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Description
FIELD OF THE INVENTION

[0001] The invention relates to a particulate glass filler, a method for producing it and its use in dental composite
materials. The invention relates to a particulate glass filler wherein glass particles of 0.2 to 1 wm mean particle size are
connected with other particles, the connection being effected by the glass material itself. More precisely particulate glass
filler comprising glass particles, wherein the particles contains centrally located macro glass particles and on the outer
surface located micro glass particles wherein the macro and micro glass particles are connected by the material of said
particles. Further the invention relates to a method for manufacturing the glass particles and the particulate glass filler
comprising said glass particles. It also relates to a composite or dental material comprising the above particulate glassfiller.

BACKGROUND

[0002] In the field of tooth filling materials which are cured by polymerization it was considered to be a great step
forward when Rafael L. Bowen introduced long-chain monomeric dimethacrylate reaction products of bisphenol A and
its derivatives with glycidyl methacrylate, in particular the so-called bis-GMA; and fine quartz glass powder for reinforce-
ment of the plastic matrix in place of the methyl methacrylate used up to then (U.S. Pat. No.3,066,112).

[0003] A further example of a dental material containing, in addition to organic monomers, a finely divided inorganic
filler is described in U. S. Pat. No.3,539,533. The polymerizable binder in this case is a mixture of bis-GMA, bisphenol
A-dimethacrylate, diluted monomers, in particular triethylene glycol dimethacrylate and, if required, methacrylic acid in
small amounts, which is used, together with approximately 65 to 75 weight-% of the inorganic filler, for example silicon
dioxide, glass, aluminum oxide or quartz. The inorganicfiller can be of a particle size of approximately 2 to 85 micrometers;
for improving the bond between filler and resinffiller is pretreated with silane, for example 3-methacryloyl oxypropyl
trimethoxysilane.

[0004] Fillings for teeth, caps, artificial teeth and the like, having good mechanical properties, can be produced from
dental materials (composites) containing inorganicfillers of the most varied chemical composition mainly of glass, ceramic
materials or glass-ceramic materials which have been treated with silane materials to improve the adhesion between
filler and resin.

[0005] The use of micro-fine inorganic fillers with average particle sizes between 0.01 to 0.4 micrometers also resulted
in dental plastic products which were improved in the esthetic sense. These products could be polished to a high gloss
and have a transparency similar to that of natural teeth (DE 24 03 211 C3).

[0006] The so-called hybrid materials represent a further step in the development of resin based dental materials
which contain micro-fine fillers as well as conventional fillers (macro fillers). Such a dental material is known, for example,
from DE 24 05 578 C3. It contains 30 to 80 weight-% of a mixture of amorphous silicic acid produced by means of flame
hydrolysis (pyrogenous silicon dioxide) of amaximum particle size of 0.07 micrometers and finely divided glass, preferably
boron silicate glass, glass containing barium oxide or lanthanum oxide or lithium aluminum silicate glass of a particle
size of up to 5 micrometers.

[0007] The dental filler described in DE 34 03 040 C2 contains 60 to 90 weight-% of a filler mixture of 5 to 20 weight-
% of a filler opaque to X-rays with a particle size distribution between 0.5 and 40 micrometers, 20 to 35 weight-% of a
filler opaque to X-rays with a particle size distribution between 0.2 and 15 micrometers and 45 to 75 weight-% of a silicon
dioxide micro-filler with a particle size distribution between 5 and 150 nanometers.

[0008] A further example of a hybrid material is the dental material described in EP 382 033 A2 which contains, in
addition to polymerizable acrylates or methacrylates and a catalyst for photopolymerization (photo activator), 5 to 80
weight-% of silanized glass or silanized glass-ceramics with a mean particle size between 0.1 and 10 micrometers and
2 to 10 weight-% of a surface-treated micro-filler. The inorganic fillers used for reinforcing resin based dental materials
mostly have a surface treated with a silane, for example 3-methacryloyl oxypropyl trimethoxy silane, which improves
the compatibility with the organic components (DE 34 03 040 C2) and causes a chemical adhesion between the filler
and the plastic matrix. A further improvement of the filler/plastic bond can be achieved when the possibility of a physical
adhesion exists in addition to the chemical adhesion. In accordance with a proposal in U.S. Pat. No. 4,215,033, for
example, physical adhesion can be provided by the use of a semi-porous filler obtained by etching a two-phase glass.
[0009] US 5707440 A describes larger filler particles which are covered by smaller particles of different material. The
larger particles have a lower melting point than the small particles and are typically glass particles. Thus when softened
in the melting range, the larger particles are covered by the higher melting smaller particles. After cooling the particles
keep sticking together and form a special kind of filler particles as illustrated in Fig. 1 of US 5707440 A.

[0010] However, due to its construction from 2 kinds of inorganic filler with different refractive index, its disadvantage
is the limited translucency of resulting composites that is not suitable for aesthetic restorations. The dimension of the
SiO,, surface decorated dental glass filler is determined by the central glass particle. Bigger particles of this type cannot
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provide an improved gloss stability in comparison to conventional submicrohybrid composites.

[0011] Microfiller composites were developed to perform excellent esthetic properties, based on special pre-polymer-
ized filler particles made from fumed silica (e.g. Aerosil ...) and suitable (meth)acrylate crosslinkers (e.g. DCDMA,
DDMA, ...) by industrial polymerization and grinding. Such microfiller composite materials are appreciated due to their
permanent gloss stability. Commonly most successful sub-microhybrid composites and nano-hybrid composites can not
provide this advantage. An issue of the microfiller composites is the limited flexural strength below 100 MPa that allows
only anterior restorations of class Ill (and class IV with limitations). Moreover microfiller composites do not provide any
radio-opacity due to the filler load of fumed silica only.

[0012] A new filler technology was introduced with FILTEK by 3M-ESPE using agglomerated nanoparticles prepared
by a thermal procedure probably. The resulting agglomerated filler particles are softer than compact dental glass fillers
with a comparable size. The FILTEK fillers mimic the construction of fumed silica, which is also build of silica nano-
agglomerates, but FILTEK fillers are constructed stronger from SiO, (and ZrO, to provide a radio-opacity) and improved
mechanical performance of the composite. A higher content of Zirconia is necessary to increase the level of radio-opacity
but on the other hand brings the disadvantage to reduce translucency at the same time.

OBJECTS OF THE INVENTION

[0013] It is therefore an object of the invention to provide a finely divided inorganic filler for which is retained in the
surface of the plastic matrix even after extended abrasive action has occurred to wear away the surface of the plastic
matrix filled with the inorganic filler particles. The filler particles should conveniently be radiopaque.

[0014] Itis afurtherobjectto provide a method for producing aninorganicfiller which is intended for use in polymerizable
dental materials and for reinforcing plastic materials.

[0015] Anotherobject of the invention is to provide a glass filler which equips composites with high reflection properties
and good mechanical properties. It is a further object to provide a particulate glass filler which avoids the disadvantages
of state of the art constructed agglomerates from different refractive index materials. Additionally, itis an object to provide
glass fillers being a hybrid material for dental materials, in particular composites, with satisfactory gloss stability and
advantageous handling at the same time.

[0016] Another object is to provide a glass filler which allows the possibility to charge composites with high amounts
of fillers. In particular to provide composites or dental materials with satisfactory gloss stability, advantageous handling
properties and with improved esthetic properties. Another object is to provide composites with good X-ray opacity as a
result of charging them with high amounts of barium-containing glass fillers.

SUMMARY OF THE INVENTION

[0017] The invention in general concerns uniform filler particles having an identical refractive index, thermally welded
together by sintering. More precisely it concerns particulate glass filler comprising glass particles, wherein the glass
particles contain centrally located macro glass particles and on the outer surface of the macro particles micro glass
particles are located, wherein the connection between macro and micro glass patrticles is of the material of said particles
and, wherein the refractive index n of said particulate glass filler is in the range of n=1.50 to 1.60.

- wherein the size of the macro particles is in the range of 200 to 600 nm and the macro particles are selected from
dental glasses having a refractive index n in the range of n = 1.50 to 1.58 and having a transition temperature lower
than 650 °C and

- wherein the size of the micro particles is in the range of 100 to 300 nm and the micro particles are selected from
dental glass ceramics having a transition temperature of greater than 700 °C and the micro particles having a
refractive index in the range of n = 1.52 to 1.59.

[0018] The invention further concerns a method for producing the described glass particles, the particulate glass filler
comprising said glass particles as well as a composite or dental material comprising the above particulate glass filler.
[0019] The glass particles according to the invention are agglomerates of macro particles and micro particles, wherein
the micro particles are substantially located on the outer surface of the macro particles. Therefore, the glass filler of the
invention belongs to agglomerated filler.

[0020] The claimed particulate glass filler is defined as a filling material for use in medical compositions, in particular
for use in dental compositions such as composites and the like. High demands are made particularly on dental filler
materials. They have to be abrasion and stain resistant and have to fulfill highest standards of aesthetically demands
on tooth color and appearance. These requirements are fulfilled by the inventive particulate glass filler.

[0021] A glass filler material, which is dispersed and dried by special technology which make the amorphous glass
filler particles keep a certain distance, is welded partly together by sintering under special temperature curve and forms



10

15

20

25

30

35

40

45

50

55

EP 2 996 663 B9

a special micro-structure surface with retentive function. The filler body is of an amorphous and porous structure. Dental
materials, in particular resin composite materials, with this filler are distinguished by special handling property and high
gloss stability. Especially very small glass particles around 0.2 to 0.6 wm can be used to build very advantageous filler
agglomerates with excellent gloss stability. Without the modification according to this invention, a high filler load cannot
be achieved with this particle size. Such filler agglomerates provide a good level of radio-opacity. "Agglomerates" as
used herein are the results of several particles having been welded together by sintering, in particular as described by
the method according to the invention.

[0022] Dental materials, in particular composites, based on the agglomerated fillers (according to the invention) offer
a permanent gloss stability and build a radio-opaque composite with advantageous handling properties (modeling be-
havior, shape stability).

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1a is a REM photograph of the inventive filler particles sintered together, as described in Example 1.

FIG. 1bis a more detailed schematicallyimage of inventivefiller particles sintered together, as described in Example 1.
FIG. 1c is a detailed schematically image of state of the art filler particles sintered together.

FIG. 2 is a diagram showing the flexural strength of composites of the invention, compared to composite outside
the invention.

FIG. 3 is a diagram showing Young’s modulus of composites of the invention, compared to composite outside the
invention.

Fig. 4 is adiagram showing the reflection (tooth brush abrasion of composites of the invention, compared to composite
outside the invention).

Fig. 5 is a diagram showing the mean roughness (tooth brush abrasion of composites of the invention, compared
to composite outside the invention).

Fig. 6 is a diagram showing the mean depth (ACTA method (poppy seed)) of different filler materials as described
in table 2, compared to glass filler of the invention.

Fig. 7 is a diagram showing the lost volume (ACTA method (poppy seed)) of different filler materials as described
in table 3 compared to glass filler of the invention.

DETAILED DESCRIPTION

[0024] In general, any glass filler particles may be used for the invention. Preferred are conventional dental glass fillers
or materials used for the inventive particulate glass filler, for example made on the basis of boron silicate glass or
aluminum silicate glass, such as glass made of barium borosilicate or lithium aluminium silicate and barium aluminium
silicate, especially barium silicate dental glass fillers. Most preferred the particulate glass filler is comprising barium
and/or strontium aluminium silicate dental glasses.

[0025] The particulate glass filler comprising glass particles, wherein the glass particles contain centrally located macro
particles with connections to micro particles located on the outer surface of the macro particles, wherein the connections
consist of the material of said particles, and wherein the refractive index n of the glass particles is in the range of n =
1.50 to 1.60.

[0026] Macro particles according to the invention are particles having a particle size in the range of 200 nm to 1um,
in particular in the range of 400 nm +/- 200 nm.

[0027] Micro particles according to the invention are particles having a particle size in the range of 50 nm to 390 nm,
in particular in the range of 200 nm +/- 100 nm.

[0028] Particulate glass filler according to the invention are glass particles having a mean particle size in the range of
0.2 pmto 1.5 um, in particular 400 nm +/- 200 nm, wherein the glass particles contain centrally located macro particles
with connections to micro particles located on the outer surface of the macro particles, wherein the connections consist
of the material of said particles, and wherein the refractive index n of the glass particles is in the range of n = 1.50 to 1.60.
[0029] Preferably the above described particulate glass filler comprises a connection consisting of the material of the
macro particles. More preferably the particulate glass filler comprising glass particles comprises macro particles which
are selected from dental glasses comprising barium and/or strontium. Most preferably the inventive particulate glass
filler comprises macro particles selected from dental glasses comprising barium aluminum silicate and/or strontium
aluminum silicate.

[0030] Preferred barium dental glass materials comprise at least 25 weight-% of BaO, in particular at least 30 weight-
% of BaO, preferably atleast 35 weight-% of BaO and barium aluminum silicate dental glass material comprise additionally
to the amount of BaO at least 5 weight-% of Al,Og, in particular at least 8 weight-% of Al,Og, preferably at least 10
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weight-% of Al,Os.

[0031] Preferred strontium dental glass materials comprise at least 10 weight-% of SrO, in particular at least 15 weight-
% of SrO, preferably at least 25 weight-% of SrO and strontium aluminum silicate dental glass material comprise addi-
tionally to the amount of SrO at least 5 weight-% of Al,Og, in particular at least 10 weight-% of Al,O3, preferably at least
15 weight-% of Al,O4.

[0032] In a special embodiment the inventive glass filler with a refractive index n of the glass particles in the range of
n =1.,50 to 1.60 comprises macro particles made of dental glass comprising barium and/or strontium, preferably barium
aluminum silicate and/or strontium aluminum silicate.

[0033] In an embodiment the particulate glass filler according to the invention comprises glass particles of macro
particles selected from dental glasses having a transition temperature lower than 650 °C. Dental glass materials com-
prising barium and/or strontium, preferably barium aluminum silicate and/or strontium aluminum silicate, having a tran-
sition temperature lower than 650 °C are preferred. Said materials having a refractive index n in the range of n = 1.50
to 1.60 are mostly preferred.

[0034] In another embodiment of the invention the particulate glass filler comprises glass particles of macro particles
having a refractive index n in the range of n = 1.50 to 1.58. In particular these macro particles are preferably made of a
dental glass material comprising barium and/or strontium and additionally, preferably barium aluminum silicate and/or
strontium aluminum silicate, having a transition temperature lower than 650 °C.

[0035] In a preferred embodiment the inventive particulate glass filler comprises glass particles of macro particles of
a size in the range of 200 to 600 nm, in particular 400 nm +/- 100 nm, more preferred +/- 50 nm. In particular in the range
of 300 to 500 nm, preferably +/- 50 nm, preferably 400 nm +/- 50 nm.

[0036] The inventive particulate glass filler comprises glass particles comprising micro particles having a refractive
index n in the range of n = 1.52 to 1.59. In particular said micro particles are connected to centrally located macro
particles having a refractive index n in the range of n = 1.50 to 1.58. Preferably this combination of micro and macro
particles leads to glass particles of the inventive particulate glass filler. Most preferably the described combination is
preferably used as the glass particles of the inventive particulate glass filler in curable dental materials and/or composites.
The refractive index plays an important role for a good transparency of the dental materials.

[0037] In another embodiment of the invention the particulate glass filler comprising glass particles with micro particles
selected from dental glass ceramics having a transition temperature higher than the transition temperature of the macro
particle dental glass material, in particular higher than 700 °C, in particular higher than 750 °C, higher than 800 °C.
Preferred embodiments of the inventive particulate glass filler comprises macro and micro particles wherein their tran-
sitions temperature differs by at least 50 °C, preferably at least 70 °C, most preferably at least 100 °C. In particular macro
particles made of barium and/or strontium, preferably barium and or strontium aluminum silicate dental glass material,
exhibit a transition temperature higher than the dental glass ceramic material of the micro particles as described.
[0038] Suitable ceramic materials are nitride, carbide or oxide of the elements silicon, zirconium, aluminium, titanium,
lithium, and/or lanthanum. AL,O3, SiO,, TiO, La,03, ZrO,, Li,O, P,O5 and MgO are preferred.

[0039] Glass-ceramics are polycrystalline materials produced through controlled crystallization of base glass. Glass-
ceramic materials share many properties with both glasses and ceramics. Glass-ceramics have an amorphous phase
and one or more crystalline phases and are produced by a so-called "controlled crystallization" in contrast to a sponta-
neous crystallization, which is usually not wanted in glass manufacturing. Glass-ceramics have the fabrication advantage
of glass as well as special properties of ceramics. Glass-ceramics usually have between 30% [m/m] to 90% [m/m]
crystallinity and yield an array of materials with interesting properties like zero porosity, high strength, toughness, trans-
lucency or opacity, low or even negative thermal expansion.

[0040] In another embodiment the inventive particulate glass filler comprises micro particles in the range of 100 to
300 nm, in particular 200 nm +/- 50 nm, more preferred 180 nm, in particular +/- 50 nm. In particular 130 nm, 140 nm,
150 nm, 160 nm, 170 nm, 180 nm, 190 nm, 200 nm, 210 nm, 220 nm or 230 nm.

[0041] In a preferred embodiment the inventive particulate glass filler comprising glass particles, preferably having a
mean particle size of 0.2 um to 0.7 wm, wherein the glass particles contain

- macro particles

- of dental glass comprising barium, preferably barium aluminum silicate,

- inthe range of 400 nm +/- 50 nm

- having a refractive index in the range of n = 1.50 to 1.58, preferably n = 1.55 +/- 0.01 and

- optionally having a transition temperature of lower than 650 °C, preferably lower than 630 °C, most preferably
in the range of 630 °C to 580 °C

and
- micro particles



10

15

20

25

30

35

40

45

50

55

EP 2 996 663 B9

- of dental glass comprising ceramics,

- inthe range of 200 nm +/- 50 nm,

- having a refractive index in the range of n = 1.50 to 1.58, preferably n = 1.57 +/- 0,01 and

- optionally having a transition temperature of greater than 700 °C, in particular greater than 750 °C, most preferably
greater than 800 °C,

wherein macro particles are centrally located and said micro particles are connected to the outer surface of the macro
particles. Preferably, the connection between the macro and micro particles is made of the material at least of the macro
particles.

[0042] The connection between the macro and micro particles, in particular obtainable by sintering and welding these
particles, is effected by the dental glass material(s) itself. More precisely the connection may be made of the dental
glass material barium only, barium aluminum silicate only, strontium only, strontium aluminum silicate only, ceramics
only or of a combination of at least two of the mentioned materials.

[0043] When strontium glass material is used, in particular strontium aluminum silicate, said material has a refractive
index n =1.51 +/- 0.01.

[0044] The particulate glass filler according to the invention and the above described embodiments comprise glass
particles in the range of 0.2 um to 1 um mean particle size, preferably in the range of 0.3 um to 0.8 um, more preferred
0.2 pm to 0.7 wm, most preferred in the range of 0.3 um to 0.6 pm.

[0045] The above described inventive particulate glass filler comprising the described glass particles preferably is an
amorphous and in particular porous glass filler.

[0046] Examples of commercially available dental glass particles without a limitation are those from SCHOTT com-
prising glass ceramics GM31684, GM31685, barium glasses GM27884, GM39923, G018-053, 8235, G018-186 and
strontium glasses GM32087, G018-093 and G018-163. FIG 1b a schematically image of the inventive glass filler com-
prising the above described dental glass particles, in particular representing the combination of GM27884 (refractive
index n = 1.52) as the centrally located macro particle and GM31685 (refractive index n = 1.53) as the micro particles
connected to GM27884. FIG 1c shows a schematical image of state of the art particles with silica particles (refractive
index 1.45) as the micro particles.

[0047] Another object of the invention is a method of producing particulate glass filler comprising glass particles
according to the invention, as described above, wherein the method comprises the following steps, in particular particulate
glass filler as described above obtainable by the method comprising the following steps:

I. Dispersing, in particular in a ball mill or other mixer suitable for mixing solids, macro and micro glass filler particles
with a refractive index n = 1.5 to 1.60 with a suitable solvent,

- wherein the size of the macro particles is in the range of 200 to 600 nm and the macro particles are selected
from dental glasses having arefractive index n in the range of n = 1.50 to 1.58 and having a transition temperature
lower than 650 °C and

- wherein the size of the micro particles is in the range of 100 to 300 nm and the micro particles are selected
from dental glass ceramics having a transition temperature of greater than 700 °C and the micro particles having
a refractive index in the range of n = 1.52 to 1.59.

II. Sintering and welding the dispersed glass filler, in particular the dispersed macro and/or micro glass filler particles,
at 600 °C to 800 °C,

lll. Cooling the sintered glass filler comprising the macro with thereto connected micro glass filler particles to room
temperature,

IV. Dispersing welded filler, preferably comprising macro and micro glass particles, wherein the micro particles are
connected to the centrally located macro particles, in a suitable solvent, preferably an anhydrous alcohol, in particular
in an ultrasonic dispersing machine, and

V. Drying of said glass filler, preferably performed in a vacuum cold drying machine,

wherein a particulate glass filler comprising glass particles is obtained. In particular glass particles are obtained, which
contain centrally located macro particles with connections to micro particles located on the outer surface of the macro
particles, wherein the connections consist of the material of said particles, and wherein the refractive index n of the glass
particles is in the range of n = 1.50 to 1.60. Most preferably an amorphous particulate glass filler is obtained.

[0048] In particular the described macro and/or micro glass filler particles with a refractive index n = 1.5 to 1.60
preferably with a ratio macro particles to micro particles of 1 : 1-4,

[0049] The solvent used in step | is preferably a mixture of water and alcohol, more preferably water and 0.01 wt-%
to 1 wt-% alcohol, most preferably 0.1 wt-% alcohol with regard to the total of the mixture. The Dispersing step is preferably
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performed for 24 hours at 30 rpm (see example 1 below).

[0050] Before sintering (step Il) the dispersed particles may be dried, preferably in a vacuum cold drying machine.
Step | results in amorphous glass filler particles of certain distance.

[0051] In general, the particles are first subjected to a dispersion process in order to make the individual particles keep
a distance from each other. This is preferably done by grinding with a suitable solvent.

[0052] After removal of the solvent after step | the fillers are advantageously sintered together by thermal treatment
(welding, step II).

[0053] In a preferred embodiment of the above method the sintering (step Il) is carried out at 500°C to 770°C, more
preferably from 600 °C to 750 °C. The sintering is carried out preferably for 1 to 3 hours. In an embodiment of the
inventive method the sintering and welding step is performed by the following temperature curve:

- heating up from room temperature to 600 °C (5 °C/minute) then to 700 °C/ 710 °C/ 720 °C (2 °C/minute) and
- keep this temperature for 2 hours;

- cooling from to 700 °C/ 710 °C/ 720 °C to 300 °C (2 °C/minute) and

- cooling naturally to room temperature (step Ill).

[0054] Inthe above method the treatment of step IV preferably takes 24 hours, in particular in anhydrous alcohol. After
step IV amorphous and porous glass fillers comprising glass particles of certain distance with retentive function are
achieved.

[0055] Optionally silanization of the particulate glass filler, in particular performing silanization of the glass filler after
step IV before drying, can be carried out. Silanization preferably is performed in a rotary evaporator. The slurry with an
anhydrous alcohol and the welded filler are filled into the rotary flask, a suitable silane hydrolysate is added and followed
by evaporating the alcohol (calculation of silane hydrolysate: 0.00965 x weight of silanized filler x surface area). Finally,
silanized inventive particulate glass filler is removed from the flask and grinded, in particular by special rolling machine,
and then sieving, preferably through a 100 mesh sieve, and keep it about 12 hours before final drying (step V). Thus, a
silanized particulate glass filler comprising glass particles, wherein the glass particles contain centrally located macro
particles with connections to micro particles located on the outer surface of the macro particles, wherein the connections
consist of the material of said particles, and wherein the refractive index n of the glass particles is in the range of n =
1.50 to 1.60.

[0056] In another embodiment the inventive method comprises the steps

- Steps | to V as described above,

- steps VI is preformerd by

VI A treating the slurry with a suitable silane hydrolysate followed by evaporating the alcohol;
VIB  grinding in a rolling machine;

VIC  sieving, optionally through a 100 mesh sieve;

VID  optionally keeping the product for about 12 hours;

VIE and finally drying.

[0057] A most preferred embodiment of the inventive method comprises

- Step I: Dispersing 3 kg glass filler into the miller (10L) with 5 mm ZrO,, balls (12 kg) and plus 3200 g water and 0.1
% alcohol, 30 rpm for 24 hours,

- Drying the glass filler in a vacuum drying machine,

- Step II-lll: Sintering and welding using the above described temperature curve using Nabertherm N30/85HA,

- Step IV: Dispersing by means of a special ultrasonic dispersing machine with 150 g of the welded filler in 1750 ml
anhydrous alcohol, wherein the dispersing takes 24 h,

-  Silanization as described above with a suitable silane hydrolysate, and

- Step V: Drying under 105 °C for 8 hours.

[0058] Another object of the invention is a method of improving gloss stability while maintaining abrasion resistance
in dental composite materials by incorporating therein a particulate glass filler comprising glass particles, wherein the
glass particles contain centrally located macro particles with connections to micro particles located on the outer surface
of the macro particles, wherein the connections consist of the material of said particles, and wherein the refractive index
n of the glass particles is in the range of n = 1.50 to 1.60.

[0059] By means of the described method particulate glass filler as previously described, in particular providing high
gloss, improved translucency and advantageous radio-opacity of the resulting dental materials, is achieved.
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[0060] The sintering temperature depends on the type of the glass filler particles and generally is between 450° to
1000 °C. The temperature is selected such that during sintering the particles start to melt. Preferably, the macro particle
starts to melt so that the micro particle will be retained when the micro particles adhere to the melted surface of the
macro particle. At this point the macro particles only start to melt, whereas micro particle keep solid because of their
higher transition temperature. Consequently, the connection between the centrally located macro particle and bound
micro particles is preferably built of the dental glass material of said macro particle as described above.

[0061] Inprinciple,any amorphous glass filler with a particle size of 0.2 to 0. 6 wm will be suitable. [t may be commercially
acquired as such, or produced by milling and sieving coarser glass particles.

[0062] When the suitable solvent is an alcohol, it is preferably a low boiling alcohol such as ethanol, propanol or
isopropanol. Ethanol is preferred.

[0063] Suitable silane hydrolysates are known to the art-skilled person. 3-methacryloxypropyltrimethoxysilane is pre-
ferred. The inventive welded fillers, in particular obtainable by the inventive method as described above, may be used
in dental composites, suitably in amounts from 60 to 80, preferably from 65 to 75 % by weight of the uncured composition.
[0064] The statements are made in regard to the micro-structure of the filler particles and their anchoring in the matrix
as illustrated by the transmission electron micrograph shown in FIG. 1a and the detailed schematically image in FIG 1b
compared to the state of the art filler shown in FIG 1c. The bright zones in FIG 1a represent the filler particles, the dark
zones the polymer matrix. It is evident that the shape of the filler particles gives many possibilities for anchoring in the
matrix.

[0065] The use of the above described inventive particulate glass filler, obtainable by the above described method,
in dental materials, in particular in composites, is also an object of the invention.

[0066] A further object of the invention is a dental material comprising the above described particulate glass filler
comprising glass particles, wherein the glass particles contain centrally located macro particles of the above character-
istics and micro particles of the above characteristics, wherein these micro particles are connected to the outer surface
of the macro particles, or at least a glass filler obtainable by the above described method, wherein the dental material
is an uncured or cured material.

[0067] Preferably said inventive dental material possesses a gloss level greater than 30, in particular greater than 35,
more particular greater than 40, 45, in the cured material.

[0068] Preferably said inventive dental material possesses a reflection level greater than 4 %, in particular greater
than 4.5, more particular greater than 5.0, 6.0, in the cured material.

[0069] Preferably said inventive dental material possesses a gloss level greater than 40, in particular greater than 45,
in combination with a reflection level greater than 5 %, in particular greater than 6.0 % in the cured material. For example
an embodiment of the inventive dental material comprising the above described glass filler having as the central macro
particle GM27884 with a particle size of 0.4 um and GM31684 with a particle size of 0.18 um as the micro particle
located on the outer surface of said macro particle exhibits a gloss level greater than 45 and a reflection of greater than
6.0 (FIG. 1a, 1b).

[0070] Advantages of dental materials, curable or cured, containing fillers according to the invention are:

non slumping consistency and advantageous workability;

fast polishability;

high mechanical strength, as expressed by flexural strength and Young’s modulus;

low abrasion, as expressed by roughness values,

high gloss stability, in particular permanent gloss stability, as expressed by high reflection, and build a radio-opaque
dental material with advantageous handling properties, in particular modelling behavior and shape stability.

[0071] Furthermore, as the invention allows higher filler loads compared to conventional fillers, it provides a way to
raise X-ray opacity by using higher total amounts of barium-containing dental glass filler.

[0072] To explain the invention in detail, the production of a particulate composite filler in accordance with the invention
and a formulation containing the composite filler for use as a dental material which can be polymerized by irradiation
with light will be described in the examples which follow. The flexural strength of the different cured dental materials with
and without fillers according to the invention will be determined and compared. The values of Young’s modulus, mean
roughness and reflection will be presented. All percentages are by weight unless otherwise indicated.
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EXAMPLES
METHODS
Method for measuring gloss level of dental materials

[0073] A gloss testing device was used (angle 60°) from BYK Gardner GmbH (82538 Geretsried, Germany). The mean
value was achieved from 5 measurements per sample.

Method for measuring reflection level of dental materials

[0074] A surface laser scanner system (OPM GmbH, 76275 Ettlingen, Germany) was used to analyse the surface
structure and roughness. The reflection degree of the laser beam was used to evaluate the surface reflection level. The
resolution was set to 100 P/mm.

[0075] Tooth brush abrasion and ACTA method (poppy seed) were performed as described in ISO-TS14569-1/-2.
The results are summarized in the following table 2 and 3.

EXAMPLE 1: Production of the Filler
[0076]
Step 1: Milling
Equipment: ball milling machine (the composition of the milling tank is the same basically as the glass filler) Process:

put 3 kg glass filler into the miller (10 L) with 5 mm ZrO2 balls (12 kg), add 3200g distilled water and 0.1% alcohol,
rotate at 30 rpm for 24 hours;

Step 2: Drying of the glass filler:
The milled glass filler obtained in step 1 is dried in a conventional vacuum cold drying machine.

Step 3: Sintering and welding process:
Equipment: Nabertherm N30/85HA air circulation chamber furnace
Process: The product obtained in step 2 is introduced into the furnace and heated up from the room temperature
t0600°C (5°C/minute) then to 700°C/710°C/720°C (2°C/minute) and kept at this temperature for 2 hours; followed
by cooling from 700°C/710°C/720°C to 300°C (2°C/minute) and cooling naturally to room temperature

Step 4: Dispersing welded filler

Equipment: special ultrasonic dispersing machine.
Process: put 150 g of the welded filler obtained in step 3 into 1750 mlanhydrous alcohol and disperse for 24 hours.

Step 5: Production of silanized filler

Equipment: rotary evaporator.
Process: Put the slurry with anhydrous alcohol with the welded filler as obtained in step 4 into the rotary flask,
add suitable silane hydrolysate and evaporate alcohol (calculation of silane hydrolysate:0.00965 X weight of
silanized filler X surface area); take out the filler from flask, grind by conventional rolling machine followed by
sieving (100 mesh); keep for about 12 hours; put into drying cabinet at 105°C for 8 hours.

EXAMPLE 2: Tests in Composite Dental Material BHB, GM #201103

[0077] Filler containing dental composite pastes, wherein conventional fillers are exchanged for different fillers and

filler combinations as shown below, were mixed and polymerized by light in the presence of photoinitiators as known in
the art. The compositions of the dental materials are summarized in table 1 below.
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Ingredients for the test results displayed in Fig. 2 and 3

[0078]

Bis-GMA:

TEDMA, also known as TEGDMA:
NF 180:

Glass welded filler (695°C, 0.4.):

bisphenol-A-(di)-methacrylate
triethylenglycol-dimethacrylate
Very fine glass filler, grain size d50 = 180 nm, by Schott, Germany, particle size
distribution: d50: 180 +/- 30 nm, d99 >/= 500 nm

Conventional barium silicate glass filler particles, mean diameter of the center

particle is 0.4 pum, welded in analogy to Example 1 at 695 °C

Pre-polymer (or splint")

the presence of a crosslinking methacrylate.

Table 1: compositions

Grinded polymer particles containing silanized pyrogenic silica, polymerized in

Comparative Comparative Comparative Example
example example example invention
VP110516/3Ju | VP110511/1Ju | VP110516/1 Ju 201103
[wt.-%] [wt.-%] [wt.-%] [wt.-%]
Bowen 18.12 18.12 18.12 17.77
TEDMA 7.77 7.77 7.77 7.62
Campherchinon 0.05 0.05 0.05 0.05
Genocure EHA 0.06 0.06 0.06 0.06
GM 27884 UF sil.200 pm/Kulzer 72.01 0 0 0
Silanized self-welding filler, based on GM
27884 (dgg ~0.4 pm), welding temperature 0 72.00 0 55.88
695 °C
GM27884 NF 180-Si03 0 0 72.00 18.63
Estic Microfill Splitter 2.00 2.00 2.00 0
total 100.00 100.00 100.00 100.00

The glass filler was prepared by the following method

[0079]

- Step I: Dispersing 3 kg glass filler into the miller (10L) with 5mm ZrO, balls (12 kg) and plus 3200 g water and 0.1
% alcohol, 30 rpm for 24 hours. A ball milling machine was used, wherein the component of the milling tang is the

same basically as the glass filler.

- Drying the glass filler in a vacuum drying machine,
- Step lI-lll: Sintering and welding was performed by means of Nabertherm N30/85HA with the following temperature

curve:

- heating up from room temperature to 600 °C (5 °C/minute) then to 700 °C/ 710 °C/ 720 °C (2 °C/minute) and keep

this temperature for 2 hours;

- cooling from to 700 °C/ 710 °C/ 720 °C to 300 °C (2 °C/minute) and

cooling naturally to room temperature (step Ill).

Step IV: Dispersing by means of a special ultrasonic dispersing machine with 150 g of the welded filler in 1750 ml
anhydrous alcohol, wherein the dispersing takes 24 h,

Silanization of the particulate glass filler was carried out in a rotary evaporator. The slurry with an anhydrous alcohol
and the welded filler was filled into the rotary flask, a suitable silane hydrolysate was added and followed by evap-
orating the alcohol (calculation of silane hydrolysate: 0.00965 x weight of silanized filler x surface area). Finally,
silanized inventive particulate glass filler was removed from the flask and grinded in a rolling machine and then was
sieved through a 100 mesh sieve, and kept for about 12 hours before final drying (step V).

10
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- Step V: Drying at 105 °C for 8 hours.

[0080]

Pastes mixed from:

[0081]

The following composite pastes were polymerized and subjected to mechanical testing:

- Bis-GMA/TEDMA liquid + glass welded filler (675 °C, 0.4 um) + additionally NF 180, silanized

- Bis-GMA/TEDMA + 72 % NF 180 + 2 % pre-polymer filler

- Bis-GMA/TEDMA + 72 % glass welded filler (675 °C, 0.4 wm) + 2 % pre-polymer filler

- Bis-GMA/TEDMA + 72 % conventional barium silicate glass filler (0.85 um) + 2 % pre-polymer filler (reference)

Ingredients for the test results displayed in Fig. 4 to 7

[0082]

% Pre-polymer: as described above;
% 0.85 um: conventional barium silicate glass filler, mean particle diameter 0.85 um
% 0.4 wm filler welded at various temperatures according to the invention

% 0.85 pm filler welded at various temperatures outside the scope of to the invention
NF 180 as described above
Bis-GMA/TEDMA monomer composition 70:30 as described above.

Further abbreviations:

[0083]

GM and 6 digit numbers: various batches
BHB abbrevation for Heraeus affiliate company

The following pastes were polymerized and reflection and roughness were determined.

Comparative examples:

[0084]

22

N

M

BHB, GM, VP110516/3Ju (72 % 0.85 pm + 2
% Pre-polymer)

BHB, GM, VP110329/1Ju (70 % 0.85 pm + 5
% Pre-polymer)

BHB, GM #20100723 (76.5 % 0.85 um/700
°C +0.18 pm)

BHB, GM VP101122/2 Ju, (70 % 0.85 um/700
°C + 2 % Pre-polymer)

BHB, GM, VP110328/1Ju, (70 % 0.85 .m/700
°C + 5 % Pre-polymer)

BHB, GM, VP110329/3Ju, (70 % 0.85 um/710
°C + 5 % Pre-polymer)

BHB, GM, VP110329/4Ju, (70 % 0.85 .m/730
°C + 5 % Pre-polymer)

BHB, GM, VP110511/1Ju (72 % 0.4 num/695
°C + 2 % Pre-polymer)

1"

VP110516/3Ju: 0.85 wm glass particles not welded,
VP110329/1Ju: 0.85 wm glass particles not welded
20100723 0.85 pmglass particles welded at 700 °C+0.18

wm glass particles welded at 700 °C
VP101122/2Ju: 0.85 pm glass particles welded at 700 °C

VP110328/1Ju: 0.85 pm glass particles welded at 700 °C

VP110329/3Ju: 0.85 pm glass particles welded at 710 °C

VP110329/4Ju: 0.85 pm glass particles welded at 730 °C

VP110511/1Ju 0.4 um: glass particles welded at 700 °C
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(continued)

BHB, GM, VP110516/1Ju (72 % 0.18 pm + 2
% Pre-polymer)
BHB, GM, VP110329/2Ju (70 % 0.18 pum + 5
% Pre-polymer)

Durafill VS A2, # 010214 (reference)

Defined as below

Defined as below

W

IEEYRRR Defined as below
S

S

Example

[0085]

18.5 % 0.18 wm)

BHB, GM #201103 (56 % 0.4 um/695 °C +

#201103 0.4 pm glass particles welded at 695 °C within
the scope of the invention

Table 2: Tooth Brush Abrasion (see Figs. 4 and 5)

GM27884 Welding Mean .
. . . Reflection Gloss
Material Particle size temperature roughness
N [%] level
] [°C] [um]
Comparative examples
BHB, GM, VP110516/3Ju (72 % 0.85 0.85 0.48 4.0 15.8
wm + 2 % Pre-polymer)
BHB, GM, VP110329/1Ju (70 % 0.85 0.85 0.65 3.2 11.4
wm + 5 % Pre-polymer
BHB, GM#20100723 (76.5 % 0.85 pm/ 0.85 700 0.43 4.0 19.5
700 °C + 0.18 pum)
BHB, GM, VP110328/1 Ju (70% 0.85 0.85 700 0.57 3.3 14.7
wm/700 °C + 5 % Pre-polymer
BHB, GM, VP110329/3 Ju (70 % 0.85 0.85 710 0.61 3.6 15.3
wm/710 °C + 5 % Pre-polymer
BHB, GM, VP110329/4 Ju (70 % 0.85 0.85 730 0.56 3.4 14.1
pm/730 °C + 5 % Pre-polymer
BHB, GM, VP110511/1 Ju (72 % 0.4 0.4 695 0.64 5.3 37.5
wm/675 °C + 2 % Pre-polymer)
BHB, GM, VP110516/1 Ju (72 % 0.18 0.18 1.08 71 31.9
wm + 2 % Pre-polymer
BHB, GM, VP110329/2 Ju (70 % 0.18 0.18 1.05 6.2 321
wm + 5 % Pre-polymer
Durafill VS, A2, #010214 (reference) 0.60 71 36.5
Example according to the invention
BHB, GM#201103 (56 % 0.4 .wm/695 0.4 695 0.49 6.4 47.4
°C +18.5 % 0.18 pm

12
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Table 3: ACTA method (poppy seed) (Figs. 6 and 7)

. GM27884 particle welding Mean Lost
Material size [wm] temperature [*C] depth volume
g [wm] [mm3]
Comparative examples
BHB, GM, VP110516/3Ju (72% 0.85um +2%
Pre-polymer) 0.85 33.6 0.2778
BHB, GM, VP110329/1Ju (70% 0.85um + 5%
Pre-polymer) 0.85 325 0.2939
BHB, GM #20100723 (76.5% 0.85,.m/700°C
+0.18pm) 0.85 700 36.0 0.3470
BHB, GM, VP101122/2Ju, (70% 0.85p.m/
700°C + 2% Pre-polymer) 0.85 700 35.9 0.3307
BHB, GM, VP110328/1Ju, (70 % 0.85 um/700
°C + 5 % Pre-polymer) 0.85 700 375 0.3670
BHB, GM, VP110329/3Ju, (70 % 0.85 um/710
°C + 5 % Pre-polymer) 0.85 710 33.4 0.2988
BHB, GM, VP110329/4Ju, (70 % 0.85 um/730
°C + 5 % Pre-polymer) 0.85 730 35.4 0.3354
BHB, GM, VP110511/1Ju (72 % 0.4 n.m/695
°C + 2 % Pre-polymer) 0.4 695 39.9 0.3865
BHB, GM, VP110516/1Ju (72 % 0.18 um + 2
% Pre-polymer) 0.18 45.6 0.4334
BHB, GM, VP110329/2Ju (70 % 0.18 um + 5
% Pre-polymer) 0.18 43.3 0.4271
Example according to the invention
BHB, GM #201103 (56 % 0.4 .m/695 °C +
18.5 % 0.18 pum) 0.4 695 39.3 0.3871

Discussion of the Results: Flexural Strength and Young’s modulus (Fig. 2, Fig. 3):

[0086] The compositions within the scope of the invention comprising 0.4 wm filler according to the invention show
superior values of flexural strength and Young’s modulus as compared to conventional filler materials. The filler-combi-
nation of welded filler according to the invention and pre-polymer (splint) is the strongest composition in both tests.

Discussion of Results: Mean Roughness and Reflection (Fig. 4, Fig. 5)

[0087] One can see that compositions a little outside the scope of the invention (1.8 wm, black and checked bars on

gt
the extreme right of the diagrams ) show good reflection values, but at the cost of high roughness.
In contrast the results for the compositions containing 0.4 wm welded filler according to the invention (horizontally and

""l” ) surprisingly provide optimal balancing of good abrasion

vertically striped bars on the right of the diagrams
resistance (i.e. low roughness) and good reflection.

The remaining compositions represented by the first six bars from the left of the diagrams are state of the art compositions
which show good abrasion resistance but low reflection values.

[0088] The glass filler [BHB, GM, VP110516/1 Ju (72 % 0.18 pum + 2 % Pre-polymer] and [BHB, GM, VP110329/2 Ju
(70 % 0.18 pum + 5 % Pre-polymer] both show a good reflection of 6.2/7.1 % but their mean roughness of 1.08/1.05 um
is not satisfactory (table 2).

[0089] [BHB, GM, VP110511/1 Ju (72 % 0.4 um/675 °C + 2 % Pre-polymer)] exhibits a worse reflection of 5.3 %

13
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compared to the above described fillers but shows a lower mean roughness of 0.64 %.

[0090] Durafill (reference) exhibits a good reflection of 7.1 % but its mean roughness of 0.60 wm and gloss level of
36.5 are not as good as compared to the inventive glass filler.

[0091] In contrast the glass filler according to the invention [example according to the invention: BHB, GM#201103
(56 % 0.4 pm/695 °C + 18.5 % 0.18 wm] exhibits a good reflection of 6.4 % and at the same time a very low mean
roughness of 0.49 um which is lower than the higher mean roughness values of previously described fillers.

[0092] Additionally, the inventive glass filler exhibits a gloss level of 47.4 which is significantly higher than the gloss
level of [BHB, GM, VP110516/1 Ju (72 % 0.18 pum + 2 % Pre-polymer], [BHB, GM, VP110329/2 Ju (70 % 0.18 pum + 5
% Pre-polymer] or [BHB, GM, VP110511/1 Ju (72 % 0.4 .m/675 °C + 2 % Pre-polymer)] with 31.9/32.1/37.5 (see table 2).
[0093] Thus, the inventive glass filler comprising macro glass particles of 0.4 pm and micro particles of 0.18 um,
obtained by the inventive method, surprisingly provides optimal balancing of an improved abrasion resistance (i.e. low
roughness) and good reflection as well as a higher gloss level compared to the known fillers as described above.
[0094] The remaining compositions represented by the first six bars from the left of the diagrams are state of the art
compositions which show comparable mean roughness (Fig. 5) with the inventive glass filler but low reflection values
(Fig. 4) and significantly worse gloss values (table 2).

Discussion of Results: mean depth and lost volume (table 3, Figs. 6 and 7)

[0095] The glass filler according to the invention [BHB, GM#201103 (56 % 0.4 um/695 °C + 18.5 % 0.18 wm] exhibits
areduced depth of 39.3 um and reduced lost of volume of 0.3871 mm3 compared to state of the art glass filler combined
with pre-polymer on the outer surface of the macro particles [BHB, GM, VP110516/1 Ju (72 % 0.18 um + 2 % Pre-
polymer] and [BHB, GM, VP110329/2 Ju (70 % 0.18 um + 5 % Pre-polymer] showing a mean depth of 45.6/45.3 pum
and lost of volume of 0.4334/0.4271 mm3 (table 3).

Summary of test results

[0096] In summary the compositions with 0.4 um welded glass particles show optimal balance between mechanical
strength and reflection (gloss stability) and have very good mechanical strength.

Claims

1. A particulate glass filler comprising glass particles, wherein the glass particles contain centrally located macro glass
particles with connections to micro glass particles located on the outer surface of the macro particles, wherein the
connections consist of the material of said particles, and wherein the refractive index n of the glass particles is in
the range of n = 1.50 to 1.60,

- wherein the size of the macro particles is in the range of 200 to 600 nm and the macro particles are selected
from dental glasses having a refractive index n in the range of n = 1.50 to 1.58 and having a transition temperature
lower than 650 °C and

- wherein the size of the micro particles is in the range of 100 to 300 nm and the micro particles are selected
from dental glass ceramics having a transition temperature of greater than 700 °C and the micro particles having
a refractive index in the range of n = 1.52 to 1.59.

2. Particulate glass filler according to claim 1, wherein the connections consist of the material of the macro particles.

3. Particulate glass filler according to claim 1 or 2, wherein the macro particles are selected from dental glasses
comprising barium and/or strontium.

4. Particulate glass filler according to any of claims 1 to 3, wherein the size of the macro particles is in the range of
400 nm +/- 100 nm, more preferred +/- 50 nm.

5. Particulate glass filler according to any of claims 1 to 4, wherein the macro particles are selected from dental glasses
comprising barium aluminum silicate glass and/or strontium aluminum silicate glass.

6. Particulate glass filler according to claim 1 or 2, wherein the micro particles are selected from dental glass ceramics
having a transition temperature of greater than 750 °C, greater than 800 °C.
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Particulate glass filler according to any of claims 1 to 2 or 6, wherein the size of the micro particles is in the range
of 200 nm +/- 50 nm, more preferred 180 nm +/- 50 nm.

Particulate glass filler according to any of claims 1 to 7, wherein the glass particles are in the range of 0.2 t0 1.0 pum
mean particle size, in particular in the range of 0.3 to 0.6 um.

Particulate glass filler according to any of claims 1 to 8, wherein the glass filler is amorphous.

A method of producing a particulate glass filler comprising glass particles according to any of claims 1 to 9 comprising
the following steps

I. Dispersing macro and micro glass filler particles
with a refractive index n = 1.50 to 1.60 with a suitable solvent,

- wherein the size of the macro particles is in the range of 200 to 600 nm and the macro particles are
selected from dental glasses having a refractive index n in the range of n = 1.50 to 1.58 and having a
transition temperature lower than 650 °C and

- wherein the size of the micro particles is in the range of 100 to 300 nm and the micro particles are selected
from dental glass ceramics having a transition temperature of greater than 700 °C and the micro particles
having a refractive index in the range of n = 1.52 to 1.59,

II. Sintering and welding the dispersed glass filler at 600 °C to 800°C

lll. Cooling the sintered glass filler comprising the macro with thereto connected micro glass filler particles to
room temperature

IV. Dispersing welded filler in a suitable solvent

V. Drying of said glass filler,

wherein a particulate glass filler comprising glass particles is obtained.

Patentanspriiche

1.

Partikularer Glasfillstoff umfassend Glaspartikel, dadurch gekennzeichnet, dass die Glaspartikel zentral ange-
ordnete Makro-Glaspartikel mit Verbindungen zu an der duReren Oberflache der Makro-Glaspartikel angeordneten
Mikro-Glaspartikeln enthalten, wobei die Verbindungen aus dem Material dieser Partikel bestehen und wobei der
Brechungsindex n der Glaspartikel im Bereich von n = 1,50 bis 1,60 liegt,

- wobei die GréRe der Makro-Partikel im Bereich von 200 bis 600 nm liegt und die Makro-Partikel ausgewahlt
sind aus Dentalgldsern mit einem Brechungsindex n im Bereich von n = 1,50 bis 1,58 und mit einer Ubergang-
stemperatur kleiner 650 °C und

- wobei die GréRe der Mikro-Partikel im Bereich von 100 bis 300 nm liegt und die Mikro-Partikel ausgewahlt
sind aus Dentalglaskeramiken mit einer Ubergangstemperatur groRer 700 °C und Mikro-Partikel einen Bre-
chungsindex im Bereich von n = 1,52 bis 1,59 aufweisen.

Partikularer Glasfillstoff nach Anspruch 1, dadurch gekennzeichnet, dass die Verbindungen aus dem Material
der Mikro-Partikel bestehen.

Partikularer Glasfullstoff nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Makro-Partikel ausgewahlt
sind aus Dentalgldsern umfassen Barium und/oder Strontium.

Partikularer Glasfullstoff nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass die GréRe der Makro-
Partikel im Bereich von 400 nm +/- 100 nm, weiter bevorzugt +/- 50 nm, liegt.

Partikularer Glasfillstoff nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass die Makro-Partikel
ausgewahlt sind aus Dentalgldsern umfassend Barium-Aluminium-Silikat-Glas und/oder Strontium-Aluminium-Sili-

kat-Glas.

Partikularer Glasfiillstoff nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Mikro-Partikel ausgewahlt
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sind aus Dentalglaskeramiken mit einer Ubergangstemperatur von gréRer 750 °C, gréRer 800 °C.

Partikularer Glasfillstoff nach einem der Anspriiche 1 bis 2 oder 6, dadurch gekennzeichnet, dass die Grolie der
Mikro-Partikel im Bereich von 200 nm +/- 50 nm, weiter bevorzugt 180 nm +/- 50 nm, liegt.

Partikularer Glasfillstoff nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass die Glaspartikel im
Bereich von 0,2 bis 1,0 wm mittlere PartikelgréRRe, insbesondere im Bereich von 0,3 bis 0,6 um, liegen.

Partikularer Glasfullstoff nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, dass der Glasfiillstoff
amorph ist.

Verfahren des Herstellens eines partikularen Glasfillstoffs umfassend Glaspartikel nach einem der Anspriiche 1
bis 9, umfassend die folgenden Schritte

I. Dispergieren von Makro- und Mikro-Glasfillstoffpartikeln
mit einem Brechungsindex n = 1,50 bis 1,60 in einem geeigneten Losungsmittel,

- wobei die Groflke der Makro-Partikel im Bereich von 200 bis 600 nm liegt und die Makro-Partikel ausgewahlt
sind aus Dentalgldsern mit einem Brechungsindex n im Bereich von n = 1,50 bis 1,58 und mit einer Uber-
gangstemperatur kleiner 650 °C und

- wobei die Grof3e der Mikro-Partikel im Bereich von 100 bis 300 nm liegt und die Mikro-Partikel ausgewahlt
sind aus Dentalglaskeramiken mit einer Ubergangstemperatur gréRer 700 °C und Mikro-Partikel einen
Brechungsindex im Bereich von n = 1,52 bis 1,59 aufweisen.

Il. Sintern und Verschweifl3en des dispergierten Glasfillstoffs bei 600 °C bis 800 °C

Ill. Abkiihlen des gesinterten Glasfilllstoffs umfassend die Makro- mit den damit verbundenen Mikro-Glasfll-
stoffpartikeln auf Raumtemperatur

IV. Dispergieren von verschweilRtem Fllstoff in einem geeigneten Lésungsmittel

V. Trocknen diese Glasflllstoffs,

wobei der partikuldre Glasfillstoff umfassend Glaspartikel erhalten wird.

Revendications

Charge de verre particuliére comprenant des particules de verre, selon laquelle les particules de verre contiennent
des macroparticules de verre situées centralement avec des connecxions a des microparticules de verre situées
sur la surface des macroparticules, selon laquelle les connections consistent en la matiére de ces particules, et
selon laquelle 'indice de réfraction n des particules de verre est de I'ordre de n = 1,50 a 1,60,

- selon laquelle la taille des macroparticules est de I'ordre de 200 a 600 nm et les macroparticules sont sélec-
tionnées des verres dentaires ayant un indice de réfraction n de I'ordre de n = 1,50 a 1,58 est ayant une
température de transition inférieure a 650 °C et

- selon lequel la taille des microparticules est de I'ordre de 100 a 300 nm et les microparticules sont sélectionnées
des céramiques de verre dentaire ayant une température de transition de supérieure a 700 °C et les micropar-
ticules ayant un indice de réfraction de I'ordre de n = 1,52 a 1,59.

Charge de verre particuliere selon la revendication 1, caractérisée en ce que les connections consistent en la
matiere des macroparticules.

Charge de verre particuliere selon la revendication 1 ou 2, caractérisée en ce que les macroparticules macro sont
sélectionnées des verres dentaires comprenant le baryum et/ou le strontium.

Charge de verre particuliere selon'une des revendications 1 a 3, caractérisée en ce que lataille des macroparticules
est de I'ordre de 400 nm +/- 100 nm, plus de préférence +/- 50 nm.

Charge de verre particuliére selon I'une des revendications 1 a 4, caractérisée en ce que les macroparticules sont
sélectionnés des verres dentaires comprenant le verre de silicate de baryum aluminium et/ou le verre de silicate
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de strontium aluminium.

Charge de verre particuliére selon la revendication 1 ou 2, caractérisée en ce que les microparticules sont sélec-
tionnées des céramiques de verre dentaire ayant une température de transition supérieure a 750°C, supérieure a
800 °C.

Charge de verre particuliére selon I'une des revendication 1 a 2 ou 6, caractérisée en ce que la taille des micro-
particules est de I'ordre de 200 nm +/- 50 nm, plus de préférence 180 nm +/- 50 nm.

Charge de verre particuliére selon I'une des revendications 1 a 7, caractérisé en ce que les particules de verre
sont de I'ordre de 0,2 a 1,0 wm taille de particules moyenne, en particuliére de I'ordre de 0,3 a 0,6 um.

Charge de verre particuliére selon 'une des revendications 1 a 8, caractérisée en ce que la charge de verre est
amorphe.

Procédé de produire une charge de verre particuliéere comprenant des particules de verre selon 'une des revendi-
cations 1 a 9 comprenant les étapes suivantes

I. dispersant des macro- et microparticules de charge de verre avec un indice de réfraction n = 1,50 bis 1,60 a
un solvant suivable,

- selon laquelle la taille des macroparticules est de I'ordre de 200 a 600 nm et les macroparticules sont
sélectionnées des verres dentaires ayant un indice de réfraction n de I'ordre de n = 1,50 a 1,58 est ayant
une température de transition inférieure a 650 °C et

- selon lequel la taille des microparticules est de I'ordre de 100 a 300 nm et les microparticules sont
sélectionnées des céramiques de verre dentaire ayant une température de transition de supérieure a 700
°C et les microparticules ayant un indice de réfraction de I'ordre de n = 1,52 a 1,59.

II. frittant et soudant la charge de verre dispersée a 600 °C a 800 °C

lll. refroidissant la charge de verre frittée comprenant les macro- avec les microparticules de charge de verre
connecté a celle-ci a la température ambiante

IV. dispersant la charge soudante dans un solvant suivable

V. séchant la charge de verre,

selon lequel une charge de verre particuliére comprenant des particules de verre est obtenue.
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Fig. 1a

Micro particles

18



EP 2 996 663 B9

Fig. 1c

Micro particles
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Fig. 2

Flexural Strength in Composites

example
invention

Pastes mixed from :

Bis-GMA/TEDMA + 72% glass
116 welded filler (695°C, 0,4} +
additionally NF 180, silanized

Bis-GMASTEDMA + 72% NF18D+2%
splint

100

Bis-GMAJTEDMA + 72% glass
130 welded filler (695°C, 0,4p} + 2%
splint

Bis-GMA/TEDMA + 72%
101 conventional barium silicate glass
filler {0,851 + 2% splint

HEG-DT-RP-RD, e

0 20 40 60 & 100 120 140

Fig. 3

Youngs modulus in Composites

example
/invention Pastes mixed from :

Bis-GMA/JTEDMA Houid + glass
welded filler (695°C, 0,4} +
additionally NF 180, silanized

7621

6879 Bis-GMA/TEDMA + 72% NF1RD +2%
splint

Bis-GMASTEDMA + 72% glass
8,206 welded filler (695°C, 0,4u) + 2%
splint

Bis-GMAJTEDMA + 72%
7.575 conventional barium silicate glass
filler {0,851} + 2% splint

O 2000 4000 X0 8000 10000 HKG-DT-RP-RD, Jutta
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