray-
cpaque dental glasses are required to have an AlET of
at  least 4 mm. This ensures sufficiently good
differentiation capacity between filling and tooth
material on X-ray pictures when used as dental filling.
Gaps which have occurred and caries can be recognised
well.

Furthermore, good chemical resistance of the glass
powder to water, acids and caustic lyes must contribute
to a long life of the dental filling. Owing to possible
toxic side effects, the use of barium constituents in
the glass should bhe avoided, although  these
constituents produce good X-ray opacity. The wuse of
lead-containing constituents is likewise undesired from

toxic points of view.

DE 32 48 357 Al describes a pulverulent dental material

based on calcium aluminium fluorosilicate glasses {a)
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and metals (b) usual for dental purposes and further
components, which 1s characterized in that it contains
2z least some of (a) as a sintered mixture with (b).
The powders c¢f (a) wused consist of (% by weight,
cazlculated as oxides) Si0; 20 - 60, Al,0; 10 - 50, Ca0
1 -40, F 1 - 40, Naz0 ¢ - 10, P05 0 - 10 and & total
of 0 - 20% by weight, calculated as oxides, of B, Bi,
Zn, Mg, Sn, Ti, Zr, La or other trivalent lanthanide

oxides, K, W and Ge.

US 5,215,459 relates to the use of glass icnomer
cements for <controlled tissue regeneration. The
composition ranges quoted for the glass powder
correspond to those given in DE 32 48 357 Al with in
addition SrO as an cptional constituvent in an amount of
0 - 40% by weight, where Ca0 and/or Sr0 are at least 1%
by weight. In order to. make the glass X-ray-visible,
from 10 to 20% by weight of La;0; can be added.

The glasses described in the abovementioned

pecifications have a relatively low total content of

1]

BsOs;, Zn0, ZrQ; and La;0; (£ 20% by weight).

US 4,775,552 describes a fluoroaluminosilicete glass
for use as dental glass ionomer cement whose surface
has been post-treated with a metal fluoride or a flucro
complex salt. The complex post-treatment here serves to
achieve the reguisite processing prorerties and & high
compressive strencth of the cement. The composition of
the flucroaluminosilicate glass powder can be in a

broad composition range. It is prepared by melting the

components (in % by weicht) Si0; 25 - 50, Al,0; 15 - 40,
F 10 - 40 and phosphate 0 - 20. F here camn be .nLro-
duced as the fluoride of 2Zn, Al, Y, La, 2r, alkali

metals and alkaline earth metals, and phosphate é&s the

z
Al, Y, Le and Zr. Oxides of Y, La, Zn, Ti, 2Zr &and
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JP 61-215234 A claims a glass composition for use as
glass ionomer cement, suitable as dental cement. A
broad composition range consisting of a multiplicity of
possible components is claimed. Neverthelegs, the
specification only allows the production of glasses
having a relatively low refractive index in an
additionally narrow range of from 1.46 to 1.60. Glasses
having refractive indices in the range > 1.60 which is
favourable for novel dental materials are not
described. A Ba content of up-to 35% of weight is
possible. The Ba content of 20.31 and 3.52% by .weight
given in two examples is problematic for toxicological
reasons and does not meet the requirements of modern

dental glasses.

A striking feature in this specification and in
Us 4,775,592 is the high c¢laimed F content of from 10
to 40% by weight and the optional content of B** and p°*
of from 0 to 8% by weight each (JP 61-215234 A) or
phosphate of from 0 tc 20% by weight (US 4,775,592).
The production of a non-opacified dental glass having a
kigh F content without the requisite presence of B*
and/or P* is difficult.

US 3,971,754 describes the production of a dental
filling material using a barium-, zinc- and zirconium-
free glass which, in order to produce X-ray opacity,
contains oxides and carbonates of lanthanum, hafnium,
strontium or tantalum in the range from 5 to 60% by
weight.

JP 6-39021 A describes zinc-free, X-ray-cpagque implant
materials based on calcium apatite and strontium
apatite glass ceramics. In the compositions described,
the X-ray-absorbent component employed in virtually all
cases 1is exclusively SrO; only in 2 examples is up to
5% by weight of ZrO; used. Fluxing agents, such as Na0
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(maximum 0.5% by weight).

JP 5-331017 A describes zinc- and zirconium-free glass
powders for dental cements whose X-ray-absorbing action
is based on the use of SrO and La,0; (up to 20% by
weight) .

DE 3788816 T2 describes a process for the preparation
of radio-opaque, crosslinked poly(carboxylic acid)
dental cement containing a fluorine-containing, =zinc-
and zirconium-free glass powder. The requisite X-ray
absorption is produced by addition of from 5 to 35% by
weight of Sro.

US 4,215,033 claims a dental resgin composite consisting
of a resin and a non-toxic, alkali metal- and fluoride-
free filler, where the filler consists of a two-phase
borocaluminosilicate glass and one phase is partly
removed again. The glass can contain additions of Sr0,
Ca® and ZnO or Sr0/Zr0,. :

DE 44 43 173 C2 likewise claims a barium-free dental
glass with a high silicon content (from 50 to 75% by
weight of 5iQ;) and good X-ray absorption.

Furthermore, DE 43 23 143 Cl discloses a barium-, zinc-
and zirconium-free dental glass having high X-ray
absorption and a refractive index ns € 1.56 which has a
composition, in % by weight, based on oxide, of Si0, 45
- 65, B:03 5 - 20, Al;0; 5 - 20, Ca0 0 - 10, SrO 15 - 35
and F,-O 0 - 2. The good X-ray opacity is achieved here
through a relatively high content of Sro.
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Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present invention as it
existed in Australia before the priority date of each claim of this application.

A preferred feature of the invention is to find a barium-free, X-ray opaque
dental glass for use in dental glass/polymer composites and to provide a dental
glass/polymer composite comprising such a dental glass. The dental glass and
the dental glass/polymer composite should be inexpensive, but nevertheless
high-quality and tolerated by the body, and should be suitable for passive and
active tooth protection and should have excellent properties regarding
processing, setting behaviour and strength.

The refractive index ny of the dental glass should be matched to the available
dental polymers, particularly to those having a refractive index ng > 1.60, and
so meet the aesthetic demands for a natural appearance made of a dental
glass/polymer composite.

In one aspect, the present invention is a barium-free, X-ray-opague dental
glass, characterized by a compasition (in % by weight) of:

Si0, 20 - 48
Al,C; 5 - 35
B203 0o - 10
Na,0 1 - 10
K,C o - 8
Cs20 o - 8
Naz0 + K0 + Cs20 1 - 15
Cal 0 - 8
Sro o - 27
Zn0 2 - 20
2r0; 2 - 10
P20s 0 10
Lay0; 0 - 10
v 2 - 20
B30y + Zn0 + Zr0; + Lax04 > 20

and a refractive index ng of from 1.47 to 1.70.
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In a second aspect, the present invention is a dental glass /polymer composite
comprising a dental polymer and a dental glass as defined herein.

In a further aspect, the present invention is the use of a dental glass or dental
glass/polymer composite as defined herein for dental fillings.

The dental glass according to the invention achieves the properties of barium-
containing dental glasses with respect to the requisite X-ray absorption without
use of barium compounds or other substances which are suspect from a health
point of view.

In contrast to conventional dental glasses, the requisite X-ray opacity is not
produced by only one component alone, but instead by a combination of
various X-ray-absorbent elements, whose actions are preferably mutually
complementary since they absorb different regions of the radiation from the
X-ray tubes.

The minimum content of ZnQO in the glasses according to the invention enables
the utilization of the bacteriostatic action of Zn*, in particular in the critical
interface region between filling and surrounding tooth.

The refractive index nq of the dental glass can be varied over a broad range of
from 1.47 {0 1.70, the
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further requirements mentioned being satisfied over the

entire range.

The refractive indices ns of the dental glasses
correspond to those of conventiénal dental polymers
that are available. For a certain dental polymer having
a specified refractive index ng, in particular also for
relatively new high-refraction synthetic resins having
ng » 1.6, as described, for example, in US 5,679,710, a
dental glass having a matching refractive index is
provided. This facilitates an appearance of the dental
glass/polymer composite which corresponds to natural
tooth enamel.

The glass contains 20 - 45% by weight of Si0, as glass-
forming constituent. At lower contents, the tendency

towards crystallization increases impermissably,

- . meaning that clear glasses which are suitable for the

desired application cannot be obtained. Si0, contents
of greater than 45% by  weight result in
disadvantageously'-higﬁ melting temperatures, while at
the same time the high X-ray opacity and the minimum

fluoride content cannot be achieved.

Al:0; is employed in the range from 5 to 35% by weight
and P;0s in the range from 0 to 10% by weight. The
minimum content of Al,0; is necessary in order to create
a network with suitable structural units which enable
the incorporation of fluoride to the requisite extent
and thus the production of clear glasses. In particular
at high fluoride contents, ©P,0; is preferably also
employed in addition. Al,0; contents higher than 35% by
weight  result in disadvantageocusly high melting
temperatures, while P,0s contents of greater than 10% by
weight result in a high separation tendency of the
glasses and inadequate chemical resistance for further

processing of the glasses and later use.
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1 - 10% by weight of Na;0O are employed in the glasses
according to the invention as fluxing agent for
lowering the melting temperature. The same purpose is
achieved by K,0 and Cs,0, which can optionally
additicnally be employed, where the total alkali metal
content in the glasses should not exceed 15% by weight
in order to ensure adequate chemical and mechanical
resistance. The use of K0 and Cs,0 is particularly
adviseble if the requirement for inexpensive raw
materials reduces in importance in order to achieve
particularly high X-ray opacity at the same time as a
high refractive index. However, the content should be

limited to a maximum of 8% by weight each.

B203;, similarly to the alkali metals, can be employed as
fluxing agent in contents of up to '10% are weight.
Besides the lowering action on the melting temperature,
the use of B;0; simultaneously results in an improvement
in the «crystallization stability of the glasses,
meaning that clear; non-crystallizing glasses can be
obtained even at relatively high fluoride contents.
Higher concentrations than 10% by weight are not
advisable since otherwise the chemical resistance

drops.

Zn0 is employed in the range between 2 and 20% by
weight. At contents below 2% by weight, the regquisite
bacteriostatic action of the dental materials produced
using the glasses according to the invention is no
longer guaranteed. Higher contents than 20% by weight
resﬁlt in impaired chemical resistance. In addition,
the solubility limit for Zn0 for this glass system is
then reached, resulting in crystallization problems.
Furthermore, the addition of 2Zn0 has a favourable

effect on the setting behaviour.

Together with the above Zn0O content, a Zr0; content of
between 2 and 10% by weight ensures adequate X-ray

absorption of the glasses according to the invention. A
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minimum content of 2% by weight in addition guarantees
the desired chemical resistance; the mechanical
properties, and in particular the tensile and
compressive strength, are improved here, while with
Zr0, contents above 10% by weight, the refractive index
g cannot be set in the desired range between 1.47 and
1.70 and at the same time the melting temperatures and
in particular the crystallization tendency rise in an

undesired manner.

In particular at low Zn0 and ZrO, contents, the

azZdition of up to 27% are weight of Sr0O is advisable
for nigh X-ray opacity. The addition of Sr0O affects the
refractive index and has a favourable effect on the
melting properties and the setting behaviour. However,
Sr0 contents of greater than 27% by weight result in
increased crystallization and should be avoided. In
varticular in the case of S8rO-free glasses, it is
preferred to promote the desired setting behaviour by
addition of up to 8% by weight of Ca0. Addition of up
to 10% by weight of La;0; allows .the requisite high X-
ray absorption to be established particularly well. The
characteristic X-ray absorption of Zn0, Zr0O, and 5r0 is
excellently supplemented in particular by the
characteristic X-ray absorption of La;0;. This gives
sufficiently high X-ray absorption over the entire

energy range of the X-rays used for medical purpcses.

In order to satisfy the demands made of dental glasses,
the total content of the components B;0;, Zn0, 2r0; and
La,0; must be at least greater than 20% by weight.

Fluoride, employed as cryolite (NaszAlF:), AlF;, SrF, or
as fluoride of the other elements employed, also
serves, in the range between 2 and 20% by weight,
besides achieving a low refractive index ng, as desired
fluoride depot in the dental material, which releases
fluoride to the surrounding tooth material over the

course of time. In addition, the production of clear
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glasses is facilitated. This requires a minimum content
of 2% by weight. Contents above 20% by weight should be
avoided, since then the separation and crystallization
tendency of the glasses during production increases
drastically. In addition, considerable losses of
fluoride in the melt can then be expected, which
requires considerably increased personnel protection
measures and increased effort in  avoiding
environmentally damaging vapours. The use of cryolite
as fluoride raw material takes into account the
requirement for wusing the cheapest possible raw

materials for production.

The refractive index of the dental glass according to
the invention can be 'set in the range from 1.47 to
1.70. In order that the appearance of the dental
glasa/polymer composites approaches that of natural
tooth enamel, the refractive ‘indices of dental glass
and dental polymer are matched. Dental glasses
according to the invention having a refractive index
> 1.60 are particularly suitable for the use of
promising high-refraction synthetic resins, as
described in US 5,679,710.

Refractive indices in the range from 1.47 to 1.5% can
be established by means of a' dental glass having the
composition (in % by weight} SiO, 20 - 45, Al,0, 7 - 35,
By0; 0.5 - 10, Naz0 2 - 10, K;0 0 - 8, Cs,0 0 - 8, sum of
the alkali metal oxides 2 - 10, Ca0 0 - 5, Sr0 0 - 25,
Zn0 2 - 15, 2r0; 2 - 6, P;0s 2 - 10, Lay0; 0 - 5 and F
7 - 20. The total content of B;0;, 2Zn0O, Zr0; and Laz0; is
> 20% by weight.

Refractive indices in the range from 1.49 to 1.57 can
be established by means of a dental glass having the
composition (in % by weight) Si0O, 20 - 44, Al,0; 12 -
22, BO3 5 - 10, Na,0 2 - 8, Ca0 0 - 4, SrO 0 - 18.5,
Zn0 3 - 15, 2r0; 3 - 6, P05 4 - 10, La;0; 0 - 4 and F




- 11 -

10 - 20. The total content of B;0;, Zn0, Zr0, and La,0;
is > 20% by weight.

Refractive indices in the range from 1.59 to 1.70 can

5 be established by means of a dental glass having the
composition (in % by weight) 8i0, 20 - 30, Al,0; 5 - 25,
B0 0 - 10, Na;0 3 - 10, K,O0 0 - 8, Cs;0 0 - 8, sum of
the alkali metal oxides 3 - 15, Ca0 0 - 8, Sr0O 0 - 25,
Zn0 2 - 20, 2r0, 2 - 10, P05 0 - 10, Lay0; 0 - 10 and F

10 2 - 10. The total content of B;0;, Zn0O, Zr0, and La,0; is
> 20% by weight. These dental glasses are distinguished
by particularly good X-ray opacity.

f:": In particular for high-refraction dental polymers
‘i:f 15 having a refractive index ng > 1.60, thée dental classes
?'L' according to the invention make available for the first
§J,f : time barium-free, X-ray-opaque filling glasses of

matched refractive index.

e’ 20 Refractive indices in the range from 1.59 toc 1.67 can
) be established by means of 'a dental glass having the
composition ({(in % by weight) Si0o; 20 - 30, Al,0y 5 - 25,
B;O; 1 - 10, Na;0 3 - 10, K;0 0 - 8, Cs;0 0 - 8, sum of
the alkali metal oxides 5 - 15, Ca0 0 - 5, Sr0 10 - 25,
sone 25 Zn0 8 - 20, Zr0; 4 - 10, P;0g 2 - 10, La;0; 3 - 10 and F
R 2 - 7. The total content of B;0;, 2Zn0O, Zr0O; and Las0; is

> 20% by weight.

Refractive indices in the range from 1.59 to 1.66 can

30 be established by means of a dental glass having the
composition (in % by weight) Si0, 20 - 30, Al,0; 5 - 15,
B,O3 2 - 5, Na0 3 - 7, K;0 0 - 5, Cs,0 0 — 5, sum of the
alkali metal oxides 5 - 13, Ca0 0 - 5, Sx0O 15 - 24, ZnO
10 - 15, Z2rQ; 4 - 9, P0s 2 - 5, Lay0; 3 - 8 and F 2 - 5.

35 The total content of B;0;, 2n0O, ZrO; and La,0; is > 20%
by weight.

Besides Sr0O, ZrQ;, ZnO and La;0;, the glasses according

to invention can ceontain, as further X-ray-absorbent
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components, further oxides from the groups (Sc;0;, Y;0:,
NbyOs, Gd:03, Yb,0;) and (HfO,, Ta,0s, WO:) in an amount
of up to 10% by weight per group. These components are
preferably not employed for the production of inexpen-
sive glasses having low refractive indices. In these
cases, the X-ray opacity is ensured by a combination of
Zn0, Zr0Q,;, SrO and opticnally La;0s.

For dental practice, good recognizability of the
filling in the X-ray picture is of high importance. The
dental glasses according to invention have aluminium
equivalent thicknesses of least 4 mm and thus satisfy
the requisite properties for use in dental restoration.

Owing to its 'composition of customary compounds in
glass production, the dental glass can be produced
inexpensively. Through the advantageous combination of
these compounds, a dental glass of high quality with
respect to strength, setting behaviour and processing
properties which is tolerated by the body has been
found.

A dental glass/polymer composite according to the
invention and a dental glass suitable therefor is
distinguished not only by the excellent use for passive
dental protection, for example in the form of dental
fillings, but, owing to its composition, particularly
through the use of the bacteriostatic components zinc
and fluoride, can participate actively in preventative
dental protection.

The glasses according to the invention are produced as
follows:

The raw materials, preferably carbonates and fluorides,
are weighed out and then mixed thoroughly. The glass
batch is melted at about 1400 - 1540°C and homogenized
well. The temperature during casting is 1280 - 1460°C.
The casting is preferably carried out onto water-cooled
steel plates or rollers. The clear glass plates having

thicknesses of up to 2 mm can subsequently easily be
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ground up with known agents to give glass powders for
dental applications. A melt example for the production
of a dental glass corresponding to Example 1.4 is shown
in Table 3.

After its production, the glass is converted in a

manner known per se, for example by grinding and
optionally sieving, into a glass powder which has the
mean particle size of < 10 um, in particular from 0.5

to 5 pm, preferably from 0.7 to 1.5 um, usual for
dental purposes. The particle size of the powder plays

an important role; it affects the ability of the
composites to be polished and the abrasion and
mechanicel strength. In order to achieve good
mechanical properties, a particle size distribution-
which is not too narrow is usually Cfavourable, -as

achisved, for example, by conventional grinding and

sieving out of the «coarse components. A maximum
particle size of 40 um, preferably 20 um, in particular
10 pm, should not be exceedéd. In this form, the glass
powder is particularly suitable for use as filler. for
dental composites used as dental fillings.

It is freguently usual to silanize the dental glass
powders, silanization being well known per se and for
this application. Silanization makes it easier to
achieve a high degree of filling in the composite and
has a favourable effect on the mechanical properties of
the composite.

A dental glass/polymer composite according to the
invention consists of conventional dental polymers and

a dental glass powder according to the invention.

The refractive index ne of the dental glass preferably
corresponds to that c¢f the dental polymer within 0.05,
the refractive index ng of the dental polymer
preferably being > 1.60.
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In order to prepare dental composites which can be used
as dental fillings, the glass powder is mixed with
curable synthetic resins usual in dental medicine. The
synthetic resins used are predominantly UV-curable
resins based on acrylate, methacrylate, 2,2-bis[4-(3-
methacryloxy-2-hydroxypropoxy)phenyllpropane (bis-GMA),
urethane methacrylate, alkanediol dimethacrylate or
cyanoacrylate. The glass powder used for the filling is
present in the finished synthetic resin pastes in
proportions by weight of up to 80% by weight, where the
glass powder content should be. selected as high as

possible for strength reasons.

Table 1 contains 5 working examples and properties
(refractive index n4, aluminium equivalent thickness
AlET) in the compositicn range in which dental glasses
having low refractive indices are found, and Table 2
contains a further 5 examples with high refractive

indices.
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Table 1 Examples of low-refracticn classes (comgosition

in % by weight)

38 20 23 23 30
12 12 13 1z ‘ 12
10 10 10 10 s
2 2 7 7 3
- 10 - 10 -
€ 15 i3 g 1z
3 2 € E) 3
S 10 < 0 i0
L2-0; 4 2 2 P4 ’4
B 23 1€ 15 iz |15
5:0; - Zn0 + Zr0: + 23 30 33 23 30
.0
e . Ta_v {
Lix]) -~ - - I
..':
1.514 | 1.883% {1,230 ) 1.835 |1.25¢e2
caee £.3 £.1 4.8 7.3 7.0
cs e
a
tazses
L] L)




- 16 -

Table 2 Examples of high-refraction glasses (composi-
tion in % by weight)
Example 2.1 2.2 2.3 2.4 2.5
S10, 30 25 30 22 20
Al,05 5 10 7 13 10
B,0; 5 2 5 2 2
Na,0 5 7 6 2 5
K0 - - - 2 5
Cs,0 - 3 - 5 3
Na,0 + K;0 + Cs,0 5 10 6 9 13
Ca0 5 - - - 5
Sr0 24 15 23 20 15
Zno - 10 15 10 15 14
Zxr0, 8 8 4 7 9
P,0s - 4 4 3 2
La,0; 3 6 8 6 8
F 5 5 3 3 2
By03 + Zn0 + ZrO, + 26 31 27 30 32
La,03
g 1.608 [1.601 [1.598 |1.634 |1.656
AlET {mm] 11.4 11.3 11.3 12.3 11.9
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Table 3 Melt example for 100 kg of calculated dental
glass (corresponding to Table 1, Example 1.4)

Component % by weight | Raw material Amount /kg
$10: 23.0 Si0; 23.01
Al,05 12.0 Al (OH) ;3 4.57
Na,0 7.0 Na;AlFe 15.81
P>0¢ . 10.0 Al (PO;) 3 12.53
B,04 10.0 H3BO3 17.77
SrO 10.0 SrF, 12.50
Zno 6.0 Zno 6.01
Zr0, 3.0 Zr0, 3.06
La,0, 4.0 Las0, 4.01

F 15.0 AlF, 4.49
Sum 100.0 103.76
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Barium-free, X-ray-opague dental glass,
) characterized by a composition (in % by weight)
of:
S10; 20 - 45
Al,0; 5 - 35
B,0; 0o - 10
Na,0 1 - 10
K0 o - 8
Cs,0 o -
Nao0 + K0 + Csg,0 1 - 15
CaO 6 - 8
Sr0 o - 27
veen Zno 2 - 20
Tetd Zx0, 2 - 10
ol P05 0o - 10
La,05 0 - 10
.coun. v 2 - 20
T B20; + Zn0 + Zr0; + Las0s > 20

and a refractive index ng of from 1.47 to 1.70.

10
2. Dencal glass according to Claim 1, characterized

by a composition (in % by weight) of:

Si0, 20 - 45
Al,0; 7 - 38
B310s 0.5 - 10
Nay0 2 - 10
K;0 o -

Cs,0 o -

Na0 + K0 + Cs,0 2 ~ 10
Cao o - 5
Sr0 .0 - 25
Zno 2 - 15
Zr0, 2 - 6




P20s 2 - 10
La203 0 - 5
F 7 - 20

B:0O3 4+ ZnO + ZrO; + Lay05 20

v

and a refractive index ng of from 1.47 to 1.59.

3. Dental glass according to Claim 1 or 2,

characterized by a composition (in % by weight)

of:
S10, 20 - 44
A1,05 12 - 22
B.0; 5 - 10
Na,0 2 - 8
Ca0 0 - 4
R Sr0 0 - 18.5
Zno 3 - 15
210, 3 - 6
o P,0s 4 - 10
Laz0; o - 4
F 10 - 20
ROSC B,0; + Zn0O + ZrO; + Lay0s > 20

and a refractive index ng of from 1.49 tc 1.57.
14
4. Dental glass according to Claim 1, characterized

by a composition (in % by weight) of:

Si0; 20 - 30
Al,0, 5 - 25
B10; 0o - 10
Naz0 3 - 10
K;0 o - 8
Cs,0 o - 8
Na,0 + K0 + Cs,0 3 - 15
Ca0 0 - 8
Sr0 0 - 25
Zno 2 - 20




Zr0, 2 - 10
P;0s 0 - 10
La;0; 0 - 10
F 2 - 10
B203 + Zn0 + ZrQ, + La,03 > 20

and a refractive index ng of from 1.59 to 1.70.

5. Dental glass according to Claim 1 or 4,
5 characterized by a composition (in % by weight)
P of:
810, 20 - 30
21,0, 5 - 25
D B,0; 1 - 10
R Na:0 3 - 10
K,0 o -
820 o -
Na,C + XK,0 + Cs0 5 =~ 18
'". Cao 0 - 5
sgeead S5x0 10 25
Zn0 8 - 20
e Zr0; 4 - 10
et P20s 2 - 10
La;0; 3 - 10
F 2 - 7
B20s + Zn0O + Zr0; + La,0; > 20

and a refractive index of from 1.59 to 1.67.
10
6. Dental glass according to Claim 1, 4 or 5,

characterized by a composition (in % by weight)

of:

Si0; 20 - 30
Al>0; 5 - 15
B20; 2 -
Na,0 3 -
K,0 0o - 5
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Cs;0 0o - 5
Na;0 + K0 + Cs;0 5 - 13
Ca0 0o - 5
Sr0 15 - 24
Zno 10 - 15
Zxr0; 4~
P05 2 -
La,0, 3 -
F 2 -
B0 + Zn0 + Zr0; + La,0s > 20

and a refractive index of from 1.59 to 1.66.

Dental glass according to at least dne of Claims 1
to 6, characterized by an additional content of up
to 10% by weight of one or more oxides from the
group consisting of 8c;0;, Y;0;, NbyOs, Gd,0; and
¥5,0;, where the sum of these oxides is not greater

than 10% by weight.

Dental glass according to at least one of Claims 1
to 7, characterized by an additional content of up
to 10% by weight cf one or more oxides from the
group consisting of HfO,, Ta,0¢ and WO;, where the
sum of these oxides is not greater than 10% by

weight.

Dental glass according to at least one of Claims 1
to 8, characterized by an aluminium equivalent

thickness of at least 4 mm.

Dental glass according to at least one of Claims 1
to 9, characterized in that the dental glass
powder has a mean particle size of < 10 um, in

particular from 0.5 to 5 pm.

Dental glass/polymer composite comprising a dental
polymer and a dental glass according to at least

one of Claims 1 to 10.
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Dental glass/polymer composite according to Claim
11, characterized in that the dental polymer is a
predominantly UV-curable resin based on acrylate,
methacrylate, 2,2-bis[4-(3-methacryloxy-2-hydroxy-
propoxy)phenyl]propane (bis-GMA}, urethane meth-
acrylate, alkanedicl dimethacrylate or cyano-

acrylate.

Dental glass/polymer composite according to Claim
11 or 12, characterized in that the refractive
index ng of the dental glass corresponds to that of
the dental polymer within 0.05.

Dental glass/polymer composite according to Claim
13, characterized in that the refractive index ng
of the dental polymer is > 1.60.

Dental glass/polymer composite according to at
least one of Claims 11 to 14, characterized by a
dental glass content of up to 80% by weight.

Use of dental glasses accoxrding to one of Claims 1
to 10 or dental glass/polymer composites according
to one of Claims 11 to 15 for dental fillings.

DATED THIS 20 DAY OF OCTOBER 1999

CARL-ZEISS-STIFTUNG trading
as SCHOTT GLAS

Patent Attorneys for the
Applicant:-

F.B.RICE & CO
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