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dental restorations. Ceranios based on partially stabilized

Lithium silicate glass ceramic and glass with 2rxrQ; content

The invention yalates to the uss »f lithium silicate glass
ceramic and glasg which comprise Zrd; for the preparvation of
dental restorations.

Bircomiuwm  oxide  ceramics  ave chavacterized by excellent
tlocompatibility and outstanding mechanical properties, which iz
why in the past they have increasingly been used as a material
for implants and prostheses, but also ag framework materizls for

o~

sircondum oxide are primarvily used for this.

In many caseg it is desivable to alter the surface of the
zirvconium oxide ceramic by ceating it with a different material.

4]

Specifically when preparing dental restorations bassd on
ivconium oxide cerawmic, such a ceating is regularly used to

~

ive the restoration the desirsd visual properties.

ST

Glags ceramics have already besn used in the past to ooat ox
venesr oxide ceramics, such as girconium oxide ceranmics. Thess

inciunde feldspar-based ceramics oy flucroapatite glass ceranics.
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thivm Slailicate glagss csramics are also known which, kecause

£

L
of their high translucency and vexy good sechanical propertises,

ara used in particular in the dental fisld and primax ily fox

n"‘j

weparing dental crowns and small bridges.

EP 1 508 041 desoribes lithium silicate glass cevamics which can
additionally contain ¢ to 2 wh.~% Zr0;. These ars procesged into
the desired dental restorations in particular in the form of
lithium metasilicate glass ceranics by means of CAD/CAM methods,
wherain a subseguent heat treatwment effects the conversion of
the metasilicate phase to the high-strength disilicate phase.
The glass veranics can alsp be used for pressing over ceranlc
vestorations.

P 1 &88% 3%8 describes gimilar lithkiur silicate glaszg ceramics

which are substantially free of 22 and in addition to othex
components  can contain 0 to 4 wt.-% Zr0:. To achieve high
strengths, however, small guantities of frowm O to 2 wb.-% 230
are preferred. These glass ceramics also serve in particular o
prepare dental restorationg after sschanical processing by weans

of CAL/CAM,

However, thess lithium silicate glass ceramics known from the
atate of the art have the disadvantage that thsy are not
suitable for coating sirconium oxide ceramic in particular by
weans of a '@res&i.mgwon in the wviscous state, sgince after the
pressing-on in the viscous flow process cracks and flaws forwm in
the glass ceramic. Thus, such a conposite does nob have the
mechanical properties that ave indispensable specifically fox
uge as dental restoration matsrial.

Glasg cerawmics with lithiun disilicate as wmain corystal phase

%
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3
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re to be suitable for veneering dental restorations
comprising yvttrium-stabilized zirvconium dicxide are also known

from WO 2008/1069%8. Howeveyr, these glass cerampios contain

o
&
b

guantities of only up o &.8 wi, - Sr0y and substantial
of Na,0. The Zrd; present acts merely as a standard

ies
nucleating agent together with an optionally prasent further
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aucleating agent such as TiC; in order to effect the formation
of the desirved lithium disilicate crystal phase.

In view of the above-described digadvantages of the alrsady
known glasg csramics, the obiject of the invention is to provids
& glass ceramic which can be coatsd onto & sirvconium oxide
ceramic in particulayr by pressing it on in the vigscous state and
in the process forms a ooabing substantially free of cracks and
flaws, Morecver, the glass ceramic should be capable of forming
a solid bond with the zirconium oxide ceramic to bhe costed, and
it should have wvisumal and mechanical properbies enabling it to
pe used in particular a3 a coating material for  dental
restorations bubt alsoe as & wmatexial Tor prepaving dental
restorations.

This ohject iz achieved by the use of & lithium ailicate glasa
ceramic or a lithium ailicate glass with nuclel accoxrding to any
ong of claims 1 te 14. Also a subjsct of the invention is the
provesy for preparing a dental restoration according to olaims

15 and 18.

The ldthium silicate glass ceramice ussd accovding to  the
invention is characterized in that it comprises 8.8 to 16.0 wh.-
1

i
¥ Zr0, and lithium wmetasilicate as walr

In a furtheyr preferred asmbodiment, the glass vevamic comprises
in particular 18,0 o 15,0 wb.~-% Zx0;.

Fuyrthey, a glass ceramic  wh 5.8 to  Yi.8;
preferably 63.0 to 71.0 and in gartiﬁular 50 to 6% wh.-% Bil; is

preferved.

In addition, a glass ceramig whi
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particular 11 to 1% wib.-% Li:0 1z preferred.

Purthermors, it has proven particularly preferabls if the glass
ceramic comprises 0.5 o 12.0 and in particulayr 2.5 to 7.0 wb.~-%
nucleating agents, Preferred nucleating agsnty ave selected from

PaOg, TAQ,, NG, metals, e.g. P, B, Au and Ag, oF mixtures
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thevenf. Particularly preferably, the glass ceramic cowpy

g

is
B0 as nucleating agent. Suwrprisingly, BP0y as nucleabing agen
in particular effects the formaticon of desired Iithium
disilicate ovystals while lavgely presventing the formation of
Zrl;-containing crystal phases which could cause a substantial
detericration in transiucency. Through its use the formation of
other undesired secondary corystal phases is apparﬁntly also

largely prevented.

The glass ceramic used according to the invention preferably
comprises further alkali metal oxide in a guantity of frow 1.0
to 7.0, prefershly 2.0 to 7.0 and partioularly preferably 2.8 to
5.0 wt.-%. The term "further alkali metal oxide" dencotes alkalil
metal oxide with the sxesption of Li0. The further alkali metal
oxide is in pavticular KO, €80 and/or RO and is particularly
preferably ¥0. It is assumed that the use of KO contyributes to
the strengthening of the glass network compared with the NayO
used in conventional gla&s ceramics. It ig prefsrred that the

glass cevamic comprises less than 3.8, in particular less than

3

1.8, preferably less than ©¢.5 and particularly preferably
gazentially no NaLl.

It ig further preferred that the glass ceramic comprises up Lo
.0 wh,.~% alkaline sarth metal oxide, whersin the alkaline earth
metal oxide is in particular Cad, Bad, Mg, Sr0 or & nixture
thereof.

Furthey, & glass cerasmic which comprisss 0.2 o 10.¢, in

it
particular 2.5 to 7.0 and preferably 2.5 to 3.5 wb.-% oxide of

I3

rivalent elements is preferred, wherein this oxide is selected

ﬁ.

in particular from Al:Cr, ¥l L&y, BiyG: and mixtures therecsi,

and preferably is AL

A glass ceramic which comprises at lsast one and prefsrably all

of the following components is particularly preferrved:

Componant W, ~%

Si0, 55.8 to 7.0
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L0 2.8 to 17.8

Ko 1.0 B¢ 7.0, in particulay 2.0 to 5.0

A0 0.% Lo 5.0, in particular 2.% to 3.5

Bl 2.5 to 12.8, inm particulary 2.% to 7.0
0y §.8 to 18.0.

The glass ceramic used according to the invention can sOYeOver
also cowprise additional components which ave selected in
particular from further oxides of tetravalient elements, further
oxides of pentavalent elements, oxides of hexavalent slements,

malt accelerators, colourants and fluorescent agents.

Thae tem Yfurther oxides of tetravalent eglements® danotes

o~

ozides of tetravalent slements with the szoeption of 510, and
Zrly. Bxamples of further ouides of tetravalant sle

The term “furthey ozmides of pentavalent elementa® denotes

oxides of pentavalent slements with the exception of PyQy. An

sxample of a further oxide of pentavalent slements is Bi ;.
Exanples of oxides of hexavalent slewments are WOy and Mol

3 glass ceranic which compriges at least one Durthey oxide of
tetravalent elemsnteg, wne further oxide of pentavalent siements

;

or one oxide of hexavalent slements is prefarrsd.

*

Examples of melt accelerators are fluorides.

Examples of coolourants and fluoregscent agents are oxidesg of d-

¥

&
and f-~elementg, such as e.g. the oxides of Ti, 8¢, Mn, Fe, Aag,

Ta, W, g, Pr. W&, T, Br and Yb.
The term Ymain orystal phase’ used below denotes the coyystal
phase which has the highest proportion by volume compared with

other crystal phasses.

The glass ceramic used according to the iovention cowpy

2]

i
iithimm wetasilicate as nain crystal phase. The glass ceramic



(631

10

15

20

&

in particular comprises wore than 18 vol.-%, preferably wmore
than 20 wol.~% and psrticularly preferably mors than 38 wbl,.-~$
of lithiuve metasilicate corystals, yelative to the total glass
ceranic.

<

The glass csrawic can ba converted by heat treatment Lo a

S

glass ceramic which ocomprises lithium disilicate as main

cryatal phasse. In particular the glass csramic conprisss more
than 10 vol. %, preferably MoOTe than 28 wol.~% and
particularly preferably more than 30 vol.~%  of lithium

disilicate crystals, relative to the total glass ceramic.

The lithiwn disilicate glass cevamic shows particularly good
mechanical propertiss and can be produced by heat treatment of
the lithium wetasilicate glass ceramic used according to the
invention.

It was swrprisingly shown that, despite its high Zx0; content,
the lithiuw disiliicate glass ceramic has advantagesous mechanical
parameters, such as high fractures toughness values, and can be
applied to zirponium oxide ceramiv in the wviscous state by
sintering-on «r dn particular pressimg-on, without resultant
stresges in the glass ceramic which wandifest themselves in
cracks or flaws. It is particularly surprising that these very
goed mechanical propertiss are achisved although the structure
ef the glass cevamic has lithium disilicate crystals which are

not normally coross-linked te ons another. On the othey hand,

93

uch & oross-linking occurs with the known lithiuvs disilicate
glags ceramics and it is regarded as a key reason for their high

>

strengths., It is currently assumed that the 3x0; in the glass

i used accoyding to  the invention, unlike in  koown
producta, doss not serve as a nucleating agsnt for other cyystal
phasss, but rather strengthens the glass petwork via Zr-¢
polyhedra embedded thersin. These polyvhedra can be [2x0:4]1% or

-

[ZrCsn]? structural units which function as network formers or

b3

network modifiers.

It is also surprising that, despite its high Zr0, content, the

lithium disilicate glass cervamic hag a high transluecency and
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rvhat no asmcrphous-amorphous phase ssparation cccurs and that it
can thus be used for the aesthetically pleasing coating of in

4
7

articular Qental restorations bassed on zivcondun oxids ceramic.

(9

¥

The lithium Jdisilicate crystals present  in  the ldithium
dizsilicate glass ceramic have in particulary the form of swall
plates. It ig assuwmed that this special movphology allows the
crack-free material bond with sirconium oxide ceranios. The
build-up of critical stresses in the waterial bond during the
tharmal cooling phase seeng to be less strongly pronounced in
the small-plate shaped crystal form than in lithium disilicabe
glass ceramics with elongated or needle-shaped crystals. In
addition, a good fracture toughness., expressad by the Xy value,
is achieved with the small-plate shaped crystal morphology.

The lithium disilicate glass gceramic has in particular &
fracture toughnegy, measured &8s Ky wvalue, of at leagt 1.9

N

MPaem’® and in particular more than 1.8 MPasn®®. Furthermors,

it has a high biawial fracture toughness of preferably from 08
to 500 MPa. Moreover, it shows a high chemical resistance which
wag determined by mass loss after storage in acstic acid. The
chemical resistance ig in particoular less than &0 gg/ow’.
Finally, it hag a linear coefficlent of thermal expansion of in
particular lsss than 10.3 x 107K w/m, weasured in the range of
from 100 to 504°C, whigh is thus a8 a8 rule saaller than that of

the zirconium oxide ceramig to be coated.

The invention alse relates to the use of 3 lithiuw silicate
glass with nusliel that arve suitable for forwming Iiithiawm
metasilicate as wmain crystalline phass, whersin the glass
cowprises the componeants of the sbhove-described glass ceranicos
wred according to the invention. Thigs glass thus comprises 8.0
o 16.0 wh.-% Zx0:;. With regard to preferred embodiments «f
this glass, reference is nade to the sbove-described preferved

anbodiments of the glass cevamics according to the inventign.

frin

The glass having nuclel used according to the invention can be
rodueed by heat treatment of a8 starting glass of
* & =

corvesponding conposition. By & further hsat treatment ths
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lirhiuvm metasilicate glass ceramic used accerding te the
invention van then be formed, which in turn can be converted
inte the lithium disilicate glasgs ceramic described above by
further heat treatment. The starting glass, the glass with
miclel and  the lithium metasilicate glasg cevanic can
consegquently be ssen as precurscors for the production of the
high-~styrength lithiuwm digilicate glass ceramic.

The glass ceramic used avvcwdﬂng to the invention and the
glass used according to  the nvention aye prasent in
particular in the form of @cwders- oy blanks, as they ocan
sasily be furthey proesssed in these forms. They can, however,
ailgso be present in the form of dental restoraticons, such as
inlays, onlays, orowns, venears, or abutments.

The glass caramic used according teo the invention and the glass
with nucslei used sccording to the invention can be produced by a
process, in which & starting glass with the components of the
glass ceramic or the glass is subjected to at lesagt one heat

treatment in the vange of frowm 450 ba @50%D,

The starting glass therefores cowprises 8.0 ta 16,0 wb.-% Zaly.

In addivion, it preferably also comprises suitable quant ties

of 8ig: and Lis0 in order to make the formation of a lithium
silicate glass ceramic possible. Furthermore, the sta xtirg

<

glass van alsoe cowprise fuxthery components, such as areg given
above for the lithium silicate glass ceramic used sccorxding to
the invention. Those smbodiments are preferred which are also
stated as praferrad for the glass cesranic.

To prepare the starting glass, the procedurs is in particular
that a wmixture of sultable gtarting materials, such as €.
carbonates, oxides, phosphates and fluorides, is melted at
temperatures of in partiloular fyom 1300 to 180020 forxr 2 to LU
h. To achieve a particularly high homogeneity, the cbtained

+

glags wmelt is poured inte water in order to form & giaszg

3 3.

granulate, and the obtained granulate is then melted again.
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The melt can then be poured into moulds to produce blanks of the
starting glass, so-called seolid glass blanks or wmonolithic
blanks.

Tt is also possible te pour the melt inte water again in ovdey
to prepare a granulate. This grvanulate can then be pressed,
after grinding and optionally adding of further components, such
as colourants and fluorescent agents, to fovm a blank, a s0-

called powder green compact.

winally, the starting glass can also be processed to form a
powder after granulatiom.
The starting glass is then subdected, e.g. in the form of &

solid glass blank, s powder green compact or in the form of a
powder, to at least one heat treatment in the range of from 450
o 850°C. It is preferred that a Eirst heat treatmen 8
imdtially carried oub abt a temperature in the range of from 540
to S00°C to prepare a glasy with nucleil which are guitable for
forming lithium metasilicate crystals., This glass can then
preferably be subjected to abt least one further temperature
treatment at & higher temperaturs and in particoular meve than

570°0 to effect crystallization of lithium metasilicate.

.

Dental vestorations, such as inlays, onlays, Crownsg, vVENeers

or abutment can be prepaved from the glass ceramics used

[%¢

s,
according o the invention and the glasses wused according to

the dnvention. In this connection the glasg ceramic oy the
glass is ahayeﬁ v the desived dental vestovsbion by meansg of

pregaing. The pressing is  wsually conducted at  elevated

>

pressurg  and elevated temperature. For the pressing in
particular the glass with nuclei used according to  the

avention and the lithium metasilicate glass ceramic uged
acoording to the invention can be used in a sultable wammer,
g.g9. in the form of blanks. After preparation of the dental
restoration of the Jdesired shape by pressing it is possible to
heat treat the restoration to convert precurscers used, such as

glass with nuclei or lithium metasilicate glass ceramic, inte

Lithium disilicate glass ceramic.
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The glass veramic used according to the inventicn and the glassg
used according to the invention ars also sultable for coating

sirconivm oxide ceranida.

Por coating of zirvconium oxide cevamic, the glass ceramic oy the
glags can be applied to the sirconium oxide ceramic and
8

ubjected to increased Lemparature.

This can taks place in particular by sintering-on and prefevably
by pressing-on. With the sintering-on, the glass cexamic o the
glasg is applied to the ceranic to be coated in the usual way,
e.g. ag powdeyr, and then sintered at increased tewperature,. With
rthe preferved pressing-on, the glass ceramic or the glass is
pressed on, e.g. in the form of powder grsen COREACES oY
monolithic blanks, at an incrsased tenperature of =.g. from 704
to 1200°C, applying pressure, e€.g. ¥ &t 10 bay. The wethods
described in EP 231 773 and thes press furnace disclosed there
can be used in particular for this. A suitable furnace i3 =2.9.
the PFrogramat EP 3000 from Ivoclar Vivadent AG, Ldechianstain.

It is preferved that, aftey conclusion of the coating progess,
the above described glasg ceramic is present with Iithiuwm

digilicate as main corystal phase, as it hags particularly good

properties. It iz surprisingly shown that the glass ceramic has

practically no flaws and ¢racks once it has been coated onto the

sirveconium oxide ceramic, and a solid bond between glass ceramic
and ceramic is achiswved.

It is preferyed that the ziveonium oxide ceramic comprises at
least one oxide of Ce, Y, Sy, s or Mg for stabiliging the
tetragonal phase. The zivcanium oxide ceramic can alse be
pragent in the form of a composite with other inorganic

componants.

It iz surprising that no cracks ovcur in the glass ceramic in
the bond ketwesen the above deseribed lithium disilicate glass
sramic and the sirconium oxide ceramic. I ig presumed that in

particular the special small-plate shaped morpholaegy of the
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lithiuwe disilicate cyystalsg ig of importance for ithis. The

W

build-up of coritical stress in the wmaterial bond during the

b

thermal cooling phage sesms to be less strongly proncunced in

-

B3

the small-plate shaped crystal form than in lithium disilicate

lass ceramics with elongsted oy needle-szhapged orystals. In

543

<

addition a good fractuyxe toughness of uwp to 2.1 MPa-m®Y is
achisved in particular with the small-plate shaped coyystal
merpholagy, =although a dirsct coross-linking of the lithium
disilicate cryetals ls ssgentially not to ke sesn in the
structure. The coated sirconium oxide ceramic is thus a strong
comgound  betwesn high-strength and high-toughness sirconium
oxide ceyamic on the ons hand and tough glass cerawmic on the
other, which is why this compound can absork high loads in the

chewing coycle. The glasas geramic can thus advantagecusly also be

used directly in the coating of long-span bridges with more than

thrse nenbers based on sirconium ownids cerapic.

Finally, the glasses and glass cevamics used according toe the

invention can alse be mixed with other glasses and glass

o

ceranics to give dental materisls having desirvably adjusted
propertiss. The glass and glass ceramic used according to the
invention can therefore in particular be usad ag naln component
of an iporganic-imorganic composite or can  be  ussd in
combination with & multitude o©f cother glasses andfor glass
ceramics. These composites or combinations are prefersbly used
as dental materials. It is particularly preferred to usgs the
composites and covbinations in the form of sintered blanks.
Examples of other glasses and glass ceranics for producing
inorganie-incorganic cowposites and wmixtures are disclosed in DR
43 14 B1Y, DE 44 23 783, DE £4 28 §3&, DE 188 47 738, DE 187 25
552 and DE 104 31 431. Thess glasses and glass ceranices belong

X

5
¢ the siligabte, bovate, phosphate or sluminosilicate groug.

Y

Preferred glasses and glass ceramics ave of the Si0:-Al0y~K0
type {with cubic or tetragonal leucite orystals}, Sith-B0y-Nad
type, alkali-silicate type, alkali- zinc-szilicate type, silico-

phosphate tvpe and/or 8i0,-2x0: type. By mixing such glasse

0

{471

andfor glaszs cevamics with the glassegs andfor glass cervamic

used accurding to the invention it is for example possible to
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adjust the thermal cosfficient of expansion in the desired

manner in a bréad rangs of 8§ Lo 20%L07 fx1 /¥

The invention i1g descoribed in further detail bhelow with

referance o examples.
Examples

Exanples 1 to 23 ~ Compositicn and ¢crystal phases

A total of 23 glasses and glass ceramics with the cowposition
giverr in tables I to IV were prepared by wmelting corresponding
starting glasses followed by heat treatment for coutralled

sleation and crystallization.

For this, the starting glasses were Slystly wmelted in a 1060 ¢

O

200 v scals Ifrxow usual raw materials at

p23

8¢ to 1500°C and

i«}
i

transformed into gliass frits Ly gmuring thew into waterx. These
glass frits were then melted a second time at 1450 to 1550%C for
1 toe 3 h for the homogenizatlon. The cobtained glass melts were
poured into pre-heated moulids to produce glass nonoliths. These
glass monolithes wers transformed inte glasses and glass cerawmics

by thermal treatment.

The applised thermal treatment for the controlled mucleation and
controlied cyystallization ds given in table V for sslected
examples. The first heat treatment in the range of from 580 to
560°0 usually lsd to the formaticn of lithium silicate glasses
with nuclel for Iithiuvm wetasilicate or lithdum disilicate

crystals, the second heat Trestment atr €5%% o 710 to ths
formation «f lithium wmetasilicats glass ceramices and the third
heat treatmsnt in the rangs of from 800 to 92090 to the

<

formation of lithium disilicates glass cevamivs.

In sowme exanples, & second nop-iscthermal heat treatment witd

ginultaneous analyasis of the formed wyystal phasss was carried
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out at the respectively given temperature by high-temperature X-

ray diffraction (HT-XRD} after a fivst heat treatment.

The corystal phases obtained after conclusion of all the heat

trsatments ave alsce listed in tabls V. Surprisingly, glass
caranics with ldithium disilicsate as main crystal phase wers
always cbtained. Bxamples 4 and 3 were additionally vepeated, by
carryving out only the first and secvond heat treatwment. In this
way, glass ceramics with lithium wmetasilicate as main crystal

phase were produced.

Brample 24 - Glass and glizss geramic blanks

A glass with the composition according to example 4 was preparved
by mixing corresponding raw materials in the form of oxides and
carbonates for 30 min in & Turbula wmixer and then melting the
mixture at 14300 for 120 min in & plstinun eracible., The melt

soured inte water in ordey to obtain a finely divided glass

W

o
3

granulate. This glass granulate material was nelted again at
1530%¢ for 150 win in order to obtain a glass wmelt with
particularly high homogeneity. The teaperature was reduced to
1500°C for 30 win and oylindrical glass blanks with a diameter
of 1z.5% uwm were then poured into pre-heated, separable gtsel
moulds oy graphite woulds. The cbtained glass oylinderg were
then stress-relisved abt 350°C. A glass with nuclel for lithiuwm

metasilicate oy lithium disilicate crystals was obtained.

Pigure 1 shows the result of the differential thermal analysis

Figure 2 shows, using high-temperature X-vay dAiffraction (HT-
XRD} of & glass coylinder, the dependencs of the formation of
lithiuwwm metasilicate {L328103} and  lithium  disilicate

{L12381205} from the tewperature.
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viinders wers then subjected Lo & Iivst
orystallization at &80 to 700°C for 20 min. The heating rate
was 15°C per wminute. The glasss oylinders were then subjscted
to a gescond cyystallization at 850 to 880°C for 3¢ min, After
this treatment, the corystal phase analysis showed a glass
ceramic with Iithium disilicate as main crystal phase ag well
as  swall proportions of lithiuw wmetasilicate and lithium

phosphate ag secondary phases.

Figure 3 shows a scanning slectron micrcscopy (SEM} phobograph

8]
X

a orystallized gylindey which has been polished and etohed

for 30 s with HF wvapour.

The crystallized cylinders wers moreover further processed by
hot~-prassing abt a pressing temperature of 910°C using an EPSOO
press furnagce, Ivoclar Vivadent AG, to form testpleces. The

properiiss of these bestpieces were as follows:

Colour: white, translucent without Eluorescencs
Solubility: 24 ggfowm® {according  to  ISC 5872 of

Septambey 1, 2008}

Bilaxial shrengih: 420 MPa {according to IS0 8872 of Septamber

Fracture toughness: 2.0 MPam™™ {determined ag Ky value using the
SEVNE  method according o IS0 &8%2 of
Seprember 1, 2008}

&

LERIGTTRI/R {din the xangs

594

Coefficient of thermal expansion:

100 to 50070}

Example 25 ~ Glass and glass ceramic blanks

Bxample 24 was vepeated with the difference that a glassg with

the cowposition ascording to example 18 was used as a stavting

B3

X

material. The obtained cyyvstallized coylindesrs were fuvther

o
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processed inte testpieces by hot-pressing at a tewperature of

305°C. The properties of these testpleces were as follow

;"‘4’

Colour: ooth coloured, translucent with tooth-like
Eluoresoencs
Solubility: 30 pgfon’ {according  to  ISC 8872 of
September 1, 2008}
Biaxial strength: 405 ¥MPa {according to ISC 8872 of Sseptembey
1, 2088}

Coefficient of thermal expansicn: 2.9*¥187*1/K  {in the range

Exawple 26 - Glass ceramic blank {powder grsen compact)

Analogously to exawples 1 to 23, 3 starting glass with the
composition according toe sxample 18 was nelted twice. However,
the glass was then not poured into steel wmoulds, but guenched
in water in corder to obtain a finely divided glass granulate.
The glass gramulate material was thermally treated at 550°C

for 20 min and then st 6800 for 29 min in crdsy o sffect the
&

nucleation and the first crystallizastion. The thus pre-treabsd
granulates was dry-ground Lo sn average grain sise of 20 um and

mixed with 0.1 wt.-% of a cesramic coolouring pilgsent. The

B

mixturs was nolistened with some wabter and pressed to fowm
powdey green compact &t a pressing pregsure of 20 MPa, The
powder gresn compact was sintered at B50°C for 30 wmin. The
crystal phase amalysis of the sintsred blank showed lithium
Sigilicate as nmain crystal phase ss well as in each vass snall
proportions of lithium mestasilicate and lithium phosphate as

secondary phases.

The sintersd blanks were further processed into testpisceg by
hot-presaing at 205%C using the EPSOC pressg furnace {Ivoelar
Vivadent AG). The propertiss of the testpleces were as

follows:
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Jalour: tooth coloured, translucent and tooth-like
fluoresgencs
Biaxial strength 302 MPa {according to IBD 6872 of Septewmber

i, 2048}

. ¥

~ Dirvect preparaticn of dental restorations by hot-

{&) Rlanks of glass with nuglel
First of &ll glasses having the cosmposition scoording to
examples 2, 3 and 4 were yprepared by mizing corresponding raw

rm of oxides and carbonates for 3¢ min in a

(3

materials in the £
Turbola mixer szl then melting the mixture at 14507¢ for 134 min
in & plavinam crucible. The melts wsre poured imto water in
order to obtain Sinely divided glass granulates. These glass
granulates were melted again at 153¢°¢ for 1

sbtain glass wnelts with particularly high bomogensity. Ths
temperature wag veduced to 1500%C for 30 min and subseguently &)
rectangulay glass dlanks {12.5 mm x 34 wmm X 40 mm) and B
ayiindrical glass blanka with a diasmeter of 123.5% wm wers then
poured iptoe pre-heatssd, separable stesl wmoulds or graphits
monlds. The obtained rectangular glass blocks or glass oylinders
were then heat-~treated in the range of 580 to R&0%C depsnding on
the composition to producs mucled for lithiuwe wmetasilica
and/or lithium disilicate corystals und to streéss-relieve the

glassg.

The obbained blagks with muelel were provessad according to the

following alternatives to restorations.

(B} Hot-pressing of glass with nucleil or lithdium wmetasilicate
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L} The glass cylinders with nuclsi {B) wers processed by hot-
pressing at a tewmperature of ¥00-950°C by means of a pressing
furnacs BEPE0O, Ivocliar Vivadent AG, to give dental restorations,
€.9. inlays, conlaye, venssers, partial crowns and cyowns. In the
restorationg Iithiun disilicate coould be detected as wmaln

rystalline phase.

i1} The glass goylinders with nuclel {A! wsre subjscted to a
first crystallization at §3%¢ to 730 for 20 wminutss. The
heabting-up vate was 15°%C per wminute.  After  this first
crystallisation lithium wetasilicate was detscted as wmadn
crystalline phase. Through  hot-pressing  of the 1ithium
metasilicate glass gylinders at a pressing tempsraturse of $00-
RELSC using a pressing furnace EPS00, Ivoeslar Vivadent AG, it
was possible to producs  dental restorations, €. inlays,
onlays, wveneers, partial crowng and cyxowns. The hot-pressing

converted lithium wmetasilicabe into Lithiwe disilicske
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Tablse ¥

iGlass
fcavanic,

23:0 R

Thermal trsatment
{(*C/miny or WT-XRD

Crystal phases
¥PF = main phase
8P = sscondary
chase{s}

500710, 850/20,
840/7

: MPiLL o i Q%

L8P L1 POy LiS4i0,

[£%]

540710,

500710, $50/20, MP: L1830
84 ‘:}fl'? SR LizPCu, Li-\SlQa i
_ i 11,810,
g 840/18, 634720 MP: Li.Si0;
| {SP: none
F 540710, 650720, NP LiS1,0
: R4DST SPLiu810y; Li.S104
i5 T10/20 MP: L1810

SP: none

540710,

with cub-out
at RS0

I8 6;.5:{},3(‘2 Gy MP: :Jl?SlgOg
| 540/7 SPsLi.8104
& S60/10 and HT-XRD MPLiy81:0s

11 520710, §50/30, 8D0/1p MF:LA:B120%
12 {HT~XRD MP:Lis81,08
with cut-out SP 1 LisPCy

At R4Q

811

3

524/10, 830728, 800710

B20/10;, 650420, B858/10

In the HT-XR

uged.

analysia, a

heating rate

cf approx. 2 N/mir
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Zrdy~tavtalmy Htumseilikat-Gvegkerdmia &s ~Uveg

SZABADALMI IGENYPONTOK

1. Litlumseilikat Gvegkerdamia atkalmazdss - mely §,0-186,0 omeg Zed, -t tartal-
maz, €5 & kristahvos fazisként Hhium-metasziikaiot tartaimas ~ fogpdtidsek ei8slitdsara,
ahol az Gvegkerdmist sajtoldssal formazzuk a kivént fogpatisssd,

2. A 2. igénypont szerinti alkabmazds, ahol az Gvegherdmis 18bb mint 10 térifo~
gatth litlom-metaszilikat kristdiyt tartalmaz,

3. Az 1. igénypont szeninti alkalmazads, shol az Gvegkerdmia tobb mint 206 térfe-
gatt, &s kilGndsen elfinybsen tahb mint 30 técfogat¥% Htlum-metaszilikat kristdly tarta-
tomnal rendstkesik,

4, Az 1-3, igénvpontok barmelvike szerintl sikalmaras, ahol az Uvegkerdmia 85,0~
71,8, €¢ kiilBndsen 55,0-69,0 timeg% SiQ,-¢ tartabmaz.

5. Az 14, igénypontok barmelyike szerinti atkalmaras, ahol az Gvegkeramia, 0,5~
12,8, ds k{indsen 2,5-7.0 thmeg% magkeéped szert tartalmaz, ahol a magkepzd szer
kitndsen a Ps Ti0,, NbO;s $sfvagy fémek ksl van kivélassiva, eldnydsen R0y,

&, Az 1-5, igénypontok bdrmelyike szerintl alkalmazds, ahot az Uvegkeramia a
L0-n kivil tovabbi alkatifémonidot tartalmas, 1,0-7,0, «ldnvésen 2,0-7,0, &3 Miléndsen
eidnylsen 2,0-5,0 1dmeg% mennyiségben, ahol a tovabbi atkalifémoxid kildndsen a K0,
s ésfvagy RinQ, 85 eldnyvidsen a K0,

7. Az 1-6, igénypontok barmaelyike szerinti alkaimazas, shol az Gvegkerémia leg-
feljeblb 3,0 thmeg% alisliftidiem-oxidot tartaimaz, shol gz alkalifslnfém-oxid eldnytsen
a Ual, BaQ, Mol ésfvagy Srl

8. Az 17, igénypontok barmelyike srerintl alkaimazds, ahol az Uvegkeramia §,2~
16,0, killondsan 2,5-7,0 és slénydsen 53,5 tdmeg% mennyisdgben harom vegysrigky
glemek oxidialt tartalmazza, ahol a hdrom vegyartékd slemek oxidia kiiondsen AL Gy,
Yo, La; 05 8s/vagy 8505, €5 eldnyisen LD,

&, Az 1-R. jgénypontok bdrmelvike srerintl alkalmazds, ahot az Gvegkeramia lega-
{abh egy tovabbi, négy vegyértdkd slem oxididt, kidndsen Sny-t vagy Gale-t, egy to-
vahbi, 8t vegyérieki elem oxididt, kildndsen BLU6L vagy egy hat vegydriekd slem egy
axtdiat, killéndsen WQs-at vagy MoQs-at tartalmazza.

10. Ax 1-9. igénypontok barmelbyike szerintt alkelmazas, ahol az Gvegkerdamia az
alabbl komponensek b8z6! legaldbb egyvsl, eldnvisen mindegyiket tartalmazza:



Fod

Komponens témeag

S0y 55,0 ~ 63,0

K0 1,0 - 5,8
Al 8,5-3,5
P05 8.5 - 12,0, kitléndsen 2,5 -~ 7,0,

11, Az 10, igénypontok barmelyike szerintl alkalmazds, ahol az Gvegkerdmia ¥
artékiént mert tirdsi seildrdsdga legaldbb 1,5 MPa-m®, és kiiiBndsen t8bb mint 1,8
MPame,

13, Litumsziikat-tveg - mely a 3 kristdlyos faziskent Htium-metaszilikdt «1080a~
sara alkalmas magot tartalmaz, ahol az tveg az 1. vagy $-10. igdnypontok barmelyike
szerintt Uvegkeramia komponenseket tartalmazza - atkalmazésa, fogpdtids elbsilitasins,
ahotl 8z iveg sajtoldssal van a khvdnt fogpdtias formadra alakitea.

13. Az 1-12. igénypontok bdrmelyike szarintt alkalmazds, abot ax (ivegkeramia
vagy az {veg por vagy nyers munkadarab formajaban van.

14, Ar 1-13. igénypontok barmelyike szerinti alkalmazas, inlayek, onlayek, boritd~
sok, koronarészek, korondk, hejak vagy fogdszati felépltmeények lddiiitasara,

15, Bljards fogpdtids oi8dilitasdry, ahol egy, az 1-11. vagy 13, igénypont szerintl
(veglkerdmiat vagy a 12. vagy 13. igénypont srerinti Gveget sajtolssat a kivént fogpdt-
gss8 alskiiuk.

18, & 15, ipénypont szerinti elidrds, dvegkerdmia vagy Uveg elballitasara, ahol az
{ivegkerdmia vagy Uveyg komponenseit tartalimazd kiindulds) dveget legaldbb egy hikeze-
idsnek vetitk ald, 450-250%C hdémérsékieten.
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