Office de la Propriete Canadian CA 2814156 A1 2012/05/10

Intellectuelle Intellectual Property
du Canada Office (21) 2 81 4 156
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2011/06/22 (51) CLInt./Int.Cl. CO3C 3/097(2006.01),

(87) Date publication PCT/PCT Publication Date: 2012/05/10 A6TK 6/027(2006.01), CO3C 70/00(2006.01)
(71) Demandeurs/Applicants:

(85) Entréee phase nationale/National Entry: 2013/04/09 VITA ZAHNFEABRIK ?AUTER GMBH & CO. KG. DE:

(86) N° demande PCT/PCT Application No.: EP 2011/003091 DEGUDENT GMBH, D
(87) N° publication PCT/PCT Publication No.: 2012/059143 FRAUNHOFER- G—SELLSCHAFT ZUE FOERDERUNG

o B DER ANGEWANDTEN FORSCHUNG E.V., DE
(30) Priorité/Priority: 2010/11/02 (DE10 2010 050 275.8)
(72) Inventeurs/Inventors:

DURSCHANG, BERNHARD, D
PROBST, JOERN DE;
THIEL, NORBERT DE;
GOEDIKER IVIICHAEL DE;
VOLLIVIANN MARKUS DE;

(54) Titre : VERRES OU VITROCERAMIQUES A BASE DE SILICATE DE LITHIUM, LEUR PROCEDE DE FABRICATION

ET LEUR UTILISATION
(54) Title: LITHIUM SILICATE GLASSES OR GLASS CERAMICS, METHOD FOR PRODUCTION THEREOF AND USE

THEREOF

(57) Abréegée/Abstract:
The invention relates to glass ceramics based on the lithium metasilicate system (LI,O SIO, (LI,S10,) ), which are mechanically

processible In a simple manner In an intermediate stage of the crystallization and, after complete crystallization, represent a high-
strength, highly translucent and chemically stable glass ceramic.

<o
Sy SR VEEEEN
.l.!.\‘\-c.c..--.
. N r
' e [ [ [
T
o

‘ l an a d a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 2814156 A1 2012/05/10

en 2 814 156
13) A1

(72) Inventeurs(suite)/Inventors(continued): SCHUSSER, UDO, DE
(74) Agent: MCMILLAN LLP



WO 2012/059143 A1 |[HIL ! HUD Y OO0 0 OO L A

CA 02814156 2013-04-09

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
10 May 2012 (10.05.2012)

(10) International Publication Number

WO 2012/059143 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
CO03C 3/097 (2006.01) A61K 6/027 (2006.01)
CO3C 10/00 (2006.01)

International Application Number:
PCT/EP2011/003091

International Filing Date:
22 June 2011 (22.06.2011)

Filing Language: English
Publication Language: English
Priority Data:
102010 050 275.8

2 November 2010 (02.11.2010) DE
Applicants (for all designated States except US):
FRAUNHOFER-GESELLSCHAFT ZUR
FORDERUNG DER ANGEWANDTEN

FORSCHUNG E.V. [DE/DE]; Hansastrasse 27c, 80686
Miinchen (DE). VITA ZAHNFABRIK H. RAUTER
GMBH & CO. KG [DE/DE]; Spitalgasse 3, 79713 Bad
Sackingen (DE). DEGUDENT GMBH [DE/DE]; Roden-
bacher Chaussee 4, 63457 Hanau (DE).

Inventors; and

Inventors/Applicants (for US only): DURSCHANG,
Bernhard [DE/DE]; Bahnhoistrasse 11, 97228 Rotten-
dorf (DE). PROBST, Jorn [DE/DE]; Aljezurstr. 18A,
97273 Kiirnach (DE). THIEL, Norbert [DE/DE];
Schweizerblick 25, 79713 Bad Sickingen (DE). GODIK-
ER, Michael [DE/DE]; Rheinbadstrasse 4, 79713 Sackin-

(74)

(81)

(84)

gen (DE). VOLLMANN, Markus [DE/DE]; Untere
Rode 39, 63571 Gelnhausen (DE). SCHUSSER, Udo
[DE/DE]; Rhonstr. 12, 63755 Alzenau (DE).

Agent: PFENNING, MEINIG & PARTNER; There-
sienhohe 13, 80339 Miinchen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TQG).

Published:

with international search report (Art. 21(3))

(534) Title: LITHIUM SILICATE GLASSES OR GLASS CERAMICS, METHOD FOR PRODUCTION THEREOF AND USE
THEREOF

(57) Abstract: The invention relates to glass ceramics based on the lithium metasilicate system (L1.O S10; (L1:S103) ), which are
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Lithium silicate glasses or glass ceramics, method

for production thereof and use thereof

The invention relates to glass ceramics based on the
lithium metasilicate system (Li,O °~ Si0O, (Li,SiO3)),
which are mechanlcally processible in a simple manner
1n an intermediate stage of the crystallization and,
after complete crystallization , represent a high-
strength, highly translucent and chemically stable

glass ceramic.

In the lithium oxide-silicon dioxide system, lithium
disilicate (Li,O ° 2 Si0O; (Li»Si;0s5))-glass ceramics
are well known from the literature and several pa-
tents are based on this glass ceramic system. For ex-
ample, 1n EP-B-536 479, self-glazed lithium disili-

cate glass ceramic objects are thus described for the
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production of tableware and, in EP-B-536 572, lithium
disilicate glass ceramics which can be used by scat-
tering a fine-particle coloured glass onto the sur-
face thereof as cladding elements for building pur-

poses,

A main focus of the patented lithium disilicate glass
ceramics resides in dentai;applications. The lithium
disilicate system is very suitable here for the pro-
duction of CAD/CAM-processible glass ceramics since
the crystallization 1is effected here via the lithium
metasilicate phase (see S. D. Stookey: “Chemical Ma-
chining of Photosensitive Glass”, Ind. Eng. Chem.,
45, 115 - 118 (1993) and S. D. Stookey: “Photosensi-
tively Opacifiable Glass” US-A-2 684 911 (1954)).
These lithium metasilicate glass ceramics have such
low strengths in this intermediate stage that they
can be readily processed by means of CAD/CAM (M.-P.

Borom, A. M. Turkalo, R. H. Doremus: “Strength and

Microstructure in Lithium Disilicate Glass Ceramics”,
J. Am. Ceram. Soc., 58, No. 9 - 10, 385 - 391 (1975)
and M.-P. Borom, A. M. Turkalo, R. H. Doremus: “Wer-
fahren zum Herstellen von Glaskeramiken” (Method for
the production of glass ceramics) DE-A-24 51 121
(1974)). Only by the subsequent conversion to form
lithium disilicate in a second crystallization stage

are dental materials with high strengths achieved.

This principle is exploited in order to produce
firstly a glass ceramic, in a two-stage crystalliza-
tion process, which glass ceramic can be readily

processed mechanically, e.g. by means of CAD/CAM
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processes, and 1n order to process this subsequently
ln a second crystallization stage to form dental
glass ceramic. This method is suitable in order to be
able to use dental restorations according to the so-
called chair~-side method. In this method, an indivi-
dually adapted crown/onlay/inlay is milled out of a
glass ceramic block after the first crystallization
stage by means of CAD/CAM, in the dental practice
this 1s subjected to the second crystallization

stage 1n a special oven and used directly in the
first and only dentist’s visit for the patient (DE 10
2005 028 ©637). An application by the dental techni-
cian 1n the pressing method or in mechanical
processing with subsequent characterisation or indi-
vidualilsation whilst taking into account suitable

paints or'layer ceramlics can also be effected.

Starting herefrom, it was the object of the present
invention to provide glass ceramics which have im-
proved strength values and also improved translucence

and chemical resistance.

This object is achieved by the lithium silicate
glasses or glass ceramics having the features of
claim 1, the method for producing a dental restora-
tion having the features of claim 17 and a shaped
dental restoration of claim 20. The use of the 1li-
thium silicate glasses or glass ceramics is described
1n claim 19. The further dependent claims reveal ad-

vantageous developments.
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Within the scope of the present invention, glass com-
positions were developed in the basic system SiO,-
L1,0-2r0,, which have lithium metasilicate as only or
as main crystal phase (> 50%). %). Hereby, zirconia
acts as a stabilizer of the residual glassy phase and
can be completely or partially replaced by oxides of
Hafnium, Germanium, Cerium, Lanthanum, Yttrium, Tita-

nium and zinc.

Surprisingly, 1t was shown that lithium metasilicate
glass ceramics which have excellent strength values,
exceptional translucence and very good chemical re-

sistances can be produced in this system.

It was shown 1n addition that up to 20% by weight of
2r0O, or other stabilizers can be incorporated in the
glass without the structure being significantly in-
fluenced. Contrary to all expectations, the ZrO, or
other stabilizers does not hereby crystallise as a
separate crystal phase but remains completely or ex-
tensively in the amorphous residual glass phase. Be-
cause of the high proportion of Zr0O, or other stabi-
lizers, the mechanical and chemical resistances are
hugely i1mproved 1n this amorphous phase, which also
leads to i1mproved properties in the entire dental
glass ceramic (crystal phase(s) and residual glass
phase), such as for example final strength and acid

solubility.

The method is also suitable for a two-stage produc-
tion process from the initial glass, a partial crys-

tallization of the lithium metasilicate being ef-
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fected in the first processing stage, which enables
good CAD/CAM processing. In the second processing
stage, an increase in the crystal phase proportion
(primary lithium metasilicate) is effected, which
leads to the high strength values. The most important
cause 0f the surprisingly high strengths in the 1i-

thium metasilicate system is hereby ascribed to the

high zirconium oxide or other stabilizers proportion

(> 8 MA).

High translucence is ensured via the low crystallite
size 1n the glass ceramics. In addition, good chemi-
cal stability is ensured by the high zirconium oxide
proportion in the glass phase and the enriched amount
of S10, 1n the residual glassy phase compared to li-
thiumdisilicate-glass—-ceramics (Lithiumdisilicate =

Lithiummetasilicate + S$i0,).

According to the invention, lithium silicate glasses
or glass ceramics with the following composition are

provided:

50 to 75 wt-% Si0,,

10 to 25 wt-% Liy0,

> to 30 wt-% of a stabilizer selected from the group
consisting of the oxides of Zr, Hf, Ge, La, Y, Ce,
Ti1, Zn or 1ts mixtures,

0 to 8 wt-% K,O and/or Na,0,

0 to 8 wt-% Al,03, and

0 to 15 wt-% additives.

Preferably, the glasses or glass ceramics have the

following composition:
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50 to 75 wt-% Si0,,

10 to 25 wt-% Li»0,

5> to 30 wt-% of a stabilizer selected from the group
consisting of Zr0O, and/or HfO,,

0 to 8 wt-% K,O0 and/or Nay0,

0 to 8 wt-% Al,03, and

0 to 15 wt-% additives.

More preferably, the glasses or glass ceramics have

the following composition:

50 to 70 wt-% S10,,

15 to 22 wt-% Li»0,

8 to 20 wt-% of a stabilizer selected from the group
conslisting of the oxides of Zr, Hf, Ge, La, Y, Ce,
Ti, Zn or its mixtures,

0,1 to 4 wt-% K,O0 and/or Na,O,

0,1 to 4 wt-% Al,03, and

2 to B8 wt-% additives.

In a preferred embodiment, the glasses or glass ce-

ramics have the following composition:

50 to 70 wt-% Si0,,

15 to 22 wt-% L1i,0,

8 to 20 wt-% of a stabilizer selected from the group
consisting of Zr0, and/or HfO,,

0,1 to 4 wt-% K,O and/or Na-»O0,

0,1 to 4 wt-% Al,O03, and

2 to 8 wt—-% additives.

In a further preferred embodiment, the glasses or
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glass ceramics have the following composition:

00 to 64 wt-% Si0,,

17 to 20 wt-% Li-»0,

3 to 20 wt-% of a stabilizer selected from the group
consisting of Zr0O, and/or HfO,,

1 to 3 wt-% K0 and/or Na,0,

1 to 3 wt-% Al,03, and

4 to 6 wt-% additives.

In a further preferred embodiment the glasses or

glass ceramics have the following composition:

55 to 64% by weight of SiO,,

10 to 20% by weight of Li,O0,

8 to 20% by weight of a stabilizer selected from the
group consisting of Z72r0O,, HfO, or mixtures hereof,

0 to 5% by weight of K,0 and/or Na,O,

0,1 to 5% by weight of Al,0; and also 0 to 10% by

weight of additives.

In a further preferred embodiment the glasses or

glass ceramics have the following composition:

0o to 60% by weight of SiO0,,

10 to 20% by weight of Li,O,

8 to 20% by weight of a stabilizer selected from the
group consisting of 2ZrQ,, HfO, or mixtures hereof,

0 to 5% by weight of K,O0 and/or Na,O,

0,1 to 5% by weight of Al,0; and also 0 to 10% by

welght of additives.
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Furthermore, a glass or a glass ceramic with the fol-

lowing composition is preferred:

05 to 64% by weight of SiO0,,

10 to 20% by weight of Li,O,

10 to 20% by weight of a stabilizer selected from the
group consisting of Zr0O,, HfO, or mixtures hereof,

0 to 5% by weight of K;0 and/or Na,0,

0,1 to 5% by weight of Al,03 and also

0 to 10% by weight of additives.

A further preferred composition comprises

05 to 60% by weight of SiO0,,

10 to 20% by weight of Li,0,

10 to 20% by weight of a stabilizer selected from the
group consisting of Zr0O,, HfO, or mixtures hereof,

O to 5% by weight of K,0 and/or Na,O,

0,1 to 5% by weight of Al,0; and also

O to 10% by weight of additives.

The stabilizer is preferably Zr0O, and/or HfO,. Pre-
ferably, the stabilizer is essentially present in an

amorphous state.

There may be contained as additives, components se-
lected from the group consisting of nucleation
agents, fluorescent agents; dyes, in particular
glass-colouring oxides, coloured pigments and mix-

tures thereof, in the glass or in the glass ceramic.

As for all glasses and glass-ceramics, some compo-
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nents have effects on several properties. For exam-
ple, titania can act as nucleation and colouring
agent. Most of the rare earth metal oxides show ef-
fects on colour and fluorescence. Some components can
be simultaneously amorphous, incorporated in crystal-

line phases and build own crystalline phases.

The nucleating agents are preferably selected from
the group consisting of phosphorous oxide, titanium
oxide, tin oxide, mixtures thereof, and noble metals,
preferably in an amount of 1 to 10 wt-%, more pref-

erably 2 to 8 wt-% and most preferably 4 to 8 wt-%.

The fluorescent agents are preferably selected from
the group consisting of oxides of bismuth, rare earth
elements as neodymium, praseodymium, samarium, er-
bium, and europium, and mixtures thereof, preferably
1n an amount of 0,1 to 5 wt-%, more preferably 0,5 to

4 wt-3% and most preferably 1 to 3 wt-%.

The glass colouring oxides are preferably selected
from the group of oxides of iron, titanium, cerium,
copper, chromium, cobalt, nickel, manganese, sele-
nium, silver, indium, gold, vanadium, rare earth ele-
ments as neodymium, praseodymium, samarium, europium,
terbium, dysprosium, holmium, erbium, yttrium, and
mixtures thereof, preferably in an amount of 0,1 to 6
wt-%, more preferably 0,5 to 5 wt-% and most prefera-
bly 1 to 4 wt-%.

The coloured plgments can be doped spinels, which are
comprised preferably i1n an amount of 0,1 to 6 wt-%,
more preferably 0,5 to 5 wt-% and most preferably 1
to 4 wt-%.
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Further additives are preferably selected from the
group consisting of boron oxide, phosphorus oxide,
fluorine, sodium oxide, barium oxide, strontium
oxide, magnesium oxide, ziﬁé oxide, calcium oxide,
yttrium oxide, titanium oxide, niobium oxide, tanta-
lum oxide, lanthanum oxide and mixtures thereof,
which are comprised preferably in an amount of 0,1 to
O Wt-%.

According to the 1invention, a method for the above-
described lithium silicate glasses or glass ceramics
and a method for producing a dental restoration com-
prising the above-described lithium silicate glass or

glass ceramic 1s likewlse provided, wherein

a) an glass 1s provided as starting material which
comprises the components of the glass ceramic,

i‘\.
b) the glass 1s subjected to a first heat treament
for producing a glass ceramlic which comprises lithium

metasilicate as exclusive or main crystal phase,

c) the glass ceramic of b) 1is subjected to a second
heat treatment, wherein further metasilicate i1is se-
gregated from the glass phase. The lithium metasili-

cate 1s present as main crystal phase.

The first heat treatment 1s thereby effected prefera-
bly at a temperature of 620°C to 950°C over a period
of time of 1 to 200 minutes. It is particularly pre-
ferred to i1mplement the first heat treatment at tem-

peratures of 650°C to 750°C over a period of time of
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10 to 60 minutes.

The further crystallization of the lithium metasili-
cate takes place preferably at temperatures between
800°C and 1,040°C over a period of time of 5 to 200
minutes, particularly preferred between 800°C and

870°C over a period of time of 5 to 30 minutes.

The lithium silicate glasses or glass ceramics ac-
cording to the invention are used as dental material

or as component of a dental material.

According to the invention, a shaped dental product
which comprises the previously-described lithium si-
licate glass or the lithium silicate glass ceramic 1is
likewise provided. The shaped dental products are
thereby present in particular in the form of an
inlay, an onlay, a bridge, an abutment, a facing, a
veneer, a facet, a crown, a partial crown, a frame-

WOrk or a coping.

The lithium silicate glasses or glass ceramics with
the following compositions are further aspects of the

present invention:

Composition 1 . Composition 2 .
S1i0; 50 to 75 wt-% | | Si0; 50 to 64 wt-%
Lizo 10 t_O 25 Vj_t"'% ! L_Lizo N 19 ﬁ.O 25 wt-%

| Zx O, |5 to 30 wt-% | ZxrOp, 5 to 30 wt-%
AlgO;g . 0 tQ 3 Wtj% i ] _A1203 . 0O to 8__Wt—%

| K20 0 to 8 wt-% | K0 0 to 8 wt-% |
additives |0 to 15 wt-% | ¢ [additives |0 to 15 wt-% |
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Composition 3

iS%Og 55F0:6O wt-3% }
L1,0 10 to 25 wt—%4
ZrQs 19 to 30 wt-%

pﬂQO3 O to 8 wt-%

0 to 8 wt-%

KO

addltlves_ro Lo 15 wt-%

Composition 4

Si0, tso to 75 wt-%
IIJQQ 15 to 22 wt-%
2r0; {2 to 30 wt-%
]UQO3 _LO to 8 wt-%
K,O O to 8 wt-%
additives |0 to 15 wt-%

Composition 5

S1i0, 50 to 75 wt-% I
([ Li,0 17 to 20 wt-2
2r0, 5 to 30 wt-% |
Al,03 O to 8 wt~-%
K,0O D to B8 wt-%
additives |0 to 15 wt-%

Composition 6

Si0, 50 to 75 wt-% |
IJQO 10 to 25 wt-%
7ZrO> 8 to 20 wt-%
Alﬁlg 0 to 8 wt~% ’
| K70 O to 8 wt~% |

additives | 0 to 15 wt-3

Composition 7

510> 50 to 75 wt-~%
Li,O0 10 to 25 wt-~%
ZKOz__ 10 to 15 Wt*%
_pd203_ 0 to 8 wt—~%
Ko0O 0 to 8 wt-%
_additives |0 to 15 wt-%

Composition 8

| S10, 50 to 75 wt-%

| 1Li,0 10 to 25 wt-~% |
70> 5 to 30 wt-% |
PUQO3 Q,l to b wt-%
K>0 0 to 8 wt-%

N

additives |0 to 15 wt-%

j
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Composition 9

| Si0; 50 to 75 wt-%
L1,0 10 to 25 wt-%
Z2x0, 15 to 30 wt-%
PﬂQO3 l tO 3 WL—%
K20 0 to 8 wt-%
additives [0 to 15 wt~%

Composition 10

Si0, 50 to 75 wt-%
L1,0 {10 to 25 wt-%
ZxrQ0p 1o to 30 wt~%
ZUQO3 B 0 tp 8 wt—-%
K0 0,1 to 5 wt-%

!

addltlves_,Q_to 15 wt~%

Composition 11

l5102 50 to 75 wt-%
LisO 10 to 25 wt-%
2rQ0; 5 to 30 wt-~%
ZU@Q3 0 to 8 wt-%

K20 ’1 to 3 wt-%
additives |0 to 15 wt-%

Composition 12

iSiOz 00 to 75 wt-%
L1,0 10 to 25 wt-%
ZIOz 5 to 30 wt-—-%
Al,05 0 to 8 wt-3%
Kﬂq O to 8 wt-%
additives |1 to 10 wt-%

Composition 13

ISlOz_ 59 tQh75 wt—3%
| Li1,0 10 to 25 wt-%
ZrOz _ o> to 3Q_Wt—%
A1,0; 0 to 8 wt-%
KoO O;tO 8 wt-%

additives {2 to 8 wt-%

Composition 14

S10, 50 to 75 wt-%
Lig)_ 19 to 25 wt-%
2105 5 to 30 wt-%
Al,03 |10 to 8 wt-%
P%O 0 to 8 Wt*%
additives [4 to 6 wt-%
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Composition 15 Composition 20
| S10;, 50 to 75 wt-% Si0; 55 to 64 wt-%
L1,0 10 to 25 wt-% | Li,0 17 to 20 wt-%
Z21r05 5 to 30 wt-% 2r0» 5 to 30 wt-%
P,0s 1 to 10 wt-% P»0s5 [1 to 10 wt-% |
Al,05 0 to 8 wt-% ‘A1203 O to 8 wt-%
K,0 {0 to 8 wt-% K0 0 to 8 wt-%
additives {0 to 5 wt-% | additivegs_l 0 to 5 wt-% '
Composition 16 Composition 21
| Si0, 50 to 75 wt-% 1 S10, J55 to 64 wt-% J
L1,0 10 to 25 wt-% L1,0 10 to 25 wt-%
Z2x0; 5 to 30 wt-% 210y 8 to 20 wt-%
[5505 2 to 8 wt-% | lE@O5 1 to 10 wt-% |
A1,03 0 to 8 wt-% | [Al,03 [0 to 8 wt-%
KO 0 to 8 wt-% K20 0 to B wt-%
"additives |0 to 7 wt-% | additives [0 to 5 wt-% |
Composition 17 Composition 22 %
| S1i0, 50 to 75 wt-% | Si0; 55 to 64 wt-% I
Li,0 10 to 25 wt-% Liz0 10 to 25 wt-% |
2x0; 5 to 30 wt-% | 2rQy 8 to 15 wt-%
| P»0s 4 to 6 wt-% P,0s 1 to 10 wt-% |
A1,0; 0 to 8 wt-3 | |ALO; 0 to 8 wt-5%
K»>O 0 to 8 wt=% , K>O 0 to 8 wt-%
| additives |0 to 9 wt-% additives |0 to 5 wt-% |
Composition 18 Composition 23
510, 55 to 64 wt-% | {s;io2 | 55 to 64 wt-%
Li,0 10 to 25 wt=% 1 Li,0 110 to 25 wt-% |
ZxrO; 5 to 30 wt-% 1 Zx O 5 to 30 wt-%
P50¢ 1 to 10 wt-% J P->0¢ ] 1 to 10 wt-%
[A1,0; 0 to B wt-3% [A1,0; (0,1 to 5 wt-5% |
K70 0 to 8 wt-% K>0 10 to 8 wt-%
additivesto to 5 wt-% | additives [0 to 5 wt-% |

Composition 19

Composition 24

S10, 55 to 64 wt-% 310, 55 to 64 wt-% |
1i,0 15 to 22 wt-% | Li,0 10 to 25 wt-% ‘
Z2r0-, 5 to 30 wt-3 2r0y 8 to 20 wt-—-%
P,0s 1 to 10 wt-% P,05 1 to 10 wt-% !
Ale:; 0 to 8 wt-% Al-,03 4.11 to 3 wt-%

K20 0 to 8 wt-=% iKZQ 10 to 8 wt-% I
additives | 0 to S5 wt-% | additives |0 to 5 wt-3




CA 02814156 2013-04-09
WO 2012/059143 PCT/EP2011/003091

14

Composition 25 Composition 26

—_—

S10; _ 55 to 64 wt-% | S10; 55 to 64 wt-%
L1,0 | 10 to 25 wt-% L1,0 10 to 25 wt-%
710, 8 to 20 wt-% | 2r0, |8 to 20 wt-3%
P,0s 1 to 10 wt-% P»0s 1 to 10 wt-%
' A1,0; 0 to 8 wt-% | [Al,0; 0 to 8 wt-%

| K20 0,1 to 5 wt-% { K20 1 to 3 wt-%
additives [0 to 5 wt-% additives [0 to 5 wt-%

The subject according to the application is intended
Lo be explalned in more detail with reference to the
subsequent figures and examples without restricting

sald subject to these variants.

Fig. 1 is a Scanning Electron microscope (SEM) micro-

graph of a glass ceramic known from the prior art.

Fig. 2 1s a Scanning Electron microscope (SEM) micro-
graph of a glass ceramic according to the present in-

vention.

Fig. 3 1s a Scanning Electron microscope (SEM) micro-
graph of a glass ceramic with a low content of stabi-

lizer.

As can be seen from the figures, the glass ceramic
according to the present invention shows much better
results resulting in a higher translucency as the

prior art glass ceramic of Fig. 1.

The glass ceramic of Fig. 3 has a lower amount of
stabilizer (4 wt-%) and shows a number of white spots
of the stabilizer (Zr0,) which results opague ceramic

which 1s undesirable in the dental field.
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Example 1

In Table 1, compositions which are given by way of
example are mentioned, from which high zirconium
oxlde-containing metasilicate glass ceramics can be

produced for the dental field.

Table 1 (Data 1in % by weight)

pr— e i ———

G1 G2  |G3 G4 G5 G6
Si0, | 63.5 63.5 |59.0 59.0 63.5 |63.5
Li,0 12.9 ]13.9 ]18.0 19.0 [12.9 12.9
:Zro2 10.0 [9.0 12.0 12.0 [12.3 [11.0
'A1,05 4.7 5.1 | 4.5 4.5 3.9 | 4.4
| P,Os 4.5 4.5 3.5 3.5 3.7 4.2
;Kﬂ) 4.4 4.0 3.0 2.0 :3.6' 4.0

e h—— - - i i

The glasses were melted at 1,500°C and poured into
metal moulds to form blocks. The blocks were stress-
relieved in the oven at 560°C and cooled down slowly.
For the various characterisation processes, the glass
blocks were divided up and subjected to a first crys-
tallization treatment. For this purpose, the glasses
were stored for 10 to 120 minutes at 600°C to 750°C.
As a result of this, glass ceramics with strength

values of 150 MPa to 220 MPa (measured according to

DIN ISO ©872) were produced. Exclusively lithium me-
tasilicate was hereby established as crystal phase.

In this state, processing by means of CAD/CAM methods

1s possible very readily.
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With a second short crystallization at 800°C to 950°C
for 3 to 15 minutes, the crystallization is contin-
ued and the result 1s an 1ncrease 1n strength from

300 MPa to 450 MPa (measured according to DIN ISO

6872). In addition to the lithium metasilicate phase,
a zirconium oxide-containling subsidiary crystal phase
can hereby be produced. Also a small conversion of

lithium metasilicate into lithium disilicate 1s poss-

ible. The unambiguous main crystal phase remains the

lithium metasilicate.

In Table 2, the crystallization conditions of indi-
vidual glasses and also the resulting crystal phases

and strength values are displayed.
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Example 2

In Table 3, fixed compositions given by way of example for
different stabilizer is mentioned, from which high stabi-
lizer-containing metasilicate glass ceramics can be pro-

duced for the dental field.

Table 3

] in % by Qéightr B }
S10; r 60.0 ’ ]
Li,0 - 19.0 B ]
P,0s 6,0 ) | |
A1,0; 2,0 - |
K,0 12,0 * ]
| CeO> Ll,O
| Stabilizer SX J10,40 - 1

__ L

" SX represent campositions of the stabilizer S1 to S5 (s. table 4)

Table 4 shows stabilizers used by way of example for dental

applications with the composition of table 1.

Table 4

o - - A

Stabilizers SX

S1 1Zirébnium oxide: 10 %
S2 | Germanium oxide: 10 %
S3 - | Lanthanum oxide: 10 $%
S4 lyttrium oxide: 10 %
S5 :Zirconium oxide: 6 $%
1Titanium oxide: 4 3

AL - i ———— i f— e

Y

The glasses were melted at 1,500°C and poured into metal
moulds to form blocks. The blocks were stress-relieved in
the oven at 560°C and cooled down slowly. For the various

characterisation processes, the glass blocks were divided
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up and subjected to a first crystallization treatment. For

this purpose, the glasses were stored for 10 to 120 minutes

at 600°C to 750°C. As a result of this, glass ceramics with
strength values of 150 MPa to 220 MPa were produced. Exclu-
sively lithium metasilicate was hereby established as crys-
tal phase. In this state, processing by means of CAD/CAM

methods 1s possible very readily.

With a second short crystallization at 800°C to 950°C for 3
to 15 minutes, the crystallization is continued and the re-
sult 1s an increase 1n strength from 300 MPa to 450 MPa. In
addition to the lithium metasilicate phase, a zirconium
oxlide-contalining subsidiary crystal phase can hereby be
produced. Also a small conversion of lithium metasilicate
into lithium disilicate is possible. The unambiguous main

crystal phase remains the lithium metasilicate.

In Table 5, the crystallization conditions of individual

glasses and also the resulting crystal phases and strength

values are shown for different stabilizers.

Table 5
S1 | 52 S 3 54 185
Crystall- : 620°C/ | 540°C/6 | 615°C/ | 620°C/ 620°C/ |
| ization 1 60min | Omin 60min 60min 60min
Crystall- ] 850°C/ |[820°C/8 ! 800°C/ |820°C/ |[820°C/ |
| ization 2 8 min }min '8 min 8 mlin 8 min
Crystal T Li-metasilicate, |
phases (Li-disilicate, Li-phosphate)
Trans- # exel~- very ‘ very ' exel- | Good
lucency lent 'good ;fgood. lent |
3-point- 1418 | 341 MPa [ 325 363 358 |
‘ bending ' MPa | MPa MPa MPa |
strength
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Amended Claims
1. Lithium silicate glasses or glass ceramics with the following composi-
S tion:

50 to 70 wt-% Si0,,
15 to 22 wt-% Li,0,
8 to 20 wt-% of a stabilizer selected from ZrO, and/or HfO,,
0,1 to 4 wt-% K,0 and/or Na,0,
10 0,1to 4 wt-% Al,03,and
2 to 8 wt-% additives.

2. Glasses or glass ceramics of claim 1 with the following composition:
50 to 64 wt-% SiO,, '
15 17 to 20 wt-% Li,0,
8 to 20 wt-% of a stabilizer selected from ZrO, and/or HfO,,
1 to 3 wt-% K,0 and/or Na,O,
1 to 3 wt-% Al,0;, and
4 to 6 wt-% additives.
20

3. Glasses or glass ceramics of any of the preceding claims with the fol-
lowing composition:
55 to 64 wt-% SiO,,
10 to 20 wt-% Li,0,
25 8 to 20 wt-% of a stabilizer selected from ZrO, and/or HfO,,
0 to 5 wt-% K>O and/or Na-0,
0,1to S wt-% Al,0O;, and
0 to 10 wt-% additives.

30 4. Glasses or glass ceramics of any of the preceding claims with the fol-
lowing composition:
55 to 60 wt-% SiO,,
10 to 20 wt-% Li»0,

AMENDED SHEET

CA 02814156 2013-04-09
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8 to 20 wt-% of a stabilizer selected from ZrQ, and/or HfO,,
0 to S wt-% K,0 and/or Na,0,

0,1 to 5 wt-% Al,03, and

0 to 10 wt-% additives.

5. Glasses or glass ceramics of any of the preceding claims with the fol-
' lowing composition: |
55 to 64 wt-% Si0,,
10 to 20 wt-% Li,0, |
10 10 to 20 wt-% of a stabilizer selected from ZrO, and/or HfO,,
' 0 to 5 wt-% K,0 and/or Na,0,
0,1to 5 wt-% Al,03, and
0 to 10 wt-% additives.

15 6.  Glasses or glass ceramics of any of the preceding claims with the fol-
lowing composition:
55 to 60 wt-% SiO,,
10 to 20 wt-% Li,0,
10 to 20 wt-% of a stabilizer selected from ZrO, and/or HfO,,

20 0 to S wt-% K,O and/or Na,O,

0,1to 5 wt-% Al,05, and
0 to 10 wt-% additives.

7. Glasses or glass ceramics of any of the preceding claims,
25 characterised in that the stabilizer has substantially an amorphous

structure.

8. Glasses or glass ceramics of any of the preceding claims,
characterised in that the additives are selected from the group consist-
30 ing of nucleating agents, fluorescent agents, dyes, preferably glass col-

ouring oxides, coloured pigments and mixtures thereof.

CA 02814156 2013-04-09
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9. Glasses or glass ceramics of claim 8,
characterised in that the nucleating agents are selécted from the
group consisting of phosphorous oxide, titanium oxide, tin oxide, and
mixtures thereof, and noble metals, preferably in an amount of 1 to 10

5 wt-%, more preferably 2 to 8 wt-% and most preferably 4 to 8 wt-%.

10. Glasses or glass'ceramics of claim 8,
characterised in that the fluorescent agents are selected from the
group consisting of oxides of rare earth elements as neodymium, pra-
10 seodymium, samarium, europium, terbium, dysprosium, holmium, er-
bium, and mixtures ihereof, preferabily in an amount of 0,1 to 5 wt-%,

more preferably 0,5 to 4 wt-% and most preferably 1 to 3 wt-%.

11.  Glasses or glass ceramics of claim 8,

15 characterised in that the glass colouring oxides are selected from the
group of oxides of iron, titanium, cerium, copper, chromium, cobalt,
nicke!, manganese, selenium, silver, indium, gold, vanadium, rare earth
elements as neody-mium, praseodymium, samarium, europium, ter-
bium, dysprosium, holmium, erbium, yttrium, and mixtures thereof,

20 preferably in an amount of 0,1 to 6 wt-%, more preferably 0,5 to S wt-
% and most preferably 1 to 4 wt-% and/or the coloured pigments are
doped spinels, which are comprised preferably in an amount of 0,1 to
6 wt-%, more preferably 0,5 td 5 wt-% and most preferably 1 to 4 wt-
%.

25

12.  Glasses or glass ceramics of claim 8,
characterised in that the additives are selected from the group consist-
ing of boron oxide, fluorine, barium oxide, strontium oxide, magne-
sium oxide, zinc oxide, calcium oxide, yttrium oxide, titanium oxide,

30 niobium oxide, tantalum oxide, lanthanum oxide and mixtures thereof,

/4 ' AMENDED SHEET
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preferably in an amount 0f 0,1to 5

wt-%.

Method for producing a dental restoration comprising a lithium silicate

glass or glass
ceramic of any of the preceding claims, wherein

a) an glass is provided as starting material which comprises the com-
ponents of the glass ceramic,

b) the glass is subjected to a first heat treatment for producing a glass
ceramic which comprises lithium metasilicate as exclusive or main
crystal phase,

c) the glass ceramic of b) is subjected to a second heat treatment,
wherein further metasilicate is segregated from the glass phase and is
existent as main crystal phase,

wherein the first heat treatment is effected with temperatures from
620 °C to 950 °C over a period of 1 to 200 min, preférably from 650 °C
to 750 °C within a period of 10 to 60 min and/or the second heat
treatment is effected with temperatures from 800 °C to 1040 °C over a
period of 5 to 200 min, preferably from 800 °C to 870 °C within a pe-
riod of 5 to 30 min. '

-~ Use of lithium silicate glasses or glass ceramics of any of claims 1 to 12

as a dental material or as a component of a dental material.

Shaped dental product comprising a lithium silicate glass or glass ce-
ramic of any of the claims 1 to 12, preferably an inlay, an onlay, a
bridge, an abutment, a facing, a veneer, a facet, a crown, a partial
crown, a framework or a coping.
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Fig. 1
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Fig. 2
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'5/27/2011 !Spot’
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E110000x

Fig. 3
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