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BLANK AND METHOD FOR MANUFACTURING THE SAME

Description

The invention relates to a blank for use in producing a dental product, such as a dental
restoration, veneer or implant component, consisting of or containing zirconium dioxide
(ZrO2) stabilised with at least gadolinium(lll) oxide (Gd203).

A corresponding blank can be found in EP 2 956 427 B1. The content of tetragonal
zirconium dioxide is between 94 vol% and 96 vol% in order to be able to achieve the
object of providing a dental ceramic with good mechanical properties.

WO 99/47065 A1 discloses a method for producing a dental prosthesis that can be fitted
on a pre-prepared tooth stump and is based on a zirconium dioxide blank. The blank
consists of a pre-sintered zirconium dioxide disc, from which a mould corresponding to
the dental prosthesis is machined, taking into account the shrinkage behaviour during full
or final sintering. The starting powder may contain colouring elements in the form of
oxides.

An inorganic-inorganic composite material and a method for its production are known
from WO 2005/070322 A1. To produce the composite material, an open-pored,
crystalline oxide ceramic moulding is made from an oxide ceramic powder of ZrO2
(zirconium dioxide) after shaping processing and pre-sintering, an infiltration material is
applied to this under vacuum at room temperature and the oxide ceramic is sintered at
air atmosphere and ambient pressure to compact the inorganic-inorganic composite
material. These measures are intended to result in an improved aesthetic effect.

WO 2015/199018 A1 discloses a coloured translucent zirconium dioxide body which
consists of yttrium oxide-stabilised zirconium dioxide, erbium oxide, iron oxide, cobalt
oxide and aluminium oxide.

A blank made of zirconium dioxide is known from US 8 936 845 B2, which is used for the
production of dentures and consists of a plurality of layers of different chemical
compositions. The individual layers have different proportions of yttrium oxide.

A zirconium dioxide blank for the production of dental products according to
WO 2014/062375 A1 has at least two material regions that have different proportions of
the tetragonal and cubic crystal phases, wherein the quotient is greater in one of the
regions and the quotient is less than 1 in the other region.

EP 2 371 344 A1 relates to a ceramic body that, starting from the surface and down to a
desired depth, is enriched with a stabilising agent.

The object of the present invention is to achieve, among other things, that the blank has



WO 2023/208533 PCT/EP2023/058748
2

the strength required for use as a dental product, in particular as a restoration or implant,
while at the same time showing desired optical properties in order to meet aesthetic
requirements. The blanks intended for dental restorations should have an appearance
that corresponds to that of natural teeth.

To achieve one or more aspects, the invention provides that the zirconium dioxide is
stabilised with Gd203 as the main stabiliser with a content of between 2 and 6 mol%
relative to the content of ZrO2 and with at least one oxide from the group Y, Yb, Dy, Nd,
Ca, Ce, Mg, Sm, Er, Tb, La as a secondary stabiliser with a content of between 0.05 and
2.0 mol% relative to the content of ZrOx.

Surprisingly, it has been found that when gadolinium(lll) oxide is used as the main
stabiliser, whereby high fracture toughness can be achieved with good optical properties
at the same time, at least one other stabiliser is used as a secondary stabiliser, the
fracture toughness is not noticeably reduced, but at the same time the strength is
increased. Increasing the stabiliser content also improves the optical properties.

In particular, it is provided that the blank contains at least one colouring oxide from the
group Pr, Er, Fe, Co, Ni, Ti, V, Cr, Cu, Mn, Tb.

The invention preferably provides that the proportion of Gd20s is between 2 and 5 mol%,
particularly preferably between 2.5 and 4 mol%, very particularly preferably between 3
and 4 mol%, relative to the content of ZrO-.

It should also be emphasised that the tetragonal crystal phase of the zirconium dioxide of
the blank is between 40 vol% and 80 vol%, in particular between 45 vol% and 75 vol%.
In contrast to blanks that contain Gd20s as the main stabiliser, the proportion of the
tetragonal phase of the stabilised zirconium dioxide is deliberately reduced in order to
obtain a relatively high proportion of the cubic crystal phase in order to achieve the
desired translucency. Irrespective of this, however, the required strength or fracture
toughness and flexural strength are given in order to meet the mechanical requirements
that are placed on a restoration or implant component.

Due to the mandatory content of at least one colouring oxide, an optical appearance can
be achieved that satisfies aesthetic requirements. The colouring of implant components
presents the advantage that if the implant becomes visible due to changes in the gums,
this is hardly noticeable in comparison to implants made of titanium, for example.

In particular, the secondary stabiliser content should be between 0.05 and 2.0 mol%, in
particular between 0.2 and 0.8 mol%, relative to the zirconium dioxide content if a single
secondary stabiliser or if several secondary stabilisers are present.

With regard to the colour effect to be achieved, it is provided in particular that the
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proportion of the colouring oxide or the colouring oxides in wt% of the blank is max.
1.5 wt%.

If it is possible to provide a single-layer and thus single-colour blank according to the
teaching according to the invention, it is provided in particular that the blank has at least
two regions with compositions that differ from one another.

The total content of the stabiliser(s) can be the same in each region.

In other words, the sum of the contents of the stabilisers in each layer can be the same,
wherein the content of the colouring oxide(s) in the layers differ from one another.
However, there is also the possibility that the total content and/or the stabilisers are
different in the regions. If Y203 is used as the stabiliser, the content of this in the layers
can be the same.

As mentioned, the additional stabiliser(s) are referred to as secondary stabilisers, as the
stabiliser Gd20s is the main stabiliser, i.e. it is primarily used for stabilising the tetragonal
crystal phase in the zirconium dioxide.

The ratio of the main stabiliser Gd203 to the secondary stabiliser or the sum of the
stabilising secondary stabilisers is thus 1:1 to 1:120, preferably 1:2 to 1:40, particularly
preferably 1:4 to 1:10, particularly preferably 1:5to0 1:7.

In order to achieve desired fluorescence properties, in particular for a dental restoration
to be produced from the blank, it is provided that the blank or a region of the blank
contains at least one element that produces a fluorescence effect, in particular at least
one oxide from the group Bi, Tb, Tm, Pr, with a proportion in wt% of between 0.005 and
2.0 wt%, preferably between 0.005 and 0.5 wt%.

In order to be able to produce a dental restoration from a blank, such as a framework,
bridge, crown, partial crown, which can be made available without costly reworking, but
at the same time satisfies the desired aesthetic requirements and has the required
strength in heavily stressed regions, it is in particular proposed that a first region has a
cavity within which the second region, which has a composition that differs from the first
region, extends.

The first region can have a plurality of cavities, optionally with different internal
geometries, in which a plurality of second regions extend and in that the first region has
a greater translucency than the second region, the strength of which is greater than that
of the first region.

In particular, it is provided that the blank is multi-layered, comprising at least one bottom
layer and one top layer of different compositions, wherein the layers contain at least one

first colouring oxide, the proportion of which in the bottom layer having the first colouring
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formed in the layer of the first ceramic material and the second ceramic material

is introduced into these cavities.

15. The method according to at least one of claims 12 to 14,

characterised in that

in that, after a first layer of a first ceramic material has been introduced into a die
the layer is structured on the surface in such a way that elevations and depressions
bounded by these are formed, and a second ceramic material is subsequently
introduced into the die, or in that, after the first layer has been introduced onto the
latter, a further layer of a mixture that differs from the first layer is introduced into
the die, in that the first layer is mixed in its surface region with the second layer to
form an intermediate layer, and in that the second layer is then introduced into the
die, wherein the structure is preferably produced by an element that moves, in
particular rotates, relative to the first layer and that structures the surface region of
the first layer with a wave-like, comb-like or sawtooth-like section, or in that
preferably the structure is created with a pressure element acting in the direction

of the surface of the first layer.

16. A dental product in the form of a dental restoration, in particular a crown, partial

crown or bridge, or in the form of an implant system consisting of an implant and
abutment, which is preferably designed in one piece, produced from a blank
according to any one of claims 1 to 11,

characterised in that

in the case of a restoration, viewed in the direction of the tooth axis, it consists of
at least a first layer running on the root side and a second layer running on the
incisal side, wherein the strength of the first layer is greater than that of the second
layer and the translucency of the second layer is greater than that of the first layer,
and/or in that the layers contain a first colouring oxide, in particular at least one
oxide from the group Co, Mn, Ni, Cr, preferably Co3z04 or MnO2 or a mixture

thereof, wherein the proportion in the first layer is lower than in the second layer.

SUBSTITUTE SHEET (RULE 26)
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According to the invention, according to the first alternative, a first layer of pourable
powdered material is introduced into a die. After the material has been introduced, the
surface is smoothed in order to then form a structure in such a way that elevations and
valleys result, which in particular run parallel to one another, but in particular run
concentrically or parallel to one another. For this purpose, it is provided in particular that
the structure is formed by an element moving, in particular rotating, relative to the first
layer, which structures the first layer in its surface region, in particular with a section
formed like a wave, comb or sawtooth. The surface is "raked", so to speak, in order to
form the structure, i.e. the alternating elevations and valleys.

In particular, it is provided that the structure is introduced in such a way that the volume
of the elevations is the same or approximately the same as the volume of the depressions
or valleys.

The sawtooth-like element should preferably have V-shaped teeth that are symmetrical
and the flanks of which enclose an angle of between 15° and 45°. The distance between
consecutive teeth, i.e. the distance from tip to tip, should be between 1 and 4 mm,
preferably between 1 mm and 3 mm.

The pourable, powdery second ceramic material is then introduced into the mould, which
increases in quantity starting from the depressions in the structure formed by the valleys,
so that as a result there is a quasi-continuous increase in the proportion of the second
layer over the height of the elevations. After the surface has been smoothed, the layers
are pressed.

This is followed by pre-sintering at a temperature between 700°C and 1100°C, in
particular in a range between 800°C and 1000°C over a period of e.g. 100 minutes to 150
minutes. The blank thus produced is then machined e.g. by milling and/or grinding to
produce a desired dental restoration, which is then sintered.

The sintering takes place e.g. for a time between 10 minutes and 250 minutes in a
temperature range between 1200°C and 1600°C.

In particular, sintering should be carried out in the temperature range between 1400°C
and 1500°C, preferably between 1400°C and 1450°C.

The temperatures and times for pre-sintering or sintering explained above apply to
different layer shapes, layer sequences and different numbers of layers, although of
course this also includes the production of a blank that consists of a uniform material, i.e.
does not consist of layers or regions of ceramic material, which have different
compositions with regard to the starting raw materials.

Penetrating the layers has the advantage that different physical and optical properties
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can be achieved over the height of the blank. Thus, if the first layer is coloured to the
required extent, a tooth-coloured marginal region can be achieved after sintering, i.e.
finishing or fully sintering, which is continuously decreasing in intensity over the transition
region created by the interpenetrating first and second layer materials. The dental
restoration is then produced from the blank, in particular by milling, taking into account
the course of the layer, wherein the dental restoration is “nested” into the blank in such a
way that the cutting edge of the tooth runs in the region of the second layer.

Due to the teaching according to the invention, there is a continuous transition between
the layers, such that the colour or translucency decreases or increases continuously.
The use of Gd203 as the main stabiliser results in particular in the advantage that high
edge stability of the dental product can be achieved. Compared to ZrO: stabilised with
Y203 as the main stabiliser, the wall thickness can be up to 20% thinner.

It is preferably provided that the possibility of mixing the layer materials is opened up by
rotating a structuring element, in particular about an axis running along the longitudinal
axis of the mould, in order to create the structure, which can also be described as wave-
like or sawtooth-like, by displacing material on the surface to achieve the first layer. There
is also the possibility of forming the structure by means of a pressure element acting in
the direction of the surface on the first layer, which in particular has elevations running in
its surface with depressions running therebetween, so that the negative shape is
imprinted into the surface of the first layer by the element that can also be called a plunger.
Then — as explained above — the ceramic material of the second layer is filled in, then
smoothed to press only the layers together and then pre-sinter the pressed part.

The subject matter of the invention is also a dental product in the form of a dental
restoration, in particular a crown, partial crown or bridge, wherein the restoration, viewed
in the direction of the tooth axis, consists of at least a first layer running on the root side
and a second layer running on the incisal side, wherein the strength of the first layer is
greater than that of the second layer and the translucency of the second layer is greater
than that of the first layer.

The layers should contain a first colouring oxide, in particular at least one oxide from the
group Co, Mn, Ni, Cr, preferably CosO4 or MnO2 or a mixture thereof, wherein the
proportion in the first layer is lower than in the second layer.

Furthermore, it is proposed that the dental product is a one-piece implant system
consisting of an implant and abutment, although this can also be in two parts in the usual
way.

Further details, advantages and features of the invention result not only from the claims,
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the features to be extracted from them — individually and/or in combination — but also from
the following description of preferred exemplary embodiment to be taken from the
drawings as well as their explanations.

In the drawings:

Fig. 1 shows a schematic diagram of a device for producing a blank,

Fig. 2 shows a schematic diagram of a device to illustrate the method steps for

producing a green body,

Fig. 3 shows a blank with regions of different material properties,

Fig. 4 shows a further embodiment of a blank with regions of different material
properties,

Fig. 5 shows a schematic diagram of a blank with a dental prosthesis to be machined
therefrom,

Fig. 6 shows a further embodiment of a blank with several regions of different

material properties,

Fig. 7 shows a schematic diagram of a device with the aid of which method steps are
to be carried out for producing a green body, and

Fig. 8 shows a further schematic diagram for explaining production method steps.

In order to produce a blank, a powdery ceramic material is first produced, the main
component of which is stabilised zirconium dioxide, which is stabilised with Gd20s as the
main stabiliser and one or more secondary stabilisers. At least one oxide from the group
Y, Yb, Dy, Nd, Ca, Ce, Mg, Sm, Er, Tb, La with a content between 0.05 and 2.0 mol%
relative to the content of ZrO: is considered as a secondary stabiliser.

The ratio of main stabiliser to secondary stabiliser or the sum of the stabilising secondary
stabilisers, in mol% relative to zirconium dioxide, should be 1:1 to 1:120, preferably 1:2
to 1:40, particularly preferably 1:4 to 1:10, particularly preferably 1:5to 1:7.

The total content of the stabiliser(s) should be between 2 mol% and 8 mol%.

At least one colouring oxide is also added, the proportion by weight of which in the
ceramic material should not be more than 1.5 wt%. In particular, Fe203, Er203, Co304 or
Tb203 or a mixture of two or more of these oxides is selected as the colouring oxide.
The mixture also contains HfO2 < 3.0 wt%, Al2O3 < 0.3 wt%, unavoidable admixtures for
technical reasons < 0.2. If necessary, an element producing a fluorescence effect, such
as bismuth or thulium, can be added, the respective oxide content of which should be
0.005 to 2.0 wt%, in particular 0.005 to 0.5 wt%.

A correspondingly prepared mixture 1 is poured into a mould or die 2 and pressed. After

the green body produced in this way has been removed from the mould, it is then
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subjected to a first heat treatment in the range between 800°C and 1000°C over a period
of between 100 minutes and 150 minutes. The first step is debinding if a binder has been
added to the starting mixture and then pre-sintering. The pre-sintered blank is then
machined, for example to carve out an artificial tooth. Sintering then takes place, i.e. fully
sintering in the temperature range between preferably 1400°C and 1500°C, wherein
values between 1400°C and 1450°C are particularly noteworthy. The sintering process is
carried out over a period of between 10 minutes and 250 minutes. In this way a
monochromatic dental product is produced. This can be a dental restoration or, for
example, with particular emphasis, an implant system, which consists of an implant and
an abutment and can therefore be produced in one piece or (as is usual) can be in two
parts.

The use of Gd203 as the main stabiliser results in the advantage that, contrary to
proposals from the prior art, the proportion of the tetragonal crystal phase can be relatively
small, specifically between 40 vol% and 80 vol%, preferably between 45 vol% and
75 vol%, such that, as a result, the proportion of the cubic crystal phase is relatively high
and a desired translucency can thus be achieved. Irrespective of the relatively small
proportion of the tetragonal crystal phase, a corresponding sintered blank has the
strength, fracture toughness and hardness required for use in the dental field.
Experiments have shown that the biaxial strength measured according to 1ISO 6872 with
Gd20s-stabilised zirconium dioxide, wherein the content of Gd203 is 3 mol% relative to
the content of zirconium dioxide, depending on sintering temperatures, is in the range
between 750 MPa to 1000 MPa and in the case of zirconium dioxide stabilised with
gadolinium(lll) oxide as the main stabiliser (3 mol%), with ytterbium oxide as the
secondary stabiliser (0.5 mol%), is in the range between 750 MPa and 850 MPa — values
that are only achievable with yttrium oxide-stabilised ZrO: if the tetragonal crystal phase
was more than 90 vol%.

Zirconium dioxide stabilised with 3 mol% Gd20s resulted in a fracture toughness Kic,
measured by the chevron notch beam method, in the unit MPa m®3 in the range between
10 and 12 at sintering temperatures between 1350°C and 1450°C. A mixture of stabilisers
consisting of 3 mol% gadolinium(lil) oxide as the main stabiliser and 0.5 mol% ytterbium
oxide as the secondary stabiliser resulted in Kic values of between 8 and 10.5 MPa m©3.
In contrast, a Kic value of 4-5 MPa m® results for Y203 (3 mol%) stabilised ZrO».

With reference to Figs. 2 to 7, further aspects shaping the invention are to be clarified in
order to produce monolithic products, in particular dental restorations such as crowns,

partial crowns or bridges, wherein the blanks have regions close to the contour in relation
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to the restorations to be produced.

It should be explained that blanks can be produced that have regions of ceramic material
with different compositions and thus properties in order to achieve desired optical and
mechanical properties. The advantage of the monolithic denture is that it can in principle
be used immediately after it has been machined from the blank and then sintered, without,
for example, the need for a cutting edge to be applied and fired by hand.

Desired strength values can be set in a targeted manner. The same applies to colour,
translucent and fluorescent properties.

According to Fig. 2a, a powder of a first composition is filled into a die 10, which powder
is to be used, for example, as a cutting material. The powder can contain binders. The
powder has a composition as explained above by way of example.

After filling the material 14 into the die 10, an open cavity 18 is formed by means of a
press plunger 16, wherein the material itself is not pressed in principle. Rather, material
is displaced or slightly compressed. After the cavity has been formed (Fig. 2b), the press
plunger 16 is removed in order to fill the cavity with a second ceramic material 20, which
can differ from the first ceramic material 14 in that the content of the stabiliser oxides
present in the materials is the same in each material, but the colouring oxides added differ
from each other, either in element, proportion by weight, or a combination thereof.

The same applies if components are added that are intended to achieve fluorescence
properties.

However, there is also the possibility that each material contains different amounts of
stabilisers, but at least each material contains Gd203 as the main stabiliser and a further
secondary stabiliser.

After filling the second ceramic material 20 into the cavity 18 (Fig. 2c), the materials 14,
20 or the layers or regions formed therefrom are then pressed in the die 10 of the press
12 by means of a lower and/or upper plunger 22, 24 to achieve compaction.

After pressing, the green body 28 has a density of approximately 3 g/cm? (Fig. 3). The
pressing can be carried out in the desired customary ranges with a pressure of, for
example, between 1000 and 2000 bar.

As can be seen from Fig. 3, a second cavity 26 can be machined into the second material
20, for example by milling, after it has been compressed by means of the press plunger
22, 24 or, optionally, after pre-sintering.

However, it is also possible to form a corresponding second cavity 26 in the material 20
according to Fig. 2¢, which completely fills the bottom-side open cavity 18, by means of

a press plunger (not shown) in order to fill in a further material that should differ in
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composition from the material previously filled into the die.

Irrespective of whether the second cavity 26 is present or not, the blank 28 is pre-sintered
after pressing, in particular in the range between 800°C and 1000°C over a period of
between 100 minutes and 150 minutes. If a binder is present in the material, first
debinding and then pre-sintering occurs.

The blank is provided with a holder in order to carry out machining, for example by milling
and/or grinding, so that a desired dental product, such as a tooth, can be machined from
the blank 28, as will be explained with reference to Fig. 5.

The tooth to be produced is preferably placed at least virtually in the blank 28 in such a
way that the cutting region runs in the region 32 formed by the first ceramic material 14
and the dentine region runs in sections in the second region 34 formed by the second
ceramic material 20. Then, taking this data into account, the blank 28 is processed,
wherein the shrinkage behaviour of the material is taken into account.

Fig. 4 shows that after filling the first cavity 18 in the first ceramic material 14 and filling
the second ceramic material 20 into the cavity 18, a second cavity 36 is introduced, if
necessary according to the method according to Fig. 2b, in order to then introduce into
the cavity 36 thus formed a third ceramic material 38 that differs from the second ceramic
material in its composition in such a way that, in particular, a higher strength can be
achieved.

A cavity 40 can also be formed in the third ceramic material 38, as explained in connection
with Fig. 3.

Fig. 5 illustrates how a dental restoration, a tooth 42 in the exemplary embodiment, is
machined from the blank 28. For this purpose, after knowing the course of the first region
32 made of the first ceramic material 14 and the second region 34 made of the second
ceramic material 20 in the blank 28, the tooth 42 to be produced is placed in the regions
32, 34 virtually in such a way that the cutting edge runs in the first region 32 and the
dentine runs in the second region 34.

After the tooth 42 that has been virtually positioned in this way has been machined from
the blank 28, a dental prosthesis is available that, in principle, can be used immediately
and, in particular, does not require a veneer. A monolithic tooth is produced. In this case,
the machining of the blank is facilitated by the fact that the second region 34 already has
an open cavity 26, as explained in connection with Fig. 3 and can be seen in Fig. 5.

As can be seen in Fig. 6, there is also the possibility of forming a blank 28 with a large
number of regions 52, 54, 56, which consist of the second and optionally a third ceramic

material and can have different geometries in order to be able to produce corresponding
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teeth of different geometries. The so-called second regions 52, 54, 56 formed from the
second ceramic material 20 are embedded in the first ceramic material, i.e. surrounded
by it, as can be seen in the drawing.

If a dental product is preferably machined from the pre-sintered blank or optionally from
the green body before the blank is fully sintered, then a departure from the invention of
course does not result if significant machining takes place only after the blank has been
completely sintered.

Further embodiments of the teaching according to the invention result from Figs. 7 and 8.
In order to produce a blank that consists of regions or layers of different compositions,
wherein a continuous transition in terms of the desired properties are achieved between
the layers, i.e. in the case of a tooth to be produced, for example, the incisal region is
more translucent than the dentine region and the strength in the dentine region is greater
than in the incisal region, a first material (layer 114) is filled into a die 110 of a press 112,
which contains powdered starting materials, wherein zirconium dioxide is the base
material, which is stabilised with at least gadolinium(lll) oxide as the primary stabiliser
and optionally with one or more secondary stabilisers. To the extent necessary, one or
more colouring oxides and/or elements showing fluorescence properties are mixed.
Binder can also be added.

After filling the first material into the die 110, the surface is smoothed and structured
according to Fig. 7b. For this purpose, an element 116 in the form of a disc, plate or web
is used, which in the exemplary embodiment has a serrated geometry on the layer side,
so that a corresponding negative structure is formed in the surface 118 of the layer 114
by displacing material. This structure appears as concentric elevations and valleys
surrounded by them. The structure should be designed in such a way that the volume of
the elevations is equal or approximately equal to the volume of the depressions or valleys.
According to Fig. 7c, a layer 124 consisting of a second material is then filled into the die
110, which differs from the first material with respect to the content of a stabiliser or the
composition of the stabilisers or, in the case of a constant content of stabiliser(s), with
respect to the other components.

The fact that the material of the second layer 124 penetrates to the bottom of the valleys
126 in the surface 118 of the layer results in a continuous transition between the
properties of the layer 114 and the layer 124 after the layers 124, 114 have been pressed
according to Fig. 7d. The transition layer is indicated with 128 in Figure 7d.

As noted, the layer 124 is made of a different material than the layer 114. The deviation

should deviate in particular in the colour additives and when one or more elements
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generating fluorescence are mixed in, in their proportions.

Regarding possible deviations in the stabilisers, it should be noted that the second layer
124 should be less in the proportion of the tetragonal crystal phase in the layer 124 than
in the layer 114.

An alternative method for producing a so-called 2D blank, i.e. one in which no regions
are formed that are contour-matched to the dental product to be produced, as explained
with reference to Figs. 2 to 6 and therefore the blanks can be referred to as 3D blanks,
can be seen in Fig. 8.

A first ceramic material in powder form is thus introduced into a die 110, which can
correspond to that of the layer 114 according to Fig. 7. The corresponding layer is
indicated with 214 in Fig. 8a. The height of this layer 214 can be half the height of the
total layers that are introduced into the die 110.

A layer 227 is then applied to the layer 214 with a thickness that is, for example, 1/10 of
the total height of the layers. The material of the layer 227 can correspond to that of the
second layer 124 according to Fig. 7. The layer 227 then is then mixed with a surface
portion of the layer 214 over a depth that should correspond to the thickness of the layer
227. This forms an intermediate layer 228 that, as indicated above, has a thickness of
2/10 of the total height of the layers. A further layer 224 that corresponds to the second
layer 124 according to Fig. 7 is then applied to the intermediate layer 228.

The height of the layer 224 in the exemplary embodiment is therefore 4/10 of the total
height H. Subsequently, the layers 224, 228, 214 are pressed as a whole in order to then
carry out the method steps of pre-sintering, machining and sintering (fully sintering), as

has been explained. Machining after sintering can of course also take place.
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Claims

A blank for use in producing a dental product, such as a dental restoration, veneer
or implant component, consisting of or containing zirconium dioxide (ZrOz2)
stabilised with at least gadolinium(lll) oxide (Gd203),

characterised in that

the zirconium dioxide is stabilised with Gd203 as the main stabiliser with a content
of between 2 and 6 mol% relative to the content of ZrO2 and with at least one oxide
from the group Y, Yb, Dy, Nd, Ca, Ce, Mg, Sm, Er, Tb, La as a secondary stabiliser

with a content of between 0.05 and 2.0 mol% relative to the content of ZrQO-.

The blank according to claim 1,

characterised in that

the blank contains at least one colouring oxide from the group Pr, Er, Fe, Co, Ni,
Ti, V, Cr, Cu, Mn, Tb.

The blank according to claim 1 or 2,
characterised in that
the tetragonal phase of the zirconium dioxide is between 40 and 80 vol%, in

particular 45 vol% and 75 vol%.

The blank according to at least one of the preceding claims,

characterised in that

the content of Gd203 is between 2 and 5 mol%, more preferably between 2.5 and
4 mol%, most preferably between 3 and 4 mol%, relative to the content of ZrOo,
and/or in that the content of the secondary stabiliser or the sum of the stabilising
secondary stabilisers is between 0.2 and 0.8 mol% relative to the content of

zirconium dioxide.

The blank according to at least one of the preceding claims,
characterised in that
the proportion of the colouring oxide or the colouring oxides in wt% of the blank is

max. 1.5 wt%.
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The blank according to at least one of the preceding claims,

characterised in that

the blank has at least two regions with differing compositions, wherein either the
total content of the stabilisers is the same in each region, or the total content of the

stabilisers in the regions and/or the composition of the stabilisers is different.

The blank according to at least one of the preceding claims,

characterised in that

the blank or a region of the blank contains at least one element that produces a
fluorescence effect, in particular at least one oxide from the group Bi, Tb, Tm, Pr,
with a proportion in wt% of between 0.005 and 2.0 wt%, preferably between 0.005
and 0.5 wt%.

The blank according to at least one of the preceding claims,

characterised in that

a first region has a cavity, within which the second region extends, which has a
composition that differs from the first region, wherein the first region optionally has
a plurality of cavities, optionally of different internal geometry, in which a plurality
of second regions extend, and in that preferably the first region has a greater
translucency than the second region, the strength of which is greater than that of

the first region.

The blank according to at least one of the preceding claims,

characterised in that

the blank has at least three layers, wherein the middle layer running between an
upper and a lower layer consists of a material of the upper layer and the lower

layer.

The blank according to at least one of the preceding claims,

characterised in that

the blank is multi-layered, comprising at least one bottom layer and one top layer
of different compositions, wherein the layers contain at least one first colouring
oxide from the group Co, Mu, Ni, Cr, the proportion of which in the bottom layer

having the first colouring oxide is lower than in the top layer having the first
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13.

14.
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colouring oxide, wherein the first colouring oxide is preferably at least one oxide

from the group Co, Mn, Ni, Cr, in particular Co203 or MnO2 or a mixture thereof.

The blank according to at least one of the preceding claims,

characterised in that

the ratio of the main stabiliser Gd20s3 to the secondary stabiliser or the sum of the
stabilising secondary stabilisers is 1:1 to 1:120, preferably 1:2 to 1:40, particularly
preferably 1:4 to 1:10, particularly preferably 1:5t0 1:7.

A method for producing a blank intended for producing a dental product, in
particular a dental restoration, veneer, implant component, wherein powdered
ceramic material containing zirconium dioxide stabilised with at least one stabiliser
is pressed and then subjected to at least one heat treatment,

characterised in that

the zirconium dioxide is stabilised with gadolinium(lll) oxide (Gd203) as the main
stabiliser with a content in mol% relative to the content of zirconium dioxide
between 2 and 6 mol% and at least one oxide from the group Y, Yb, Dy, Nd, Ca,
Ce, Mg, Sm, Er, Tb, La as a secondary stabiliser with a content of between 0.05

and 2.0 mol% relative to the content of ZrQa.

The method according to claim 17,
characterised in that
at least one colouring oxide from the group Pr, Er, Fe, Co, Ni, Ti, V, Cr, Cu, Mn,

Tb is added to the ceramic material.

The method according to claim 17 or 18,

characterised in that

a layer of a first ceramic material of a first composition is introduced into a die, in
that at least a first open cavity is formed in the layer, into which a second ceramic
material of a second composition is introduced, and in that the materials are
pressed together and then heat-treated, wherein preferably after the second
ceramic material has been introduced therein, a second open cavity is introduced
into which a third ceramic material is introduced, the composition of which is
different from that of the first and/or the second ceramic material, and in that

optionally, a plurality of first open cavities, possibly of different geometries, are
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formed in the layer of the first ceramic material and the second ceramic material is

introduced into these cavities.

The method according to at least one of claims 12 to 14,

characterised in that

in that, after a first layer of a first ceramic material has been introduced into a die
the layer is structured on the surface in such a way that elevations and depressions
bounded by these are formed, and a second ceramic material is subsequently
introduced into the die, or in that, after the first layer has been introduced onto the
latter, a further layer of a mixture that differs from the first layer is introduced into
the die , in that the first layer is mixed in its surface region with the second layer to
form an intermediate layer, and in that the second layer is then introduced into the
die, wherein the structure is preferably produced by an element that moves, in
particular rotates, relative to the first layer and that structures the surface region of
the first layer with a wave-like, comb-like or sawtooth-like section, or in that
preferably the structure is created with a pressure element acting in the direction

of the surface of the first layer.

A dental product in the form of a dental restoration, in particular a crown, partial
crown or bridge, or in the form of an implant system consisting of an implant and
abutment, which is preferably designed in one piece, produced from a blank
according to any one of claims 1 to 11,

characterised in that

in the case of a restoration, viewed in the direction of the tooth axis, it consists of
at least a first layer running on the root side and a second layer running on the
incisal side, wherein the strength of the first layer is greater than that of the second
layer and the translucency of the second layer is greater than that of the first layer,
and/or in that the layers contain a first colouring oxide, in particular at least one
oxide from the group Co, Mn, Ni, Cr, preferably Co3O4 or MnO2 or a mixture

thereof, wherein the proportion in the first layer is lower than in the second layer.
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AMENDED CLAIMS

received by the International Bureau on 25 July 2023 (25.07.2023)

A blank for use in producing a dental product, such as a dental restoration, veneer
or implant component, consisting of or containing zirconium dioxide (ZrO2) in a
tetragonal phase, wherein the zirconium oxide is stabilised with gadolinium(lll)
oxide (Gd203) as a main stabilizer and with at least one oxide selected from the
group comprising Y, Yb, Dy, Nd, Ca, Ce, Mg, Sm, Er, Tb and La as a secondary
stabilizer, wherein

the zirconium dioxide is stabilised with Gd203 as the main stabiliser and with a
secondary stabilizer with a content of between 0.2 and 0.8 mol% relative to the
content of ZrO2 and the tetragonal phase of the zirconium oxide is present in the
amount of between 40 and 80 vol %,

characterized in that

the content of Gd203 is between 2.5 and 4 mol %, preferably between 3 and 4
mol %, relative to content of ZrO2.

The blank according to claim 1,

characterised in that

the blank contains at least one colouring oxide from the group Pr, Er, Fe, Co, Ni,
Ti, V, Cr, Cu, Mn, Tb.

The blank according to claim 1 or 2,

characterised in that

the tetragonal phase of the zirconium dioxide is present in the amount of between
45 and 75 vol%.

The blank according to at least one of the preceding claims,
characterised in that
the proportion of the colouring oxide or the colouring oxides in wt% of the blank is

max. 1.5 %.

The blank according to at least one of the preceding claims,
characterised in that

AMENDED SHEET (ARTICLE 19)
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the blank has at least two regions with differing compositions, wherein either the

total content of the stabilisers is the same in each region, or the total content of the
stabilisers in the regions and/or the composition of the stabilisers is different.

The blank according to at least one of the preceding claims,

characterised in that

the blank or a region of the blank contains at least one element that produces a
fluorescence effect, in particular at least one oxide from the group Bi, Tb, Tm, Pr,
with a proportion in wit% of between 0.005 and 2.0 wt%, preferably between 0.005
and 0.5 wt%.

The blank according to at least one of the preceding claims,

characterised in that

a first region has a cavity, within which the second region extends, which has a
composition that differs from the first region, wherein the first region optionally has
a plurality of cavities, optionally of different internal geometry, in which a plurality
of second regions extend, and in that preferably the first region has a greater
translucency than the second region, the strength of which is greater than that of
the first region.

The blank according to at least one of the preceding claims,

characterised in that

the blank has at least three layers, wherein the middle layer running between an
upper and a lower layer consists of a material of the upper layer and the lower

layer.

The blank according to at least one of the preceding claims,

characterised in that

the blank is multi-layered, comprising at least one bottom layer and one top layer
of different compositions, wherein the layers contain at least one first colouring
oxide from the group Co, Mu, Ni, Cr, the proportion of which in the bottom layer
having the first colouring oxide is lower than in the top layer having the first
colouring oxide, wherein the first colouring oxide is preferably at least one oxide

from the group Co, Mn, Ni, Cr, in particular Co203 or MnO2 or a mixture thereof.

AMENDED SHEET (ARTICLE 19)
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5 10. The blank according to at least one of the preceding claims,
characterised in that
the ratio of the main stabiliser Gd20s3 to the secondary stabiliser or the sum of the
stabilising secondary stabilisers is 1:1 to 1:120, preferably 1:2 to 1:40, particularly
preferably 1:4 to 1:10, particularly preferably 1:5 to 1:7.

10
11. A method for producing a blank intended for producing a dental product, in
particular a dental restoration, veneer, implant component, wherein powdered
ceramic material containing zirconium dioxide stabilised with at least one stabiliser
is pressed and then subjected to at least one heat treatment,
15 wherein the zirconium dioxide is stabilised with gadolinium(lll) oxide (Gd203) as

the main stabiliser and at least one oxide from the group Y, Yb, Dy, Nd, Ca, Ce,

Mg, Sm, Er, Tb, La as a secondary stabiliser and contains the tetragonal phase,

characterized in that

as a ceramic powder such a powder is used, which comprises between 2 and 5
20 mol% of gadolinium (lll) oxide (Gd203) and between 0.2-0.8 mol% of the

secondary stabiliser, relative to the amount of ZrO2 and the amount of the

tetragonal phase of zirconium oxide is between 40 and 80 vol%.

12.  The method according to claim 11,
25 characterised in that
at least one colouring oxide from the group Pr, Er, Fe, Co, Ni, Ti, V, Cr, Cu, Mn,
Tb is added to the ceramic material.

13. The method according to claim 11 or 12,

30 characterised in that
a layer of a first ceramic material of a first composition is introduced into a die, in
that at least a first open cavity is formed in the layer, into which a second ceramic
material of a second composition is introduced, and in that the materials are
pressed together and then heat-treated, wherein preferably after the second

35 ceramic material has been introduced therein, a second open cavity is introduced
into which a third ceramic material is introduced, the composition of which is
different from that of the first and/or the second ceramic material, and in that
optionally, a plurality of first open cavities, possibly of different geometries, are
formed in the layer of the first ceramic material and the second ceramic material is

AMENDED SHEET (ARTICLE 19)
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introduced into these cavities.

The method according to at least one of claims 11 to 13,

characterised in that

in that, after a first layer of a first ceramic material has been introduced into a die
the layer is structured on the surface in such a way that elevations and depressions
bounded by these are formed, and a second ceramic material is subsequently
introduced into the die, or in that, after the first layer has been introduced onto the
latter, a further layer of a mixture that differs from the first layer is introduced into
the die , in that the first layer is mixed in its surface region with the second layer to
form an intermediate layer, and in that the second layer is then introduced into the
die, wherein the structure is preferably produced by an element that moves, in
particular rotates, relative to the first layer and that structures the surface region of
the first layer with a wave-like, comb-like or sawtooth-like section, or in that
preferably the structure is created with a pressure element acting in the direction

of the surface of the first layer.

A dental product in the form of a dental restoration, in particular a crown, partial
crown or bridge, or in the form of an implant system consisting of an implant and
abutment, which is preferably designed in one piece, produced from a blank
according to any one of claims 1 to 10,

characterised in that

in the case of a restoration, viewed in the direction of the tooth axis, it consists of
at least a first layer running on the root side and a second layer running on the
incisal side, wherein the strength of the first layer is greater than that of the second
layer and the translucency of the second layer is greater than that of the first layer,
and/or in that the layers contain a first colouring oxide, in particular at least one
oxide from the group Co, Mn, Ni, Cr, preferably Co3Os4 or MnO2 or a mixture

thereof, wherein the proportion in the first layer is lower than in the second layer.

AMENDED SHEET (ARTICLE 19)



WO 2023/208533 PCT/EP2023/058748

1/6

N

Fig. 1

SUBSTITUTE SHEET (RULE 26)



PCT/EP2023/058748

WO 2023/208533

2/6

N

: %10
7

1
?iwtt’*.#n
- ® -
- - b
Ifff .- »
- 23 - -

P

22

SUBSTITUTE SHEET (RULE 26)



WO 2023/208533 PCT/EP2023/058748

3/6
prmp—
1
) |

Fig.

SUBSTITUTE SHEET (RULE 26)



WO 2023/208533 PCT/EP2023/058748
4/6

SUBSTITUTE SHEET (RULE 26)



WO 2023/208533

PCT/EP2023/058748
5/6

M4 18

SUBSTITUTE SHEET (RULE 26)



WO 2023/208533
6/6

-
o 0

172 H

0o 0
¢ o 5
ﬁeé

<
£
L
0%0 ¢
o
o°

o —_ | JF
H
v

214

A
B i ]
227 = (/10 H

L
8

\ o

o _,

o U

L

-
-

8

880 4

L
]
o

8
o

vV
2/10H
A

SUBSTITUTE SHEET (RULE 26)

PCT/EP2023/058748



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2023/058748
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61C13/00 A61C13/083 A61C5/70 A61C8/00 A61K6/818
C04B35/486 A61K6/822 A61K6/824 B32B18/00 Cc01G25/02
A61K6/807 A61K6/813

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61C A61lK CO04B CO01G B32B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 113 101 230 A (SHENZHEN UPCERA ORAL 1,2,4,6,
CAVITY TECH CO LTD) 7,9-13,
13 July 2021 (2021-07-13) 16

Y examples 9,10, 19-23 3,5,8,

14,15

X CN 113 105 232 A (SHENZHEN UPCERA ORAL 1,4,6,7,
CAVITY TECH CO LTD) 9-12,16
13 July 2021 (2021-07-13)
paragraphs [0381] - [0392]; example 25

X JP HO08 33701 A (SHINAGAWA REFRACTORIES CO; 1,4,11,
HOYA CORP) 6 February 1996 (1996-02-06) 12
example 50; tables 3,7

-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 July 2023

Date of mailing of the international search report

21/07/2023

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Barenbrug-van Druten

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2023/058748
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y EP 3 517 072 Al (DENTSPLY SIRONA INC [US]; 3,5,8,
DEGUDENT GMBH [DE]) 14,15

31 July 2019 (2019-07-31)
paragraphs [0024] - [0028], [0042] -
[0065]; figures 1-6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2023/058748
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 113101230 A 13-07-2021 NONE

CN 113105232 A 13-07-2021 NONE

JP H0833701 A 06-02-1996 NONE

EP 3517072 Al 31-07-2019 AU 2016383553 Al 28-06-2018
AU 2019275522 Al 19-12-2019
BR 112018012993 A2 04-12-2018
ca 3007607 Al 06-07-2017
ca 3079584 A1l 06-07-2017
CN 108495598 A 04-09-2018
DE 102015122861 Al 29-06-2017
EP 3389553 Al 24-10-2018
EP 3517072 Al 31-07-2019
ES 2763041 T3 26-05-2020
ES 2820359 T3 20-04-2021
JP 6878441 B2 26-05-2021
JP 7150907 B2 11-10-2022
JP 2019501714 A 24-01-2019
JP 2021098651 A 01-07-2021
KR 20180099779 A 05-09-2018
RU 2018127647 A 03-02-2020
Us 2017258563 Al 14-09-2017
Us 2020030064 A1 30-01-2020
WO 2017114776 Al 06-07-2017

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - amend-body
	Page 20 - amend-body
	Page 21 - amend-body
	Page 22 - amend-body
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

