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(57) ABSTRACT 

A process is described for the preparation of shaped trans 
lucent lithium disilicate glass ceramic products Which are 
characterized by high strength and good chemical stability 
and may be processed by pressing in the plastic state or 
milling to ?nished glass ceramic products Which may be 
used in particular as dental restorations. 
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PROCESS FOR THE PREPARATION OF SHAPED 
TRANSLUCENT LITHIUM DISILICATE GLASS 

CERAMIC PRODUCTS 

[0001] The invention relates to a process for the prepara 
tion of shaped translucent lithium disilicate glass ceramic 
products Which can be prepared as blanks, Which may be 
processed to shaped translucent dental products With high 
strength, particularly by plastic shaping With the action of 
pressure and heat or by machining. 

[0002] Lithium disilicate glass ceramics are knoWn from 
the prior art. Thus, self-glaZed lithium disilicate glass 
ceramic articles are described in EP-B-536 479 but are not 
intended for dental purposes. The glass ceramics also con 
tain no La2O3, and there is likeWise no description of the 
preparation of blanks from the glass ceramic Which, after 
processing, undergo a further heat treatment in order to 
complete crystalliZation. It is also necessary to carry out the 
heat treatment at a very loW rate of heating of 5K/min in 
order to prevent stresses in the structure of the glass ceramic. 
Moreover, the glass ceramic is intended primarily for the 
preparation of tableWare Which naturally has only loW 
translucence. 

[0003] EP-B-536 572 also describes lithium disilicate 
glass ceramics Which contain no La2O3. By scattering a 
?nely divided coloured glass onto their surface, they receive 
structure and colour, and are used as lining elements for 
building purposes. 

[0004] Lithium disilicate glass ceramics are disclosed in 
US. Pat. No. 4,189,325 Which necessarily contain calcium 
oXide for improving the How and also platinum and niobium 
oXide as special nucleating agents in order to produce very 
?ne and uniform crystals. Even though the glass ceramic can 
be prepared in the form of blanks Which have not yet 
crystallised completely, it is nevertheless free from La2O3. 

[0005] WO-A-95/32678 and US. Pat. No. 5,507,981 
describe lithium disilicate glass ceramics Which may be 
processed to shaped dental products by hot pressing using a 
special pressable crucible. The glass ceramic materials are 
heated to such an eXtent, hoWever, that crystals are no longer 
present in the molten material, otherWise the viscosity is too 
high for pressing to the dental product. Tests have shoWn 
that When the materials described are pressed by means of 
the process described in EP-A-231 773 and using the 
pressing furnace disclosed therein, an undesirably strong 
reaction occurs With the investment material used. More 
over, the glasses used shoW a very high rate of crystal 
groWth, so that large crystals are produced during the heat 
treatment Which impair the structure of the glass ceramic 
produced and consequently lead to products With poor 
strength. 

[0006] Moreover, glass ceramics based on SiO2 and Li2O 
are knoWn from DE-C-1 421 886 Which contain large 
quantities of arsenic trioXide Which is physiologically very 
harmful. 

[0007] A lithium disilicate glass ceramic Which is suitable 
for the preparation of dental croWns and bridges but contains 
no La2O3 at all is disclosed in US. Pat. No. 4,515,634. 

[0008] The glass ceramics described in FR-A-2 655 264 
are free from La2O3. They contain lithium oXide and silicon 
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oXide and very large quantities of Mgo and are suitable for 
the preparation of dental prostheses. 

[0009] Blanks of sintered ceramic based on leucite, feld 
spar or mica Which are processed to dental products by 
computer-aided milling processes are also knoWn from the 
prior art. These products have loW strength, hoWever, Which 
is Why said materials have not become established for highly 
stressed dental restorations. 

[0010] The knoWn lithium disilicate glass ceramics exhibit 
shortcomings When they are further processed to shaped 
products since an undesirably strong reaction With the 
investment material used during pressing occurs When they 
are processed in the plastic state using elevated temperatures 
and elevated pressures. Further processing of the glass 
ceramics by machining, such as milling, cannot usually be 
carried out satisfactorily due to the strength and toughness of 
the glass ceramics. Moreover, the conventional lithium 
disilicate glass ceramics frequently do not eXhibit the high 
strengths and optical properties such as high translucence 
required for dental products and in many cases they also lack 
the chemical stability required for use as dental material 
Which is permanently ?ushed With ?uids of various kinds in 
the oral cavity. 

[0011] The object of the invention is, therefore, to provide 
a process for the preparation of shaped translucent lithium 
disilicate glass ceramic products Which have good chemical 
stability, a loW density of defects, and high translucence With 
simultaneously good mechanical properties and exhibit only 
little reaction With the investment material used When fur 
ther processed by pressing in the plastic state, and the glass 
ceramic products may also be prepared in the form of blanks 
With a loW degree of crystallisation Which may be shaped 
easily in the desired manner by mechanical means such as 
machining and may be converted to a high-strength glass 
ceramic product by a subsequent heat treatment. 

[0012] Said object is achieved by the process for the 
preparation of shaped translucent lithium disilicate glass 
ceramic products according to claims 1 to 12. 

[0013] The invention also relates to the shaped glass 
ceramic products according to claims 13 to 15, the use 
according to claim 16 and the shaped dental products 
according to claims 17 to 19. 

[0014] The process according to the invention for the 
preparation of shaped translucent lithium disilicate glass 
ceramic products is characterised in that 

[0015] (a) a melt of a starting glass is produced Which 
contains the folloWing components: 

Component Wt. % 

SiO2 57.0 to 80.0 
A1203 0 to 5.0 
La2O3 0.1 to 6.0 
MgO 0 to 5.0 
ZnO 0 to 8.0 

Li2O 11.0 to 19.0 
Where 
(i) A1203 + L212O3 accounts for 0.1 to 7.0 Wt. % and 
(ii) MgO + ZnO accounts for 0.1 to 9.0 Wt. %, 
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[0016] (b) the melt of the starting glass is shaped in the 
desired manner and cooled, and 

[0017] (c) the shaped glass product is subjected to at 
least one heat treatment in the temperature range from 
400 to 1100° C. in order to obtain a shaped glass 
ceramic product in the form of a blank. 

[0018] In process stage (a), a melt of a starting glass is 
produced, to Which end suitable starting materials, such as 
carbonates, oXides, phosphates and ?uorides, are intimately 
miXed and heated to temperatures of, in particular, 1200 to 
1600° C. In order to obtain a particularly high degree of 
homogeneity, the glass melt obtained may be poured into 
Water to form glass granules and the glass granules obtained 
are melted again at temperatures of, in particular, 1200 to 
1600° C. for 1 to 4 hours. 

[0019] The melt of the starting glass preferably contains at 
least one of the folloWing further components: 

Component Wt. % 

ZrO2 0 to 10.0 

K20 0 to 13.5 

P205 0 to 11.0 
Colour and 

?uorescent components 0 to 8.0 

Additional components 0 to 6.0 

[0020] Surprisingly, it Was established that the additional 
incorporation of ZrO2 led to an increase in translucence, 
although the opposite effect Was observed in the conven 
tional glass ceramic according to EP-B-536 479. 

[0021] Ranges that may be chosen independently of one 
another, unless otherWise speci?ed, eXist for the quantities of 
the individual components, said ranges being as folloWs: 

Component Wt. % 

SiO2 57.0 to 75.0 
A1203 0 to 2.5 
La2O3 0.1 to 4.0 
MgO 0.1 to 5.0 
ZnO 0 to 6.0, 

particularly 0.1 to 5.0 
ZrO2 0 to 8.0, 

particularly 0.1 to 8.0 
K20 0 to 9.0, 

particularly 0.5 to 7.0 
Li2O 13.0 to 19.0 
P205 0 to 8.0, 

particularly 0.5 to 8.0 
colour and 
?uorescent components 0.1 to 8.0 
additional components 0 to 3.0. 

[0022] For eXample oXides of f-elements may be used as 
colour components or ?uorescent components. In prefer 
ence, at least one of the folloWing compounds is used. 
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Component Wt. % 

CeO2 0.1 to 5.0 
V205 0.01 to 1.0 
Fe2O3 0.01 to 1.0 
MnO2 0.01 to 3.0 
TiO2 0.01 to 5.0 
YZO3 0.01 to 2.0 
Er2O3 0.001 to 2.0 
Tb2O3 0.001 to 2.0 
Eu2O3 0.001 to 2.0 
Yb2O3 0.001 to 2.0 
Gd2O3 0.001 to 2.0 
Nd2O3 0.001 to 2.0 
Pr2O3 0.001 to 2.0 
Dy2O3 0.001 to 2.0 
Ag2O 0.01 to 2.0 
SnO2 0.01 to 3.0 
Ta2O5 0.001 to 2.0 

[0023] The special oXides that can be used as colour or 
?uorescent components in the process according to the 
invention ensure that the colour of the glass ceramic product 
can be matched easily to the application in question. This is 
particularly important if the glass ceramic products are to be 
used as dental products, the colour of Which must be 
matched specially to that of the natural tooth material of the 
patient in question. The colour spectrum that can be obtained 
With these special oXides ranges from very pale shades to 
deep grey-broWn shades eg in the case of non-vital tooth 
stumps. The ?uorescence of the natural tooth material is 
imitated by any ?uorescent components present. Aparticular 
advantage of the colour and ?uorescent components used 
according to the invention is that they do not interfere With 
the structure of the glass ceramic products produced in such 
a manner that non-homogeneous materials With a high 
density of defects and high porosity are produced. This 
problem frequently occurs With sintered ceramics, the colour 
of Which is altered by the addition of pigments. In order to 
prevent any deterioration in their colouring effect, said 
pigments are not usually added until prior to the sintering 
process carried out at relatively loW temperatures so that 
they are alWays present as crystals or crystallites Which lead 
to non-homogeneities. 

[0024] Apart from the components mentioned above, the 
starting glass may also contain additional components for 
Which in particular B203, NaZO, BaO, F and/or SrO are 
suitable. 

[0025] Preferably, the melt of the starting glass is com 
posed of the components mentioned in the stated quantities. 

[0026] Moreover, the melt of the starting glass is shaped in 
the desired Way in stage (b) and cooled. Shaping takes place 
in particular by pouring the melt into a desired mould. It is 
also possible for compaction of the melt by pressure to take 
place after pouring in order to achieve a particularly good 
homogeneity and accurate reproduction. It is possible to 
proceed in such a manner that a glass droplet is introduced 
into the desired mould and then compacted by pressing. 

[0027] The melt is cooled particularly in a controlled 
manner so as to prevent stresses in the structure associated 

With rapid temperature changes and to prevent cracks and 
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?ssures that may possibly result from said stresses. As a rule, 
the melt is therefore poured into preheated moulds or cooled 
sloWly in a furnace. 

[0028] Finally, the shaped glass product formed undergoes 
at least one heat treatment in stage (c) in order to bring about 
the crystallisation thereof. When this process stage has 
ended, a shaped glass ceramic product in the form of a blank 
is obtained. This blank usually takes the form of a small 
cylinder or a rectangular block. The heat treatment takes 
place preferably at a temperature of less than 1000 and 
particularly less than 900° C. The shaped glass product is 
preferably introduced into a furnace already heated to the 
temperature mentioned. In contrast to conventional materi 
als, it is not necessary to select a sloW rate of heating in order 
to prevent stresses. The special composition and method of 
preparation of the material according to the invention is 
apparently responsible for this advantageous behaviour. 

[0029] The degree of crystallisation and the crystal siZe in 
this glass ceramic blank may be varied very Widely by the 
type of heat treatment selected. On the one hand it is possible 
to produce a glass With only nuclei or very small crystals in 
the sub-micron region, Which thus represents the simplest 
form of a glass ceramic, or on the other hand to form a fully 
crystallised glass ceramic. In each case, the ceramic pro 
duction process takes place by Way of the mechanism of 
volume crystallisation, and volume nucleating agents such 
as eg P205 present in the starting glass used play an 
important part in the formation of ?nely divided crystals in 
the structure. 

[0030] In particular the folloWing tWo possibilities (d1) 
and (d2) are available for producing the ?nal glass ceramic 
product, such as a dental bridge or a dental croWn. 

[0031] On the one hand, the glass ceramic product in the 
form of a blank may undergo plastic shaping in stage (d1) to 
a glass ceramic product of the desired geometry at a tem 
perature of 700 to 1200° C. and by the application of 
pressure, particularly of 8 to 40 bar. It is preferable for this 
forming stage to use the process described in EP-A-231 773 
for the production of dental restorations and to use the 
pressing furnace likeWise disclosed therein. In said process, 
the blank is pressed in the plastic state into a mould cavity 
corresponding to the desired shaped dental product, such as 
croWns, using heat and pressure. The pressing furnace used 
in particular for this purpose is sold as the Empress furnace 
by Ivoclar AG, Liechtenstein. 

[0032] It has become apparent that conventional lithium 
disilicate glass ceramics exhibit an unacceptably strong 
reaction With the investment material used during further 
processing to glass ceramic products, have insuf?cient ?oW 
properties or exhibit uncontrolled crystal groWth. These 
disadvantages are avoided in the process according to the 
invention by the use of La2O3 and optionally A1203 in the 
stated quantities in the starting glass. As a result, the glass 
ceramic product in the form of a blank may be processed in 
an advantageous manner by pressing in the plastic state to a 
glass ceramic product of the desired geometry, particularly 
a dental product such as a dental restoration. 

[0033] It is also possible to process the glass ceramic 
product in the form of a blank by machining in stage (d2), 
particularly by CAD/CAM-based milling devices, to obtain 
a glass ceramic product of the desired geometry. Aso-called 
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chair-side treatment is thus possible for the dentist. When 
this variant of further processing is carried out, the glass 
ceramic blank used in particular is one Which is not yet fully 
crystallised but is present e.g. only as a nucleus-containing 
glass blank or glass ceramic blank With very small crystals. 
Such glass ceramic blanks that have not yet fully crystallised 
have the particular advantage that they may be machined to 
the ?nished glass ceramic product of the desired geometry in 
a markedly easier manner than conventional glass ceramics. 
In order to produce a glass ceramic blank in Which the glass 
matrix contains only nuclei or very small crystallites, it has 
proved to be particularly advantageous to carry out the heat 
treatment performed in stage (c) at a temperature of 400 to 
900° C. In each case, the degree of crystallinity of the glass 
ceramic blank used may be adapted to the type of machining 
desired so that said machining may be carried out as easily 
as possible. 

[0034] After the subsequent machining in stage (d2), the 
shaped glass ceramic product obtained then undergoes at 
least one further heat treatment, particularly at 700 to 900° 
C., in order to achieve further crystallisation and hence 
solidi?cation of the glass ceramic product. The fracture 
strength, colour and translucence are improved by this 
further heat treatment. 

[0035] The ?nished glass ceramic product of the desired 
geometry present after further processing, particularly in 
stages (d1) and (d2), may ultimately be provided With a 
coating, Which is advantageous if it is used in the dental 
?eld. Suitable coatings are in particular a ceramic, a sintered 
ceramic, a glass ceramic, preferably an apatite glass ceramic, 
a glass, a glaZe and/or a composite. Those coatings that have 
a sintering temperature of 650 to 950° C. and a linear 
thermal expansion coef?cient that is smaller than that of the 
glass ceramic product to be coated are advantageous. Coat 
ings Whose thermal expansion coefficient deviates by not 
more than 130x10-6 K‘1 from that of the substrate are 
particularly suitable. 

[0036] A coating is applied in particular by sintering on. 
During this sintering process, the glass ceramic product 
containing the lithium disilicate glass ceramic is, hoWever, 
brought to a temperature range Which lies above the trans 
formation point of the residual glass matrix of the glass 
ceramic. In so doing, conventional lithium disilicate glass 
ceramics are frequently deformed in an unWanted manner 
because their dimensional stability on heating is too loW. 
The glass ceramic product prepared according to the inven 
tion, hoWever, shoWs excellent dimensional stability on 
heating, for Which in particular the La2O3 content and 
possibly the A1203 content in the stated quantities is respon 
sible. 

[0037] The glass ceramic products prepared according to 
the invention are particularly suitable for use as dental 
products or constituents thereof due to their properties. 
Preferred glass ceramic products have a 3-point bending 
strength of more than 400 MPa if they are prepared accord 
ing to process variant (d1) and of more than 250 MPa if they 
are prepared according to process variant (d2). The process 
used to determine the 3-point bending strength is explained 
in the Examples. 

[0038] Moreover, the glass ceramic products according to 
the invention have a translucence comparable With that of 
the natural tooth. In order to quantify the translucence, the 
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CR value Was determined according to the method described 
in the Examples. The CR value, also known as the contrast 
ratio, indicates the ratio of light re?ection of a specimen of 
the glass ceramic on a black background to the measurement 
of light re?ection of a specimen on a White background and 
thus serves as a measure of the translucence of a material. 

The CR value is de?ned by the folloWing formula: 

CR=Yb/YW 

[0039] Where 

[0040] CR=contrast ratio 

[0041] Yb=light re?ection of the specimen on a black 
background, and 

[0042] YW=light re?ection of the specimen on a White 
background. 

[0043] The CR value is alWays betWeen 0 and 1, Whith 
CR=0 standing for an opacity of 0% and consequently a 
completely translucent material, and CR=1 standing for an 
opacity of 100% and consequently a completely opaque 
material, i.e. one Which is impervious to light. 

[0044] The glass ceramic product according to the inven 
tion usually has a CR value of 0.05 to 0.9 and preferably 0.1 
to 0.75, in each case measured With a sample thickness of 1.2 
mm. 

[0045] Analyses of the glass ceramic product according to 
the invention have also shoWn that this has a very homo 
geneous structure With uniformly distributed ?ne crystals. It 
is assumed that this special structure is brought about by the 
particular composition of the starting glass used and by the 
shaping, particularly pouring solid glass blanks in stage (b), 
and is responsible for the particularly high strength of the 
glass ceramic product eventually obtained. 

[0046] It is also surprising that the colour, translucence 
and ?uorescence of the glass ceramic product according to 
the invention may be matched to that of a natural tooth 
Without the colour and ?uorescent components used 
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adversely affecting the strength and toughness of the glass 
ceramic. In contrast, it is knoWn that With glass ceramics 
based on leucite, crystallisation is considerably affected by 
such additives and the strength is often very much reduced. 
It is knoWn that the pigments used in many cases in sintered 
ceramics lead to a very high density of defects and to pore 
formation in the glass ceramic, Which in turn impairs the 
properties thereof. 

[0047] Finally, the glass ceramic product according to the 
invention is characterised by excellent acid resistance, 
Which is preferably less than 100 pig/cm2 loss of mass. Said 
loss of mass Was determined by the method explained in the 
Examples in Which the glass ceramic is treated With aqueous 
acetic acid over a certain period and the loss of mass 
ascertained after the treatment serves as a measure of acid 
resistance. 

[0048] Preferred shaped dental products Which contain the 
glass ceramic product according to the invention are dental 
restorations such as an inlay, an onlay, a bridge, an abutment, 
a facing, a veneer, a facet, a croWn or a partial croWn. 

[0049] Moreover, preferred shaped dental products are 
those in the form of blanks or ingots, i.e. Which undergo 
further processing to the ?nal dental product, eg according 
to stages (d1) and (d2). Such blanks may be present in 
various forms adapted to the further processing method in 
question, such as small cylinders or rectangular blocks. 

[0050] The invention is explained in more detail beloW on 
the basis of Examples. 

EXAMPLES 

Examples 1 to 20 

[0051] A total of 20 different glass ceramic products 
according to the invention With the chemical compositions 
given in Table I Were prepared by carrying out stages (a) to 
(c) of the process described. 

TABLE I 

amounts in Wt. % 

F amnle 

10 11 12 13 14 15 16 17 18 19 20 

SiO2 67.9 66.6 69.42 68.86 68.5 68.1 64.9 68.1 67.6 
K20 4.2 4.1 4.3 4.3 4.2 4.2 5.2 4.2 4.1 
Li2O 15 14.7 15.4 15.3 15.1 15.1 16.1 15 15 
A1203 1.1 1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 
P205 3.8 3.7 3.8 3.8 3.8 3.8 3.7 3.8 3.8 
MgO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
TiO2 1.6 1.6 0.3 
ZrO2 2 
ZnO 4.8 4.7 4.9 4.9 4.8 4.8 5.8 4.8 4.8 
CeO2 0.5 0.5 0.6 0.6 2 2 2 2 2 
MnO2 0.53 0.53 0.32 
Fe2O3 0.17 0.17 0.12 

2 3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Ag2O 0.08 
V205 0.1 0.1 0.2 0.6 0.6 
Er2O3 0.1 0.3 
Tb4O7 0.3 0.4 
Eu2O3 0.3 
Pr2O3 
YZO3 0.2 

74.95 61 71.7 67.6 66.5 67.9 61.3 63.7 65.6 66.7 65.8 
2 7.8 4.4 4.1 3.5 4.2 13.5 4 4.1 4.1 4.1 
17 11 15. 14.9 15.6 15.1 13.8 14 14.5 14.8 14.6 
0.5 2 1.1 1.5 1.1 1 1 1.1 1.1 1.1 
1.8 7 3.8 2.5 3.7 3.4 3.6 3.7 3.7 3.7 
0.05 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

0.2 0.2 
6.1 4 3 

2.3 8 5.1 4.8 4.1 4.6 4.7 4.7 4.7 
1 2 2 2 2 2 2 2 0.5 2 

1.8 

0.15 0.5 0.3 0.3 0.3 0.3 0.3 0.3 1 0.3 2 

0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.2 

0.1 
1.1 

0.15 0.3 0.3 0.3 0.6 0.3 0.6 0.3 
0.5 0.6 
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TABLE I-continued 

amounts in Wt. % 

F amnle 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Dy2O3 0.5 
SnO2 2 
T21205 0.3 

Example 21 

Dental Product Prepared by Hot Pressing 
According to EP-A-231 773 

[0052] This Example describes the preparation of a glass 
ceramic blank according to the invention Which may be used 
for the preparation of an individually shapable all-ceramic 
dental product, such as a croWn or a multi-span bridge. In 
addition, a matched dental sintered ceramic may then be 
sintered onto the dental product. 

[0053] Initially, a starting glass With the chemical compo 
sition given in Table I for Example 14 Was prepared. To this 
end, a batch of appropriate oxides, carbonates and phos 
phates Was mixed in a ball mill and melted in a platinum 
rhodium crucible at a temperature of 1500° C. and for a 
homogenisation time of 2 hours. The glass melt obtained 
Was granulated by pouring into Water and the glass frit 
formed Was dried. The glass frit Was then milled again in a 
ball mill and melted again at 1500° C. for a homogenisation 
time of 2 hours. The homogeneous, transparent and slightly 
yelloW coloured melt obtained Was then poured into a steel 
mould preheated to 500° C. to form cylindrical rods Which 
Were cooled sloWly in a controlled manner in a furnace from 
500° C. to room temperature. The glass rods obtained Were 
saWn into specimens of 2 g, 3 g and 4 g and then heat-treated 
for 30 minutes at 870° C. in order to form the corresponding 
glass ceramic blanks. The cooled glass rods Were placed 
directly in the furnace preheated to 870° C. A sloW rate of 
heating Was not required. 

Properties of the Blanks 

[0054] The glass ceramic blanks obtained had optical 
properties such as eg translucence, colour and cloudiness 
comparable With those of commercial dental ceramic prod 
ucts, e.g. IPS Empress blanks from Ivoclar AG, Liechten 
stein. 

[0055] A. 3-point Bending Strength 

[0056] In order to determine the 3-point bending strength, 
rods Were prepared as specimens from the glass ceramic 
blanks according to ISO dental standard 6872/1995. The 
3-point bending strength Was then determined likeWise 
according to ISO 6872-1995 E “Dental Ceramic” With a rate 
of advance of load application of 0.5 mm/min and a distance 
of 15 mm betWeen the supports of the specimen. The 
bending strength determined under these conditions Was 
408163 MPa. 

Properties of Glass Ceramic Having Undergone 
Plastic Shaping 

[0057] The glass ceramic blanks obtained Were pressed 
using the hot pressing process according to EP-A-231 773 

and the pressing furnace likeWise described therein in vacuo 
in the viscous state, to obtain the desired specimen geometry 
for the test in question. The standby temperature of the 
pressing furnace Was 800° C., the rate of heating to the 
pressing temperature Was 60° C./min, the pressing tempera 
ture Was 910° C., the holding time at the pressing tempera 
ture Was 15 minutes and the pressing pressure reading Was 
5 bar. After the pressing process, the pressing mould Was 
cooled in the air and the shaped glass ceramic products 
obtained Were removed from the mould by sand blasting 
With Al2O3 poWder and glass beads. The products had the 
folloWing properties. 

[0058] A. Optical Properties 

[0059] In order to quantify the translucence of the glass 
ceramic products, the CR value Was determined according to 
the method of measurement of the British Standards Insti 
tution Which is described in the dental ceramic test standard 
“BS 5612: 1978”. 

[0060] To this end, 5 specimens With a diameter of 16 mm 
and a sample thickness of 1.4 mm Were prepared. The 
specimens Were ground With Wet SiC poWder, grain 320, in 
order to obtain the desired surface Wet SiC poWder, grain 
320, in order to obtain the desired surface quality (surface 
roughness Ra=0.8 pm to 1.6 pm). It is important that the 
plane-parallelism of the opposite sides does not exceed a 
tolerance of 10.01 mm since the measuring result depends to 
a large extent on the ?lm thickness. The ?nal sample 
height/thickness Was 1.210.025 mm. 

[0061] The specimens Were placed in the provided open 
ing of a Minolta-CR300 colour measuring instrument and 
the re?ection of each of the 5 specimens Was measured With 
an aperture of 10 mm. The samples must not be in optical 
contact With the background during the measurement, a 
situation Which may be prevented, if necessary, by applying 
a drop of glycerine onto the background. 

[0062] (a) In order to determine the sample emission on 
a black background Yb(Yb1ack) a black plate With not 
more than 4% re?ection Was used. 

[0063] (b) In order to determine the sample emission on 
a White background YW(YWhite) a White plate With a 
re?ection of 80% to 85% Was used. 

[0064] The contrast value CR=Yb/YW Was then deter 
mined from the values Yb and YW determined, and this Was 
0.63. 

[0065] As a result of the translucent properties, this glass 
ceramic product Was suitable as an all-ceramic dental prod 
uct Which conforms optically With the speci?cations of a 
natural tooth. Due to the use of glass-colouring oxides in the 
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starting glass, the hot-pressed glass ceramic product Was 
tooth-coloured, and it Was possible to adjust the intensity 
and shade of the colour by means of the concentration of the 
colourant oxides. 

[0066] A translucent to transparent dental sintered glass 
ceramic With an expansion coefficient of 95x10‘6 K‘1 (100 
to 400° C.) could be applied as a coating to the translucent 
glass ceramic product employable as a framework material. 
The dental sintered glass ceramic Was sintered in layers onto 
the glass ceramic product in vacuo at 760° C., Which led to 
translucent all-ceramic dental restorations Which meet the 
stringent aesthetic requirements of such products. 

[0067] B. 3-point Bending Strength 

[0068] The 3-point bending strength Was determined on 
hot-pressed glass ceramic rods in accordance With the 
method used above for the blanks. A 3-point bending 
strength of 450185 MPa Was determined. 

[0069] C. Thermal Expansion Coefficient 

[0070] To this end, cylindrical glass ceramic samples With 
a diameter of 6 mm and a length of 20 mm Were hot-pressed. 
The expansion coefficient determined for these samples in 
the temperature range of 100 to 500° C. Was 108x10“6 K_1. 

[0071] D. Fracture Touchness KIc 

[0072] To this end, glass ceramic rods With the dimensions 
20><4.4><1.4 mm Were hot-pressed and then reground on all 
sides With SiC Wet-grinding paper (1000 grain). Using a 
diamond cutting Wheel (0.2 mm thick), the samples Were 
notched on one side as far as the centre to a depth of 2.2 mm 
and then tested according to DIN 51 109 With an outer 
distance betWeen the supports of 15 mm and a rate of 
advance of load application of 0.5 mm/min using the 4-point 
bending test arrangement. The KIc value determined Was 
3.0103 MPa \/ m. 

[0073] E. Acid Resistance 

[0074] To this end, disc-shaped glass ceramic samples 
With a diameter of 15 mm and a thickness of 1.5 mm Were 
hot-pressed and then reground on all sides With SiC Wet 
grinding paper (1000 grain). according to ISO 6872-1995 E 
“Dental Ceramic” Was determined after 16 hours’ storage in 
4 vol.2% aqueous acetic acid solution. The value Was 36 
pig/cm and Was markedly beloW the standard value for 
dental ceramics of 2000 pg/cmz. 

Example 22 

Dental Product Prepared by Computer-aided 
Milling Technology 

[0075] This Example describes the preparation of a glass 
ceramic blank according to the invention Which is processed 
by machining and subsequently by a further heat treatment 
to an individually shaped all-ceramic dental product, such as 
a croWn or a multi-span bridge, onto Which a matched 
translucent to transparent dental sintered ceramic may be 
sintered on in addition. 

[0076] The dental product Was produced by means of a 
CAD/CAM method, such as CEREC 2®, from Siemens AG. 

[0077] Only the heat treatment carried out after machining 
resulted in the dental product With the good mechanical 

Jan. 24, 2002 

characteristics such as 3-point bending strength and the good 
optical properties required for a dental ceramic product. 

[0078] A starting glass With the composition given in 
Table I for Example 7 Was prepared initially. To this end, a 
batch of oxides, carbonates and phosphates Was mixed in a 
ball mill and melted in a platinum/rhodium crucible at a 
temperature of 1500° C. and for a homogenisation time of 2 
hours. The glass melt Was fritted by pouring into Water and 
the frit Was milled after drying in a ball mill and melted 
again at 1500° C. for a homogenisation time of 2 hours. The 
homogeneous, transparent and slightly yelloW coloured melt 
obtained Was then poured into a steel mould preheated to 
500° C. to obtain rectangular blocks With the dimensions 
65><20><16 mm3 and cooled sloWly in a controlled manner 
from 500° C. to room temperature in a furnace. The rect 
angular glass blocks obtained Were saWn into samples With 
the dimensions l8><l4><20 obtained Were saWn into samples 
With the dimensions l8><l4><20 mm3. These samples Were 
then heat-treated for 60 minutes at 650° C. The cooled glass 
blocks Were introduced directly into the furnace heated to 
650° C. The glass ceramic blanks obtained after this ?rst 
heat treatment stage had the folloWing properties. 

Properties of the Blanks After a Single Heat 
Treatment (650° C./1 h) 

[0079] A. Optical Properties 

[0080] The glass ceramic blanks had a violet-Whitish 
colour. They had a CR value of 0.36 determined according 
to the method described in Example 21. 

[0081] B. 3-point Bending Strength 

[0082] The 3-point bending strength determined according 
to Example 21 for the glass ceramic blanks Was 171120 
MPa. -20 

Preparation and Properties of the Finished Glass 
Ceramic 

[0083] The glass ceramic blanks Which had undergone a 
single heat treatment Were processed to dental ceramic 
restorations such as, e.g., croWns using a computer-aided 
milling machine. In vieW of the relatively loW strength and 
toughness of the glass ceramic blanks, processing proved to 
be easy to carry out. Compared With knoWn milling ceram 
ics, they brought about less tool Wear and feWer breakages 
Were formed, this being attributable to the ?ner structure and 
absence of defects. 

[0084] The milled dental restoration then underWent a 
further heat treatment at 760° C. for 1 h. This temperature 
Was selected because there is no risk of deformation of the 
frameWork at said temperature. This additional heat treat 
ment led to a more thorough crystallisation and hence a 
change in the properties of the restoration. The glass ceramic 
obtained Which had undergone tWo treatments had the 
folloWing properties. 

[0085] A. Optical Properties 

[0086] The glass ceramic Was translucent and tooth-co 
loured due to the use of glass-colouring oxides in the starting 
glass. 
[0087] The CR value determined for this glass ceramic 
according to Example 21 using cylindrical samples With a 
diameter of 16 mm and thickness of 1.2 mm Was 0.23. 
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[0088] B. 3-point Bending Strength 

[0089] The 3-point bending strength of the glass ceramic 
determined according to Example 21 Was 272124 MPa. 

[0090] C. Linear Thermal Expansion Coefficient 

[0091] To this end, rectangular specimens With the dimen 
sions 30><4><3 mm3 Were saWn out of solid blocks that had 
undergone tWo heat treatments. The expansion coef?cient 
determined for these samples in the temperature range from 
100 to 500° C. Was 10.9><10_°K_1. 

[0092] D. Fracture Toughness KIC 

[0093] The fracture toughness determined according to 
Example 21 on rods from solid blocks that had undergone 
tWo heat treatments Was 2110.1 MPa \/ m. 

[0094] E. Acid Resistance 

[0095] The acid resistance determined according to 
Example 21 on samples of glass ceramic Which had under 
gone tWo heat treatments Was 16 pig/cm2 and Was thus 
markedly beloW the standard value for dental ceramic mate 
rials of 2000 pig/cm2 and loWer than that of conventional 
dental framework materials. 

[0096] Finally a translucent to transparent sintered glass 
ceramic With an expansion coefficient of 9.5.10_°><K_1 Was 
sintered in layers in vacuo at 760° C. and With a holding time 
of 2 minutes in each case, onto the milled, tWice heat-treated 
glass ceramic. A ?nished dental restoration Was thereby 
obtained. 

Examples 23 to 26 

[0097] In these Examples, hot-pressed glass ceramic prod 
ucts Were prepared according to Example 21 and their 
properties Were tested. The starting glasses used, hoWever, 
Were glasses With the composition given in Table I for 
Examples 1, 4, 18 and 20. 

[0098] The properties determined for these glass ceramics 
and the glass ceramics according to Example 21 and 22 are 
listed in Table II. 
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1. A process for the preparation of shaped translucent 
lithium disilicate glass ceramic products, Which comprises 

(a) producing a melt of a starting glass containing the 
folloWing components 

Component Wt. % 

SiO2 57.0 to 80.0 
A1203 0 to 5.0 
La2O3 0.1 to 6.0 
MgO 0 to 5.0 
ZnO 0 to 8.0 

Li2O 11.0 to 19.0 
Where 
(i) A1203 + La2O3 accounts for 0.1 to 7.0 Wt. % and 
(ii) MgO + ZnO accounts for 0.1 to 9.0 Wt. %, 

(b) shaping the melt of the starting glass in the desired 
manner and cooling it, and 

(c) subjecting the shaped glass product to at least one heat 
treatment in the temperature range from 400 to 1100° 
C. in order to obtain a shaped glass ceramic product in 
the form of a blank. 

2. A process according to claim 1, Wherein 

(d1) the glass ceramic product in the form of a blank is 
subjected to plastic shaping at a temperature of 700 to 
1200° C. and by the application of pressure, particu 
larly of 8 to 40 bar, to obtain a glass ceramic product 
of the desired geometry. 

3. A process according to claim 1, Wherein 

(d2) the glass ceramic product in the form of a blank is 
processed by machining to a glass ceramic product of 
the desired geometry. 

4. Aprocess according to claim 3, Wherein a blank is used 
in (d2) Which has undergone a heat treatment at 400 to 900° 
C 

5. Aprocess according to claim 3 or 4, Wherein the shaped 
glass ceramic product of the desired geometry obtained in 

TABLE II 

Thermal expansion Translucence CR 

Fracture coefficient Fluorescence value (sample 

Examples Bending toughness (100° C.—500° C.) Acid resistance (at a Wavelength thickness 

(starting glass) Process strength [MPa] [MPa + \/rn] [,um/mK] [ug/cm2] of 366 nm) 1.2 mm) Colour 

Example 21 d1 450 r 85 3.0 r 0.3 10.8 36 White-yellow 0.63 White-beige 

(glass no. 14) 
Example 22 d2 272 r 24 2.1 r 0.1 10.9 16 orange 0.23 grey-beige 

(glass no. 7) 
Example 23 d1 386 r 71 10.7 22 White-beige 

(glass no. 1) 
Example 24 d1 453 r 93 10.5 34 White-yellow 

(glass no. 4) 

Example 25 d1 336 r 63 White-yellow 0.41 yellowish 

(glass no. 18) transparent 

Example 26 d1 343 r 15 dark violet 0.37 Whitish 

(glass no. 2) transparent 
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stage (d2) is subjected to at least one further heat treatment, 
particularly at 700 to 900° C. 

6. A process according to any one of claims 1 to 5, 
Wherein the heat treatment in stage (c) is carried out at a 
temperature of less than 1000 and particularly less than 900° 
C. 

7. A process according to any one of claims 1 to 6, 
Wherein the shaped glass ceramic product of the desired 
geometry is provided With a coating. 

8. A process according to claim 7, Wherein the coating 
used is a ceramic, a sintered ceramic, a glass ceramic, a 
glass, a glaZe and/or a composite. 

9. A process according to any one of claims 1 to 8, 
Wherein the melt of the starting glass contains at least one of 
the folloWing further components: 

Component Wt. % 

ZrO2 0 to 10.0 
K20 0 to 13.5 
P205 0 to 11.0 
Colour and 
?uorescent components 0 to 8.0 
Additional components 0 to 6.0 

10. A process according to any one of claims 1 to 9, 
Wherein the quantities of components are selected indepen 
dently of one another as folloWs: 

Component Wt. % 

SiO2 57.0 to 75.0 
A1203 0 to 2.5 
La2O3 0.1 to 4.0 
MgO 0.1 to 5.0 
ZnO 0 to 6.0, 

particularly 0.1 to 5.0 
ZrO2 0 to 8.0, 

particularly 0.1 to 8.0 
K20 0 to 9.0, 

particularly 0.5 to 7.0 
Li2O 13.0 to 19.0 
P205 0 to 8.0, 

particularly 0.5 to 8.0 
Colour and 
?uorescent components 0.1 to 8.0 
Additional components 0 to 3.0. 
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11. A process according to any one of claims 1 to 10, 
Wherein the colour or ?uorescent component used is at least 
one of the folloWing compounds: 

Component Wt. % 

CeO2 0.1 to 5.0 
V205 0.01 to 1.0 
Fe2O3 0.01 to 1.0 
MnO2 0.01 to 3.0 
TiO2 0.01 to 5.0 
YZO3 0.01 to 2.0 
Er2O3 0.001 to 2.0 
Tb2O3 0.001 to 2.0 
Eu2O3 0.001 to 2.0 
Yb2O3 0.001 to 2.0 
Gd2O3 0.001 to 2.0 
Nd2O3 0.001 to 2.0 
Pr2O3 0.001 to 2.0 
Dy2O3 0.001 to 2.0 
Ag2O 0.01 to 2.0 
SnO2 0.01 to 3.0 
Ta2O5 0.001 to 2.0 

12. A process according to any one of claims 1 to 11, 
Wherein the additional components are B203, NaZO, BaO, F 
and/or SrO. 

13. A shaped glass ceramic product obtainable by the 
process according to any one of claims 1 to 12. 

14. A glass ceramic product according to claim 13, Which 
has an acid resistance of less than 100 pg/cmz. 

15. A glass ceramic product according to claim 13 or 14, 
Which has a CR value of 0.05 to 0.9, particularly 0.1 to 0.75. 

16. The use of the shaped glass ceramic product according 
to any one of claims 13 to 15 as a dental product or a 

constituent thereof. 

17. A shaped dental product, Which contains the glass 
ceramic product according to any one of claims 13 to 15. 

18. A shaped dental product according to claim 17, Which 
is an inlay, an onlay, a bridge, an abutment, a facing, a 
veneer, a facet, a croWn or a partial croWn. 

19. A shaped dental product according to claim 17, Which 
is in the form of a blank. 


