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Process for Producing a Non-Dense Sintered Ceramic Molded Body

Having at Least Two Layers

The present invention relates to a process for producing a non-dense sintered
ceramic molded body having at least two layers and to a molded body obtainable

by the process according to the invention.

The use of glass-ceramic restorations has proven effective for the restoration of
dental defects, especially in the region of the mouth. Because of the low strength
of such restorations as compared to those made of stabilized zirconia, these
materials, which meet aesthetic requirements, are not indicated for the prepara-
tion of bridges or for restoring patients suffering fromm masticatory disorders
(bruxism). For the preparation of posterior bridges or crowns, it has been usual to
produce scaffolds of a high strength material, which subsequently need to be faced
with a glass ceramic layer. If fully anatomical crowns or minimally reduced crowns
are to be produced by CAD/CAM technologies, the blanks obtained are only glazed
or provided with a thin veneer layer. This is an alternative to a cast crown and is
not to be recognized as a restoration if possible. However, this requires that the
crown is not unicolored, but has a multicolored design, a color gradient running
from the tooth neck towards the incisal edge/occlusal surface from dark to light in

order to reproduce the color gradient of a natural tooth as exactly as possible.

Articles made of zirconia, especially for dental purposes, have become established
because of their comparatively high bending strength. However, the common
zirconia materials for dental purposes are unicolored and can be immediately
recognized as a restoration because of their light color. Therefore, copings for
crowning prepared therefrom must always be faced in order that the restoration
fits aesthetically into the remaining teeth. In order to achieve a natural coloring,
porous monolithic zirconia restorations, which may also have been precolored in a
single color, are matched with coloring liquids to the individual situation in the

patient.

EP 1859 757 A discloses ZrO,-based compositions as well as unicolored and

multicolored blanks made of oxide ceramics, and a process for the preparation
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thereof, in which a) oxide-ceramic powders are coated with a coloring substance,
b) the coated powders are preferably classified, and at least one colored powder is
filled into a compression mold, c) the colored powder or powders is/are com-
pressed into a molded body, and d) the compressed molded body is sintered into a

blank, and the use of such blanks for preparing dental restorations.

EP 1 859 758 A discloses a block body of ceramic compositions, especially feld-
spar-based dental compositions, consisting of at least one ceramic composition
with predefined first optical properties and at least one second ceramic composi-
tion with predefined second optical properties, and a transition zone between the
two ceramic compositions constituted of varying blends of said at least two ceramic
compositions, the variation gradient of the blends being essentially constant.

EP 1 900 341 A discloses a multicolored molded body, especially made of feldspar
ceramics, with superimposed layers for preparing dental prostheses, at least two
successive layers of different colors and at least two intermediate layers of
different colors between at least two successive primary layers of different colors,
wherein between these intermediate layers a change of the color takes place
along a direction that is opposite to the direction of the change in color between

the primary layers.

WO 2007/137696A discloses green body consisting of at least two different
molding powder mixtures each containing a ceramic powder, and a coloring
metal compound and/or a coloring pigment which are compressed to form the
green body. The green body ceramics are particularly suitable as color-graded
dental ceramics (blanks), which serve as all-ceramic restorations. The powder
mixtures can consist out of a zirconia granulate and a zirconium silicate material,
in which the zirconium silicate changes the chemical structure and lowers the

mechanical properties (e.g. 3-point bending strength).

Iron oxides, for example, are used for coloring zirconia granules. These or similar
additives influence the sintering behavior because they change the sintering
activity. Thus, a more intensely colored region can differ from a less intensely

colored region in terms of shrinkage or density at the same temperature. This
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deviating sintering behavior unavoidably provokes deformation of the original
geometry, if the sintering process is stopped before the theoretical density is

reached, in favor of improved processability.

Mixing pigmented and non-pigmented zirconia granules basically enables the
preparation of a color-layered geometry or the production of a three-dimensional
gradient. For processing by CAD/CAM technology, it is necessary that such blocks
or disks are presintered at a particular temperature in order to ensure good
grindability. The presintering essentially corresponds to an intermediate stage on
the way to the final dense sintering, as close as possible to the theoretical density.
However, the presintering of multicolored blocks is problematic because a sintering
distortion between lighter and darker regions occurs in the mentioned intermediate
stage. This distortion is caused by different sintering activities, which are primarily
due to the proportion of coloring components. However, since the final sintering
density of the layers as achieved in dense sintering is almost identical, the ground
object would again become distorted from the intermediate stage to the final

stage.

To date, no solutions have been known that enable the production of a color
gradient in zirconia blanks in such a way that they can be subsequently processed

in @ porous sintered state.

Indeed, it would be basically possible to circumvent the difficulties by determining
the sintering distortion in advance and calculating a correction during the pro-
cessing by CAM software. However, this method would reach the limits of travel
paths of the CAM machines when there are undercuts, and therefore is not
workable in practice. Also, this method does not achieve the object of the inven-

tion.

It is desirable to adjust colored and colorless powders or granules of zirconia in
such a way that they do not exhibit distortion in the processable intermediate

stage and in the final density, i.e., after processing and dense sintering.
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The object of the invention is achieved by a process for producing a non-dense
sintered ceramic molded body having at least two layers,

wherein a first powdery ceramic material forming a layer is contacted with

at least a second powdery material forming at least a second layer;

said first powdery material has a presintering temperature T, that is higher
than the presintering temperature Ts of said at least second powdery ce-

ramic material;

the course of a curve of shrinkage S; of said at least first powdery ceramic
material differs from the course of a curve of shrinkage S, of said at least
second powdery material, wherein curve of shrinkage S; is shifted towards
higher temperatures as compared to curve of shrinkage S,; and

the layers are subjected to a common temperature treatment at a
presintering temperature Ts that is lower than the presintering temperature
T, and at least equal to T; to cause sintering that remains in a stage of sin-
tering that has not proceeded to the theoretical density; wherein

the curve of shrinkage S; is modified by admixing at least one component
having a curve of shrinkage S; which material is compatible with said pow-
dery ceramic material into said first powdery ceramic material, i. €. has a
grain size smaller than the first powdery ceramic material, to equalize the
curves of shrinkage S; and S; in the region of the presintering temperature
Ts.

The compatibility of the compensation powder depends on the grain size of used
components. By mixing and pressing these different powders no pores or
inhomogeneities should derange the sintered or presintered structure.

An advantage of the process according to the invention resides in the fact, among
others, that the relevant properties of a known material are maintained while the
optical properties can be controlled in a desired direction. Thus, for example, it is
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possible to design the block with differently colored layers in almost any number.
Further, it is also possible to produce a multicolored block by continuous mixing
methods and by using just a few starting colors, wherein the color grading may

also be a continuous gradient.

The process according to the invention enables the coloring of yttrium-stabilized
zirconium layers, which can be arranged as superimposed blocks. Thus, the user
gets the possibility to use for restorations made of zirconia respectively the same
starting material that has already been largely used for unicolored dental prosthe-
ses or dental replacement scaffolds. The physical properties remain essentially
unchanged as compared to the established product. Disturbing or time-consuming
operations, such as the coloring of the scaffolds or the facing of the scaffolds, can
be reduced to a minimum or are superfluous. Color variations in the restoration to
be produced can be defined by a simulation with the software designated for the
processing. After the CAD/CAM production off the restoration, the sintering process
performed to dense sintering, a glaze layer can be applied if desired.

In one embodiment of the process according to the invention, the first powdery
ceramic material contains yttrium-stabilized zirconia, which is commercially
available, for example, as granules from the company TOSOH, Japan, under the
designation TZ-3YSB-C (Curve Sy, Ty).

In a further embodiment of the process according to the invention, the at least
second powdery ceramic material contains yttrium-stabilized zirconia that exhibits
a more intense coloring than that of the first powdery ceramic material. The at
least second powdery ceramic material is commercially available, for example, as
granules from the company TOSOH, Japan, under the designation TZ-Yellow-SB-C.
(Curve S;, Ts)

In another embodiment of the process according to the invention, the component
admixed into the first powdery ceramic material is, for example, the granules
obtainable from the company TOSOH, Japan, under the designation TZ-PX-242A or
Zpex (Curve Sz, T3).
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In particular, the presintering temperature T, according to the present invention is
within a range of from 900 °C to 1300 °C, especially from 950 °C to 1150 °C, from
1000 °C to 1100°C, or from 1040°C to 1080 °C, Ts is within a range of from
850 °C to 1250 °C, and/or T3 is within a range of from 800 °C to 1200 °C.

Figure 1 shows schematically the shrinking behavior for 3 different materials
during sintering (in a representation of three curves of shrinkage).

Figure 2 schematically shows a three-layer block according to the present inven-

tion.

The invention is explained in more detail in the following. Figure 1 schematically
shows the course of the curves S;, S, during sintering of the first and second
powdery ceramic materials. The presintering temperatures of the first and second
powdery ceramic materials are designated as T; and Ts. "Presintering temperature”
means the temperature that is lower than the corresponding sintering temperature
of the respective material at which dense sintering to the theoretical density or at
least to very close to the theoretical density occurs. The curve of shrinkage of the
component compatible with the first powdery ceramic material is designated as S,
in Figure 1. Ts is the presintering temperature at which the layers forming the
molded body are subjected to the common temperature treatment to form a
porous sintered molded body.

For example, the first powdery ceramic material is white or only weakly colored,
and the second powdery ceramic material represents a more intensely couloured
powdery ceramic material having a grain size in the range of the first powdery
ceramic material. The third curve S; has a smaller grain size than the first powdery
ceramic material. The curves of shrinkage S; and S, of the two powdery ceramic
ground materials are so much different that the disadvantageous distortions of the
first and second layers occur.
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Surprisingly, admixing a component with a curve of shrinkage S; compatible with
the first powdery ceramic material to the first powdery ceramic material can
equalize its curve of shrinkage S; to the curve of shrinkage S, of the second
powdery ceramic material within the range of the selected presintering tempera-
ture, or even achieve identical curves of shrinkage. The shifting of the curve of
shrinkage S; depends on the level of admixing the component compatible with the
first powdery ceramic material. The compatibility of the component with curve S; is
related with its smaller grain size compared with the first powdery ceramic
material. In particular the difference in grain size of the two materials is at least

5 %, more particularly 10 % or 20 % or even 30 % or more such as 40 %.

Said component compatible with the first powdery ceramic material may be, for
example, a zirconia material containing, in addition to yttria in the percent range,
especially 6-7%: less than one percent of alumina, traces of silica, and iron oxide
as a pigment, wherein less alumina is present as compared to the first powdery
ceramic material. The particle size of the component is smaller than that of the
first powdery ceramic material, and typically the size of the particles of the
component is about half the size of the particles of the first powdery ceramic
material, whose particle size is within a range of 80-100 nm. The BET value of the
component to be admixed is about double the BET value of the first powdery
ceramic material. Typical BET values for the component to be admixed are 11-
15 m?/g. Such materials are commercially available and are distributed under the
designation TZ-PX-242A or Zpex from TOSOH, Japan, for the component to be
admixed, and under the designation TZ-3YSB-C, TOSOH, Japan, for the first
powdery ceramic material. The material forming component 2 is the at least
second powdery ceramic material according to the present invention, being
provided with a higher pigmentation, typically in the form of iron oxide, as
compared to the first powdery ceramic material. Iron oxide has a yellowish color.

The following table shows properties of a special first and second powdery ceramic

material.

TZ-PX-242A TZ-3YSB-C
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Crystallite Size [nm] 32 36
Particle size D50 [pum] 0.43 0.60
Granule Size [pm] 52 60
Bulk Density [g/cm3] 1.06 1.20
Specific surface area | ca. 12 ca. 6
[m2/g]

The component compatible with the first powdery ceramic material is admixed with
the first powdery ceramic material in proportions within a range of 25 percent by
weight to 50 percent by weight (especially from 30 to 40% by weight) in order to
achieve the effect of equalizing the curves of shrinkage as desired according to the

invention.

The molded bodies according to the invention, which can be prepared by applying
the process according to the invention, advantageously show no distortions that
are due to sintering distortion after completion of the presintering, so that the
molded body in this porous sintered state can be processed by material removal,

and does not experience any deformation after dense sintering.

In a three-layer stacking in Figures 2a-d, the molded body according to the
invention is schematically represented together with information about the layer
composition and the color values of the individual layers according to the CIE-Lab
color system. Component 1 according to Figure 2a is a powdery ceramic material
forming the first layer 1 and being a mixture consisting of white granules, for
example TZ-3YSB-C and TZ-PX-242A, commercially available from TOSOH, Japan.
The middle layer 2 is formed from a mixture of component 1 and a component 2.
Component 2 is more intensely yellow/brown pigmented granules, for example,

TZ-Yellow-SBC. In the embodiment according to Figure 2a, layer 2 consists of a
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mixture of 80% component 1 and 20% component 2. The middle layer 3 is formed
from a mixture of components 1 and 2 in a proportion of 60%/40%. The further
embodiments shown in Figures 2b-d are each characterized by a more intense
pigmentation.

The molded body according to the invention is advantageously prepared by
intimately mixing the first powdery ceramic material with the component compati-
ble with this material. The mixed material is filled into a mold, the forming layer is
smoothed and then covered with a second layer of a mixture of component 1 and
component 2. This step is repeated to form the third layer. The material is
compacted under pressure (typically 100 to 200 MPa) and then released from the

mold.

This is followed by a sintering process in which the temperature is raised. The
temperature raise is stopped at a temperature selected in such a way that the
molded body obtained can be readily machined, and subjected to dense sintering
after processing. The presintering temperature is within a range of from 800 °C to
1200 °C, especially from 950 °C to 1150 °C, 1000-1100 °C, or 1040-1080 °C.

For facilitating the machining, the molded body according to the invention is
provided with relevant elements known to the skilled person that are suitable for
fixing the block within a CAD/CAM machine.

In a further embodiment of the process according to the invention, the porous

sintered molded body obtained is further processed by forming processes.

The present invention also relates to a molded body obtainable by the process
according to the invention. Advantageously, the layers are dimensionally stable in

the porous sintering.

Example 1

Component 1 is obtained by intimately mixing 650 g of TZ-3YSB-C from TOSOH,
Japan (T; ~ 1076°C), with 350 g of TZ-PX-242A from TOSOH, Japan (T; ~
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1038°C), in a mixer from the company Bachofen, type DynaMix (R) CM200 (or
CM100, CM500, CM1000). For forming by means of an axial compression method,
component 1 is filled into the stamper by means of a filling unit known to the
skilled person. The layer is uniformly spread in the mold by pulling away the filling
unit. Typically, the layer thickness is higher than the desired layer thickness of the
final product because of the bulk density being lower than the compressed density,
and depends on the raw materials employed. Typically, the filled-in layer thickness
of the powder is 2.318 times the corresponding layer thickness of the compressed
component and is 14.88 mm. Onto this layer, 22.29 g of a mixture of 80% by
weight component 1 and 20% by weight component 2, which consists of TZ-
Yellow-SBC from TOSOH, Japan, is applied. After the second layer has been filled
in, it is also smoothed and thereafter covered by the third layer consisting of the
intimately mixed components 1 and 2 in a mixing ratio of 60% by weight to 40%
by weight. Optionally, smoothing is again performed. Thereafter, the layered
structure in the mold is compacted under a pressure of 200-165 MPa to a density
of 3.13 g/cm’.

After the compressed molded body has been released, it is subjected to sintering
until a temperature (Ts) of 1060 °C is reached. The molded body can be processed
into multi-unit bridges by means of CAD/CAM methods. The bridges obtained are
dense sintered at temperatures of 1530 °C.

The corresponding colors of the individual layers can be seen from Figure 2a.

The sintered block is provided with a holding member. This is realized by adhesive-
bonding the block and holding member. The porous ceramic component is placed
by means of a centering device onto the holding member fixed in a base plate and
provided with adhesive, and is thus fixed.

Example 2

The blocks shown in Figures 2b to 2d were prepared by analogy with Example 1,

the following mixing ratios of components 1 and 2 being employed:
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Block according to

Layer 1
Comp. 1 to comp. 2
[% by weight]

Layer 2
Comp. 1 to comp. 2
[% by weight]

Layer 3
Comp. 1 to comp. 2
[% by weight]

Figure 2b 80 to 20 60 to 40 40 to 60
Figure 2¢ 60 to 40 40 to 60 20 to 80
Figure 2d 40 to 60 20 to 80 0 to 100

The following Table illustrates the quantitative ranges in which the component

compatible with the first powdery ceramic material can be mixed with the first

powdery ceramic material in order to achieve the desired presintering temperature

in the production process and to arrive at molded bodies that are according to the

invention.

Example | Proportion of TZ- | Proportion of TZ- Proportion of TZ- Presintering
3YSB-C in layer 1 | PX-242A in layer 1 | Yellow-SB-C in layer | temperature
[% by weight] [% by weight] 2 [% by weight] [°C]

1 70 30 100 1066

2 60 40 100 1066

3 50 50 100 1066
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CLAIMS:

A process for producing a non-dense sintered ceramic molded body having

at least two layers,

wherein a first powdery ceramic material forming a layer is contacted with

at least a second powdery material forming at least a second layer;

said first powdery material has a presintering temperature T, that is higher
than the presintering temperature Ts of said at least second powdery ce-

ramic material;

the course of a curve of shrinkage S; of said at least first powdery ceramic
material differs from the course of a curve of shrinkage S, of said at least
second powdery material, wherein curve of shrinkage S; is shifted towards

higher temperatures as compared to curve of shrinkage S,; and

the layers are subjected to a common temperature treatment at a
presintering temperature Ts that is lower than the presintering temperature
T, and at least equal to T; to cause sintering that remains in a stage of sin-

tering that has not proceeded to the theoretical density; wherein

the curve of shrinkage S; is modified by admixing at least one component
having a curve of shrinkage S; which material is compatible with said pow-
dery ceramic material into said first powdery ceramic material, i. €. has a
grain size smaller than the first powdery ceramic material, to equalize the
curves of shrinkage S; and S; in the region of the presintering temperature
Ts.

The process according to claim 1, wherein said first powdery ceramic

material contains yttrium-stabilized zirconia.
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The process according to any of the preceding claims, wherein said at least
second powdery ceramic material contains colored yttrium-stabilized zirco-

nia.

The process according to any of the preceding claims, wherein said compo-
nent compatible with said first powdery ceramic material, which is admixed
with said first powdery ceramic material, has a higher sintering activity and
optionally a higher BET surface area than those of the first powdery materi-

al.

The process according to any of the preceding claims, wherein T; is within a
range of from 900 °C to 1300 °C.

The process according to any of the preceding claims, wherein Ts is within a
range of from 850 °C to 1250 °C.

The process according to any of the preceding claims, wherein T3 is within a
range of from 850 °C to 1200 °C.

The process according to any of the preceding claims, wherein the porous

sintered molded body obtained is further processed by forming processes.

A molded body obtainable by the process according to any of claims 1 to 7.

The molded body according to claim 9 with two or more layers, wherein all

the layers are dimensionally stable in the porous sintering.
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