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l (54) Title: PROCESS FOR PRODUCING A BLANK, AND A BLANK

(54) Bezeichnung : VERFAHREN ZUR HERSTELLUNG EINES ROHLINGS SOWIE ROHLING

(57) Abstract: The invention relates to a blank for producing a dental moulded part such as an inlay, onlay, crown or bridge, and to 
a method for producing the blank. To be able to machine a dental moulded part, in particular one having thin wall thicknesses, from 
the blank without difficulty, the blank is designed to consist of a glass ceramic having a density of between 30 and 60% of 
theoretical density, and of glass-ceramic powder particles with a particle size distribution dso < 80 pm, lithium silicate crystals being 
present in an amount of 10 to 90% by volume.

(57) Zusammenfassung: Die Erfindung bezieht sich auf einen Rohling zur Herstellung ernes dentalen Formteils wie Inlay, Onlay, 
Krone oder Briicke sowie auf ein Verfahren zur Herstellung des Rohlings. Damit aus dem Rohling problemlos ein dentales Formteil 
herausgearbeitet werden kann, insbesondere mit dtinnen Wandstarken, ist vorgesehen, dass der Rohling aus einer Glaskeramik mit 
einer Dichte zwischen 30 % und 60 % der theoretischen Dichte und aus Glaskeramikpulverpartikel einer KomgroBenverteilung d<>o < 
80 pm besteht, wobei der Anteil an Lithiumsilikatkristallen 10 Vol.-% bis 90 Vol.-% betragt.
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Description

Process for producing a blank, and a blank

The invention relates to a blank for producing a dental molded pari, such as an inlay, an onlay, a 

crown, or a bridge, whereby the blank contains a lithium silicate crystal fraction of more than 10% 

by volume.

The invention further relates Io a process for producing a dental molded part, such as an inlay, an 

onlay, a crown, or a bridge. The invention also relates to a monolithic dental molded part.

WO 2012/080513 A! discloses a process for producing dental molded parts from porous glass, 

which does not contain a crystal line contingent. The density of the blank is in the range between 

50 % and 95 % of the theoretical density of a fully sintered blank. The corresponding blanks are 

used to produce monolithic dental molded parts such as crowns, partial crowns, bridges, inlays or 

onlays by means of milling, whereby dty machining is employed.

WO 2011076422 Al and WO 2012/059143 Al describe lithium silicate glass ceramics that are 

used in the manufacture of dental molded parts. The corresponding glass ceramics reportedly have 

good mechanical and optical properties.

Known from WO 2013/053865 A2 is a blank composed of lithium silicate glass ceramics, from 

which are produced dental molded parts. The ceramic mandatorily contains a tri valent metal oxide 

selected from the group Y^Oj, LaiOi, YbjOj, B12O3 and mixtures thereof. Furthermore, the glass 

ceramic is essentially free of K2O and NajO.
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In the manufacture of dental prostheses based on lithium silicate glass ceramics it is also known

in the art to produce cylindrical pellets and to subsequently press these in a muffle (EP 1 484 031

Bl).

The objective of the present invention is to produce a blank, from which a dental molded part can 

be worked out without any problems. In this, it should be possible to realize thin wall thicknesses. 

Machining should be possible with only minimum tool wear. Furthermore, the dental molded parts 

produced from the blank should contain favourable mechanical characteristics.

At least one of the problem aspects mentioned above is solved with respect to a blank for 

producing a dental molded part, such as inlay, onlay, crown, or bridge, by stipulating that the 

blank consists of a glass ceramic with a density of between 30 % and 60 % of the theoretical 

density of the fully sintered blank and of glass-ceramic powder particles with a grain size 

distribution d« < 80 pm, in particular a grain size distribution dso of between 10 pm and 60 pm, 

whereby the proportion of lithium silicate crystals is between 10% by volume and 90% by volume.

A blank of this type is machined by milling, whereby it has surprisingly been noted that tool wear 

is low so that expensive tools, e.g. diamond-tipped ones, are not required. Once dental moulded 

parts worked out of such a blank have been sintered to completion, one also surprisingly notices 

a high rigidity, whereby in comparison to a dental prosthesis worked out of a blank that has been 

sintered to completion, one obtains an increase in rigidity of between 10 % and 50 %. In particular 

this provides the option of achieving structures with thin walls that are not destroyed during 

sintering to completion, since (he blanks possess sufficient stability on account of the crystalline 

phase fraction.

This also offers the advantage that no aids such as support structures or a filling of cavities are 

required when sintering to completion.
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In particular it is intended that the crystalline content of the blank is 30 % by volume to 60 % by

volume. The blank further is characterized by possessing an open porosity of between 50% by

volume and 60 % by volume, more preferably between 20 % by volume and 50 % by volume.

The chosen parameter settings ensure that during the machining, which in particular is performed 

dry, it is possible to achieve an adequate surface smoothness, so that finishing work after the 

sintering is not necessarily required.

The glass-ceramic powder preferably should possess a grain size distribution djo < 25 μιη.

The grain size distribution as well as the pore size of 0.1 μιη to 5 μη» result in a dense packing of 

the powder particles in the blank, so that fine edge structures can easily be formed. No grains torn 

from the worked surface were visually detected.

In order to achieve the small pore size in the range between 0,1 μηι to 5 μη», it is in particular 

intended that the fraction of fine glass particles is correspondingly high.

In particular it is intended that the blank possesses a disk-, cube-, or rod-like geometiy, from which 

to the desired extent and in dependence on the size of the blanks one can produce one or several 

dental molded parts. For the purpose of clamping the blank into a milling machine it is intended 

that means originate front the circumferential surface, extending diametrically with respect to the 

centre of gravity of the blank, which may be used to fix the blank in position. One option is to 

lathe recesses into the blank, into which engage fixing means originating from the processing 

machine. Alternatively, it is possible to attach, e.g. glue, adapters to the circumferential surface, 

which are intended to act as holders in a processing machine. Another option is to create 

protrusions on the blank, which then can serve as mounts.
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In particular, the invention is characterized by a blank of glass-ceramic powder particles with a

composition (in % by weight) having:

SiO2 46.0-72.0
Li2O 10.0-25.0
ZrO2 6.5-14.0
P2O5 1.0-10.0
AI2O3 0.1-8.0
K.2O 0.1-5.0
CeO2 0.1-4.0
B2O3 0.0-4.0
Na2O 0.0-4.0
Tb4O7 0.0-2.5
as well as 0.0 to 4.0 of at least one additive.

Preferably the composition of the glass-ceramic powder particles of the blank is (in % by weight):

SiO2 49.0-69.0
Li2O 11.5-24.0
ZrO2 7.0-13.5
P2O5 1.5-9.0
A1203 0.2-7.5
K.2O 0.2-4.5
CeO2 0.2-3.5
B2O3 0.0-3.5
Na2O 0.0-3.5
Tb4O7 0.0-2.0
as well as 0.0 to 4.0 of at least one additive.

To be emphasized is a composition of the glass-ceramic powder particles for the blank of (in %

by weight):
SiO2

Li2O
Ζ1Ό2
P205 
A1203 
K20 
CeO2 
B2O3 
Na2O 

Tb-107

52.0-66.0

12.0-22.5
7.5-13.0
2.0-8.5
0.3-7.0
0.3-4.0
0.3-3.5
0.0-3.0
0.0-3.0
0.0-2.0
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as well as 0.0 to 4,0 of at least one additive.

Also to be emphasized is a composition of the glass-ceramic powder particles of the blank (in % 

by weight):
SiO2 55.0-63.0
Li2O 12.5-21.5
Ζ1Ό2 8.0-12.0
P2O5 2.5-8.0
A1203 0.4-6.5
K2O 0.4-4.0
CeO2 0.5-3.0
B2O3 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-2.0
as well as 0.0η to 4.0 of at least one additive.

Of particular note is a composition of the glass-ceramic powder particles for the blank of (in % 

by weight):
SiO2 58.0-60.0
Li2O 13.5-20.5
ZrO2 8.5-11.5
P2O5 3.0-7.5
A1203 0.5-6.0
K2O 0.5-3.5
CeO2 0.5-2.5
B2O3 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-1.5
as well as 0.0 to 4.0 of al least one additive.

The at least one additive is at least one additive selected out of the group containing colour 

pigment, tluorescenl agent. In particular it is intended that the additive is at least one oxide selected 

from the group of BaO, CaO, MgO, MnO, E12O3, Gd2O3, Pr6OI I, Sm2O3, TiO2, V2O5, Y2O3 

or contains such an oxide.

Il should be noted that the total weight percentages of the components of the powder mixture in 

each composition add up to 100 % by weight.
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In particular, the invention also distinguishes itself by a process for producing a dental molded

part, such as an inlay, onlay, crown, or bridge, comprising the procedural steps:

Producing a molten mass with a composition (in % by weight):

as well as 0.0 to 4.0 of at least one additive.

SiO2 46.0-72.0

Li2O 10.0-25.0
Z.rO2 6.5 -14.0
P2O5 1.0-10.0
A1203 0.1-8.0
K2O 0.1-5.0
CeO2 0.1-4.0
B2O3 0.0-4.0
Na2O 0.0-4.0
Tb4O7 0.0 - 2.5

Producing a glass frit by atomizing this molten mass and quenching in a medium,

If applicable, producing glass-powder particles from the glass frit, with a grain size 

distribution doo < 80 pm,

Crystallization of lithium silicate crystals with a volume fraction of between 10 % 

and 90 % by a first thermal treatment from either the glass frit or the glass powder 

particles in a first temperature range at a temperature Ti with 500 °C < T, < 750 °C 

for a duration ti with 5 min < ti < 120 min,

Whereby at a time when the glass frit has been subjected to a thermal treatment, one 

produces glass-ceramic particles with a grain size distribution d«o < 80 pm from the 

heat-treated glass frit,

Pressing the glass-ceramic powder particles to form a blank,

Machining the blank by milling to produce a pre-form part that corresponds to the 

dental molded part under consideration of the shrinkage characteristics of the blank, 

and

Sintering the preformed part to completion at a temperature Tj with 800 °C < T2 < 

1050 °C for a time period (2 with 5 min < U < 60 min.
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The invention offers the choice between either subjecting the glass frit, without this having been 

ground to obtain glass-powder particles, to a thermal treatment for the formation of lithium silicate 

crystals, or at first grinding the frit, i.e. producing glass-powder particles, and carrying out the 

thermal treatment subsequently so that one obtains glass-ceramic particles. This means that the 

feature “Pressing the glass-ceramic powder particles to foim a blank” consequently also comprises 

the glass-ceramic powder particles produced by the process alternatives.

In this, it is possible for the first (henna! treatment to be implemented in two stages within the first 

temperature region.

In particular, the molten mass has a composition (in % by weight):

SiO2 49.0-69.0

Li2O
ZrO2
P2O5 
A1203
K2O
CeO2
B2O3
Na2O
Tb4O7

11.5- 24.0
7.0-13.5
1.5- 9.0
0.2-7.5
0.2-4.5
0.2-3.5
0.0-3.5
0.0-3.5

Tb4O7 0.0-2.0
as well as 0.0 to 4.0 of at least one additive.

The molten mass preferably has the following composition (in % by weight):

SiO2
Li2O
ZrO2

52.0-66.0
12.0-22.5

P2O5
A1203
K2O
CeO2
B2O3
Na2O
Tb4O7

7.5-13.0
2.0-8.5
0.3-7.0
0.3-4.0
0.3-3.5
0.0-3.0
0.0-3.0
0.0-2.0
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as well as 0.0 to 4.0 of at least one additive.

To be particularly emphasized is a molten mass with a composition (in % by weight):

SiO2 55.0-63.0
Li2O 12.5-21.5
ZrO2 8.0-12.0
P2O5 2.5-8.0
A1203 0.4-6.5
K2O 0.4-4.0
CeO2 0.5-3.0
B2O3 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-2.0
as well as 0.0 to 4.0 of at least one additive.

The molten mass preferably has a composition (in % by weight):

SiO2 58.0-60.0
Li2O 13.5-20.5
Z1-O2 8.5-11.5
P2O5 3.0-7.5
A1203 0.5-6.0
K2O 0.5-3.5
CeO2 0.5-2.5
B2O3 0,0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-1.5
as well as 0.0 to 4.0 of at least one additive.

The at least one additive is at least one additive selected from the group of colour pigment, 

fluorescent agent. In particular it is intended that the additive is at least one oxide of the group 

BaO, CaO, MgO, MnO, Er2O3, Gd2O3, Pr6Ol 1, Sm2O3, TiO2, V2O5, Y2O3, or contains such 

an oxide.

According to a further recommendation it is intended that the blank is tempered - after the first 

thermal treatment and prior to the machining - at a temperature Tj with 750 °C < T> < 900 °C for 

a time period tj with 5 min < t3 < 30 min.
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The corresponding lhennaf treatment steps serve to ensure that the glass powder ciystallizes to

lithium silicate ctystals on the required scale, and at the same time results in a small pore size and

consequently dense packing of the grains, allowing a problem-free machining, which is also

necessary to achieve filigree regions.

In this, the ciyslalline phase of lithium silicate includes lithium metasilicate and in particular 

lithium disilicale.

in particular, it is intended (hat for producing a blank with a disk-like geometry, the glass-ceramic 

powder particles are at first pressed axially and subsequently, after introduction into an 

encompassing element, such as a pouch coated by polyethylene on the inside, are subjected to 

isostatic re-pressing, whereby the re-pressing in particular takes place at a pressure pn of250 MPa 

< pn < 350 MPa for a time period U with 5 sec < U< 30 sec, in particular 5 sec < U< 15 sec.

For producing a blank with cuboid geometry, the invention intends that the glass-ceramic powder 

particles are successively and in particular continuously axially pressed with rising pressure for a 

time period Is, whereby the maximum pressure p$ is 50 MPa < ps < 400 MPa, in particular 100 

MPa < ps < 200 MPa. The duration of the pressure increase is 10 sec < tj < 20 sec.

To produce a blank with rod-shaped, in particular cylindrical geometry, it is intended that the 

glass-ceramic powder is introduced into a tubular press form, in particular of polyurethane, and 

subsequently is subjected to quasi-isostatic pressing. The following pressing times and parameters 

should be taken into consideration lor this. Preferably the pressure initially rises slowly, to 

distribute the filled glass-ceramic powder uniformly throughout the mold. After this, the pressure 

may be raised to its maximum value rapidly. Once the maximum pressure has been reached, it is 

maintained constant for the duration of the holding time. This is followed by a phase of rapid 

pressure release, during which the pressure is reduced to 10% of the maximum pressure value. 

Complete elimination of the
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excess pressure lakes place slowly to prevent crack formation in the glass-ceramic blank.

With regard to the machining, which may be performed dry, it is in particular intended that an 

initial coarse machining is followed by precision machining.

Preferred machining parameters for the coarse machining are:

Cutter diameter: 2 to 5 mm, in particular 2 to 3 mm

Feed: 500 to 4000 min/inin, in particular 2000 to 3000 mm/min

Lateral feed ae: 0.2 to 3 inm, in particular I mm to 2 mm

Depth feed ap: 0.1 to 2 mm, in particular 0.5 mm to 1 min

Cutter speed:

I/in in.

10,000 to 50,000 Ι/min, in particular 10,000 to 20,000

The preferred cutters are carbide cutters.

With respect to the precision machining, the following machining parameters should be observed:

Cutter diameter: 0.3 to 1.5 mm, in particular 0.5 to 1.0 min

Feed: 300 to 2000 mm/min, in particular 800 to 1500 inm/tnin

Lateral feed ae: 0.2 to 0.6 mm, in particular 0.1 mm to 0.2 mm

Depth feed ap: 0.05 to 0.3 mm, in particular 0.1 nun to 0.15 mm

Cutter speed:

1/min.

20,000 to 60,000 l/inin, in particular 25,000 to 35,000

Here too, carbide cutters are preferrable.

Particularly good machining results are achieved when the employed cutler is a radius cutter of 

carbide, whereby the radius cutter should be characterized by the following cutting edge angles:

Cutting angle: 0° to 13°, in particular -9° to -11
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Clearance angle: 0° to 15°, in particular I Γ to 13°

Wedge angle: Results from: 90° minus clearance angle minus cutting angle.

While in principle it is not necessary to add a binding agent prior to the pressing of the glass­

ceramic particles, it is still within the scope of the invention if the corresponding binding agent, 

such as for example cellulose ether, is added with a weight fraction of up to 5 %.

However it has been found to be particularly advantageous, if the blank, i.e. its glass-ceramic 

particles, a Iler pressing are immersed in silicic acid or an alkali silicate solution (soluble glass) and 

after drying are subjected to the mechanical work. This causes SiO? bridges lo form between the 

glass particles, which increases rigidity and consequently simplifies the subsequent mechanical 

processing, which includes CAD/CAM processing. When the machined molded parts are sintered 

to completion, the free SiO> diffuses into the glass ceramic, which allows one to achieve an 

increase in rigidity.

The invention further distinguishes itself by a monolithic dental molded part, which is produced 

using the blank according to the invention. In particular, the monolithic denial molded part may 

constitute or comprise a crown with a crown margin of a thickness Dr with 0.05 mm < Dr < 0.4 

mm, in particular 0.1 mm < Dr < 0.2 mm. In this, the thickness of the crown margin extends 

starting at the front margin and at a distance of 2 to 4 mm to the latter.

The monolithic molded part is further characterized by a thermal expansion coefficient, measured 

in accordance with ISO6872, (hat is lower than 12.5 x IO'6 l/K, and preferably is between 9.5 x 

I O’6 l/K and 11.5 x I O’6 l/K.

For the pressing of the glass-ceramic particles, one in particular choses a pressure between 50 MPa 

and 400 MPa, in particular between 100 MPa and 200 MPa. The temperature during the pre­

sintering of the compacted glass powder, i.e. the blank in form of



WO 2014/177659 PCT/EP2014/058920
12

of the pressed glass body, should be in the range between 500 °C and 950 °C, preferably between 

600 °C and 700 °C.

The external geometry of the pressed glass-ceramic body may be disk- or plate-like or rod-shaped 

such as cylindrical, whereby the cross-sectional geometiy can be chosen freely. The volume 

content of the blanks may be between I cm3 and 160 cm3.

Aller the mechanical working of the blanks consisting of the ciystalline porous glass ceramic, 

whereby this preferably is performed by milling without cooling, the carved-out dental w'orks are 

subsequently sintered lo completion in a suitable sintering furnace, taking into account a suitable 

temperature - time cycle. The sintering to completion may be performed in a temperature range 

between 700 °C and 1100 °C, preferably in the range between 850 °C and 950 °C. The duration of 

the entire cycle is less than 2 b, preferably less than 1 h. Because of the crystalline fraction it is not 

necessary1 to provide support for the pre-form part. Rather it is possible to place the pre-formed 

part onto an AhOj firing pad in the sintering furnace.

Parameters of the preferred temperature lime cycle are: Standby temperature 500 °C, rate of 

increase 50°C/min to 90°C/min lo 850 to 900 °C, hold time I to 5 min, then slow' cooling. For the 

cooling one preferably choses the slowest cooling level.

Further details, advantages, and features of the invention are not only found in the claims and the 

characteristic features described therein - on their own and/or in combination - but also in the 

following exemplary embodiments.

Figure 1 show's a graph of pressure versus time during the pressing of a blank.
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In accordance with the invenlion, a blank consisting of pressed glass-ceramic powder is used lo

produce a dental molded pari. To make the glass-ceramic powder, one at first melts a powder and

uses the molten mass to produces a glass frit, which can possess the following preferred

composition:

SiO2 49.0-69.0
Li2O 11.5-24.0
ZiO2 7.0-13.5
P2O5 1.5-9.0
A12O3 0.2-7.5
K2O 0.2-4.5
CeO2 0.2-3.5
B2O3 0.0-3.5
Na2O 0.0-3.5
Tb4O7 0.0-2.0
as well as 0.0 lo 4.0 of al least one additive.

In particular it is intended that the molten glass has a composition of (in % by weight);

as well as 0.0 to 4.0 of al least one additive.

Si 02 49.0-69.0

Li2O 11.5-24.0
ZrO2 7.0-13.5
P2O5 
A1203

1.5-9.0
0.2-7.5

K2O 0.2-4.5
CeO2 0.2-3.5
B2O3 0.0-3.5
Na2O 0.0-3.5
Tb4O7 0.0-2.0

Preferably the molten glass has a composition of (in % by weight):

SiO2
Li2O
ZrO2
P2O5
A1203
K2O

52.0-66.0
12.0-22,5
7.5-13.0
2.0-8.5
0.3-7.0
0.3-4.0
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CeO2 0.3-3.5
B2O3 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-2.0
as well as 0.0 to 4.0 of at least one additive.

Especially emphasized is a composition of the molten glass with a composition (in % by weight) 
of:

SiO2 55.0-63.0

Li2O 12.5-21.5
ZrO2 8.0-12.0
P2O5 2.5-8.0
A1203 0.4-6.5
K2O 0.4-4.0
CeO2 0.5-3.0
B2O3 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-2.0

as well as 0.0 to 4.0 of at least one additive.

Preferably it is intended that the molten glass has a composition (in % by weight) of:

SiO2 58.0-60.0

Li2O 13.5-20.5
ZrO2 8.5-11.5
P2O5 3.0-7.5
A1203 0.5-6.0
K2O 0.5-3.5
CeO2 0.5-2.5
13203 0.0-3.0
Na2O 0.0-3.0
Tb4O7 0.0-1.5

as well as 0.0 Io 4.0 of at least one additive.

The at leas! one additive is at least one additive selected from the group composed of colour 

pigment, fluorescent agent. In particular it is intended that the additive is at least one oxide chosen 

from the group of BaO, CaO, MgO, MnO, E1-2O3, Gd2O3, Pr6OI I, Stn2O3, TiO2, V2O5, Y2O3 

or contains such an oxide.
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The corresponding mixture of stalling materials, e.g. in form of oxides and carbonates, 

subsequently is melted in a suitable crucible of refractory' material or a noble metal alloy al a 

temperature between 1350 °C and 1600 °C fora lime period between I h and 10 h, in particular 

for a time of 4 h to 7 h at a temperalure of 1540 °C. Homogenization is achieved, e.g. by stirring, 

al the same time or subsequently. The liquid glass produced in (his manner subsequently is fed to 

a nozzle, which preferably has been caused to oscillate, and which itself is set to a temperature in 

the region between 1250 °C and 1450°C, in particular to 1310 °C. The nozzle may possess a 

diameter between I mm and 2 min. The oscillation frequency of the nozzle may be in the range 

between 40 Hz and 60 Hz, in particular in the region of 50 Hz. Subsequently the liquid glass is 

quenched in a suitable medium, such as water for liquids or high-temperature insulation wool. The 

glass frit produced and quenched in this manner is then dried. This is followed by grinding e.g. in 

a ball mill. A subsequent silling stage can use a screen with a mesh width between 50 pin and 500 

pm. If required, a further grinding can be performed, e.g. using a jet mill or an attrition mill.

From the glass- or glass-particle powder produced in this manner, one in particular selects those 

that correspond to a grain size distribution of d$o < 80 pm, in particular 10 pm < d5(l < 60 pm. dw 

and dso indicate that 90% or 50%, respectively, of the particles present possess a diameter that is 

smaller than the specified value or that is in that particular region.

In order to facilitate easy machining of the blank, without risking any instabilities during the final 

sintering of (he molded part produced from blank, one subjects either the frit obtained alter melting 

or the pre-ground or completely ground powder to a crystallization step. In this, one subjects the 

frit or the powder in a first thermal treatment step to a temperature Tι between 500 °C and 750 QC 

for a duration ti between 5 min and 120 min. The first thermal treatment step may also be 

implemented as a two-stage process, i.e. first
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thermal treatment step 640 °C, preferably 660 °C for 60 min and 750 °C for 40 min.

Preferably this is followed by a further thermal treatment in form of tempering, whereby the 

temperature Tj to be selected should be between 750 CC and 900 °C. This tempering step is 

performed for a duration tj, in particular between 5 min and 30 min.

Subsequently the glass-ceramic particles are pressed, where in dependence on the geometry' to be 

produced, one uses suitable pressing methods, in particular an axial or isostatic pressing or 

combinations of these. The compressing is carried out to such a degree that the density of the blank 

corresponds to 30 % to 60 % of the theoretical density of the blank material of approximately 2.64 

g/cm3. In particular, the blank should possess a density corresponding to approximately 50% of 

the theoretical density.

During the pressing of the glass-ceramic powder, the latter preferably is subjected to a pressure 

between 50 MPa and 400 MPA, in particular between 100 MPa and 200 MPa.

Figure 1 shows as an example a graph of pressure versus time during the pressing of a blank. In a 

first phase Pl the pressure is increased from a starting value of 0 with a pressure build-up of for 

example 15 MPa/sec to a pressure of for example 30 MPa. In a second phase P2 the pressure is 

increased from 30 MPa using a pressure build-up of 100 MPa/sec to a pressure of approximately 

200 MPa. In a third phase P3 the pressure is kept constant al a value of approximately 200 MPa 

for a hold time of approximately 10 sec. A fourth phase preferably contains a two-stage pressure 

reduction, whereby in a phase P4a the pressure is reduced from approximately 200 MPa to 

approximately 20 MPa with a pressure-reduction of40 MPa/sec and in a phase P4b the pressure is 

reduced from 20 MPa to 0 MPa excess pressure with a pressure reduction rate of approximately 

10 MPa/sec.
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The pressing is followed by machining by means of milling, whereby' it is possible to at first 

perform a coarse machining, to be followed by precision machining. The machining may be 

performed without cooling, which allows dry machining.

The following milling parameters should be taken into account for the coarse machining:

Cutler diameter: 1 Io 5 mm, in particular 2 to 3 mm

Feed: 500 to 4000 mm/min, in particular 2000 to 3000 mni/min

Lateral feed ae: 0.2 Io 3 mm, in particular 1 inm to 2 mm

Depth feed ap; 0.1 to 2 mm, in particular 0.5 mm (ο 1 mm

Cutter speed: 10,000 to 50,000 1/niin, in particular 10,000 to 20,000 f/miii.

In particular, the milling tool should be a carbide culler.

Milling parameters to be considered for the precision machining:

Cutter diameter: 0.3 to 1.5 mm, in particular 0.5 to 1.0 mm

Feed: 300 to 2000 mm/min, in particular 800 to 1500 min/min

Lateral feed ae: 0.2 to 0.6 mm, in particular 0.1 inm to 0.2 mm

Depth feed ap: 0.05 to 0.3 mm, in particular 0.1 mm to 0.15 mm

Cutter speed: 20,000 to 60,000 l/min, in particular 25,000 to 35,000 1/min.

In particular, the milling tool should be a carbide cutter.

Preferably one uses a radius cutter of carbide that may be coated with titanium nitride. In tin's, the 

following culling edge angles represent preferred values:

Cutting angle: 0° to -13°, in particular-9° to -11°

Clearance angle: 0° to 15°, in particular 1 Γ Io 13°

Wedge angle: results from: 90° minus clearance angle minus cutting angle
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Because of the density of the blank and the crystalline fraction, it becomes possible to easily 

produce dental molded pails with filigree edges. For crowns in particular, it has been found that 

this results in stably extending edge thicknesses between 0.05 mm and 0.4 mm.

After the cutting work, the molded part created from the blank should be referred to as pre-form 

part, since it exhibits an oversize compared to the dental molded part after complete sintering in 

accordance with the shrinkage characteristic of the blank material. The oversize is calculated in 

dependence on the density of the blank, in order to provide a high-precision dental prostheses after 

the final sintering.

The sintering to final density takes place al a tempera lure 1% between 800 °C and 1050°C for the 

duration of a holding lime 12 between 5 min and 60 min. Holding time in this regard means that 

the blank is kept al this temperature during the final sintering stage.

For the final sintering, the pre-form part is arranged on a fire-proof base, such as firing pads, or on 

free-of-scale metal layers. Support structures are not required, since the dimensional stability is 

guaranteed by the preceding crystallisation of the original powder material.

The following exemplary embodiments illustrate further characteristic features of the invention, 

whereby the listed parameter are of particular significance on their own but not necessarily in 

combination:

1. Producing a disk-shaped blank

A quantity of 230g pre-crystallized glass-ceramic powder, which also contains lithium silicate 

crystal, with a composition (in % by weight):

SiO2 58-60
Li2O 13.5-20.5
ZrO2 8.5-11.5
P2O5 3.0-7.5
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A1203 0.5-6.0

K2O 0.5-3.5
CeO2 0.5-2.5
B2O3 0-3
Na2O 0-3
Tb4O7 0-1.5
as well as 0 to 4 of at least one additive,

with a grain size distribution of dso = 18.7 pin are pre-compacted at a pressure of 50 MPa by means 

of a tool with a diameter of 105 mm using a hydraulic press. Subsequently the pellet is introduced 

into a PE-coated pouch, which is evacuated and sealed watertight. The pellet is subjected to an 

isostatic re-compression at 290 MPa for 10 sec in a water-oil emulsion. I'he unpacking is followed 

by a (hernial treatment and a partial sintering at 650 °C. The blank density is 1.88 g/cmJ.

Tile final geometry of the blank is created by lathing to an outside diameter of 98.5 mm. A recess 

is lathed on each of the two front ends to facilitate acceptance into a milling machine.

Into the blank surface with a circular geometry one nests dental molded parts with an appropriate 

sintering oversize. If crowns are the chosen molded part, they exhibit an excellent and fine crown 

margin and an outstanding milling surface.

Sintering takes place in a dental furnace on AI2O3 firing pads with a multi-step sintering program 

over a total duration of 60 min. A multi-stage sintering program in this context means that holding 

times are provided for at least two different temperatures, so that these temperatures are maintained 

constant for the duration of the respective holding limes. The maximum sintering temperature was 

950 °C, and was kept for a duration of 10 min. The subsequent evaluation of the crowns revealed 

an aesthetic visual appearance with a good dental fit.

2. Producing a cuboid blank

A quantity of 9.6 g of pre-crystallized glass-ceramic powder with a composition (in % by weight):
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SiO2 58-60

Li2O
ZrO2
P2O5
Λ1203
K2O
CeO2
B2O3
Na20
Tb4O7

13.5- 20.5
8.5- 11,5 

3.0-7.5 

0.5-6.0 
0.5-3.5 
0.5-2.5 
0-3
0-3 

0-1.5

with a grain size distribution of d;o= 21.3 μπι is axially compressed under continuously rising 

pressure up to 120 MPa using a hydraulic press in a carbide press mould and is demolded under a 

suitable load of preferably 5 MPa. The resulting pellet possesses dimensions of 20.2 x 19.1 x 15.9 

nun and a density of 1.56 g/cm3. Subsequently the pellet is subjected to two-stage thermal 

treatment at 630 °C and 700 °C in an elevator furnace. The blank density after the thermal treatment 

rose to 1.75 g/cm3.

A mushroom-shaped adapter is glued to the narrow side of the blank to facilitate acceptance into 

a processing machine. The carving work on the dental crown that was oversized to compensate for 

sintering shrinkage took place using a special speed milling operation with significantly reduced 

cutting time using a cutting feed of up to 2000 mm/niin. This represents a significant shortening 

oflhe culling time in comparison to the part produced in example 1. The crown exhibited a smooth 

exterior and the crown margin was free from break-outs. The sintering took place on firing 

pads in a dental furnace with a stepped cycle with a total duration of 65 min and a maximum 

sintering temperature of 950 °C for 10 min. A subsequent evaluation of the crown revealed an 

aesthetic colour and a good dental fit.

3. Producing a rod-shaped blank

A quantity of 210 g of pre-crystallized glass-ccramic powder with a composition (in % by 

weight) of:

SiO2 58-60
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U2O 13.5-20.5
ZrO2 8.5-11.5
P2O5 3.0-7.5
A1203 0.5 - 6.0
K2O 0.5 - 3.5
CeO2 0.5-2.5
B2O3 0-3
Na2O 0-3
Tb4O7 0-1.5
as well as 0 lo 4 of at least one additive,

with a grain size distribution of djo = 19.1 pin is compressed using a wel-bag press at a quasi- 

isoslatic pressure of 195 MPa in a tubular polyurethane mould. The demolding is followed by a 

thermal treatment for additional crystallization at 620 °C and pre-sintering al 680 °C. The final 

blank geometry' is created by lathing lo an outside diaineterof 25 mm and a length of 198 nim. The 

blank possesses a density of 1.81 g/cmJ

From the face of rod-shaped glass-ceramic blanks one cuts dental crowns with an appropriate 

sintering oversize. The crowns possess a narrow crown margin free of break-outs and a good 

cutting surface. Sintering takes place in a small batch furnace on trays with AI2O3 firing pads. One 

employs a sintering program writh an overall cycle time of 45 min. The maximum temperature of 

the sintering treatment is 980 °C. The blank was kept al this temperalure for 5 min. The completed 

crowns exhibit an aesthetic visual appearance and a good dental fit.
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8 Claims:

1 A method to produce a dental moulding such as an inlay, onlay, crown, or bridge, comprising the 
procedural steps of:

- producing a melt with a composition (in % by weight):

5 SiO2 46.0-72.0

Li2O 10.0-25.0

ZrO2 6.5 -14.0

p205 1.0-10.0

ai2o3 0.1 -8.0

10 K2O 0.1-5.0

CeO2 0.1-4.0

B2O3 0.0-4.0

Na2O 0.0 - 4.0

Tb4O7 0.0 - 2.5

15
as well as 0.0 to 4.0 of at least one additive.

- producing a glass frit by atomizing the melt and curing it in a medium,

- if necessary, producing glass powder particles from the glass frit with a grain size

20 distribution dyo < 80 pm,

- crystallizing lithium silicate crystals with a volume percent between 10% and 90% by a
first heat treatment of either the glass frit or the glass powder particles in a first temperature range at a 
temperature T] with 500 °C < Ti < 750 °C for a time tiwith 5 min < t] < 120 min,

- wherein, then when the glass frit is subjected to a heat treatment, glass-ceramic particles
25 with a grain size distribution dyo < 80 pm are produced from the heat-treated glass frit,

- pressing the glass-ceramic powder particles to a blank, having a density between 30%
and 60% of the theoretical density,

- machining the blank by milling to produce a pre-form corresponding to the dental
moulding in consideration of the shrinkage characteristics of the blank, and

30 - total sintering the pre-form at a temperature T2 with 800° C < T2 < 1050° C over a time
t2 with 5 min < t2 < 60 min.

2. A method to produce a dental molding, comprising the procedural steps of:
- producing a melt with a composition in wt%:

SiO2 46.0-72.0

Li2O 10.0-25.0

ZrO2 6.5 -14.0

p2o5 1.0-10.0

35
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8 A12O3 ' 0.1-8.0

K2o 0.1 -5.0

CeO2 0.1 -4.0

b2o3 0.0-4.0

Na2O 0.0-4.0

Tb4O7 0.0-2.5

5

- producing a glass frit by atomizing the melt and curing it in a medium,

- producing glass powder particles from the glass frit with a grain size distribution d90 < 80 pm,
10 - crystallizing lithium silicate crystals with a volume percent between 10% and 90% by a

first heat treatment of the powder particles in a first temperature range at a temperature T] with 500 °C 
< T] < 750 °C for a time tiwith 5 min < tj < 120 min,

- pressingrthe glass-ceramic powder particles to a blank, having a density between 30% and 60% of the 
theoretical density,

15 - machining the blank by milling to produce a pre-form corresponding to the dental moulding in
consideration of the shrinkage characteristics of the blank, and

- total sintering the pre-form at a temperature T2 with 800° C < T2 < 1050° C over a time 
t2 with 5 min < t2 < 60 min.

20

3. A method according to claim 1 or claim 2 wherein a melt is produced with the composition (in % by 
weight):

SiO2 49.0-69.0

Li2O 11.5-24.0

25 ZrO2 7.0 -13.5

P2O5 1.5-9.0

A12O3 0.2-7.5

K2o 0.2 - 4.5

CeO2 0.2 - 3.5

30 B2O3 0.0-3.5

Na2O 0.0-3.5

Tb4O7 0.0 - 2.0 

as well as 0.0 to 4.0 of at least one additive.

35 4. A method according to claim 1 or claim 2, wherein a melt is produced with the composition (in % by

weight):

52.0-66.0

12.0-22.5

7.5 -13.0

SiO2

Li2O

ZrO2
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P2Os 2.0 - 8.5001 Al2o3 0.3-7.0
o
Off K2o 0.3-4.0
4—>Q CeO2 0.3-3.5

O 5 B2O3 0.0-3.0

Na2O 0.0-3.0

Tb4O7 0.0-2.0

20
14

26
14

05 as well as 0.0 to 4.0 of at least one additive.

10 5. A method according to claim 1 or claim 2, wherein a melt is produced with the composition (in % by

weight):

SiO2 55.0-63.0

Li2O 12.5-21.5

ZrO2 8.0-12.0

15 P2O5 2.5-8.0

A12O3 0.4-6.5

K2o 0.4-4.0

CeO2 0.5 - 3.0

B2O3 0.0 - 3.0

20 Na2O 0.0-3.0

Tb4O7 0.0 - 2.0 

as well as 0.0 to 4.0 of at least one additive.

6. A method according to claim 1 or claim 2, wherein a melt is produced with the composition (in % by

25 weight):

SiO2 58.0-60.0

Li2O 13.5-20.5

ZrO2 8.5 -11.5

p2o5 3.0-7.5

ai2o3 0.5-6.0

K2o 0.5-3.5

CeO2 0.5-2.5

B2O3 0.0-3.0

Na2O 0.0-3.0

Tb4O7 0.0-1.5

as well as 0.0 to 4.0 of at least one additive.
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8 7. A method according to any one of the previous claims, wherein before the machining and after the first

heat treatment, the blank is tempered at a temperature T3 with 750 °C < T3 < 900 °C over a time t3 with 5

min < t3 < 30 min.

5 8. A method according to any one of the previous claims, wherein for the production of a blank having a

disk geometry, the glass-ceramic powder particles are at first axially pressed and then, after being 

inserted into an envelope, such as a bag made of polyethylene which is coated at the inside, the particles 

are isostatically redensified, wherein the redensification is conducted especially at a pressure pn with 

250 MPa <pn < 350 MPa over a time t4 with 5 sec < t4< 30 sec, especially 5 sec < t4 < 15 sec.

10

9. A method according to any one of claims 1 to 7, wherein for the production of a blank having a cuboid 

geometry, the glass-ceramic powder particles are successively, especially continuously, axially pressed 

with increasing pressure over a time t5, wherein the maximum pressure p5, is 50 MPa < p5 < 400MPa, 

especially 100 MPa < p5 < 200 MPa.

15

10. A method according to any one of claims 1 to 7, wherein for the production of a rod-shaped blank, 

especially of cylindrical geometry, the glass-ceramic powder is filled into a tubular press mold, 

especially made of polyurethane, and then quasi-isostatically pressed.

20 11. A method according to any one of the previous claims, wherein the blank is at least roughly machined

by milling and then finished, wherein for the rough machining preferred milling parameters are

considered:
Milling diameter:

2 to 5 mm especially 2 to 3 mm
Forward Feed:

500 to 4000 mm/min, especially 2000 to 3000 mm/min
Lateral feed motion ae:

25 0.2 to 3 mm, especially 1 mm to 2 mm
Depth feed motion ap:

0.1 to 2 mm, especially 0.5 mm to 1 mm
Milling speed:

10.000 to 50.0001/min, especially 10,000 to 20,000 1/min

and/or for the finished preferred the milling parameters are considered:
30

Milling diameter:

Forward Feed:

Lateral feed motion ae:

Depth feed motion ap:

Milling speed:

12. A method according to any one of the previous claims, wherein as a milling tool a ball cutter with the

0.3 to 1.5 mm, especially 0.5 to 1.0 mm
300 to 2000 mm/min, especially 800 to 1500 mm/min
0.2 to 0.6 mm, especially 0.1 mm to 0.2 mm
0.05 to 0.3 mm, especially 0.1 mm to 0.15 mm

35 20,000 to 60,000 1/min, especially 25,000 to 35,000 1/min.

following edge angles is used:
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8 Rake angle: 0° to -13°, especially -9° to -11°

Clearance angle: 0° to 15°, especially 11° to 13°

Wedge angle: Resulting in 90° minus tool orthogonal clearance minus tool 

orthogonal rake.

5 13. A method according to any one of the previous claims, wherein the blank is dipped into silica or alkali

silicate solution (water glass), dried, and then dryly machined by milling, or that the blank is machined 

by milling and then, before it is sintered to final density, dipped into silica or alkali silicate solution 

(water glass) and dried.

10

15
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Pressure

Example of pressurization during pressing.

Phase Change points Pressure 
Increase/Decrease

Holding 
timePressure 1 Pressure 2

[MPa] |MPa] [MPa/sec]
1 0 30 15
2 30 200 100
3 200 200 10
4a 200 20 40
4b 20 0 10

Fig· ·


