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ABSTRACT 

Quartz solid solution glass ceramics and precursors thereof 
are described, which are characterized by very good 
mechanical and optical properties and in particular can be 
used as restoration material in dentistry. 
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GLASS CERAMIC HAVING A QUARTZ 
SOLID SOLUTION PHASE 

0001. The invention relates to glass ceramic having a 
quartz solid solution phase, which is suitable in particular for 
use in dentistry and preferably for preparing dental restora 
tions, as well as to precursors for the preparation of the glass 
ceramic. 
0002 Glass ceramics having a quartz solid solution phase 
are known from the state of the art. 
0003. DE 2507 131 describes specific magnesium alu 
minosilicate glass ceramics having a ZrO content of from 4 
to 10 wt.-%. Bodies produced from the glass ceramics have 
a heterogeneous structure in that the crystal structure of the 
surface layer differs from that of the inside of the body. The 
Surface compressive stress produced in this way has a 
Substantial influence on the mechanical properties, with the 
result that machining of the Surface layer results in the 
mechanical properties being impaired. High-quartZ Solid 
solutions could be detected in the surface layer and low 
quartz solid solutions could be detected inside the body. 
0004 JP 2000/063144 discloses magnesium aluminosili 
cate glasses for preparing Substrates for recording media, 
which have low amounts of from 0 to 10 mol.-% of ZrO and 
large amounts of B.O. 
0005 GB 2 172 282 A describes magnesium alumino 
silicate glass ceramics, which can contain a maximum of 
13.0 wt.-% ZrO, in view of the solubility limit. The glass 
ceramics are provided for microelectronic applications and 
in particular as coating for Substrates Such as e.g. aluminium 
and, in addition to high strength, they have a suitable 
dielectric constant in the range of from 7 to 10 as well as a 
high electrical resistance. 
0006. In M. Dittmer's doctoral thesis “Glaser and Glask 
eramiken im System MgO Al-O. SiO, mit ZrO als 
Keimbildner Glasses and glass ceramics in the MgO 
Al-O-SiO system with ZrO as nucleating agent, Uni 
versity of Jena 2011, it was found that the solubility limit of 
ZrO in the MgO Al-O-SiO glass ceramics described is 
12.7 wt.-%. 
0007. In the article by M. Dittmer and C. Russel in J. 
Biomed. Mater. Res. Part B:100B:463-470 (2012) glass 
ceramics with high-quartz or low-quartZ Solid solution phase 
as main crystal phase are described which contain a maxi 
mum of 12.5 wt.-% ZrO. It was shown that increasing the 
ZrO content from 10.2 to 12.5 wt.-% ZrO usually leads to 
a reduction in the bending strength irrespective of the 
temperature at which the glass ceramics are formed from the 
corresponding starting glasses. As a whole, the strengths 
achieved with these glass ceramics and also the translucence 
are not completely satisfactory for use as dental material. 
0008. The object of the invention is therefore to provide 
a glass ceramic which shows a combination of high strength 
and good translucence. The glass ceramic should further be 
easy to be processed into dental restorations and thus be 
excellently suitable as restorative dental material. 
0009. This object is achieved by the glass ceramic having 
a quartz solid solution phase according to claims 1 to 11 and 
14. Also a Subject-matter of the invention are the starting 
glass according to claims 12 to 14, the process according to 
claims 15 to 18 as well as the use according to claims 19 to 
21. 
0010. The glass ceramic having a quartz solid solution 
phase according to the invention is characterized in that it 
comprises the following components 
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Component wt.-% 

SiO, 37.0 to S.O.O 
Al2O3 2SO to 39.0 
MgO S.O to 15.O 
ZrO, 13.5 to 19.O. 

0011. This glass ceramic, also called “quartz solid solu 
tion glass ceramic” in the following, Surprisingly shows an 
advantageous combination of mechanical and optical prop 
erties which are desirable for a restorative dental material. It 
is additionally surprising that the indicated high amounts of 
ZrO can be incorporated into it. 
0012. By the term "quartz solid solution phase' is meant 
a crystal phase of SiO, in which in the SiO, lattice foreign 
ions or foreign atoms are incorporated either into interstitial 
lattice sites or into lattice sites. These foreign ions or foreign 
atoms can in particular be Al as well as Mg, Li and/or Zn. 
Al can be present in the Solid solution in the same molar 
concentration as Zn and Mg together. 
0013 The quartZ Solid solution glass ceramic according 
to the invention comprises in particular 38.0 to 49.0 wt.-% 
and preferably 38.5 to 48.0 wt.-% SiO. 
0014. It is further preferred that the glass ceramic com 
prises 26.0 to 38.0 and in particular 27.0 to 37.0 wt.-% 
Al2O. 
0015. A glass ceramic that comprises 6.0 to 14.0 and in 
particular 7.0 to 13.5 wt.-% MgO is also preferred. 
0016 Further, a glass ceramic is preferred that comprises 
14.0 to 18.0 wt.-% ZrO. 
0017. In a preferred embodiment, the glass ceramic 
according to the invention comprises at least one and 
preferably all of the following components in the indicated 
amountS: 

Component wt.-% 

SiO, 37.0 to S.O.O 
Al2O3 25.0 to 39.0 
MgO S.O to 15.O 
ZrO2 13.5 to 19.0 
Li2O O to 1.0 
Na2O O to 1.0 
KO O to 1.0 
CaO O to 2.5 
SrO O to 4.0 
ZnO O to 15.0, in particular 0 to 8.0 
B2O3 O to 1.0. 

0018. It is further preferred that the glass ceramic com 
prises the divalent oxides CaO, SrO, MgO and ZnO, as well 
as mixtures thereof, in an amount of from 5.0 to 20.0 wt.-%. 
0019. The glass ceramic according to the invention can 
also comprise further additional components which in par 
ticular are selected from colorants and fluorescent agents. 
Examples of colorants are oxides of d- and f-elements. Such 
as e.g. CeO2. 
0020. It is further preferred that the glass ceramic accord 
ing to the invention comprises the quartz solid solution 
phase as main crystal phase. 
0021. The term “main crystal phase' denotes the crystal 
phase which has the highest percentage by weight of all the 
crystal phases present in the glass ceramic. The amounts of 
the crystal phases are in particular determined using the 
Rietveld method. A suitable method for the quantitative 
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analysis of the crystal phases using the Rietveld method is 
described e.g. in M. Dittmer's doctoral thesis “Glaser and 
Glaskeramiken im System MgO Al-O. SiO, mit ZrO. 
als Keimbildner' Glasses and glass ceramics in the MgO 
Al-O. SiO, System with ZrO2 as nucleating agent, Uni 
versity of Jena 2011. 
0022. The glass ceramic according to the invention pref 
erably also comprises Zirconium oxide, in particular tetrago 
nal zirconium oxide, and/or MgAl-O as crystal phase. 
0023. Further crystal phases, such as in particular Indi 
alite/Cordierite, Sapphirine, Mullite or Cristobalite are also 
possible. 
0024. The quartz solid solution phase present in the glass 
ceramic according to the invention is usually formed by a 
high-quartz solid solution phase, a low-quartZ Solid Solution 
phase or a mixture of these crystal phases. 
0025. Therefore, in an embodiment, the glass ceramic 
according to the invention comprises high-quartZ Solid solu 
tion phase, low-quartz solid solution phase or a mixture of 
these. 
0026. In a preferred embodiment, the glass ceramic com 
prises high-quartZ Solid Solution phase in a higher amount 
than low-quartZ Solid solution phase and in particular the 
glass ceramic comprises high-quartz solid solution phase as 
main crystal phase. The glass ceramic of this embodiment is 
in the following also referred to as “high-quartz solid 
Solution glass ceramic'. 
0027. In another preferred embodiment, the glass ceramic 
comprises low-quartz, solid solution phase in a higher 
amount than high-quartZ Solid solution phase and in par 
ticular the glass ceramic comprises low-quartz, Solid Solution 
phase as main crystal phase. The glass ceramic of this 
embodiment is in the following also referred to as “low 
quartz solid solution glass ceramic'. 
0028. The low-quartz solid solution glass ceramic 
according to the invention is characterized by particularly 
good mechanical properties and optical properties and it can 
be formed by heat treatment of a corresponding starting 
glass, a corresponding starting glass with nuclei or a corre 
sponding high-quartz solid solution glass ceramic. These 
materials can therefore serve as precursors for the low 
quartz solid solution glass ceramic according to the inven 
tion. 
0029. The low-quartz solid solution glass ceramic 
according to the invention has a fracture toughness, mea 
Sured as K value, of in particular at least about 1.5. 
preferably at least about 1.7 and particularly preferred at 
least about 1.9 MPam'. This value was determined using 
the Vickers method and calculated using the Evans-Charles 
equation. 
0030. Further, the low-quartz solid solution glass ceramic 
according to the invention has a high biaxial breaking 
strength of in particular at least 350 MPa and preferably at 
least 500 MPa and up to in particular 800 and preferably up 
to 1000 MPa. The biaxial breaking strength was determined 
according to ISO 6872 (2008). 
0031. In contrast to this, the high-quartz solid solution 
glass ceramic according to the invention is characterized in 
particular by mechanical properties which allow particularly 
easy and quick machining to give the glass ceramic the 
shape of e.g. a dental restoration. 
0032. The invention also relates to precursors with the 
corresponding composition, from which the quartz solid 
Solution glass ceramic according to the invention, in par 
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ticular the high-quartz solid solution glass ceramic accord 
ing to the invention or the low-quartz solid solution glass 
ceramic according to the invention can be prepared by heat 
treatment. These precursors are a starting glass with corre 
sponding composition and a starting glass with nuclei with 
corresponding composition. The term “corresponding com 
position” means that these precursors comprise the same 
components in the same amounts as the glass ceramic, with 
the components, apart from fluorine, being calculated as 
oxides as is customary for glasses and glass ceramics. 
0033. The invention, therefore, also relates to a starting 
glass which comprises the components of the quartz solid 
Solution glass ceramic according to the invention. 
0034. The starting glass according to the invention there 
fore comprises as components 

Component wt.-% 

SiO2 37.0 to S.O.O 
Al2O3 2SO to 39.0 
MgO S.O to 15.O 
ZrO2 13.5 to 19.O. 

0035 Moreover, the starting glass can also comprises still 
further components, such as are indicated above for the 
quartZ Solid solution glass ceramic according to the inven 
tion. All those embodiments which are indicated as being 
preferred for the components of the quartz solid solution 
glass ceramic according to the invention are also preferred 
for the components of the starting glass. 
0036. The invention also relates to such a starting glass 
which comprises nuclei for the crystallization of quartZ Solid 
Solution phase. 
0037. By heat treatment of the starting glass, first of all 
the starting glass with nuclei can be produced, which can 
then be converted into the quartZ Solid solution glass 
ceramic by further heat treatment. The high-quartz solid 
Solution glass ceramic can be produced first of all by the heat 
treatment of the starting glass or of the starting glass 
comprising nuclei and the high-quartz solid solution glass 
ceramic can be converted into the low-quartZ Solid solution 
glass ceramic by further heat treatment. It is also possible to 
form the low-quartZ Solid solution glass ceramic directly by 
heat treatment of the starting glass or of the starting glass 
comprising nuclei. 
0038. The preparation of the starting glass is carried out 
in particular in Such a way that a mixture of suitable starting 
materials. Such as carbonates and oxides, is melted at 
temperatures of in particular about 1500 to 1700° C. for 0.5 
to 4h. To achieve a particularly high homogeneity, the glass 
melt obtained can be poured into water in order to form a 
glass frit, and the frit obtained is then melted again. 
0039. The melt can then be poured into moulds, e.g. steel 
or graphite moulds, in order to produce blanks of the starting 
glass, so-called solid glass blanks or monolithic blanks. 
These monolithic blanks are usually stress-relieved first of 
all, e.g. by keeping them at 750 to 850° C. for 5 to 30 min 
and then slowly cooling them to room temperature. 
0040. It is also possible to put the melt into water again 
in order to prepare a frit. This frit can be pressed, after 
grinding and, optionally, addition of further components, 
Such as colorants and fluorescent agents, to form a blank, a 
so-called powder green compact. 
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0041 Finally, the starting glass can also be processed to 
form a powder. 
0042. The starting glass with nuclei can then be produced 
from the starting glass by heat treatment. This is also called 
nucleation process. 
0043. The invention is therefore also directed to a process 
for preparing the starting glass comprising nuclei for the 
crystallization of quartz solid solution phase, wherein 
0044 (a) the starting glass is subjected to a heat treatment 
at a temperature of from 750 to 870° C. and in particular 
770 to 850° C. for a period of in particular 5 to 120 min 
and preferably 5 to 60 min. 

0045. The quartz solid solution glass ceramic according 
to the invention can then be formed from the starting glass 
with nuclei by heat treatment. 
0046. The invention is therefore also directed to a process 
for preparing the quartZ Solid solution glass ceramic, in 
which the starting glass, in particular the starting glass 
comprising nuclei for the crystallization of quartz Solid 
Solution phase, is subjected to at least one heat treatment at 
a temperature of from 850 to 1200° C. 
0047 The starting glass or the starting glass comprising 
nuclei can be subjected to the at least one heat treatment e.g. 
in the form of a Solid glass blank, a powder green compact 
or in the form of a powder. 
0.048. The at least one heat treatment carried out in the 
process according to the invention can also take place during 
a sintering-on. 
0049. The high-quartz, solid solution glass ceramic 
according to the invention and the low-quartZ Solid solution 
glass ceramic according to the invention are preferably 
prepared by means of specific heat treatments as are indi 
cated in the following. 
0050. In a particular embodiment, the invention is there 
fore directed to a process in which 
0051 (b) the starting glass or the starting glass compris 
ing nuclei for the crystallization of quartz solid Solution 
phase is subjected to a heat treatment at a temperature of 
from 850 to 1000° C. and in particular 890 to 980° C. for 
a period of in particular 20 to 600 min, preferably 30 to 
180 min and particularly preferred 30 to 90 min, to form 
the high-quartz solid solution glass ceramic according to 
the invention. 

0052. In a further particular embodiment, the invention is 
therefore directed to a process in which 
0053 (c) the starting glass, the starting glass comprising 
nuclei for the crystallization of quartZ Solid solution phase 
or the high-quartz, Solid solution glass ceramic is Sub 
jected to a heat treatment at a temperature of from 1000 
to 1200° C. and in particular 1050 to 1150° C. for a period 
of in particular 10 to 240 min and preferably 30 to 200 
min, to form the low-quartz solid solution glass ceramic 
according to the invention. 

0054 By means of the above described nucleation and 
controlled crystallization of the starting glass, the high 
quartz solid solution glass ceramic according to the inven 
tion or the low-quartZ Solid solution glass ceramic according 
to the invention can be formed, depending on the compo 
sition of the starting glass and on the heat treatment chosen 
for the controlled crystallization. 
0055. It is assumed that the quartz solid solution phase of 
the glass ceramic according to the invention is produced by 
incorporating foreign ions in the SiO, lattice and possibly 
replacing two Si ions with two Al ions and one Mg ion. It 
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is further assumed that, by crystallizing the starting glasses 
at lower temperatures, in particular 850 to 1000° C., the 
high-temperature modification of the quartz is preferably 
formed and that this modification is stable also at room 
temperature due to the incorporation of the foreign ions and 
does not convert to the low-temperature modification, as 
would be the case with pure quartz. Moreover, it is assumed 
that crystallization at higher temperatures, in particular 1000 
to 1200°C., results in the quartz solid solution phase having 
fewer foreign ions and thus the high-temperature modifica 
tion being less stable, whereby at room temperature the 
low-temperature modification of the quartz is present. 
0056. The glass ceramics according to the invention and 
the glasses according to the invention are present in par 
ticular as powder or blanks in any shape and size, e.g. 
monolithic blanks. Such as platelets, cuboids or cylinders, or 
powder green compacts. They can easily be further pro 
cessed in these forms, e.g. to form dental restorations. They 
can, however, also be present in the form of dental restora 
tions, such as inlays, onlays, crowns, Veneers, facets or 
abutments. 

0057 Dental restorations, such as bridges, inlays, onlays, 
crowns, Veneers, facets or abutments, can be prepared from 
the glass ceramics according to the invention and the glasses 
according to the invention. The invention therefore also 
relates to their use as dental material and in particular to their 
use for preparing dental restorations. It is preferred that the 
glass ceramic or the glass is given, by machining, the shape 
of the desired dental restoration. 

0058. The machining usually takes place by material 
removal processes and in particular by milling and/or grind 
ing. It is particularly preferred that the machining is carried 
out as part of a CAD/CAM process. The starting glass 
according to the invention, the starting glass comprising 
nuclei according to the invention as well as the quartz solid 
Solution glass ceramic according to the invention can be 
used for the machining. The glasses and glass ceramics 
according to the invention are in particular used in the form 
of blanks, preferably solid blanks. The high-quartz solid 
Solution glass ceramic according to the invention is prefer 
ably used for the machining. The quartz solid solution glass 
ceramic according to the invention can also be used in a not 
yet fully crystallized form which was produced by heat 
treatment at a lower temperature. This has the advantage that 
an easier machining and thus the use of simpler equipment 
for the machining is possible. After the machining of Such a 
partly-crystallized material, it is usually subjected to a 
further heat treatment in order to effect a further crystalli 
Zation of quartz solid solution phase. 
0059. In general, after preparing the dental restoration 
shaped as desired, e.g. by machining, it can in particular be 
heat-treated again in order to convert precursors used. Such 
as starting glass, starting glass comprising nuclei or high 
quartZ Solid solution glass ceramic, into low-quartz solid 
Solution glass ceramic or to increase the crystallization of 
low-quartz solid solution phase. 
0060. However, the glass ceramics according to the 
invention and the glasses according to the invention are also 
Suitable as coating material of e.g. ceramics and glass 
ceramics. The invention is, therefore, also directed to the use 
of the glasses according to the invention or the glass 
ceramics according to the invention for coating in particular 
ceramics and glass ceramics. 
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0061 The invention also relates to a process for coating 
ceramics and glass ceramics, in which glass ceramics 
according to the invention or glasses according to the 
invention are applied to the ceramic or glass ceramic and are 
exposed to a temperature of at least 950° C. 
0062. This can in particular take place by sintering-on. 
During sintering-on, the glass ceramic or the glass is applied 
to the material to be coated, such as ceramic or glass 
ceramic, in the usual way, e.g. as powder, and then sintered. 
0063. It is preferred that the low-quartz solid solution 
glass ceramic according to the invention is present after the 
coating process has finished, as such a glass ceramic has 
particularly good mechanical and optical properties. 
0064. Because of the above-described properties of the 
glass ceramics according to the invention and the glasses 
according to the invention, these are Suitable in particular for 
use in dentistry. A subject-matter of the invention is there 
fore also the use of the glass ceramics according to the 
invention or the glasses according to the invention as dental 
material and in particular for preparing dental restorations or 
as coating material for dental restorations, such as crowns, 
bridges and abutments. 
0065. The invention is described in more detail below 
with reference to non-limiting examples. 

EXAMPLES 

Examples 1 to 14 Composition and Crystal 
Phases 

0.066 A total of 14 glasses and glass ceramics according 
to the invention with the composition indicated in Table I 
were prepared by melting corresponding starting glasses 
followed by heat treatment for controlled nucleation and 
crystallization. 
0067. The heat treatments used for controlled nucleation 
and controlled crystallization are also indicated in Table I. 
The following meanings apply 

TN and ty Temperature and time used for 
nucleation 

Tc and to Temperature and time used for 
crystallization of high-quartz solid 
Solution glass ceramic 
Temperature and time used for 
crystallization of low-quartz solid solution 
glass ceramic 

TAC and tric 

0068 First, the starting glasses were melted in a batch 
size of 100 to 200 g from customary raw materials at 1500 
to 1700° C., wherein the melting was very easily possible 
without formation of bubbles or streaks. By pouring the 
molten starting glasses into water, glass frits were produced 
which were then melted a second time at 1500 to 1700° C. 
for 0.5 to 4h for homogenization. 
0069. The melts of the starting glasses were poured into 
graphite or steel moulds to produce glass monoliths. These 
glass monoliths were stress-relieved and slowly cooled to 
room temperature. 
0070 A first heat treatment of the starting glasses at a 
temperature of from 780 to 840° C. led to the formation of 
starting glasses comprising nuclei for the crystallization of 
quartz solid solution phase. 
(0071. As a result of a further heat treatment at 1100 to 
1130° C., these nuclei-containing starting glasses crystal 
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lized to form low-quartZ Solid solution glass ceramics 
according to the invention which comprised low-quartz solid 
Solution phase as main crystal phase, as was established by 
X-ray diffraction experiments at room temperature. 
0072. In the case of examples 7 and 8, the heat treatment 
of the nuclei-containing starting glass led, at a temperature 
of only 895° C. and 950° C., respectively, to the crystalli 
Zation of high-quartZ Solid solution glass ceramic. This 
high-quartZ Solid Solution glass ceramic was converted into 
the corresponding low-quartz solid solution glass ceramic by 
a further heat treatment at 1130 and 1100° C., respectively. 
0073. The glasses, glasses comprising nuclei and high 
quartZ Solid solution glass ceramics produced as precursors 
were able to be very satisfactorily machined into the form of 
various dental restorations in a CAD/CAM process, which 
restorations were also provided with a veneer if required. 
0074 Various properties of the low-quartz solid solution 
glass ceramics according to the invention which were pro 
duced are also listed in Table I. These properties were 
determined in the way indicated in the following detailed 
examples. 
0075. In the following, some examples are described in 
more detail. 

Example 1 

0076. The glass with the composition according to 
example 1 was melted from corresponding raw materials at 
a temperature of 1650° C. for 2 hand then converted into a 
glass frit by pouring into water. After drying in a drying 
furnace, the glass frit was melted again at 1650° C. for 2 h 
and then poured into graphite moulds to produce glass 
monoliths. Immediately after removing the hot glass mono 
liths from the mould they were stress-relieved for 10 min at 
81.0° C. and then slowly cooled to room temperature. 
0077 Corresponding holders were adhesively bonded to 
the glass blocks obtained to enable CAM processing by 
Sirona inLab grinders. The grinding was carried out using 
diamond-coated grinding tools. Platelets with a diameter of 
about 12 mm and a thickness of about 2 mm were ground out 
of the blocks. 

0078. The ground platelets were converted into the low 
quartz solid solution glass ceramic using a thermal treat 
ment. The platelets were heated to a temperature of 1100° C. 
in a muffle kiln from the company Nabertherm and, after a 
holding time of 180 min, slowly cooled to room tempera 
ture. 

0079. Some of the platelets were ground with diamond 
grinding discs to a thickness of about 1.2 mm and polished 
to 0.5 um before crystallization of the low-quartz solid 
Solution phase, i.e. in the glass state or high-quartz solid 
solution state, and others after crystallization of the low 
quartz solid solution phase. The biaxial strength of the 
samples produced and prepared in this way was then deter 
mined according to ISO 6872 (2008). Average strengths of 
257 MPa were obtained for samples processed afterwards 
and average strengths of 849 MPa were obtained for samples 
processed before the crystallization. 
0080. The CR value was determined according to British 
Standard BS 5612 using a CM-3700d spectrometer (Konica 
Minolta) and resulted in a value of 82.5. Additionally, the 
CR value of the glass ceramic C was determined in the same 
way, which glass ceramic is described in the article by M. 
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Dittmer and C. Russel in J. Biomed. Mater. Res. Part 
B:100B:463-470 (2012). The CR value of this glass ceramic 
was 97.7%. 

0081. The Vickers hardness and the fracture toughness 
K were determined on platelets with approximate dimen 
sions of 13 mmx12 mm. After the crystallization, the 
samples were ground to a thickness of about 2 mm and 
polished to 0.5 Lum. 6 indentations were then carried out on 
each sample with a load period of 30s, a load of 2.5 kg and 
a force F of 24.54 N. respectively. The crack lengths after the 
indentation were then determined from the corner of the 
indentation to the tip of the crack. The following values were 
determined: 
0082 Vickers hardness: 10.4 GPa 
0.083 Fracture toughness K: 1.90 MPa m' 

Example 4 

0084. The glass with the composition according to 
example 4 was melted from corresponding raw materials at 
a temperature of 1600° C. for 30 min and 1610° C. for 30 
min and then converted into a glass frit by pouring into 
water. After drying in a drying furnace, the glass frit was 
melted again at 1630° C. for hand then poured into graphite 
moulds to produce glass monoliths. Immediately after 
removing the hot glass monoliths from the mould these were 
stress-relieved for 10 min at 820° C. and then slowly cooled 
to room temperature. 
0085 Corresponding holders were adhesively bonded to 
the glass blocks obtained to enable CAM processing by 
Sirona inLab grinders. The grinding was carried out using 
diamond-coated grinding tools. Platelets with a diameter of 
about 12 mm and a thickness of about 2 mm were ground out 
of the blocks. 
I0086. The ground platelets were converted into the low 
quartz solid solution glass ceramic via a thermal treatment. 
The platelets were heated to a temperature of 1100° C. in a 
muffle kiln from the company Nabertherm and, after a 
holding time of 180 min, slowly cooled to room tempera 
ture. 

0087. Some of the platelets were ground with diamond 
grinding discs to a thickness of about 1.2 mm and polished 
to 0.5 um before crystallization of the low-quartz solid 
Solution phase, i.e. in the glass state or high-quartz, Solid 
solution state, and others after crystallization of the low 
quartz solid solution phase. The biaxial strength of the 
samples produced and prepared in this way was then deter 
mined according to ISO 6872 (2008). Average strengths of 
393 MPa were obtained for samples processed afterwards 
and average strengths of 825 MPa were obtained for samples 
processed before the crystallization. 
0088. The CR value was determined according to British 
Standard BS 5612 using a CM-3700d spectrometer (Konica 
Minolta) and gave a value of 63.0. 

Composition wt % 

1 

SiO2 43.4 
Al2O3 30.1 
MgO 11.9 
ZnO 
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I0089. The Vickers hardness and the fracture toughness 
K were determined on platelets with approximate dimen 
sions of 13 mmx12 mm. After the crystallization, the 
samples were ground to a thickness of about 2 mm and 
polished to 0.5 Lum. 6 indentations were then carried out on 
each sample with a load period of 30s, a load of 2.5 kg and 
a force F of 24.54 N. respectively. The crack lengths after the 
indentation were then determined from the corner of the 
indentation to the tip of the crack. The following values 
could be achieved: 
0090 Vickers hardness: 10.3 GPa 
0091 Fracture toughness K: 2.3 MPa m' 

Example 8 
0092. The glass with the composition according to 
example 8 was melted from corresponding raw materials at 
a temperature of 1650° C. for 1 h and then converted into a 
glass frit by pouring into water. After drying in a drying 
furnace, the glass frit was melted again at 1650° C. for 1 h 
and then poured into graphite moulds to produce glass 
monoliths. Immediately after removing the hot glass mono 
liths from the mould, these were stress-relieved for 10 min 
at 800° C. and then slowly cooled to room temperature. 
0093. After the blocks had cooled to room temperature, 
they were heated to a temperature of 950° C. in a Programat 
type furnace (Ivoclar Vivadent AG) and kept at that tem 
perature for 60 min, to form the high-quartz solid solution 
phase. 
0094 Corresponding holders were adhesively bonded to 
the glass ceramic blocks obtained to enable CAM processing 
by Sirona inLab grinders. The grinding was carried out using 
diamond-coated grinding tools. Platelets with a diameter of 
about 12 mm and a thickness of about 2 mm were ground out 
of the blocks. 
0.095 The ground platelets were converted into the low 
quartZ Solid solution glass ceramic via a thermal treatment. 
The platelets were heated to a temperature of 1100° C. in a 
Programat-type furnace (Ivoclar Vivadent AG) and, after a 
holding time of 60 min, slowly cooled to room temperature. 
0096. The platelets were then ground to a thickness of 
about 1.2 mm with diamond grinding discs and polished to 
0.5 The biaxial strength of the samples produced and pre 
pared in this way was then determined according to ISO 
6872 (2008). Average strengths of 227 MPa were estab 
lished. 
(0097. The CR value was determined according to British 
Standard BS 5612 using a CM-3700d spectrometer (Konica 
Minolta) and resulted in a value of 85.3. 
0098. In Table I below, the following meanings apply: 

0099 high-quartz solid solution: high-quartz solid 
Solution phase 

0.100 low-quartz solid solution: low-quartz solid solu 
tion phase 

0101 t-ZrO: tetragonal ZrO. 
0102 MgAl-O: Spinel 

TABLE I 

wt % wt % wt % wt % wt % wt % 

2 3 4 5 6 7 

42.7 39.2 41.1 38.5 43.2 43.2 
29.7 33.2 34.0 36.6 30 3O.O 
11.7 13.1 10.7 9.6 11.9 11.9 
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TABLE I-continued 

Composition wt % wt % wt % wt % 

ZrO2 14.6 15.9 14.5 14.2 
Li2O 
Na2O 
KO 
CaO 
B2O3 

Tg? C. 805 818 804 810 
Ty C., ty/min 810, 10 820, 10 810, 10 820, 10 
T. C., tmin 

Main crystal phase 
RT-XRD 

Further crystal 
phases 

T. C., t/min 1100, 180 1100, 180 1100, 180 1100, 180 
Main crystal phase low-quartz low-quartz low-quartz low-quartz 

RT-XRD solid solid solid solid 
Solution Solution Solution Solution, 

t-ZrO, 
Further crystal t-ZrO2, t-ZrO2, t-ZrO2, MgAl2O 

phases MgAl2O, MgAl2O MgAl2O 

CR value 82.5 8O.O 81.4 63.0 
Vickers hardness 10.4 10.4 10.3 

GPa. 
KMPa m? 1.90 2.4 2.3 
of MPa. 257 360 393 

(processed after 
crystallization) 

o/MPa. 849 785 825 
(processed before 
crystallization) 

8 9 10 11 

SiO2 43.2 41.7 42.6 41.5 
Al2O3 29.9 32.1 29.7 28.9 
MgO 11.8 11.1 10.3 7.6 
ZnO 3 7.7 
ZrO2 14.5 14.2 14.4 14.3 
Li2O 
Na2O 
KO O.6 
CaO 
B2O3 O.9 

Tg? C. 796 791 796 781 
Ty C., ty/min 800, 10 800, 10 820, 10 800, 10 
T. C., tmin 950, 60 

Main crystal phase high-quartz 
RT-XRD solid 

Solution 
Further crystal t-ZrO2 

phases 
T. C., trfmin 1100, 60 1100, 180 1100, 180 1100, 180 
Main crystal phase low-quartz low-quartz low-quartz low-quartz 

RT-XRD solid solid solid solid 
Solution Solution Solution Solution 

Further crystal t-ZrO2, t-ZrO2, t-ZrO2, t-ZrO2, 
phases MgAl2O, MgAl2O, Mg2n.Al2O, Mg2n.Al2O 

Sapphirine, (Spinel/Gahnite (Spinel/Gahnite 
Cristobalite, solid solution) solid solution), 

Mullite Cristobalite 
CR value 85.3 86.8 76.9 67.4 

Vickers hardness 
GPa. 

K/MPa m? 
of MPa. 227 

(processed after 
crystallization) 

of MPa. 772 
(processed before 
crystallization) 

wt % wt % wt % 

15.3 14.5 14.5 
0.4 

0.4 

816 781 800 
840, 10 780, 10 800, 10 

895, 60 
high-quartz 

solid 
solution 
t-ZrO2 

1100, 180 1100, 180 1130, 180 
low-quartz low-quartz low-quartz 

solid solid solid 
Solution, Solution solution 
t-ZrO2, 
MgAl2O t-ZrO2, t-ZrO2, 
Mullite MgAl2O, MgAl2O, 

Indialite Indialite 
80.9 80.8 81.1 

335 267 

513 635 

12 13 14 

42.8 4.O.S 48.0 
29.7 31.6 27.2 
10.3 10.4 10.7 

15.2 17.1 14.1 
0.4 

2.O 

8O1 788 810 
820, 10 810, 10 820, 10 

1100, 180 1100, 180 1100, 180 
low-quartz low-quartz low-quartz 

solid solid solid 
solution Solution solution 
t-ZrO2, t-ZrO2, t-ZrO2, 
MgAl2O, MgAl2O, MgAl2O 

Sapphirine 

72.2 90.7 86.7 
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1. Glass ceramic comprising a quartz solid solution phase, 
which comprises the following components 

Component wt.-% 

SiO2 37.0 to S.O.O 
Al2O3 2SO to 39.0 
MgO S.O to 15.O 
ZrO2 13.5 to 19.O. 

2. Glass ceramic according to claim 1, which comprises 
38.0 to 49.0 wt.-% SiO, 

3. Glass ceramic according to claim 1, which comprises 
26.0 to 38.0 wt.-% Al-O. 

4. Glass ceramic according to claim 1, which comprises 
6.0 to 14.0 wt.-% MgO. 

5. Glass ceramic according to claim 1, which comprises 
14.0 to 18.0 wt.-% ZrO. 

6. Glass ceramic according to claim 1, which comprises at 
least one of the additional following components: 

Component wt.-% 

Li2O O to 1.0 
Na2O O to 1.0 
KO O to 1.0 
CaO O to 2.5 
SrO O to 4.0 
ZnO O to 15.O 
B2O3 O to 1.0. 

7. Glass ceramic according to claim 1, which comprises 
the quartz solid solution phase as main crystal phase. 

8. Glass ceramic according to claim 1, which comprises a 
high-quartz solid solution phase, a low-quartZ Solid Solution 
phase or a mixture thereof. 

9. Glass ceramic according to claim 8, which comprises 
the high-quartz, Solid Solution phase in a higher amount than 
the low-quartz solid Solution phase and which comprises the 
high-quartz solid solution phase as main crystal phase. 

10. Glass ceramic according to claim 8, which comprises 
the low-quartZ Solid solution phase in a higher amount than 
the high-quartz solid solution phase and which comprises 
the low-quartZ Solid solution phase as main crystal phase. 

11. Glass ceramic according to claim 1, which comprises 
Zirconium oxide as a crystal phase. 

12. Starting glass, which comprises the components of the 
glass ceramic according to claim 1. 

13. Starting glass according to claim 12, which comprises 
nuclei for the crystallization of the quartz solid solution 
phase. 

14. Glass ceramic according to claim 1, wherein the glass 
ceramic is present in the form of a powder, a blank or a 
dental restoration. 

15. Process for preparing the starting glass with nuclei 
according to claim 13, in which 

(a) the starting glass is Subjected to a heat treatment at a 
temperature of from 750 to 870° C. for a period of 5 to 
120 min. 
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16. Process for preparing the glass ceramic according to 
claim 1, in which a starting glass 

comprising the following components 

Component wt.-% 

SiO, 37.0 to S.O.O 
Al2O3 2SO to 39.0 
MgO S.O to 15.O 
ZrO2 13.5 to 19.O. 

is Subjected to at least one heat treatment at a temperature of 
from 850 to 1200° C. 

17. Process according to claim 16, in which 
(b) the starting glass is Subjected to a heat treatment at a 

temperature of from 850 to 1000° C. for a period of 20 
to 600 min, to form the glass ceramic with a higher 
amount of high-quartz solid solution phase. 

18. Process according to claim 16, in which 
(c) the starting glass is subjected to a heat treatment at a 

temperature of from 1000 to 1200° C. for a period of 10 
to 240 min, to form the glass ceramic with a higher 
amount of low-quartZ Solid Solution phase. 

19. Method of using the glass ceramic according to claim 
1 comprising forming the class ceramic into a dental mate 
rial or a dental restoration. 

20. Method of using the glass ceramic according to claim 
19, comprising machining a shape of the desired dental 
restoration into a bridge, inlay, onlay, Veneer, abutment, 
partial crown, crown or facet. 

21. Method of using the glass ceramic according to claim 
19, wherein the glass ceramic comprises higher amount of 
high-quartZ Solid solution phase and is shaped to the dental 
restoration by machining using a a CAD/CAM process. 

22. Glass ceramic according to claim 2, which comprises 
38.5 to 48.0 wt.-% SiO. 

23. Glass ceramic according to claim 3, which comprises 
27.0 to 37.0 wt.-% Al-O. 

24. Glass ceramic according to claim 4, which comprises 
7.0 to 13.5 wt-% MgO. 

25. Glass ceramic according to claim 11, wherein the 
Zirconium oxide crystal phase comprises tetragonal Zirco 
nium oxide crystal phase. 

26. Starting glass according to claim 12, wherein the 
starting glass is present in the form of a powder, a blank or 
a dental restoration. 

27. Process for preparing the starting glass with nuclei 
according to claim 15, in which 

(a) the starting glass is subjected to a heat treatment at a 
temperature of from 770 to 850° C. for a period of 5 to 
60 min. 

28. Process according to claim 17, in which 
(b) the starting glass is Subjected to a heat treatment at a 

temperature of from 890 to 980° C. for a period of 30 
to 180 min, to form the glass ceramic with a higher 
amount of high-quartz solid solution phase. 

29. Process according to claim 28, in which 
(b) the starting glass is Subjected to a heat treatment at a 

temperature of from 890 to 980° C. for a period of 30 
to 90 min, to form the glass ceramic with a higher 
amount of high-quartz solid solution phase. 

k k k k k 


