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JPP1222NP Express Mail No.EJ464338021US

PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

-

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No. 60/1 53,916, filed
September 14, 1999, U.S. Provisional Application No. 60/122,558, filed March 2, 1999, and
U.S. Provisional Application No. 60/111,872, filed December 11, 1998, all which are

incorporated herein by reference.

FIELD OF INVENTION

This invention relates generally to glass-ceramics comprising lithium disilicate and

more specifically to- glass-ceramics for use in the manufacture of dental restorations and

methods of manufacture thereof,

BACKGROUND OF THE INVENTION

The use of lithium disilicate glass ceramics for use in dental restorations has been

suggested in the prior art. U.S. Patent No. 4,189,325 to Barret et al. is directed to a glass-

ceramic comprising lithium disilicate for use in dental restorations. The glass ceramic

requires the presence of Nb,Os and Pt as nucleation agents. Barrett et al. introduced dental

restorations made from castable lithium disilicate glass-ceramics in the Li‘z-O-CaO-AhO;—

SiO; system nucleated by Pt and Nb,Os. According to Barret et al., dental restorations are

made by casting a melt into an investment mold, and devitrifying thereafter.

U.S. Patent No. 4,515,634 to Wu et al. is directed to a castable glass-ceramic

composition wherein the glass is melted and cast into a shape and is crystallized after it has

been shaped. Therefore, the crystallization process is performed by the technician making the

résto;ation,‘ not the manufacturer of the dental material. Wu set al. suggests one way to -

improve propetties of castable lithium disilicate dental restorations within the same Li,O-

/)‘ 1
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Ca0-Al,0;-Si0, system as described by Barrett et al. is by utilization of P,Os as a nucleating
agent. Both Barrett et al. and Wu et al. describe castable compositions having CaO as an
essential ingredient believed to improve chemical durability of the resulting glass-ceramics.
Chemical durability is one of the major issues that the Wu and Barrett inventions fail to
address. ‘For example, total alkali leaching rates for materials presented in Wu’s examples
were four to five times higher than those for commercial dental porcelain.

Castable dental ceramics as described in Barret et al. and Wu et al. employ melting
glass ingots supplied by a manufacturer and castlng dental articles into a refractory
investment mold. Following the casting process, the cast articles are devitrified (crystallized)
by the requl_red heat-treatment steps. This process is very similar to casting metals whereby a
heat-treatrnent'Step follows the casting process to increase hardness and strength. |

U.S. Patent Nos. 5,507,981 and 5,702,514 to Petticrew teach lithium disilicate '
composiﬁons for use in dental restorations, but the method described therein implies forming -
glass into the shape of a dental restoration at temperatures much higher than the meltlng »
temperature of lithium disilicate and heat-treating the dental restoration after forming to
convert the glass into a glass-ceramic.

German Patent Application No. DE1 9647739 to Schwelger etal. is dlrected to lithium
disilicate cOmp051t10ns for use in dental restorations. The glass-ceramic bodies or blanks
used to press dental restorations are defined as “sinterable glass cerarrlics” which are
produced from the starting amorphous glass powder by simultaneous smtermg and powder
crystallizing, which process is also known as surface crystallization, The glass must be in
powder form to be crystallized. Additionally, the lithium disilicate composmons therem

require the presence of La;O3, MgO and ZnO.

. Many of the lithium disilicate compositions in the prior art require castmg of the glass
into the desired shape and crystallizing thereafter. The glass must be formed into the ﬁnal}y
desired shape and thereafter heat treated to crystallize into a lithium disilicate phase. This
may result in structural and other problems, since the microstructure is not formed by the

dental materials manufacturer, but by the technician fabricating the dental restoration.
, //
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Overprocessing by a technician may change the microstructure of the material to something
not preferred or desired by the dental materials manufacturer. Moreover, some of the prior

art compositions require the forming of the glass ceramics by surface crystallization, limiting .
the forming and compositional possibilities of the material. \

It is desirable to provide a lithium disilicate glass-ceramic which is pressable after the
lithium disilicate is formed. It is beneficial to provide a lithium disilicate glass ceramic for
use in the fabrication of dental restorations wherein crystallization is carried out by the dental
materials manufacturer in the most controlled manner. It is beneficial to provide translucent

lithium disilicate glass ceramics having high strength and good presssability.

SUMMARY OF THE INVENTION

This invention is directed to lithium disilicate (Li,Si,0s) based glass-ceramics
comprising silica, lithium oxide, alumina, potassium oxide and phosphorus pentoxide in
addition to other components listed below. The glass-ceramics are useful in the fabrication of -
single and multi-unit dental restorations including but not limited to orthodontic appliances,
bridges, space maintainers, tooth replacement appliances, splints, crowns, partial crowns,
dentures, pbsts, teeth, jackets, inlays, onlays, facing, veneers, facets, implants, abutments,
cylinders, and connectors made by heat pressing into refractory investment molds produced
using lost wax techniques. The glass-ceramics have good pressability, i.e., the ability to be
formed into dental articles by heat pressing, also known as hot pressing, or injection molding,
usiﬁg commercially available equipment. '

In accordance with one embodiment directed to the process of making the glass-
ceramics, the compositions herein are melted at about 1200° to about 1600°C and preferably
in the range of abdut 1300° to about 1400°C for a period of time, preferably for about 4 hours
and thereafter quenched (e.g., water quenched or roller quenched) or cast into steel molds, or
alternately, cooled to the crystallization temperature.

The resulting glass is heat-treated to form a glass-ceramic via a one or two step heat-

treatment cycle preferably in the temperature range of about 400° to about 1 100°C. This

[
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crystallization heat treatment may comprise a nucleation step and a crystal growth step.
Depending on the composition, the first, nucleation step, may be carried out in the range of
about 450°C to about 700°C and preferably in the range of about 500°C to about 650°C for
about 0.5 to about 4 hours and the second, crystal growth step, may be carried out in the
range of about 800°C to about 1000°C and preferably in the range of about 830°C to about
930°C for about 0.5 to about 48 hours. The most preferable heat treatment comprises about a
one hour soak at about 645°C and a subsequent four hour soak at about 850°C.

The resulting glass ceramics are then pulverized into powder and used to form
pressable pellets and/or blanks of desired shapes, sizes and structures. Additives may be
mixed with the powder prior to forming into pellets or blanks. These pellets and blanks may
be used for pressing cores or other frameworks or shapes for dental restorations. The blank or
pellet may be subjected to viscous deformation at a temperature in the range of about 800° to
about 1200°C, and more preferably in the range of about 850° to about 950°C, and most
preferably at less than about 930°C, under vacuum and with the application of pressure of
between about 2 to about 8 bar (0.2 to 0.8 MPa) and preferably no greater than about 6 bar
0.6 MPa) to obtain a dental restoration. Moreover, it is possible that the blanks may be

machined to a dental restoration of desired geometry.

BRIEF DESCRIPTION OF THE DRAWINGS

Features of the present invention are disclosed in the accompanying drawing,
wherein:

Figure 1 is perspective view of a plunger system in a pressing furnace for use in the

fabrication of dental restorations in accordance with the invention.

DESCRIPTION OF THE INVENTION

As will be appreciated, the present invention provides glass-ceramic compositions
comprising a glassy matrix and lithium disilicate (Li;S1,0s). The glass-ceramics are useful
for the fabrication of dental restorations. The compositions of the lithium disilicate glass-

i
g

4

ht
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ceramics comprise inter alia, silica, lithium oxide, alumina, potassium oxide and phosphorus
pentoxide in the ranges given in Table 1 below. The glass-ceramic compositions of the
invention have a combination of properties useful for dental restorations. The glass-ceramics
have good pressability, i.e., the ability to be formed into dental articles by heat pressing, also
known as hot pressing, or injection molding, using commercially available equipment.

Pressable ceramics employ some form of hot-pressing or injection-molding of the
glass-ceramic materials, which are typically in the form of pellets. The pellets contain one or
more crystalline phases and their morphology as well as volume fraction are not significantly
altered in the course of pressing. One reason for this is that the pressing temperature is
typically lower than the melting temperature of the crystalline phases. This is a major
advantage because microstructure is formed in the controlled conditions by the manufacturer
of the glass-ceramic materials, e.g., pellets. Following pressing, the resulting dental article
does not require crystallization heat-treatment.

The glass-ceramic pellets can be formed by a number of processes: (1) Glass can be
cast into the shape of pellet. Pellets are taken from the mold and crystallized. These pellets
can not be shaded by the addition of pigments. (2) Glass can be crystallized in bulk and
subsequently milled into powder. Pigments and other additives can be added to the powder.
The powder is formed into a pellet and partially or fully sintered. Pigments, if added, create
color centers that impart a certain color to a translucent body of the dental article pressed
from the pellet. The mechanism of crystallization in the two processes described above is
volume crystallization.

Alternatively, surface crystallization may be utilized to crystallize a portion of the
glass into one or more crystal phases. This involves milling glass into powder. Pigments and
other additives can be added to the powder. This glass powder (amorphous, not crystalline)
is formed into a pellet. The glass pellet is sintered and crystallized in the same firing cycle.
Not all glass-ceramic materials can be crystallized and sintered simultaneously. Only certain
materials and compositions prone to surface crystallization can be processed this way. The

glass-ceramics processed from glass powder via simultaneous sintering and crystallization are

4
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sometimes called "sintered" glass-ceramics. Another term that can be used is "sinterable"

glass-ceramics.

The compositions herein are prepared by mixing, in the desired proportions, the

oxides and/or compounds that decompose to form the oxides, followed by fusing the

ingredients to obtain the compositions in Table 1. Convenient raw material include lithium

carbonate, silica, alumina, carbonates of K, Na, Ca, ammonium phosphate, tricalcium

aluminate, aluminum phosphate or aluminum metaphosphate and if necessary, Ta;Os, CeO,

Tb4O-, titanium dioxide, and zirconium dioxide.

Table 1 /
Oxide, | Rangel Range 2 Range 3 Range 4 “Range 5 Range 6
W% /
Si0; about 62 to about about 64 to about about 62-85 about 64-70 / about 64 to about about 62 to about
85 70 . 70 76
B,;0; about 0 toabout 4.9 | about 0 - about 2.7 | about 0-4.9 about O—V/ about 0.5 - about about 0 - about 5
3.0
AlLOs about 1.5 to about about 1.5 to about about 5.1-10 about$.2-9.0 about 1.5 to about about 1.5 to about
10 6.0 6.0 10
F about 0 to about about 0 to about about 0 to about a}Jﬁut 0 to about about 0 to about about 0 to about
1.5 1.5 1.5 NS 1.5 1.5
Zn0 about 0 to about 5 about 0 to about 2 about 0-5 about 0-2 D e—— about 0 to about 5
Ca0 about 0 to about 7 about 0 to about about 0-7 / about 0-0.9 about 0 to about about 0 to about 7
0.9 0.9
MgO about O to about2 | aboutOtoabout2 | aboutOtoabout2 | aboutOtoabout2 |  —-eemeew--- about ( to about 2
BaO about 0 to about 7 about 0 to about 7 about 0 to about 7 about 0 to about 7 about 0 to about 7 about 0 to about 7
SrQ about 0 to about 1 about 0 to about 1 about 0 to/about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1
Cs;:0 about 0 to about 5 | about0 toabout5 | about Ofoabout5 | aboutOtoabout5 | aboutOtoabout5 | about O toabout$S
Li,O about 8 to about 19 | about 10 to about about/8-19 about 10-15 about 10 to about about 8 to about 19
15 15
K.0 about 2.5 to about | about 2.5 to about ?béut 0-7 about 0-5 about 2.2 to about | about 0 to about 7
7 5 5
Na,O about 0 to about 5 about 0 to about 3 | about 0-5 about 0-3 about 0.5 to about about 0 to about 5
3
TiO, about 0 to about 2 about 0 to about 2 about 0 to about 2 about 0 to about 2 about 0 to about 2 about 0 to about 2
Zr0, about 0 to about 3 about ( to abc?nt' 3 about 0 to about 3 about 0 to about 3 about 0 to about 3 about 0 to about 3
P,0s about 0.5 to about | about 2 tc>/a60ut 7 | about0.5-12 about 2-7 about 2 to about 7 | about 0.3 to about
12 7.0
$nO, about 0 to about 1 about 0Ao about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1
Sb,04 about 0 to about 1 | about® to about 1 about 0 to about 1 about 0 to about 1 | about 0 to about 1 | about 0 to about 1
Y20, about 0 to about 3 aboﬁt 0 to about 3 about 0 to about 3 about 0 to about 3 about 0 to about 3 about 0 to about 3
CeO, about 0 to about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1 about 0 to about 1
Ew,0; about 0 to about 1 {/about 0 to about 1 about 0 to about 1 about 0 to about 1 [ about 0 to about 1 about 0 to about 1
TbeO; | about to about 1 /] about0toabout 1 | aboutOtoaboutl | aboutto about 1 | about 0 toabout1 | about 0 to about 1
Nb,0s about 0 to about 2 | about O to about2 | about 0 to about2 | about 0 toabout2 | aboutO to about2 | about 0 to about 2
TayOs about 0 to abyt 2 about 0 to about 2 about 0 to about 2 about 0 to about 2 about 0 to about 2 about 0.5 to about
8.0
y
3
g P
A
g
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The compositions in Table 1 are melted at about 1200° to about 1600°C and
preferably in the range of about 1300° to about 1400°C for a period of time, preferably for
about 4 hours and thereafter quenched (e.g., water quenched or roller quenched), cast into
steel molds, or alternately, cooled to the crystallization temperature. If the melt is cooled to

5 the crystallization temperature, it may remain in the same furnace.

The resulting glass is heat-treated to form glass-ceramics using a one or a two step
heat-treatment cycle preferably in the temperature range of about 400° to about 1100°C. This
crystallization heat-treatment may comprise a nucleation step and a crystal growth step.
Depending on the composition, the first, nucleation step, may be catried out in the range of

10 about 450°C to about 700°C and preferably in the range of about 500°C to about 650°C for
about 0.5 to about 4 hours and the second, crystal growth step, may be carried out in the
range of about 800°C to about 1000°C and preferably in the range of about 830°C to about
930°C for about 0.5 to about 48 hours. The most preferable heat treatment comprises about a
one hour soak at about 645°C and a subsequent four hour soak at about 850°C.

The glass ceramics comprise lithium disilicate. The resulting glass ceramics are then
pulverized into powder sieved to —~200 mesh to provide powdei' with average particle sizes of
about 30 to about 40 microns. Pigments, fluorescing agents, opacifying agents, and the like
may be added to the powder in a wide range in an amount between about 0 and about 6 wt%

and preferably in the amount of between about 0 and about 5 wt% and most preferably in the

amount of about 0% to about 3 wit%. Moreover, reinforcing agents may be added to the
powder in an amount of from about 0 to about 30 vol % and more preferably in an amount of
from about 0 to about 20 vol %. The reinforcing agents may include fibers, whiskers, and
particulate fillers and may be fabricated of any known material, preferably a glass or ceramic
material. . -

25 * The powders may be used toXprm and fuse pressable pellets and/or blanks of desired

| shapes, sizes and structures. These pelle and blanks may be used for pressing cores or other
frameworks or shapes for dental restorations, The blank or pellet may be subjected to viscous

/\)C’\ deformation at a temperature in the range of abbut 800° to about 1200°C, and more

GC Corporation, et al.
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preferably in the range of about 850° to about 950°C, and m feferably at less than about
ssure of between about 2 to about 8 bar
than about 6 bar (0.6 MPa) to obtain a dental

Sible that the blanks may be machined to a dental restoration

930°C, under vacuum and with the application o
(0.2 - 0.8 MPa) and preferably no gre
restoration. Moreover, it is
of desired geometry using commercially available milling equipment such as the Maho HGF
500 5 Axis Milling Machine available from Fraunhofer Institut Produktionstechnologie,
wan'an alternative method herein, the compositions in Table 1 are melted at about
1200° to about 160i)°C and preferably in the range of about 1300° to about 1400°C for a
period of time, preferably for about 4 hours and thereafter water quenched or cast into steel
molds.

The quenched glass is comminuted to a powder. Pigments, fluorescing agents,
opacifying agents, and the like may be added to the powder in a wide range in an amount
between about 0 and about 6 wt% and preferably in the amount of between about 0 and about
5 wi% and most preferably in the amount of about 0% to about 3 wt%. Moreover,
reinforcing agents may be added to the powder in an amount of from about 0 to about 30 vol
% and more preferably in an amount of from about 0 to about 20 vol %. The reinforcing
agents may include fibers, whiskers, and particulate fillers and may be fabricated of any
known material, preferably a ceramic material.

The powder is compacted into a pellet or starting blank. The blank is thereafter
simultaneously sintered and crystallized. Heat treatment may be one or more cycles in the
temperature range of about 400° to about 1100°C. The crystallization may comprise a
nucleation step and a crystal growth step. Depending on the composition, the first, nucleation
step, may be carried out in the range of about 450°C to about 700°C and preferably in the
range of about 500°C to about 650°C for about 0.5 to about 4 hours and the second, crystal
growth step, may be carried out in the range of about 800°C to about 1000°C and preferably
in the range of about 830°C to about 930°C for about 0.5 to about 48 hours. The most

preferable heat treatment comprises about a one hour soak at about 645°C and a subsequent

GC Corporation, et al.
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four hour soak at about 850°C.

The blank or pellet may be subjected to viscous deformation at a temperature in the
range of about 800° to about 1200°C, and more preferably in the range of about 850° to about
950°C, and most preferably at less than about 930°C, under vacuum and with the application
of pressure of about between about 2 to about 8 bar (0.2 - 0.8 MPa) and preferably no greater
than 6 bar (0.6 MPa) to obtain a dental restoration. Moreover, it is possible that the blanks
may be machined to a dental restoration of desired geometry.

To achieve the required combination of properties, namely sufficient strength,
formability below 950°C, by heat-pressing using commercially available dental presses such
as the Autopress® Plus available from Jeneric/Pentron, Wallingford, CT, translucency and
chemical durability, the optimal chemical combinations and crystallization treatment of the
present invention are necessary. The best properties are obtained when the lithium
metasilicate (Li,Si03) and silica phases are nearly absent, the volume fraction of Li3PO4 is
less than about 5% and the volume fraction of lithium disilicate (Li,Si,Os) is between about
35% and about 60%. High aspect ratio morphology of the lithium disilicate phase is
important and is believed to enhance mechanical properties, i.e., strength and fracture
toughness of the glass-ceramic.

Li,O and SiO, are instrumental in crystallizing the required amount of the lithium
dislicate phase in the compositions of the present invention. Additionally, BaO and CsyO
stabilize the residual glass and boost the refractive index of the residual glass to match that of
lithium disilicate. AlO; and to a lesser extent, B,Os3, if less than 3%, yield chemically
durable glass-ceramics that exhibit a sufficiently low solubility. Alkali (Na, K, Cs) and
alkaline earth metal (Ca, Ba) oxides are required to lower processing temperatures of the
glass-ceramic. However some of them affect chemical durability more than others. With
respect to the following group of alkali metals and alkaline earth metals of potassium,
calcium, sodium, and barium; potassium is associated with the smallest decrease in chemical
durability of lithium containing glasses, with calcium being next, and sodium and barium

affecting chemical durability the most. However, the best combination of properties is
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achieved when those oxides are used in combination to achieve the so-called “mixed alkali

effect.” F lowers the viscosity of the glass-matrix and enhances formability at temperatures

below about 950°C. Y,0s in combination with Ce,03, Eu;03 and TbsO7 modify the

refractive index as well as impart fluorescence. Nb,Os and Ta,Os modify the refractive index
5 as well as aid nucleation and chemical durability of the resulting glass ceramics.

The following Table 2 illustrates examples of the compositions of the invention.

' Table 2 /

[/Oxide, Ex.1 | Ex.2 | Bx.3 | Ex.4 | Ex.5 | Ex.6 | Ex.7 | Ex. 8 | Ex. Ex. Ex. Ex. A Bx. Ex. Ex.
wit% 9 10 11 12 13 14 |15
Si0; 688 | 700 | 701 | 654 | 707 | 709 | 681 |695 |72 69.0 | 68.8 74 672 | 689 | 72
B;0; 12 1.0 RN u— IR U u— 13 2.9 | e 1.3 / 1.0 12 0.9 2.0

. ALO; 4.8 49 52 8.1 53 53 4.7 48 5.1 6.0 48 / 5 4.7 4.7 45
F | - | e | 14 02 | v | weeen RN RN [— // ----- [N R
Zn0 PSR, [— JRNNSE U [ S R RSN, [N |URUUR VIR u—
CaO 0.9 0.5 22 | - e [ |20 20 | 1.0 1 1 0.5 0
MgO | - USSR, [N, - I DU VIR [N (NS —

/
BaO 2.8 14 | weemn 38 |54 [54 |- | — - 2.(7 2.8 27 | 27 14 | 20
SI0 | e VAR DRSPS IR, U [ - / NN NN IR [N [u— J—
Cs;0 RN I 4.1 49 |49 f— / U NN, |— JINNNR U J— -
Li;0 144 | 147 | 147 | 134 | 110 [ 108 | 143 | 14 130 [ 153 | 144 15 141 | 143 | 13.0
K0 2.5 2.5 4.6 17 | = | 4.4 /1.5 2.0 2.1 22 22 22 2.0 2.0
/

Na,0 1.4 1.4 RS [ JEUIS, |— u—/ ------------------ 15 14 1.4 13 |
TiO, e | e | e | - [ [ - - / (SR [ [ NS [ PR [
710, | e e | e | oo | een — /-._.. RSN ISR R | | e P (— J—
P,0s 33 3.6 34 2.7 2.7 2.7 33 3.4 3.0 4.0 33 335 32 35 3.0
SnO, JENEN T R JE— A [N [USUEI p—— [N U D .
Sb;05 PR [— e | e / AN IS e | RO (SR U, [N UV J—
Y:0s RN [UUIUU [PDIN [ / ------ DN . 0.5 08 | - U [N, J— 0.5
CeO; | wmeeem RN [P R / ------ 0.4 | - 05 | - e | 04 0.4 0.3 0.6
N R g e p— / ----------- R 0.5 IR I R RN — 0.6
Tbs0, e el B f ------- ————— 0.8 | e | e ] 09 | -— 0.3 —————
Nb,Os | ——r R, [— / -------------------------------- RN R U, JSUUSUR, | — SR

10
a
.
o
| |
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Ta:0s I U P e cre | 20 | e | e | e — V19 | 20 1.8
/|

Three-

Point /

Flexural 4301/ 420+ 440+ 400+

Strength /

per 18O 0 60 60 50

6872, /

MPa

As- / 50 42 25 34

pressed

Opacity
(relativeo
pacity .

units) Vi

CTE 104 87 | 10.1- 105 | 100 | 9.9
(25°C-
500°C), 10.6

10%c! /

The following examples illustrate the invention.
Examples

Glass-ceramic compositions of the present invention were utilized to make glass-
cerai_nic pellets. These pellets were used to make rectangular bars and rods for measuring the
flexural strength by heat-pressing these pellets into the cavity of the refractory investment
mold. The process was the same as that used to make dental restorations. The three-point
flexure strength was greater or equal to 300 MPa. This strength is sufficient for multi-unit
restorations such as anterior bridges. The compositions have a significant amount of glass
phase, i.e., approximately 50% glass phase which enhances the pressability thereof.

Moreover, the closeness of refractive indices of the matrix glass (~1 .5) and that of the
crystallized phase - lithium disilicate - (~1.55) allows for the possibility of translucent glass-
ceramics. Specifically in the present invention, the refractive index of the glass matrix is
increased to match that of the lithium disilicate phase by adding small amounts of heavy ions
such as, but not limited to, Sr, Y, Nb, Cs, Ba, Ta, Ce, Eu and Tb.

The following examples in Table 3 illustrate the effect of different additions on
translucency, strength and reactivity with investment of the resulting glass ceramics. The
composition of Example 11 (Table 2) was selected as a control composition for the purposes
of this study. This composition was modified by adding 0.13 mole% of CeO,, or 0.06 mole%
of TbsO4, or 0.26 mole% of Ta,Os, or La; 03, or Y,03; and combinations of the latter with

CeO,. Opacity was measured on the pressed disk using an optical densitometer. Reactivity

11

FRW.
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with investment was evaluated qualitatively by visual inspection of disks and copings prior to
and after sand-blasting of the reaction layer. Surfaces of the disks were inspected for pittings
under low-magnification (8x) stereomicroscope. Compositions comprising combinations of

Ta,0s, and CeO, were found to have the best combination of high translucency (low opacity)

5 and low reactivity with the investment.

Table 3
Oxide, wt% Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
11* | 16 17 18 19 20 21 22 13* |23
SiO, 638 | 6812 685 | 682 | 675 | 678 | 679 | 68.0 | 672 | 675
B20s 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
¥ AlLO;s 4.8 4.7 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7
/ Ca0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
& BaO 2.8 2.7 2.8 2.7 2.7 2.7 2.7 2.7 2.7 2.7
~ Li;O 14.4 14.3 143 [ 143 14.1 142 | 142 [ 142 14.1 14.1
K,0 2.2 2.2 2.2 22 22 2.2 2.2 22 2.2 22
Na,0 1.5 1.4 1.5 1.4 14 14 14 14 1.4 1.4
P,0s 33 33 33 33 33 33 33 33 32 33
Y103 worome | 1.04 | memme | cmeem ] wmmen | eweee- 1.04 | --—-- el M
CeO, e L e e s 039 | 039 | 039 | 0.39
TbsOy cuene | wwmeem | o= | 0.85 [ e el M 0.85 | ommee | e
Ta;0Os [l Rl R wemme | 202 [ wemewn | e el X )
La203 PR [ M J— S VT [ e— 1.49
3-pt Flexure
Strength per ISO | 420+ 440+
6872, MPa 60 60
As-Pressed Rod 3- | 370+ 370+
pt Flexure Strength, | 40 30
MPa
As-pressed Opacity | 42 35 39 37 27 25 31 32 25 24
(relative  opacity
units)
Reactivity  with | —- | Medi | Lowe | High Medi | High | Lowe | Medi | Lowe | The
investment material um r er um er r um r High
est

*Correspond to compositions in Table 2.

Pellets of the compésitions of Examples 2, 11, 13 and 14 were used to press a variety
of dental articles in the AutoPress® dental press (Jeneric/Pentron, Wallingford, CT) at
10 pressing cycles carried out under vacﬁum and involving heating from 700°C to 920°C and
holding the temperature for 20 minutes prior to initiation of the pressing cycle. Pressure of
0.5 MPa was applied for 7 minutes through a mold-plunger assembly schematically shown in
Figure 1. The plunger assembly used to press the pellets into dental restorations may be the

system set forth in copending commonly assigned application Serial No. 09/431,659, filed

atlen -
sztl!
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with investment was evaluated qualitatively by visual inspection of disks and copings prior to
and after sand-blasting of the reaction layer. Surfaces of the disks were inspected for pittings
under low-magnification (8x) stereomicroscope. Compositions comprising combinations of

Ta,0s, and CeO, were found to have the best combination of high translucency (low opacity)

and low reactivity with the investment.

Table 3
Oxide, wt% Ex. Ex. Ex. Ex. ExX. Ex. Ex. Ex. Ex. Ex.
11* | 16 17 18 19 20 21 22 13* | 23

Si0, 688 | 6812 | 685 | 682 | 675 | 678 | 679 | 68.0 | 672 | 675

B,03 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 12

AlL,O; 4.8 4.7 4.8 4.7 4.7 4.7 4.7 4.7 47 4.7

Ca0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

BaO 2.8 27 2.8 2.7 2.7 2.7 2.7 2.7 2.7 2.7

Li;O 14.4 143 14.3 14.3 14.1 142 | 142 | 142 14.1 14.1

K,0 22 2.2 22 2.2 2.2 22 22 22 22 2.2 !

Na,O 1.5 1.4 1.5 1.4 1.4 14 1.4 1.4 14 [ 14

P20s 33 33 33 33 33 33 33 3.3 32 3.3

Y20s e | 1.04 [ eomeem | emenn P e B e e P

CeQy | e e | 039 | ——= [~ | = ] 039 | 039 | 039 | 039

TbyO7 | e | e o 0.85 | we=eme | mewmem | mmmeen 0.85 | -me P —

Tag0s | e | memen | ememmm | emeeee 2.02 | aweeem | e o | 2,01 | emee—

La203 wmmmmm | mmemmn | mmemee wmemnn e 1.5 e | mmm 1.49

3-pt Flexure

Strength per ISO | 420+ 440+

6872, MPa 60 60

As-Pressed Rod 3- | 370+ 370+

pt Flexure Strength, | 40 30

MPa

As-pressed Opacity | 42 35 39 37 27 25 31 32 25 24

(relative  opacity

units)

Reactivity  with | - | Medi | Lowe | High Medi | High | Lowe | Medi | Lowe | The

investment material um r er um er r um r High
est

*Correspond to compositions in Table 2.

Pellets of the compésitions of Examples 2, 11, 13 and 14 were used to press a variety
of dental articles in the AutoPress® dental press (Jeneric/Pentron, Wallingford, CT) at
pressing cycles carried out under vacﬁum and involving heating from 700°C to 920°C and
holding the temperature for 20 minutes prior to initiation of the pressing cycle. Pressure of
0.5 MPa was applied for 7 minutes through a mold-plunger assembly schematically shown in
Figure 1. The plunger assembly used to press the pellets into dental restorations may be the
system set forth in copending commonly assigned application Serial No. 09/431,659, filed

plllal"‘“)
sizh 1!
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November 1, 1999, which is hereby incorporated by reference. Disks of compositions of
examples 11 and 13 were pressed as described above and chemical solubility was measured
according to ISO 6872 and found to be significantly lower than the acceptable limit of 100
ug/cmz.

The glass-ceramics of the present invention have the capability to be pressed into a
single or multi-unit dental restorations at temperatures below about 950°C using already
existing, commercially available equipment such as the Autopress®available from
Jeneric/Pentron, Wallingford, CT. Pressability or ability to flow and be pressed into complex
shapes of dental restorations at these temperatures is achieved due to the presence of a
sufficient amount of the residual glass in the resulting glass-ceramic, in the range of about
15%-60% by volume. The glass-ceramics of the present invention have the capability to be
shaded by admixing pigments to the glass-ceramic powder by methods commonly used for
dental porcelains. '

As will be appreciated, the present invention provides a simple and effective method
for producing lithium disilicate glass-ceramic compositions and dental restorations therefrom.
While various descriptions of the present invention are described above, it should be
understood that the various features can be used singly or in any combination thereof.
Therefore, this invention is not to be limited to only the specifically preferred embodiments
depicted herein. ‘ '

Further, it should be understood that variations and modifications within the spirit and
scope of the invention may occur to those skilled in the att to which the invention pertains.
Accordingly, all expedient modifications readily attainable by one versed in the art from the
disclosure set forth herein that are within the scope and spirit of the present invention are to
be included as further embodiments of the present invention. The scope of the present

invention is accordingly defined as set forth in the appended claims.
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CLAIMS

What Is Claimed Is;
L A glass-ceramic composition prising in weight percent:
about 62 to about 85% SiO; ;
about 1.5 to about 10%
about 8 to aboup19% Li,0;

| about 2.5.46 about 7% K,0; and
f abouf 0.5 to about 12 % P,0s.

s

10 2. The glass-ceramre congposition of claim 1 whereby the glass-ceramic
T
is pressable. o

3. The glass-ceramic composition of claim 1 further comprising in’weight

e

percent:
up to about 4.9% B,0s;
up to about 1.5% F;

up to about 5% ZnO;
up to about 7% CaO;
up to about 2% NgO;

up to about
up to about

up to about

up to about
up to about 2% T{O,;
25 up to about 3%/ZrO,;

up to about 1% SnOy;
up to about/1% Sb,03;
up to aboyht 3% Y,0s;

14
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up to about 1% CeO;

up to about 1% Eu;0s3;

up to about 1% Tb,407;

up to about 2% Nb,0s; and
up to about 2% Ta,0s.

o

W/ A dénta] restoration comprising the glass-ceramic of>claim 1.
A method of making a lithium disilicate dental restoration comprising:

meltmg a starting glass composition at temperatures within the range of about 1200 to

about 1600°C;

quenching the glass melt;

subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a
glass-ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

(£ % A method of making a lithium disilicate dental product comprising:
meltmg a starting glass composition at temperatures within the range of about
1200 to about 1600°C;
quenchmg the glass melt;
subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a
glass-ceramic; '

comminuting the glass ceramic to a powder;

GC Corporation, et al.
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compacting the powder to a starting blank; and

sintering the blank. {
W The method of clal herein the blank is manufactured to a desired
5 ape and structure.

A
The method of clainy6 wherein the blank is sintered to full density.

\

9. The method of claind ¢ wherein crystallization of lithium disilicate is
10 ; effected in the glass after the que: tep.
v ] ) { 2 Ty
=4 S
/29/\17 . The method of clainj% ‘wherein the powder is sieved to the required

mesh size prior to the compacting step.

| T *:,7
15 M The method of clain¥8 further including adding additives to the

& powder prior to the compacting step.

W%}# The method of claini-¥{ wherein the additives comprise pigments,

fluorescing agents, opacifying agents.
20 & ¥
/3"(“(/ 7‘({@ The method of claim }2 wherein the additives comprise reinforcing

agents.

ﬂ’g) %J%/ The method of claur%gf herein the reinforcing agents comprise one

25 of fibers, whiskers, particles and mixtures thereof.

)

. Ay
W ﬂ —}Z) The method of claim ‘} wherein the reinforcing agents are fabricated

of ceramic material.
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,«,Z:\ %}é The method of clmm%s’vherem the sintering of the starting blank

comprises heating to a temperature in the range of about 800° to about 1000°C.

Y i i
5 ';2}‘@ ) 7.  The method of clainf@Avhe

rein the sintering of the starting blank
comprises heating to a temperature in the range of about 850° to about 950°C

’léﬂ‘ M é The method of clau\% herein the sintered starting blank is subjected

to viscous deformation at a temperature in the range of from about 850° to about

10

950°C under vacuum and at a pressure not exceeding about 6 bar to obtained the
desired shape.

@ . The method of clalg herein the sintered blank is machined to a
dental restoration of desired shape.

o 15 .ﬁr I§ é(
: %(\ M The method of clalm/6 wherein the dental product is a dental core and

i is provided with one or more coatings.

;’: ?J 1.  The method of claim%20 wherei
=

herein the one or more coatings is selected
20 from a ceramic, a sintered ceramic, a glass ceramic, a porcelain, a glass, a glaze, a
composite and mixtures thereof.

ey Y

The method of claim,26 wherein the one or more coatings has a firing

temperature in the range of about 700° to about 900°C and a coefficent of thermal
25 expansion (measured from room temperature to its transition temperature) of within

about + 2.0 x 10/ °C of the dental product (measured at the same temperature range)

4& % W The dental restoration of clail\%formed into a component selected

17
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from orthodontic appliances, bridges, space maintainers, tooth replacement
appliances, splints, crowns, partial crowns, dentures, posts, teeth, jackets, inlays,

onlays, facing, veneers, facets, implants, abutments, cylinders, and connector.

5 é % A blank for the manufacture of a dental restoration comprising the

ﬂ glass ceramic of claim 1.
o

n
ryéq M The method of cl arﬁg wherein the glass-ceramic comprises in weight

percent
10 about 62 to about 85% SiO;;
about 1.5 to about 10% Al,Os;
about 8 to about 19% Li,O;
about 2.5 to about 7% K,0; and
about 0.5 to about 12 % P,0s. 27

27 l
%g %}@ The method of claivq%erein the glass-ceramic further comprises

~ in weight percent:

up to about 4.9% B,0;;
up to about 1.5% F;

up to about 5% ZnO;

up to about 7% CaO;
up to about 2% MgO;
up to about 7% BaO;
up to about 1% SrO;
25 ~up to about 5% Cs;0;
up to about 5% Na,0;
up to about 2% TiOs;
up to about 3% ZrOx;
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up to about 1% SnO»;

up to about 1% Sby03;

up to about 1% Sb,0s;

up to about 3% Y,03;

up to about 1% CeO,;

up to about 1% Eu,0s;

up to about 1% TbyO7;

up to about 2% Nb,Os; and
up to about 2% Ta,0s.

27. A method of making alithium disilicate dental product comprising:

melting a starting glass cogprising a composition at temperatures within the

range of about 1200 to about 1600°C;

cooling the glass melf'to the crystallization temperature to form a glass-

ceramic;

quenching the glass-ceramic;

comminuting the glass ceramic to a powder;
compactihg e powder to a starting blank; and
sintering the blank.

28.  The method of clai 7/wherein the sintering imparts sufficient
strength for further handling of th

bﬁ\ W The method of claim %herein the powder is sieved to the required

mesh size prior to the compacting step.

‘ v %
%397 The method of claim 27 further including adding additives to the

powder prior to the compacting step.
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%j . The method of clain¥38"wherein the additives comprise pigments,

uorescing agents, opacifying agents.
1-7I;‘f

, A 2¢
5 t»(tb @ 32/ The method of claithg wherein the additives comprise reinforcing

agents.

%& % 3.  The method of claim 3% herein the reinforcing agents comprise one
of ﬁbers, whiskers, particles and mixtures thereof.

10 &@
J){Q/ 4. The method of claim 42’wherein the reinforcing agents are fabricated
'“_L;: of ceramic material.
“‘;; \)\? %}5, The method of clalm%herem the sintering of the starting blank
i’f’i 15 comprises heating to a tcmperature in the range of about 800 to about 1000°C.

i

M&% g%f The method of claim gt wlggin the sintering of the starting blank

comprises heating to a temperature in the range of about 850 to about 950°C.

@6%/ The method of c&airrﬁlherein the sintered starting blank is

subjected to viscous deformation at a temperature in the range of from about 850 to
about 950°C under vacuum and at a pressure not exceeding about 7 bar to obtained

the desired shape.

W% The method of clalm ;é wherein the sintered blank is machined to a

dental restoration of desired shape.

M\W The method of clair%erein the dental product is a core and is

20
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provided with one or more coatings.

\
%’%’ The method of claim’%erein the one or more coatings is selected

from a ceramic, a sintered ceramic, a glass ceramic, a porcelain, a glass, a glaze, a

M, W y{ . The inethod of claim%9 wherein the one or more coatings has a firing

temperature in the range of about 709 to about 900°C and a coefficent of thermal

composite and mixtures thereof.

expansion (measured from room temperature to its transition temperature) of within

about + 2.0 x 10" 6/ °Cof the dental product (measured at the same temperature range)..

é@ % 52'{ The method of clamMi;herem the glass-ceramic comprises in

weight percent:
about 62 to about 85% _SiOz ;
about 1.5 to about 10% AL Os;
about 8 to about 19% Li,O;
aboﬁt 2.5 to about 7% K,0; and

about 0.5 to about 12 % P,0s.
_______/

; 3 A glags-ceramic composition comprlsmg in weight percent:
about 64 to abowt 70% S102 :

about 1.5 to about ALOs;
about 10 to about 15% Li,O;
about 2.5 to about 5% KYO; and
about 2 to about 7 % P,0s.

The glass-ceramic composition of clai whereby the glass-ceramic

is pressable.

21

GC Corporation, et al.
Exhibit 1006, p.28



4{ The glass-ceramic composition of claimgﬂmh eOmprising in

weight percent: :
up to about 1.5% F;
up to about 7% BaO;

5 up to about 1% SrO;
up to about 5% Cs,0;
up to about 2.7% B,0s3;

~ up to about 2% ZnO;
up to about 0.9% CaO;

- 10 up to about 2% MgO;

up to 4 bout 3% Y,03;
up/fo about 1% CeO,;

fip to about 1% Eu,0s;

up to about 1% Tb4O7;

up to about 2% Nb,Os; and
up to about 2% Ta,0s.

LW %ﬁ" A dental restoration cdmprising the glass-ceramic of clai\mﬁ

~ v25 @ w % . A method of making a lithium disilicate den}al restoration comprising:
melting a starting glass composition comprising in \gveight percent

about 64 to about 70% SiO,

about 1.5 to about 6 ALOs; .

22
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about 10 to about 15% Li;O;
about 2.5 to about 5% K,0; and
about 2 to about 7 % P,0s; at terﬁperanlres within the range of about 1200° to

about 1600°C;
5 quenching the glass melt;
subjecting the quenched glass to one or more heat treatments in the
temperature range of from aBout 400° to about 1100°C to convert the glass into a
glass-ceramic;

comminuting the glass ceramic to a powder;

10 compacting the powder to a starting blank;

,‘*? ‘} | sintering the blank; and

*3;5 pressing the blank into the dental restoration.

% ' §8. A glass-cgramic composition comprising in weight percent:

about 62 to about{85% SiO, ;
about 5.1 to.about] 10 Al,Os;
about 8 to about 19% Li,O; and
: about_O.S to aboxiﬁ 12 %'PZOS.

X 49.  The glasg= :iramic composition of claim 48 whereby the glass-ceramic

is pressable.
A | | /
50.  The glpss-feramic mposition of claim 48 further comprising in

: weight percent:

25 up to about 7% K,P;
up to about 1.5% F

up to about 7% Ba(b;

up to about 1% SrQ);

23
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up to about 3%
up to about 1% §
10 up to about 1% Sj
up to about 3%
up to about 1% CeD;;
up to about 1% EuyDs;
up to about 1% TbsQ7;
up to about 2% Nb,0}; and
up to about 2% TajO

51. A dental restotation compnsmg the glass-ceramic of claim 48

@7{ %%/ A method of making a lithium disilicate dental restoration comprising:

melting a starting glass composmon compnslng in weight percent

about 62 to about 85% Sle ;

about 5.1 to about 10 AlLO3;

about 8 to about 19% Li,O; and

about 0.5 to about 12 % P,Os; at temperatures within the range of about 1200°
to about 1600°C;

quenching the glass melt;

subjecting the quenched glass to one or more heat treatments in the
" ) /
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temperature range of from about 400° to about 1100°C to convert the glass into a
glass-ceramic;
comminuting the glass ceramic to a powder;
compacting the powder to a starting blank;
5 sintering the blank; and
pressing the blank into the dental restoration.

—

A glass-ceramik composition comprising in weight percent:
about 64 to about 70%5i0; ;
about 5.2 to about 9 AlL)D3;

10
- | about10 to about 15% L »O; and
;g;; about 2 to about 7 % P,Ck.
! 1;; ‘ - ’
‘% . R . The glass-ceramic composition of claim #3 whereby the glass-ceramic
1.‘:‘.'"‘ . \
=15 is pressable.

‘| 19

\%f/ The glass-ceramic composition of claim 53" er comprising in
weight percent: ' / ’ '
up to about 1.5% F;
up to about 7% BaO;
up to about 1% SrO;
up to about 5% CséO;
up to about 5% K;0;
up to about 2.7%/B

up to abgut 29

up to about 9%
up to abott 2% MgO;
up to dbout 3% Na,O;

25
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up to about 2% TiOa;
up to about 3% ZrO,;
up to about 1% SnO,

10

' 57/ A method of making a lithium disilicate dental restoration comprising:
melting a starting glass composition comprising in weight percent
about 64 to about 70% SiO;,; ’
about 5.2 to about 9 A12_403;
about10 to about 15% I:iZO; and
about 2 to about 7 % P,0s; at temperatures within the range of about 1200° to
about 1600°C; o N -
quenching the glass melt;
subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a
glass-ceramic; |
comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and
pressing the blank into the dental restoration.
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5 %g A glass-ceramic composition comprising in weight percent:

5
10
4
£ |
i
R

about 64 to about 70% SiO;
al;out 1.5 to about 6 AlLOs;
a‘t;out 10 to about 15% LiO;
about 2 to about 7 % P,0s;
about 2.2 to about 5% K,O;
about 0.5 to about 3% Na,O; and
" about 0.5 to about 3% B;0s. 5/

(% X(Sf The glass-ceramic composition of clairﬁv;hereby the glass-ceramic

1s pressable.

ﬁI : )é 6( The glass-ceramic composition of claig fui)mpris’mg in
eighf percent: '
up to about 1.5% F; |

up to aboﬁt 7% BaO;

up to about 1% SrO; |

up to about 5% Cs,0;

up to about 0.9% CaO;

up to about 2% TiOx;

up to about 3% ZrOy;

up to about 1% SnOy;

up to about 1% Sby0s;

up to about 3% Y703;

up to about 1% CeOg;

up to about 1% Eu,;03;
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5

10

up to about 1% Tb4O7;
up to about 2% Nb,Os; and
up to about 2% Ta;0s.

“
éK ﬁ/ A dental restoration comprising the glass-ceramic of claim

6{4( m | A method of making a lithium disilicate dental restoration comprising:
melting a starting glass composition comprising in weight percent
about 64 to about 70% SiO,; ‘
about 1.5 to about 6 Al,O; ;b
about 10 to about 15% Li,O;
about 2 to abouf 7% P,0s;
about 2.2 to about 5% K;0;
about 0.5 to about 3% Nazo; and
abc_)ut 0.5to about 3% B,0;; at temperatures within the range of about 1200°
to about 1600°C; | |

quenching the glass melt;

subjecting the ciuenched glass to one or more heat treatments in the -
temperature range of from about 400° to about 1100°C to convert the glass into a
glass—cergmic;

comminuting the glass ceramic toa powder;

compacting thé powder to a starting blank;

‘sintering the blank, and o ,

pressing the blank into the dental restoration.
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about 8 to ahout 19% Li,0;

about .3 to about 7% P,0s; and

about .5 to aout 8% Ta,Os.

5 64.  The glass-ceramic composition of claim 63 whereby the glass-ceramic

is pressable.

65.  The glass-ceramic composition of claim 63 further comprising in

weight percent:
' 10 up to about §% B,0;.
" up to about 1% Na,O;
E:g up to about A% K,0; .
5?% up to about 1{5% F; -
2 o ‘ up to about 5% ZnO;

up'to about 2% MgO;
up to about 7% BaO;

up to about 1%
up to about 1%
up to about 3%
up to about 1%
up to about 1%
up to about 1% T
up to about 2%
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) ing glass composition comprising in weight percent

about 62 to abbut 76% SiO;;

about 1.5 to abbut 10 AlL,O;;

about 8 to about 19% Li,0;

7% P,0s; and

8% Tay0s; at temperatures within the range of about 1200°

about .3 to abou
about .5 to abou
to about 1600°C;
quenching the glass melt;
éubjecting the quenched glass to one or more heat treatments in the
| temperature range‘ of frofn bout 400° to about 1100°C to convert the glass into a
glass-ceramic;
comminuting the glas§ ceramic to a powder;
compacting the powdej to a starting blank;
sintering the blank; and '

pressing the blank into the dental restoration.

\d‘\v% A glass-ceramic composition comprising in weight percent:

about 68.8% SiO,; ;

about 1.3% B,03;

about 4.8% Al,O3;

about 1.0% CaO;

about 2.8% BaO;

about 14.4% Li;O;

about 2.2 % K,0;
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about 1.5% NaO; and
about 3.3% P,0:s.

g

The glass-cerandc of claim 68 having a flexural strength of equal to or

1

The glass-ceramic composition of claimaef whereby the glass-ceramic

is pressable.

/ 7( A dental restoration cdmprising the glass-ceramic of claim
" A method of making a dental restoration comprising:

melting a starting glass composition comprising in weight percent

‘about 68.8% SiO,; |

about 1.3% B,0s3;

about 4.8% Al,O3; : ‘ f

about 1.0% CaO;

about 2.8% BaO;

about 14.4% LiO; /

about 2.2 % K,0;

about 1.5%'Na20; and

aboﬁt 3.3% P,0s; at temperafu.res within the range of about 1200° to about
1600°C;

quenching the glass melt; :

subjecting the quenched glass to one or more heaf treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a

gléss—ceramic; :

comminuting the glass ceramic to a powder;
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compacting the powder to a starting blank;
sintering the blank; and
pressing the blank into the dental restoration.

i;tl A glass-ceramic composition comprising in weight percent:

about 67.2% SiO,;
about 1.2% B,0s3;
about 4.7% Al,Os;
about 1.0% CaO;
about 2.7% BaO,;
about 14.1% Li,0;
about 2.2 % K,0;
about 1.4% NayO;
about 3.2% P,0s;
about 0.4% CeQ,; and
about 2% Tay0s.

‘74, The glass-ceranic of claim 73 having a flexural strength of equal to or
eater than about 440 MPa.
;[ (’e 8. The glass-ceramic composition of clfim#5 whereby the glass-ceramic

is pressable.

i i

M’A/‘ %1;;’ A dental restoration comprising the glass-ceramic of c{a
/f kﬁ%y A method of making a dental restoration comprising:

melting a starting glass composition comprising in weight percent
about 68.8% SiO;
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about 1.3% B,0s;

about 4.8% ALOs;
about 1.0% CaO;
about 2.8% BaO;
s  about 14.4% Li,0;
about 2.2 % K,0;

about 1.5% NayO; and

about 3.3% P,0s; at temperatures within the range of about 1200° to about
1600°C;

quenching the glass melt;

subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400 to about 1100°C to convert the glass into a

glass-ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.
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Abstract
This invention is directed to lithium disilicate (Li,Si;0s) based glass-ceramics
comprising silica, lithium oxide, alumina, potassium oxide and phosphorus pentoxide. The
glass-ceramics are useful in the fabrication of single and multi-unit dental restorations (e.g.
anterior }gridges) made by heat pressing into refractory investment molds produced using lost
wax techniques. The glass-ceramics have good pressability, i.e., the ability to be formed into
dental articles by heat-pressing using commercially available equipment. In accordance with
one embodiment directed to the process of making the glass-ceramics, the compositions
herein are melted at about 1200° to about 1600°C, thereafter quencﬁed (e.g., water quenched
or roller quenched) or cast into steel molds, or alternately, cooled to the cfystallization
temperature. The resulﬁng glass is heat-treated to form a glass-ceramic via a one or two step
heat-treatment cycle preferably in the femperature range of about 400° to about 1100°C. The
" resulting glass ceramics are then pulverized into powder and used to form pressable pellets
and/or blanks of desired shapes, sizes and structures which are later pressed into dental

restorations.
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| hereby state that | am ‘
[ the owner of the small business concem identified below:

X an official of the small business concem empowered ta act on behalf of the concem identified below:
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;5 ] each such person, concem, or erganization is listed below.
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Separate statements are required from each named person, cancem or organizaticn having rights to the inventian
stating their status as smail entities. (37 CFR 1.27)

| acknowledge the duty to file, in this application or patent, netification of any change in status resulting in loss of
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- Filing Date Granted

An Appllcatlon Numberand Filing Date have been assigned to this application. The items indicated below; however; are missing. Applicant. - -
is.giveh TWO MONTHS FROM THE DATE OF THIS NOTICE within which to file all required items and pay any fees required below to. - -
avoid abandonment. Extensions. of time may be obtained by filing a petltlon accompanied by the extension fee under the provisign$ of
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O 1. The statutory basic filing fee is: W‘I}
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O insufficient.
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claiming such:status (37 CFR 1.27). - . o

[ 2..The following additional claims fees are due:
$ for ..~ _total claims over 20.

$ : for._- independent claims over 3.

/ for multiple dependent claim surcharge.
! ’ Appllcanpm t either submit-the. additional claim fees or cancel additional c/a/ms for which fees are due.

/3. L%ﬁe géth or de}laration:

i§ mlssmg,or unsigned.
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An‘oatfior declaratlon in‘compliance with 37 CFR 1. 63, including residence information and identifying the appllcat/on by
the above Application Number and Filing Date is required.

O 4. The signature(s) tothe oath or declaration is/are by a person other than inventor or person.qualified under 37 CFR 1.42,
1.43 or 1.47.

. A properly signied oath or: decldration in compliance with 37 CFR 1.63, identifying the: appllcat/on by the above
Application Number and Filing Date, is required.

[ 5. The signature of the following joint inventor(s) is missing from the oath or declaration:’

" An oath or declaration in- compllance with 37 CFR 1. 63 listing the names .of all inventors and signed by the omltted
“inventor(s), identifyingthis application by the above Application Number and Filing Date, is required.

[ 6. A $50.00 processing fee is required since your check was returned without payment (37 CFR 1.21 (m))

O 7. Yourfiling receipt was miailed in error:because your check was returned without payment.

(0 8. Theapplication was filed:iri a language other than English.
. Applicantmust file a vérified English transiation- of the application, the $130.00 set forth in. 37 CFR 1.17(k), unless -
previously submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

[J 9.0THER:

Direct the reply and-any questions about this notice to “Attention: Box Missing Parts.” -
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~ Initial Patent. Examination Division (703) 308-1202 -
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

SR Attorney Docket No.. JPP-1222NP -
Group Art Unit: 1754
Applicant : Dmitri Brodkin, Carlino Panzera, Paul Panzera
Serial No. : 09/458,919
Filed : 12/10/99

Title : PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231
Attention: BOX MISSING PARTS

Sir: ‘

*In response to the Notice to File Missing Parts of

Application Filing Date Granted, mailed January 19, 2000, submltted
herew1th are the following:

1. Declaration/Power of Attorney

2. Recordation Form Céver Sheet (in duphcate)

3. Assignment,

4, Notice to File Missing Parts of Application,
Filing Date Granted.

5. Return Date Stamped Post Card

The Patent Office is authonzed to charge my Deposit Account No. 50- 0’718 the
total of $65.00 for the Declaration/Power of Attorney along with any additional fees
necessary for the advancement of the application. Two copies of this sheet are enclosed

for that purpose.
my submitted,
ab

Attorney for Applicant
Registration No. 33,331

Telephone: 203-265-7397, Ext. 508
Cemﬁcatz of Mallmg
[ hereby certify that this correspondence is - - ’
being deposited with the United States Postal. .
Service with sufficient postage as Express Mail

in an envelope with Label No., EK217582243US Jeneric/Pentron Incorporated

Addressed to: Commissioner of Patents and Trademarks 53 North Plains Industrial Road

Washjngton, D. C. 20231 on February 14, 2000 Wallingford, Connecticut 06492
%G{/Mz/ %75'/}’4% Date: February 14, 2000

Suz: cHugh :

Date:_February 14, 2000
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DECLARATION AND POWER OF ATTORNEY

As beloW named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my/our
name,

I believe I am the original, first and sole inventor (if only one name is listed below) or
an original, first and joint inventor (if plural names are listed below) of the subject matter
which is claimed and for which a patent is sought on the invention entitled PRESSABLE
LITHIUM DISILICATE GLASS CERAMICS the specification of which

(check one)

is attached hereto.
X was filed on ___December 10, 19_99 as

~ Application Serial No. 09/458.919

and was amended on

(if applicable)

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of
this application in accordance with Title 37, Code of Federal Regulations, 1.56(a).

I hereby claim foreign priority benefits under title 35, United States Code 119 of any
foreign application(s) for patent or inventor's certificate listed below and have also identified
below any foreign application for patent or inventqr's certificate having a filing date before
that of the application on which priority is claimed:

Prior Foreign Application(s).
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Priority

Claimed

Yes No
(Number) (Country) (Day/Month/Year Filed)

Yes No
(Number) (Country) (Day/Month/Year Filed)

Yes No
(Number) (Country) (Day/Month/Year Filed)

I hereby claim the benefit under Title 35, United States Code, 120 of any United
States application(s) listed below and, insofar as the subject matter of each of the claims of
this application is not disclosed in the prior United States application in the manner provided
by the first paragraph of Title 35, United States Code, 112, I acknowledge the duty to
disclose material information as defined in Title 37, Code of Federal Regulations, 1.56(a)
which occurred between the filing date of the prior application and the national or PCT

international filing date of this application:

(Application Serial No.) (Filing Date) (Status)
(patented,
pending,
abandoned)
2
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(Application Serial No.) (Filing Date) (Status)
(patented,
pending,
abandoned)

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States

provisional applications(s) listed below:

PROVISIONAL APPLICATION NUMBER FILING DATE

60/153.916 09/14/99
60/122,558 03/02/99
60/111.872 12/11/98

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s)
and/or agent(s) to prosecute this application and transact all business in the Patent and

Trademark Office connected therewith.

Ann M. Knab Registration No. 33,331

Send Correspondence to: Direct Telephone Calls To:
JENERIC/PENTRON INCORPORATED Ann M. Knab

53 North Plains Industrial Road (203) 265-7397, Extension 508

Wallingford, Connecticut 06492
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I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be trué; and further that
these statements were made with the knowledge that willful false statements and the like so
made are puﬁishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the
United States Code and that such willful false statements may jeopardize the validity of the

application or any patent issued thereon.

Full name of sole
or first inventor: Dmitri Brodkin

Inventor's signature: M; /%04/41\ — Z/ J/00
"B
: ate

75 Herbert Terrace, West Orange, New Jersey

Residence: 07052

Citizenship: Russia

Post Office Address: 75 Herbert Terrace, West Orange, New Jersey 07052
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Full name of second

joint inventor, if .
] a" Carlino Panzera

Ty
o ;o o . .
Inventor's signature: C_:{'ﬁé“‘“s e falp & 2vee
- Date
Residence: 7 Huntsman Lane, Belle Mead, New Jersey 08502
Citizenship: U.S.A.
Post Office Address: 7 Huntsman Lane, Belle Mead, New Jersey 08502
Full name of third
joint inventor, if Paul Panzera
any:
Inventor's signatur@w ;/m;ﬁ‘k 2[ele=
[
Date

Residence; 1 Middleton Drive, Mt. Holly, New Jersey 08060

Citizenship: U.S.A.

Post Office Address: 1 Middleton Drive, Mt. Holly, New Jersey 08060
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UNITED STATES . T OF COMMERCE
+ | Patent and Trade C-PBRTMEN

Address: COMMISSIONER Dl—o "'FNTS AND TRADEMARKS

‘ Washington, D.C. 2023 /\/W_}

e
| APPLICATION NUMBER I FILING/RECEIPT DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NOT v g l

MOIFRTH FLA
TN

DATE MAILED:
LN B A AN

NOTICE TO FILE MISSING PARTS OF APPLICATION
’ Filing Date Granted

An Application Number and Filing Date have been assigned to this applncaluon The items indieated below, however, are missing. Applicant
is given TWO MONTHS FROM THE DATE OF THIS NOTICE within which to file all required items and pay any-fees required below to
.avoid abandonment. Extensions of time may be obtained by filing a petmon accompanied by the extension fee under the provisions of
37CFR 1:136(a). If any of items 1 or 3through 5 are indicated as missing, the SURCHARGE set forth in 37 CFR 1.16(e) of . )$65.00
for a small entity in compliance with 37 CFR 1.27, or (1 $130.00 for a non-small entity, must aiso be hmely submitted in reply
to this’'NOTICE to avoid abandonment. ‘

“If all required items on this form are filed within the perlod s taggve Igl\e total amount owed by appllcam‘ asa
‘'small entity (statement filed) (] non-small entity is $

O 1. The statutory basic filing fee is:

’ [0 missing.
O insufficient. , : i
Applicant must.submit $__ L to complete the basic filing fee and/or file a small entity statement
claiming such status (37 CFR 1.27). . :

[ 2. The following additional claims fees are due:

%

$ for __total claims over 20.

$ for. independent claims over 3.

$ 7 - formultiple dependent claim surcharge.
Appllcaq ust either submit the.additional claim fees or cancel additional claims for which fees are due.
e e/th or deglaration:
s missing,dr unsigned.
does s notcover the newly submitted items.
An oath or declaration in compliance with 37 CFR 1. 63, including residence information and identifying the application by
the above Application Number and Filing Date is required.
1 4, 11'rze signature(s) to the oath or declaration is/are by a person other than inventor or person qualified under 37 CFR 1.42,
3 or1.47.
A properly signed oath or declaration in compl/ance with 37 CFR 1.68, identifying the appllcailon by the above
-Application Number and Filing Date, is required.

‘ U 5. The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration in compliance with 37 CFR 1.63 listing the names of all lnvenrors and signed by the omitted
inventor(s), identifying this application by the above Application Number and Filing Date, is required.

0 6.:A $50.00 processing fee is required since your check was returned without payment (37 CFR 1.21 (m))
7. Yourfiling receipt was mailed in error because your check was returned without payment.
8 The application was filed.in a language other than English.
Applicant must file a verified English translation-of the appllcat/on, the $130 00 set forth in 37 CFR 1. 17(k) unless
previously submitted, and a statement that the translatton is aceurate (37 CFR 1.52(d)).
‘0 9.0THER:

<

: \D"'et:t the reply and any questions about this notice to “Attention: Box Missing Parts.” -
A copy of this notice MUST be returned with the reply
A S

?‘Utsbmer Servuce Center !
- Initial Pateny Examination Division (703) 308-1202

17/2000 WOBANT 00000015 300718 - 03458319
65.00 T
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Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231 / )

UNITED STATE: .JEPARTMENT OF COMMERCE

[ APPLICATION NO. | FuNGDATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO.

- | EXAMINER

R IR

[ aRTuUNIT PAPER NUMBER

|

17EE d
DATE MAILED:
HEWACE WAL

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner of Patents and Trademarks

PT0-90C (Rev. 2/95)

U.S. G.P.O. 1999 460.693 1- File Copy
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T Application No. ' Applicant(s)
i { 09/458,919 BRODKIN ET AL.
Office Action Summary T TR
C. Melissa Koslow 1755
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
~ THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory penod will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the malllng date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1] Responsive to communication(s) filed on .
2a)[] This action is FINAL. 2b)X This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

#X] Claim(s) 1-77 is/are pending in the application.
4a) Of the above claim(s) _____ is/are withdrawn from consideration.
5 Claim(s) 5-7.10-15,18,19,25,26,47.52 and 57-62 is/are aliowed. :
6)X Claim(s) 1-4, 8.16.17.20-24.27,28.35,36,39-41,43-46.48-51,53-55, 68, 69, 72-74 and 77 is/are rejected.
7K Claim(s) 9, 56, 63-67. 70, 71, 75 and 76 is/are objected to.
8)[1 Claims

are subject to restriction and/or election requirement.

Application Papers
9)XI The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are objected to by the Examiner.
11)[0 The proposed drawing correction filed on is: a)[] approved b)[_] disapproved.
12)[] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
131 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
a)JAIl b)[] Ssome * c)[J None of:
1.0 Certified copies of the priority documents have been received.
2.0 cCertified copies of the priority documents have been received in Application No.

3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. & 119(e).

Attachment(s)
15) [ Notice of References Cited (PTO-892) 18)[[] Interview Summary (PTO-413) Paper No(s). _
16) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) 19) [] Notice of Informal Patent Application (PTO-152)
170 Information Disclosure Statement(s) (PTO-1449) Paper No(s) _____ . 20) [] other:
U.S. Patent ang Trademark Office
0-326 (Rev. o- -00) Office Action Summary et ot Paper fo.4
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The listing of references in the specification is not a proper information disclosure
statement. 37 CFR 1.98(b) requires a list of all patents, publications, or other information
submitted for consideration by the Office, and MPEP § 609 A(1) states; "the list may not be
incorporated into the specification but must be submitted in a separate paper." Therefore, unless
the references have been cited by the examiner on form PTO-892, they have not been
considered.

This application has been filed with informal drawings which are acceptable for
examination purposes only. Formal drawings will be required when the application is allowed.

The disclosure is objected to because of the following informalities: In table 1, in the
Range 1 column, “toabout” should be “to about”. The meaning of “about 0” in table 1 is unclear.
If the lower limit of the amount is zero, then “about” should be deleted. If the lower limit is
greater than zero, then the table should state “greater than 0” instead of “about 0”. Appropriate
correction is required.

Claims 9 and 28 are objected to under 37 CFR 1.75(c), as being of improper dependent
form for failing to further limit the subject matter éf a previous claim. Applicant is required to
cancel the claims.

Claim 9 depends from claim 6. The third step in claim 6 is a heat treatment step which
converts the glass to a glass-ceramic. This step occurs after the quenching step. One of ordinary
skill in the art would know that the lithium disilicate of claim 6 refers to a lithium disilicate
glass-ceramic containing lithium disilicate crystals, from the teachings in the specification and
the cited prior art which teaches lithium disilicate dental products. Therefore, it is clear to one of

ordinary skill in the art that the heat treatment step which converts the glass to a glass-ceramic in

GC Corporation, et al.
Exhibit 1006, p.56



Application/Control Number: 09/458,919 Page 3
Art Unit: 1755

claim 6 produces lithium disilicate crystals. Thus, the heat treatment step in claim 6 effects
crystallization of lithium disilicate. Accordingly, claim 9 does not further limit claim 6. Claim 28
does not further limit claim 27 since the listed function of sintering is an inherent function of
sintering.

Claims 3, 63 and 67 objected to because of the following informalities: “Na20” in claim
3 should be “NayO”. The leading zeros in claims 63 and 67 are missing. Appropriate correction
is required.

Claims 8, 16, 17, 20-22, 27-42, 68, 69, 72-74 and 77 are rejected under 35 U.S.C. 112,
first paragraph, as containing subject matter which was not described in the specification in such
a way as to reasonably convey to one skilled in the relevant art that the inventors, at the time the
application was filed, had possession of the claimed invention.

The subject of these claims is not taught by the specification. Page 5, line 18 teaches the
pellet is partially or fully sintered. The specification is silent as to the density of the sintered
blank or pellet. An article can be fully sintered and not have full or 100% density. Thus, the
specification does not support claim 8. The specification is silent as to the sintering temperatures
of the pellets or blanks. The specification does not teach the lithium disilicate dental product is a
core and that the core has one of more coatings. Page 3, lines 22-26 and page 7, lines 1-5 both
teach producing a lithium disilicate blank or pellet by melting the starting glass at temperatures
in the range of about 1200-1600°C and quenching the melt to form a glass or cooling the glass
melt to the crystallizing temperature to form a glass-ceramic. The specification does not teach
quenching the forméd glass-ceramic of the second cooling process. The specification never states

the sintering step imparts sufficient strength for further handing of the blank.
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Example 11 in table 2 provides the basis for the glass composition of claims 68, 69 and
72. Example 13 in table 2 provides the basis for the glass composition of claims 73, 74 and 77.
The comi)ositional values in these examples in table 2 are exact values. Thus, the taught values
do not support the claimed compositions where the values are modified y the term “about”. It is
suggested to deleted “about” from the values in claims 68, 72, 73 and 77. The taught flexural
strengths are 420 + 60 MPa and 440 + 60 MPa. Thus, the examples teach the flexural strengths
in the ranges of 360-280 MPa and 380-500 MPa. These ranges do not support the claimed ranges

of 440 MPa and greater and 420 MPa and greater. The claimed flexural ranges should be limited

to the taught ranges.

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless ~

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

(e) the invention was described in a patent granted on an application for patent by another filed in the United
States before the invention thereof by the applicant for patent, or on an international application by another who
has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention
thereof by the applicant for patent.

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(8) A patent may not be obtained though the invention is not identically disclosed or described as set forth in

~ section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
‘having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

Claims 1-3 and 48-50 are rejected under 35 U.S.C. 102(b) as being anticipated by Goto et

al.
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This reference teaches a lithium disilicate glass-ceramic. Examples 1, 3, 6, 8 and the
comparison example teach compositions which fall within the claimed ranges. The presence of
PbO is not excludes due to the use of applicants’ use of “comprising”. Since the composition
falls within the claimed composition, the taught glasses must inherently be pressable, absent any
showing to the contrary. The claimed glass-ceramic reads upon that taught.

Claims 1-3, 43-45, 48-50 and 53-55 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Goto et al.

This reference teaches a lithium disilicate glass-ceramic comprising 65-83 wt% silica, 8-
13 wt% Liz0, 0-7 wt% K;0, 0-7 wt% alumina, 1-4 wt% P,0s, 0.5-5.5 wt% MgO, 0-5 wt% ZnO,
0-5 wt% PbO, 0.5-5.5 wt% MgO + PbO + ZnO and 0-2 wt% As,0s and/or Sby0s5. Column 4,
lines 13-18 teach the presence of alumina is desirable to improve the chemical durability of the
glass-ceramic. Therefore, one of ordinary skill in the art would have it obvious to include
alumina in the taught glass-ceramic. The taught glass-ceramic composition overlaps the claimed
glass-ceramic compositions. Product claims with numerical ranges which overlap prior art ranges
were held to have been obvious under 35 USC 103. In re Wertheim 191 USPQ 90 (CCPA 1976),
In re Malagari 182 USPQ 549 (CCPA 1974); In re Fields 134 USPQ 242 (CCPA 1962); Inre
Nehrenberg 126 USPQ 383 (CCPA 1960). Since the composition overlaps the claimed
composition, the taught glasses must inherently be pressable, absent any showing to the contrary,
when it has a composition within the overlapping compositions. The reference suggests the
claimed glass-ceramics.

Claims 48-51 are reject.ed under 35 U.S.C. 103(a) as being unpatentable over Petticrew.

%
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This reference teaches lithium disilicate glass-ceramic dental restorations produced from
pressable lithium disilicate glass-ceramic. The taught glass-ceramic compositions are taught in
column 9 and in table II. The taught glass-ceramic comprises 75-85 wt% silica, 2-5.0 wit%
alumina, 8-12 wt% Li;0, 1.5-5 wt% P,0s, 0-2 wt% of Na,0, 0-2 wt% K,0, 0-2 titania, 0-3 wt%
zirconia and 0-5 wt% coloring agents. The taught glass-ceramic composition overlaps the
claimed glass-ceramic compositions. The value 5.0 falls within the range of “about 5.1”. Product
claims with numerical ranges which overlap prior art ranges were held to have been obvious |
under 35 USC 103. In re Wertheim 191 USPQ 90 (CCPA 1976); In re Malagari 182 USPQ 549
(CCPA 1974); In re Fields 134 USPQ 242 (CCPA 1962); In re Nehrenberg 126 USPQ 383
(CCPA 1960). The reference suggests the claimed glass-ceramics.

Claims 1, 2, 4, 23, 24, 43, 44 and 46 are rejected under 35 U.S.C. 102(e) as being
anticipated by Schweiger et al.

This reference teaches lithium disilicate glass-ceramic dental restorations, such as inlays,
onlays and the other products taught in column 8, lines 55-60. Examples 1 and 14 teach glass
compositions which fall within the clamed ranges. The reference teaches and the examples show
the taught glass-ceramics are pressable. The claimed glass-ceramics read upon those taught.

Claims 1-4, 23, 24, 43-46, 58-51 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Schweiger et al.

This reference teaches lithium disilicate glass-ceramic dental restorations, such as inlays,
onlays and the other products taught in column 8, lines 55-60. The taught glass-ceramic is
composed of 57-80 Wt% silica, 0-5.0 wt% alumina, 0.1-6 wt% La,0s, 0.1-7 wt% Al,O; + La;0s3,

11-19 wt% Li,0, 0-5 wt% MgO, 0-8 wt% ZnO, 0.5-13.5 wt% K20, 0.5-11 wt% P,0s, 0-8 wt%
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colorant and 0-6 wt% of at least one of B;03, F, Na,0, zirconia, BaO and SrO. The taught glass-
ceramic composition overlaps the claimed glass-ceramic compositions. The value 5.0 falls within
the range of “about 5.1”. Column 7, lines 17-30 and column 8, lines 12-15 teach the presence of
alumina is desirable to improve the chemical durability of the glass-ceramic and that it improves
the pressability of the glass-ceramic. Therefore, one of ordinary skill in the art would have it
obvious to include alumina in the taught glass-ceramic. Product claims with numerical ranges
which overlap prior art ranges were held to have been obvious under 35 USC 103. In re
Wertheim 191 USPQ 90 (CCPA 1976); In re Malagari 182 USPQ 549 (CCPA 1974); In re
Fields 134 USPQ 242 (CCPA 1962); In re Nehrenberg 126 USPQ 383 (CCPA 1960). The
reference teaches the glass-ceramic is pressable. The reference teaches producing glass-ceramic
blanks of this glass-ceramic (col. 4,lines 65-67). The reference suggests the claimed glass-

ceramics.

Claims 5-7, 10-15, 18, 19; 25, 26, 47, 52 and 57-62 are allowable over the cited art of
record.

Claims 56, 64-66, 70, 71, 75 and 76 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.

Claims 63 and 67 would be allowable if rewritten or amended to overcome the objection,
set forth in this Office action.

Claims 16, 17, 68, 69, 72-74 and 77 would be allowable if rewritten or amended to

overcome the rejections under 35 U.S.C. 112, set forth in this Office action.
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The claimed process is not taught or suggested by the cited art of record. There is no
suggestion or teaching in the art to form a sintered blank from lithium disilicate glass-ceramic
particles. The cited art of record all form sintered glass blanks or form blanks from the
crystallized quenched glass and then utilize these blanks to form dental products by machining or
by injection molding. The claimed glass-ceramic compositions of claims 58, 63, 68 and 73 are
not taught or suggested by the cited art of record. The cited art of record does not teach or
suggest a dental restoration composed of the glass-ceramic of claim 53. There is no teaching or
suggestion in the art to use the glass-ceramic of Goto et al to form a dental restoration.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Melissa Koslow whose telephone number is (703) 308-3817.
The examiner can normally be reached on Monday-Thursday from 7:30 AM to 4:00 PM. The

examiner can also be reached on alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Mark Bell, can be reached at (703) 308-3823.

The fax number for Amendments filed under 37 CFR 1.116 or After Final
communications is (703) 872-9311. The fax number for all other official communications is
(703) 872-9310.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Group receptionist whose telephone number is (703) 308-0661 or (703)
308-0662.

(7

cmk : Melm

January 29, 2001 Primary Examiner '
Tech. Center 1700
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| Please amend Table 1 at page 6 as follows:
| . , * Table 1
Oxide, | Rangé 1 Range 2 Range 3 Range 4 Raﬁge S Range 6
wt%
1 -8iOy about 62 to about | about 64 to-about about 62 to about | .about 64 to about about 64 to about about 62 to about T
: 85 70 85 . 70 70 76 .
B.Os 0 to about 4.9 0 - about 2.7 i 0-'about 4.9 0- about 2.7 about 0.5 - about 0 - about §
. : : 3.0
AlLOs about 1.5 to about | about 1.5 to about about 5.1-to about. | about 5.2 to about | about 1.5to about | about 1.5:to about
10 6.0 10 9.0 6.0 10




F 0 to about 1.5 0 to about 1.5 about 0 to about 0 to about 1.5 0 to about 1.5 0 to about 1.5
1.5
Zn0 0 to about 5 0 to about 2 0 to about 5 Otoabout2 [ ememencenon 0 to about 5
Ca0 0 to about 7 0 to about 0.9 0 to about 7 0 to about 0.9 0 to about 0.9 0 to about 7
MgO 0 to about 2 0 to about 2 0 to about 2 aboutOtoabout2 | = -mmmeemeeee- 0 to about 2
BaO 0 to about 7 0 to about 7 0 to about 7 about 0 to about 7 0 to about 7 0 to about 7
SrO 0 to about 1 0 to about 1 0 to about 1 about 0 to about 1 0 to about 1 0 to about ]
Cs;0 0 to about 5 0 to about 5 0 to about 5 about 0 to about 5 0 to about 5 0 to about 5
Li,0 about 8 to about about 10 to about about 8 to about about 10 to about about 10 to about about 8 to about
19 15 19 15 15 19
K0 about 2.5 to about | about 2.5 to about 0 to about 7 0 to about 5 about 2.2 to about | 0 to about 7
7 5 . S
Na,O 0 to about 5 0 to about 3 0 to about § 0 to about 3 about 0.5 to about 0 to about 5
3
TiO; 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2
70O, 0 to about 3 0 to about 3 0 to about 3 0 to about 3 0 to about 3 0 to about 3
P05 0.5 to about 12 about 2 to about 7 about 0.5 to about | about 2 to about 7 | about 2 to about 7 0.3 to about 7.0
: 12
SnO, 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Sb,05 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Y504 0 to about 3 0 to about 3 0 to about 3 0 to about 3 0 to about 3 0 to about 3
CeO, 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Eu,05 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to.about 1 0 to about 1
TbsO7  to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Nb;Os 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2
Ta,Os 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2 about 0.5 to about
8.0

Please replace the paragraph beginning at ffage 7, line 25 and contmumg to
line 7 on page 8, with the following paragraph:

[

The powders may be used to form and fuse (sinter) pressable pellets and/or blanks

of desired shapes, sizes and structures. Sintering of the pellets or blanks is carried out at

temperatures in the range of about 800° to about 1000°C, and preferably in the range of

about 850° to about 950°C. Sintering imparts sufficient strength for handling of the

pellets or blanks. These pelleté and blanks may be used for pressing cores or other

frameworks or shapes for dental restorations. The cores may be provided with one or

more coatings. The coatings may be selected from a ceramic, a sintered ceramic, a glass

ceramic, a porcelain, a glass, a glaze, a composite and mixtures thereof. The coatings

preferably have a firing temperature in the range of about 700° to about 900°C and a

coefficient of thermal expansion (measured from room temperature to its transition

temperature) of within about + 2.0 x 107%/°C of the dental core (measured at the same

temperature range). The blank or pellet may be subjected to viscous deformation at a

temperature in the range of about 800° to about 1200°C, and more preferably in the range
of about 850° to about 950°C, and most preferably at less than about 930°C, under

vacuum and with the application of pressure of between about 2 to about 8 bar (0.2 - 0.8

/7 _,,/
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MPa) and preferably no greater than about 6 bar (0.6 MPa) to obtain a dental restoration.

Moreover, it is possible that the blanks may be machined to a dental restoration of desired

geometry using commercially available milling equipment such as the Maho HGF 500 5

¢
Axis CNC Milling Machine available from Fraunhofer Institut Produktionstechnologie, .
Germany.
N— /
Lljlqa§e amend Table 2 at pages 10 and 11 as follows:
~ ‘ Table 2 ‘
Oxide, Ex 1 | Ex.2 | Ex.3 | Ex.4 | Ex.5 | Ex.6 | Ex.7 Ex. 8 [ Ex. Ex. Ex. Ex. Ex. Ex. Ex.
Wi% 9 0 |1 1z |13 14 |15
Si0; 638 700 [ 501 | 654 | 707 [ 709 | 681 |695 |72 | 690 |about| 65 | about ) 689 | 72
68.8 672
B0, |12 |10 | e | oo | o | e 13 |29 |- about | 1.0 | about | 0.9 | 2.0
13 12
ALO; 75 179 352 |81 [353 |53 |47 |48 |51 |60 |about| 'S |about| 47 | 45
4.8 4.7
F P p— g 7 1 M ey [y gy gy e PR [P S =
ZnO SRR ROTSATRR oS DV N I pe I L el e Bt e S
Ca0 0.9 0.5 22 | e ] L e 2.0 20 | mee- | about 1 about 0.55 0
' 1.0 1
MgO | w-- [ el et B M mememe | wememn | wmmmen | oemswnn | amemee ) amsees ] cmmees mne
BaO 28 |14 | —— | 38 |54 |54 |- |- 50 (27 | ebout | 27 |about | 14 | 20
‘ 2.8 2.7
SrO RN ST [ Pl sl Eharusall Sl (sl eanual B T T [ | i |
G0 | s | e | 1 |49 |49 | - [ e [ | T | —
LizO. AT a7 (147 | 134 [ 110 | 108 | 143 | 146 | 130 | 153 |about | 15 | about | 143 13.0
14.4 14.1 '
K20 25 |25 |46 | LT |- I [ 4 45 [20 |21 | about | 22 [about| 2.0 | 20
22 22
Na,0O 1.4 1A | moeemn | ommmem | mmeemm | o | e | ommeeem | enemes |t about 1.4 about 13 | e
1.5 1.4
I T e P R [ p— — - L R [ P —
2O e e i (e [ I e it Mt Bt e
P,0s a6 (34 |27 |27 |27 |33 |34 |30 |40 |about| 35 |about| 33 3.0
33 32
3 ‘-ﬁ) ( ;D
N d
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Sn0,

Sb203

Y203

CeO,

Eu203

TbyOs

| i [ [ | [ 08 | —— e [ e YR p— 03

Nb,0s

Tazos

..... e B I e 2.0 B [ B R 1.9 about 1.8

Three-
Point
Flexural
Strength

6872,
MPa

per ISO : 70 60 60

430+ | 420+ 440+

400+

50

As-
pressed
Opacity

pacity
units)

- (relativeo

50 42 25

34

CTE

500°C),
10%eC?

@5°C-

10.4 8.7 10.1- 10.5 10.0
10.6

9.9

| Inthe élaihls: ’ : /
Please cancel claims 3, 9, 28 and 48 through 51.
léas\e\'a.mend claims 1, 8, 27, 43, 53, 56, 63, 64, 65, 66, 67, 69 and 70 as follows:

. (Amended) A glass-ceramic composition consisting essentially of in

to about 85% SiO;;
about 1.5\to about 10% Al,O3;

LX about 8 to alout 19% Li,O;

| about 2.5 to/abjut 7% K>0;
about 0.5t 12% P,0s,
up to about 4% BoW3;

about

up to about 1.5% F;
* up to about 7% CaO;
2

/)
y 3
t
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up to about 2% Ta05

\ g |
;@0% (Amended) The method of clairr%herein the blank is fully sintered.

pr Y J
WW (lgmended) A method of making a lithium disilicate dental product
comprising:

melting a starting glass at temperatures within the range of about 1200 to

0 (p about 1600°C;
quenching the glass;

cooling the quenched glass to the crystallization temperature to form a
glass-ceramic;
comminuting the glass ceramic to a powder;

compacting the powder to a starting blank; and

sintering the blank.

[ " (Amended) A glass-ceramic composition consisting essentially of in

“weight percent:
/( about 64 to about 70% SiO,;
VAR,
a |
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about 1.5 to about 6 Al,O3;
about 10 to about 15% LiO;
about 2.5 to about 5% K,0;
about 2 to about 7 % P,0s
up to about 1.5% F;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs;0;

up to about 2.7% B70s;

up to about 0.9% CaO;

up to about 3% Na,O;

up to about 2% TiO»;

up to about 3% ZrO»;

up to about 1% SnOy;

up to about 1% Sby03;

up to about 3% Y,05;
“up to about 1% CeOs;

up to about 1% Eu,03;

up to about 1% TbyO7;

up to about 2% Nb,Os; and
up to about 2% Ta,0s.

‘/ES )é (Amended) A glass-ceramic composition consisting essentially of in
weight percent:

about 64 to about 70% SiO; ;
about 5.2 to about 9 Al,Os;
about 10 to about 15% Li,O;

~ about 2 to about 7 % P,0s,
up to about 1.5% F;
up to about 7% BaO;
up to about 1% SrO;

e
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up to about 5% Cs,0;
up to about 5% K,0;
up to about 2.7% B,0s;
up to about 0.9% CaO;
up to about 3% NayO;
up to about 2% TiO,;
up to about 3% ZrO,;
up to about 1% SnO,;
up to about 1% Sb,03;
up to about 3% Y,03;
up to about 1% CeO»;
up to about 1% EuyO3;
up to about 1% TbsO7;
up to about 2% Nb,Os; and
up to about 2% Ta,0s.

o %

L4 (Amended) A dental restoration comprising the glass-ceramic
composition comprising :
q about 64 to aboﬁt 70% SiO, ;
about 5.2 to about 9 Al,O3;
about10 to about 15% Li,0; and
about 2 to about 7 % P,0s.

@ % (Amended) A glass-ceramic composition comprising in weight
percent: '
abolut 62 to about 76% SiO»;
/ 0 v about 1.5 to about 10 AL, Os;
about 8§ to about 19% Li,O;
about 0.3 to about 7% P,0s; and
about 0.5 to about 8% TayOs.

: i/ [ ¥
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(1

%/\?’ 64V(Amended) A glass-ceramic composition comprising:

about 62 to about 76% SiO,;

about 1.5 to about 10 Al,Os;
about 8 to about 19% Li,0;
about 0.3 to about 7% P,0s;

about 0.5 to about 8% Ta,Os: and

whereby the glass-ceramic is pressable.

CJ \156 (Amended) A glass-cer

percent:

about 62 to about 76% SiOx;
about 1.5 to about 10 AL,O
about 8 to about 19% LixD;
about .3 to about 7% P,0s;
about .5 to about 8% Ta;0Os;
up to about 5% B,03
up to about 5% Nay();
up to about 7% K>0;
up to about 1.5% I,

up to about/5% Cs,0;
up to aboyt 7% CaO;
up to abgut 2% TiOy;
up to apout 3% 710y,
up to About 1% SnOa;
up t6 about 1% Sby03;
ﬁp to about 3% Y203;
to about 1% CeO2;

ic composition comprising in weight
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up to about 1% Eus0s3;
up to about 1% Tp4O7; and
up to about 2% Wb,0s.

&% ﬂ;{ (Amended) A dental restoration comprising the glass-ceramic
c

omprising:

about 62 to about 76% SiO;y;
0 about 1.5 to about 10 Al,Os3;
( about 8 to about 19% Li,O;

W about 0.3 to about 7% P,0s; and

about 0.5 to about 8% TayOs.

V% 6‘7 (Amended) A method of making a dental restoration comprising:

melting a starting glass composition comprising in weight percent

about 62 to about 76% SiO;;

about 1.5 to about 10 Al,Os;

about 8 to about 19% LiO;

about 0.3 to about 7% P,0s; and

about 0.5 to about 8% Ta,0s; at femperatures within the range of about
1200° to about 1600°C;

quenching the glass melt;

subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a

glass-ceramic; v

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

CT—— i
!? H
‘ / / . (Amended) The glass-ceramic of claim 68 having a flexural strength
a ’ in the range of 360 to 430 MPa. -
\ ‘
'3 ? 7
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l!g% (Amended) The glass-ceramic of claim%fha ing a flexural strength

in the range of 380 to 500 MPa.

o

REMARKS
Claims 1, 8, 27, 43, 53, 56, 63, 64, 65, 66, 67, 69 and 70 have been amended to
more particularly define and distinctly claim the instant invention. Claims 3, 9, 28 and 48

through 51 have been cancelled. Attached hereto is a marked-up version of the changes

~ made to the claims by the current amendment. The attached page is captioned VERSION

WITH MARKINGS TO SHOW CHANGES MADE. The specification has been amended to
clarify any inconsistencies therein. No new matter has been added. In regafd to the
objections to the drawings, Applicants respectfully submit that the drawings will be
amended upon feceipt of the Notice of Allowance. The allowabilty of claims 5 —7, 10 —
15, 18, 19, 25, 26, 47, 52 and 57 — 62 is hereby acknowledged. In view of the foregoing -
amendments and following remarks, reconsideration of the application is respectfully
requeéted. | .

Table 1 was amended to remove the word “gbout” before the number 0.
Moreover, the word “abOu » was inserted before those numbers from which it was
inadvertently left out. Support for such additions is found in the originally filed claims.
The subject matter in originally filed claims 16, 17, 20 — 22, 68, 72, 73 and 77 has been
incorporated into the specification at pages 7 and 8, and in Table 2, examples 11 and 13.
No new matter was added. "It must be kept in mind that an original claim is part of the
disclosure and might adequately set forth subject matter which is completely absent from
thespeciﬁcation."‘ Ex parte Gould, 6 USPQ2d 1680, 1681 (bd. Pat. App. & Int'f 1987);
See also In re Benno, 768 F.2d 1340, 1346, 226 USPQ 683, 686-687 (Fed. Cir. 1985),
Twin Disc, Inv. v. United States, 10 CL. Ct. 713, 231 USPQ 417, 435 (Cl. Ct. 1986).
Accordingly, the origihally filed claims 16, 17,20 — 22, 68, 72, 73 and 77 provide
support for the amendments to the specification.

Claims 1 — 3 and 48 — 50 were rejected under 35 U.S.C. 102(b) as being
anticipated by Goto et al., U.S. Patent No. 5,391,522. The Examiner states that the

presence of PbO is not excluded due to the use of applicants’ use of “comprising”

;

L\__/ ™ / ' "' g

10 L// 0 ‘ /
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language. Claims 1 —3,43 —45,48 — 50 and 53 — 55 were rejegted under 35 U.S.C.
103(a) as being unpatentable over Goto ‘522. The Examiner contends that the
composition in Goto 522 overlaps with the claimed glass-ceramic compositions. The
Examiner concludes that sincS: the composition overlaps the claimed composition, the
taught glasses must inherently be pressable. For the reasons set forth below, the
rejections are respectfully traversed.

The claimed invention is now directed to a glass-ceramic composition consisting
essentially of Si0,; Alx0s; LizO; K0; and P>0 as main ingredients in the composition.
The following components may also be present: B,0s; F; CaO; BaO; SrO; Cs,0; Nay0;
TiOa; ZrOy; SnOy; Sby03; Y203; CeOz; EunOs; TbyO7; NbyOs; and TapOs. There is
mention of MgO, or ZnO in the claimed composition. Goto ‘522 requires the presence of
MgO and ZnO in an amount of at least 0.5 %. The claimed invention is not anticipated or
rendered obvious over Goto ‘522,

Claims 48 — 51 were rejected under 35 U.S.C. 103 as being unpatentable over
Petticrew, U.S. Patent No. 5,507,981. Claims 48 — 51 were cancelled, therefore the
rejection is hereby moot. _

Claims 1, 2, 4, 23, ‘24, 43, 44 and 46 were rejected under 35 U.S.C. 102(e) as
being anticipated by Schweiger et al., U.S. Patent No. 5,968,856. The Examiner states
that the reference teaches lithium disilicate glass-ceramic dental restorations, and glass
compositiohs which fall within the claimed ranges. Claims 1 —4, 23, 24, 43 — 46, 58‘ -51
were rejected under 35 U.S.C. 103(a) as being unpatentable over Schweiger ‘856. The
Examiner contends that it would have been obvious for one of ordinary skill in the art to
include alumina in the taught glass-ceramic. The Examiner concludes that the reference
suggests the claimed glass-ceramics. For the reasons set forth below, the rejections are
respectfully traversed. -

As stated above, the claimed invention is now directed to a glass-ceramic
composition consisting essentially of SiO2; Al,Os; Li,O; K30; and P,O as main
ingredients in the composition. The following components may also be present: B2O3; F;
Ca0; Ba0; S10; Cs,0; Na,0; TiOs; ZrOs; SnOs; Sby03; Y203; CeOs; EuyOs; TbsO7;
Nb,Os; and TayOs. Schweiger ‘856 requires the presence of La;Os3 in an amount of at

least 0.1 percent. As set forth in Schweiger ‘856, La,03 and AL,O; are required ir( the
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composition to provide a free-flowing glass ceramic that can be pressed in the plastic
state. The claimed invention excludes the presence of La;O3. Moreover, the present
invention excludes the presence of MgO and ZnO which may be present in the Schweiger
‘856 composition. The claims are not anticipated or rendered obvious by the Schweiger
856 reference.

The allowability of claims 5 ~7, 10 -15, 18, 19, 25, 26, 47, 52 and 57 - 62 is
hereby acknowledged. Claims 56, 64, 65, 66, have been amended to include the
limitations of the base claim and any intervening claim. Claims 63 and 67 have been
rewritten to overcome the objections in the Office Action.

Accordingly, it is believed that claims 1 — 47 and 52 - 77 specify patentable
subject matter and are now in condition for allowance. Applicants therefore respectfully
request favorable reconsideration and allowance of this application. The Examiner is
requested to telephone Applicants’ attorney at the number listed below if it will advance
the prosecuﬁon of this case. If necessary, the Examiner is authorized to charge further

fees necessary to advance the prosecution in this case from Deposit Account No. 500718.

Respectfully submitted,

Date: AprilA3 2001

Ann M. Knab
Attorney for Applicants
Registration No. 33,331

Jeneric/Pentron Inc.

53 North Plains Industrial Road
Wallingford, CT 06492
Telephone (203) 265-7397 x508

Attorney Docket: JPP-1222NP

12
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

In the specification:
Table 1 has been amended as follows:

Oxide, Range 1 Range 2 Range 3 Range 4 Range 5 Range 6

wt% -

Si0;, about 62 to about | about 64 to about about 62 - to about | about 64 fo about- | about 64 to about about 62 to about
85 70 85 70 70 76

B,0; about 0 to_about about 0 - about 2.7 | abeut 0-about4.9 | abeut 0-about2.7 | about 0.5 - about about 0 - about 5
4.9 3.0

A0 about 1.5 to about | about 1.5 to about | about 5.1-to about | about 5.2 to about | about 1.5 to about | about 1.5 to about
10 6.0 10 -9.0 6.0 10

F abeut 0 to about about 0 to about about 0 to about abeut 0 to about aboeut 0 to about abeut 0 to about
1.5 1.5 1.5 1.5 1.5 1.5

Zn0 about 0 to about 5 | abeut 0 to about2 [ abeut O-to about5 | aboutO-toabout? [ = ---c-o---e-- about ( to about 5

CaO abeut 0 to about 7 | abeut 0 to about aboeut 0- to about 7 | abeut 0-_to about abeut 0 to about abeut 0 to about 7

0.9 0.9 0.9

MgO about 0 to about 2 | abeut Otoabout2 | abeut-Otoabout2 | aboutOtoabout2 [  -=-----r-—-- about 0 to about 2

BaO about 0 to about 7 | abeut 0 to about 7 | ebeut 0 to about 7 | about 0 to about 7 | abeut 0toabout7 | abeut 0 to about?

Sr0 about 0 to about 1 | about 0 to about 1 | abeut O to about I | about 0 to about 1 | abeut(toabout1 | abeut O to about 1

Cs,0 about 0 to about 5 | abeut 0 to about 5 | ebeut0 to about5 | about0toabout5 | abeutOtoabout5 | abeut 0 to abouts

Li,O about 8 to about about 10 to about about 8-to about 10-to about | about 10 to about about 8 to about
19 15 about19 15 15 19

X,0 about 2.5 fo about | about 2.5 to about | abeut 0-to about 7 | abeut 0-to about 5 | about 2.2 to about | abeut 0 to about 7
7 5 5

Na,0 about 0 to about 5| abeut 0 to about 3 | about 0-to about 5 | abeut 0-to about3 | about 0.5 to about | abeut 0 to about 5

3

TiO, about 0 to about 2 | about 0 to about 2 | abeut 0 to about 2 | abeut0toabout2 | ebeutOto about2 | abeutOto about2

Zr0O, about 0 to about 3 | about 0 to about 3 | abeut 0 toabout3 | abeutOtoabout3 | abeutOtoabout3 | abeut( to about3

P,0s about 0.5 to about | about 2 to about 7 | about 0.5-.to about | about2-to about7 | about?2 to about7 | abeut 0.3 to about
12 ‘12 7.0

SnO, about 0to about 1 | about 0 to about 1 | abeutOtoabout 1 | abeutOtoaboutl | ebewtOtoaboutl | abeutO to about 1

Sby03 about 0 1o about 1| abeut 0 to about 1| | about 0 to about 1 | abeut-0toabout 1 | abeutOtoaboutl | abeutO to about ]

Y505 about 0 to about 3 | about 0 to about 3 | abeut 0 to about3 | abeut-0 toabout3 | abeut-0toabout3 | abeutOto about3

CeO, about 0 to about 1 | abeut 0 fo about 1 | about 0 to about 1 | about-0 to about 1 | abeut0toaboutl | abeutO to aboutl

Euy0s about 0 to about 1| about 0 to about 1 | abeut O to about 1 | abewt0to about 1 | abeut-0to about1 | abeutO to about i

TbyO about 0 to about 1 | abeut 0 to about 1 | abeut 0 to about 1 | abeut-Otoabout1 | abeutOtoaboutl | abeutO toaboutl

Nb,Os about 0 o about 2 | abeut 0 to about2 | abeut O toabout2 | abeut0 to about2 | abeut0 to about2 abeut 0 to about 2

Ta,0s about 0 to about 2 | about 0 to about 2 | ebeut 0:to about2 | about0 toabout2 | abeut0toabout2 | about0.5to about

8.0

Paragraph beginning at line 25 of page 7 and continuing to line 7 of page 8 has been
amended as follows:

The powders may be used to form and fuse (sinter) pressable pellets and/or blanks

of desired shapes, sizes and structures. Sintering of the pellets or blanks is carried out at

temperatures in the range of about 800° to about 1000°C, and preferably in the range of

about 850° to about 950°C. Sintering imparts sufficient strength for handling of the

pellets or blanks. These pellets and blanks may be used for pressing cores or other

frameworks or shapes for dental restorations. The cores may be provided with one or

more coatings. The coatings may be selected from a ceramic, a sintered ceramic, a glass

ceramic, a porcelain, a glass, a glaze, a composite and mixtures thereof. The coatings
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preferably have a firing temperature in the range of about 700° to about 900°C and a

coefficient of thermal expansion (measured from room temperature to its transition

temperature) of within about + 2.0 x 10 76/°C of the dental core (measured at the same

temperature range). The blank or pellet may be subjected to viscous deformation at a

temperature in the range of about 800° to about 1200°C, and more preferably in the range
of about 850° to about 950°C, and most preferably at less than about 930°C, under
vacuum and with the application of pressure of between about 2 to about 8 bar (0.2 - 0.8

MPa) and preferably no greater than about 6 bar (0.6 MPa) to obtain a dental restoration.

Moreover, it is possible that the blanks may be machined to a dental restoration of desired

geometry using commercially available milling equipment such as the Maho HGF 500 5
Axis CNC Milling Machine available from Fraunhofer Institut Produktionstechnologie,

Germany.

Table 2 has been amended as follows:

Table 2
Oxide, Ex.1 | Bx.2 | Ex.3 | Ex.4 | Ex.5 | Ex6 | Ex.7 [ Ex.8 | Ex. Ex. Ex. Ex. Ex. Ex. Ex.
wi% 9 10 11 12 13 14 15
SiO, 68.8 | 70.0 | 701 {654 | 707 {709 | 681 |695 |72 69.0 | about | 65 | about | 68.9 72
68.8 67.2
B20s 1.2 [ B B B Bl 1.3 29 | e about | 1.0 | about [ 0.9 2.0
1.3 1.2
A0y 4.8 49 52 8.1 5.3 53 4.7 4.8 5.1 6.0 about 5 about | 4.7 4.5
4.8 4.7
[ e I 14 [ e [ I I I B e e el B
ZnO | eweemm | memee- B sl Ml el Bl Bl Hseesll Msentll Hen Bl Bl el B
CaO 0.9 0.5 R I P P 2.0 2.0 | - -- about 1 about | 0.5 0
1.0 1
MgO | - Dl e e IR Bl Bt Ml Bt B N
BaO 2.8 14 | wevee 3.8 5.4 54 | - - 120 2.7 about | 2.7 about | 1.4 2.0
2.8 2.7
I T e B T B B B B B P e I B IS
Cs,0 JEENNER, — 4.1 49 4.9 S T [UUREE U — : SRR [NRVNVUOUE U, | u—
LiO 144 | 147 | 147 | 134 [11.0 | 108 [ 143 | 146 | 13.0 | 153 | about { 15 about | 143 | 13.0
14.4 14.1
Iy
L
5 -~
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K,0 2.5 25 4.6 | R e 44 4.5 2.0 2.1 about | 2.2 | about | 2.0 2.0
22 22
Na,O 1.4 | e B B e B I B about 1.4 | about 13 | -
1.5 1.4
- by T B Bt Ml B B B T B B B BT B | wm———— | e -
2T B B B B B I Bl I B I I i B B
P,0s 33 3.6 34 2.7 2.7 2.7 33 34 3.0 4.0 about | 3.5 | about [ 3.5 3.0
33 32
SN0y | = | mmemmn | s | een | s B B B I [ B B B B s
Sb;0s3 L B Lol B B B M B e e I il C i S e
R T I el AR S P - | 0.5 0.8 P el T R 0.5
CeO; | - B B B B 04 | - [ R el 0.4 | about t 03 0.6
' 0.4
Eu03 | e B B e B e e [ RS 0.5 | e [ memeen [ csmemn | e JR— 0.6
TbyO; el P B B e (IR e el el B 0.9 | ---- 03 | ----
Nb,Os e T B IR e Bl e I B B el Tl el Bl I
Ta05 | wmmeem [ == Bl B e B 2.0 | e | e | e mm——n 1.9 | about [ 1.8 | ---—-
2.0
Three-
Point
Flexural 430+ | 420+ 440+ 400+
Strength
per 1SO : 70 60 60 50
6872,
MPa
As- 50 42 25 34
pressed
Opacity
(relativeo
pacity
units)
CTE 10.4 8.7 10.1- 10.5 10.0 9.9
(25°C-
500°C), 10.6
10%C’!

In the claims:

Claims 3, 9, 28 and 48 through 51 have been cancelled.
Claims 1, 8, 27, 43, 53, 56, 63, 64, 65, 66, 67, 69 and 70 have been amended as

follows:

b
3

b
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1. (Amended) A glass-ceramic composition eemprising consisting
essentially of in weight percent:

about 62 to about 85% SiO;;

about 1.5 to about 10% Al,O3;

about 8 to about 19% Li,O;

about 2.5 to about 7% K,0; and

about 0.5 to about 12 % P,0s.

up to about 4.9% B,0O3;

up to about 1.5% F;

up to.about 7% CaO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0;

up to about 5% NaO;

up to about 2% Ti0,;

up to about 3% ZrQ,;

up to about 1% SnO»;

up to about 1% Sb,03;

up to about 3% Y50s:

up to about 1% CeO»;

up to about 1% Euy0s;

up to about 1% TbsO7:

up fo about 2% Nb,Os; and

up to about 2% Tay0s.

8. (Amended) The method of claim 6 wherein the blank is fully sintered.
to-full-density:

27. (Amended) A method of making a lithium disilicate dental product

comprising:
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melting a starting glass comprising-a-compesition at temperatures within
the range of about 1200 to about 1600°C;

guenching the glass;

cooling the quenched glass melt-to the crystallization temperature to form
a glass-ceramic;

comminuting the glass-ceramic to a powder;

compacting the powder to a starting blank; and

sintering the blank.

43. (Amended) A glass-ceramic composition eemprisingconsisting
essentially of in weight percent:

about 64 to about 70% SiO3;

about 1.5 to about 6 Al,O3;

about 10 to about 15% Li,O;

about 2.5 to about 5% K,0; and

about 2 to about 7 % P,0s:

up to about 1.5%F;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0;

up to about 2.7% BzOq;

up to about 0.9% CaO;

up to about 3% Na,O:

up to about 2% TiO;;

up to about 3% ZxrO»;

up to about 1% SnO»;

up to about 1% Sb,03:

up to about 3% Y703

up to about 1% CeO»;

up to about 1% EuyOs;
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up to about 1% TbsO7;
up to about 2% Nb,Os; and
up to about 2% Ta,Os.

53. A glass-ceramic composition eemprisingconsisting essentially of

in weight percent: |
about 64 to about 70% SiO, ;
about 5.2 to about 9 Al,O3;
about10 to about 15% Li,0; and
about 2 to abouf 7 % P,0:s;
up to about 1.5% F;
up to about 7% BaO;
up to about 1% SrO;
up to about 5% Cs,O:
up to about 5% K,0:
up to about 2.7% B,0s;
up to about 0.9% CaO;
up to about 3% NayO;
up to about 2% TiO,;
“up to about 3% ZrO;;
up to about 1% SnO,;
up to about 1% Sb,03;
up to about 3% Y,0s;
up to about 1% CeO;,;
up to about 1% Eu,0s;
up to about 1% TbsO7:
up to about 2% NbyOs; and
up to about 2% Ta,0s.

56. A dental restoration comprising the glass-ceramic composition

comprising :efelaim-53
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about 64 to about 70% SiO, ;
about 5.2 to about 9 Al,Os;
about10 to about 15% Li;O; and
about 2 to about 7 % P,0s.

63. (Amended) A glass-ceramic composition comprising in weight
percent:

about 62 to about 76% SiO»;

about 1.5 to about 10 Al,O3;

about 8 to about 19% LiO;

about 0.3 to about 7% P,0s; and

about 0.5 to about §% Ta,0s.

64. (Amended) AThe glass-ceramic composition efelaim-63comprising:
about 62 to about 76% SiO,;

about 1.5 to about 10 ALOs;

about 8 to about 19% Li,O;

about 0.3 to about 7% P,0s;

about 0.5 to about 8% Ta;Os: and

whereby the glass-ceramic is pressable.

65. (Amended) A Fhe glass-ceramic composition ef-elaim-63-further
comprising in weight percent:

about 62 to about 76% SiO,;

about 1.5 to about 10 Al,Os;

about 8 to about 19% LiyO;
about .3 to about 7% P»0s:
about .5 to about 8% TayOs.
up to about 5% B20s=;

up to about 5% Na;O; /
up to about 7% K20; \
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up to about 1.5% F;

up to about 5% ZnO;
up to about 2% MgO;
up to about 7% BaO;
up to about 1% SrO;
up to about 5% Cs;0;
up to about 7% CaO;
up to about 2% TiO;
up to about 3% ZrO,;
up to about 1% SnOy;
up to about 1% Sby03;
up to about 3% Y,03;
up to about 1% CeOa; -
up to about 1% EuyO3;
up to about 1% Tb4O7; and
up to about 2% NbyOs.

66. (Amended) A dentél restoration comprising the glass-ceramic ef
elaim-63 comprising:

about 62 to about 76% SiO;;

about 1.5 to about 10 Al,Os;

about 8 to about 19% LiéO;

about 0.3 to about 7% P,Os; and

about 0.5 to about 8% Ta,0s.

67. (Amended) A method of making a dental restoration comprising: '
melting a starting glass composition comprising in weight percent
about 62 to about 76% SiO;

about 1.5 to about 10 Al;O3;

about 8 to about 19% Li,0;

about 0.3 to about 7% P2Os; and (\

GC Corporation, et al.
Exhibit 1006, p.89



about 0.5 to about 8% Ta,Os; at temperatures within the range of about
1200° to about 1600°C;

quenching the glass melt;

subjecting the quenched glass to one or more heat treatments in the
temperature range of from about 400° to about 1100°C to convert the glass into a

glass-ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

69. (Amended) The glass-ceramic of claim 68 having a flexural strength
| e#eqaixal—te—epgfeater—éhan—abeuMQGin the range of 360 to 480 MPa.

74. (Amended) The glass-ceramic of claim 73 having a flexural strength
of equal-to-or-greater than-about-440in the range of 380 to 500 MPa.

GC Corporation, et al.
Exhibit 1006, p.90




@NT OF ¢y
N ty,

§ Y % | UNITEDSTAT_ )JEPARTMENT OF COMMERCE
. s |  United States Patent and Trademark Office
N & Address; COMMISSIONER OF PATENTS AND TRADEMARKS

&
Stares of " Washington, D.C. 20231
9 TP

APPLICATIONNO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |

R SRR T L7 T JEi R KIS 1 NGz Jfe

. TG A 0] — | EXAMINER |

NNTE

MOFTH PLATH
) Do 0T

[ ARTUNIT PAPER NUMBER |

17RE

DATE MAILED:

\

Please find below and/or attached an Office communication concerning this application or .

proceeding.
Commissioner of Patents and Trademarks
PT0-90C (Rev.11/00) ) » 1- File Copy

GC Corporation, et al.
Exhibit 1006, p.91



Application No. Apphi . . (8)

09/458,919 Brodin et al
Notice of Allowability . e U
Melissa Koslow 1755

.-The MAILING DATE of this communication appéa_rs on the cover sheet with the correspondence address--

I claims peing allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not ingluded herewith
A reviously mailed), a Notice of Allowance and jssue Fee Due-or other appropriate communication will be mailed in due. course.
(°|,r“§ NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at
tThe itiative of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.X This communication is responsive to the amendment of 23 April 2001

2, The allowed claim(s) is/are 1, 2, 4-8, 10-27, 29-47 and 52-77

3, The drawings filed on are acceptable as formal drawings.

4.0 Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
a0 Al b)[] Some* ¢)[] None of the:
1.0 Certified copies of the priority documents have been received.
2.1 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this national stage
application from the international Bureau (PCT Rule 17.2(a)).

*Certified copies nbt received:

5.0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT
EXTENDABLE FOR SUBMITTING NEW FORMAL DRAWINGS, OR A SUBSTITUTE OATH OR DECLARATION. This three-month petiod
for complying with the REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL is extendable under 37 CFR 1.136(a).

6.1 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION (PTO-152} which gives
reason(s) why the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
7.X Applicant MUST submit NEW FORMAL DRAWINGS
{a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review (PTO-948) attached
1) hereto or 2)[] to Paper No. .

{b) 3 including changes required by the proposed drawing correction filed , which has been
approved by the examiner.

{c)0 including changes required by the attached Examiner's Amendment/Comment or in the Office action of
Paper No.

Identifying indicié such as the application number (see 37 CFR 1.84(c)) should be written on the drawings. The
drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

8.[] Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any reply to this letter shouid include, in the upper right hand corner, the APPLICATION NUMBER (SERIES CODE/SERIAL
NUMBER). It applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER and DATE of
the NOTICE OF ALLOWANCE should also be included.

Attachment(s) R .

100 Notice of References Cited (PTO-892) 2] Notice of Informal Patent Application (PTO-152)

3] Notice of Draftsperson's Patent Drawing Review (PT0-348) 4[] Interview Summary (PTO-413), Paper No. _____

5[X) Information Disclosure Statement(s) (PTO-1449), Paper No(s). .5 6] Examiner's Amendment/Comment

7] lF;/)‘(atrni_n?r's Comment Regarding Requirement for Deposit of Biological 8] Examiner's Statement of Reasons for Allowance
ateria .

7
9] other ///?';
MELISSA KOSLOW
PRIMARY EXAMINER

L ART UNIT 1755
%S- Patent and Trademark Office A .
0-37 (Rev. 01-01) Notice of Allowability Part of Paper No. 7

GC Corporation, et al.
Exhibit 1006, p.92

i
i
i

i
I
i
|
il
i




UNITED STATEL EPARTMENT OF COMMERCE
Patent and Trademark Office

1

N~ NOTICE OF'ALLOWANCE‘AND ISSUE FEE DUE.

EMiz sy

APPLICATION NO. FILING DATE TOTAL CLAIMS EXAMINER AND GROUP ART UNIT DATE MAILED

0/

PR R R TE L AR N ERI LS WA I

5733 701

First Named BRODIIN, BEOLMD LRy hermomeh, o= 0 Days.
Applicant ’
TILEOF  PRENSNELE LITHIWM DISILITHTE GLASSE CERAMITS
INVENTION
ATTY'S DOCKET NO. l CLASS-SUBCLASS | BATCH NO. APPLN. TYPE | SMALL ENTITY l FEE DUE DATE DUE
TN S Bt N BOL-00B, 000 EBYY UTILITY YES  BEZ0.O0 nE/ R A

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:
. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your if the SMALL ENTITY is shown as NO:
current SMALL ENTITY status:

A. If the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and A. Pay FEE DUE shown above, or
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown . » .
above. B. File verified statement of Small Entity Status before, or with,

payment of 1/2 the FEE DUE shown above.

Il. Part B-Issue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section “4b” of Part
B-Issue Fee Transmittal should be completed and an extra copy of the form should be submitted.

. All communications regarding this application must give application number and batch number.
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance
fees when due.

b PATENT AND TRADEMARK OFFICE COPY
TOL'SS (REV. 10-96) Approved for use through 06/30/99. (0651-0033)

GC Corporation, et al.
Exhibit 1006, p.93




~

: fﬁwc% UNITED STATES: ‘ARTMENT OF COMMERCE
B A A Y

Patent and Tradeémark Office : )
%< | _

*Orares of o

~ .

e RS

 NOTICE OF ALLOWANCE AND ISSUE FEE DUE

Tin LY

I A tedd
AN B RRESE

SMTRORN ING

APPLICATION NO. FILING DATE TOTAL CLAIMS - EXAMINER AND GROUP ART UNIT DATE MAILED
YR S B R YRl LKl BpEL O, 0 17585 A A
First Named BRODR TN, A UED 154{hY basrm sut, = 0 famve.
Applicant T
TLE OF FRESSABLE L ITHIUNM DISILICATE GLASSE CERaMINS
VENTION
ATTY'S DOCKET NO. | CLASS-SUBCLASS | BATCH NO. APPLN. TYPE | SMALL ENTITY FEE DUE _ DATE DUE
i TP E2ENP S01-00ak, 00 TS TILITY Y S FER . RS

HE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
ROSECUTION ON THE MERITS IS CLOSED.

HE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
PPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:

. Review the SMALL ENTITY status shown above.
Ifthe SMALL ENTITY is shown as YES, verify your If the SMALL ENTITY is shown as NO:
current SMALL ENTITY status:

| A. If the status is changed, pay twice the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown
above.

A. Pay FEE DUE shown above, or

B. File verified statement of Small Entity Status before, or with,
payment of 1/2 the FEE DUE shown above.

Il Part B-issue Fee Transmittal should be completed and refurned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section “4b” of Part
B-lssue Fee Transmittal should be completed and an extra copy of the form shoulid be submitted.

. All communications regarding this application must give application number and batch number.

Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

’MPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance

fees when due.
PATENT AND TRADEMARK OFFICE COPY

PT
OL.gs (REV. 10-96) Approved for use through 06/30/99. (0651-0033)

GC Corporation, et al.
Exhibit 1006, p.94




» 08 ’ Q ’O g &WM{;

Docket No. ‘%
JPP-1222NP CPA %P

"CERTIFICATE OF MAILING BY "EXPRESS MAIL" (37 CFR 1.10j
Applicant(s): DMTW&‘T&N‘\ARLINO PANZERA, PAUL PANZERA

s V‘\
Serial No. 23 mmeggg Date Examiner Group Art Unjt
09/458,919 | 1@{10/99 KOSLOW, C 1755
A e
y T L]
vention: PRESS J*rgfn ISILICATE GLASS CERAMICS / ]

CENVED
AUG 28 2001

TC 1700

RANSMITTAL OF INFORMATION DISCLOSURE STATEMENT'; POST CARD

| hereby certify that the following correspondence:

|
|
(Identify type of correspondence) i
i
)i

is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under

37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C. 20231 on

8/23/01 !
(Date)

ANNMARIE TENERO

(rinted Name of Person Mailing Correspondence)

el (Signature of Person Mailing Correspondence)

EK904747305US
("Express Mail" Mailing Label Nuimber)

Note: Each paper must have its own certificate of mailing. s

POSA/REV02

GC Corporation, et al.
Exhibit 1006, p.95



- 1009-45 |
(TR Illllilslglllsllll%llifcl] [ —

GC Corporation, et al.
Exhibit 1006, p.96



pos

/f h
- [T TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT Docket No.
(Under 37 CFR 1.97(b) or 1.97(c)) JPP-1222NP CPA

I

In Re Application Of:  DMITRI BRODKIN, CARLINO PANZERA, PAUL PANZERA
olPg

s [ 4 .
Serial No. mr@\g Date Examiner Group Art Unit
623 ®
09/458,919 - @/10/99 KOSLOW, C. 1755

LS
Q)
LICATE GLASS CERAMICS

Address to:
Assistant Commissioner for Patents
Washington, D.C. 20231
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application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action after the filing of a request for continued examination under 37 CFR 1.114.

37 CFR 1.97(c)

The Information Disclosure Statement submitted herewith is being filed after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a
Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an Action that
otherwise closes prosecution in the application, and is accompanied by one of:

-

O the statement specified in 37 CFR 1.97(e),

OR .
1 the fee set forth in 37 CFR 1.17(p).
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1 Unique citation designation number. “Bee attached Kinds of U.S: Patent Documents. 3 Enter Office that issued the document, by the two-letter ﬁ
code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial !
number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST. 16 if
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Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on
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DILMORE, M.F., CLARK, D.E,, HENCH. L.L, Corrosion Behavior of Lithia Disilicate Glass in Aqueous
Solutions of Aluminum Compounds. Ceramic Bullletin, pg. 1111-1124. Vol. 58, No. 11 (1979).

FREIMAN, S.W., HENCH, L.L., Effect of Crystallization on the Mechanical Properties of Li20-Si02
Glass-Ceramics. Journal of the American Ceramic Society. pg. 86-90 Vol, 55, No.2.

HENCH, L.L., FRIEMAN, S.W., KINSER, D.L., The eatly stages of crystallisation of a Li20-2Si02 glass.
Physics and Chemistry of Glasses. pg. 58-63. Vol. 12, No. 2 April 19?{.

MCCRACKEN, W.J., CLARK, D.E., HENCH, L.L, A(iueous Durability of Lithium Disilicate
Glass-Ceramics, Ceramic Bulletin. pg. 1218-1223. Vol61, No. 11 (1982).

MCCRACKEN, W.J., PERSON, W.B., HENCH, L.L., Polarized infrared reflection s%ectroscopy of single
crystal lithia-silicates and quartz. Journal of Materials Science. pg. 3853-3864. 20, 1985. i

OHUCHL F., CLARK, D.E., HENCH, L.L., Effect of C%s:lallization on the Auger Election Signal Decay
1Sn angiZ(Sl 5%02 Glass and Glass-Ceramic. Journal of American Ceramic Society. pg. 500-503.
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PALMER, R.A., LINDBERG, W.R., HENCH, L.L., Fatigue Properties of Li2O 28i02 Glass and Glass
Ceramic. Journal of The American Ceramic Society - Discussions and Notes. pg. 319-320. Vol. 62,
No.5-6. May-June 1979
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Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on

the amount of time you are required to complete this form should be sent to the Chief Information Officer, U. S. Patent and Trademark Office, Washington, DC 20231,
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In Re Application:  DMITRI BRODKIN, CARLINO PANZERA, PAUL PANZERA

o0\P&
Serial No o Vc;l\':iling Date Examiner Group Art Unit
Mg 4 I = j
09/458,912 &712/10/99 KOSLOW, C. 1755
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\% Q‘\
PRESSABWSILICATE GLASS CERAMICS

Payment of Fee
(Only complete if Applicant elects to pay the fee set forth in 37 CFR 1.17(p))

O A check in the amount of is attached.
[ The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No.
as described below. A duplicate copy of this sheet is enclosed.
3 Charge the amount of
0 Credit any overpayment.
(O Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Class Mail
| certify that this document and authorization to charge deposit | certify that this document and fee is being deposited
account is being facsimile transmitted to the United States with the U.S. Postal Service

Patent and Trademark Office (F . as first class mail under 37 C.F.R. 1.8 and is
addressed to the Assistant Commissioner for Patents,

Washington, D.C. 20231.

(Date)
Signature Signature of Person Mailing Corresp;ndence
Typed or Printed Name of Person Signing Certificate Typed or Printed Name of Person Mailing Certificate
ay gyly be used if paying by

el

/i

igrlature

Dated: smﬁ E CE | V E D

ANN M. KNAB AUG 2 8 2001

TC 1 700

ATTORNEY REG. NO.: 33,331
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Assistant Commissioner for Patents
Washington, D.C. 20231

37 CFR 1.97(b)

37 CFR 1.97(c)

(1 the statement specified in 37 CFR 1.97(e);

OR
(A the fee set forth in 37 CFR 1.17(p).

TC 1700

1. The Information Disclosure Statement submitted herewith is being filed within three months of the filing
of a national application other than a continued prosecution application under 37 CFR 1.53(d); within
three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in an international
application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action after the filing of a request for continued examination under 37 CFR 1.114.

2. O The Information Disclosure Statement submitted herewith is being filed after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a
Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an Action that
otherwise closes prosecution in the application, and is accompanied by one of:
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

February 21, 2017

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF THE FILE WRAPPER AND CONTENTS
OF:

APPLICATION NUMBER: 09/458,919
FILING DATE: December 10, 1999
PATENT NUMBER: 6,455,451
ISSUE DATE: September 24, 2002

By Authority of the

Under-Secretary of Commerce for Intellectual Property ’
and Director of the United States Patent and Trademark Office

2
Il A e

JOHN A BURSON
Certifying Officer
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STATEMENT BY APPLICANT First Named Inventor BRODKIN N w"éf\,
Group Art Unit 1755 i N S
(use as many sheets as necessary) Examiner Name C. KOSLOW ﬁ[(/{,;\ o ? _&“m‘m
\ 5 [of | 6 ] 0 ja
Sheet ' ‘ of Attorney Docket Number | JPP-1222NP CPA.. 20 ',
r
AT
P,
U.S. PATENT DOCUMENTS YL ey
US. Patent D 1 . Pages, Columns, 1T
Examiner] Cite een Z:dn:ir;e? Name of Patentee or Applicant Da‘i:e;tg(fj l;u:cls;;;l;r: of agsvsh er: ;rgganpek/
initials No.? Number (1 known) of Cited Document MM-DD-YYYY Pas':s}zzisc;?;;:am
FOREIGN PATENT DOCUMENTS
nitials” | No.' [office? Number4 (if known) Applicant of Cited Document MM-DD-YYYY Pas,f,z%f::;f:;‘,'am 6
[«4 UK 1,136,501 WILLIAM 12-11-1968 v
a UK 1,312,700 DAVIES 04-04-1973 v
C/» FR 2 655264 DENRY 06-07-1991 »/
FPoROL2547 NEPSHRAGARY 04=03=87—
ez JP01145348 TOSHIBA GILASS 06-07-1989
Examiner z Date . ¢
<Signature // Considered lorz 7o/

*EXAMINER: Initial if reference considered, whether or not citation is ihn conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

¥ Unique citation designation number. Bee attached Kinds of U.S. Patent Documents. 3 Enter Office that issued the document, by the two-letter
code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial
number of the patent document. ®Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if
possible. € Applicant is to place a check mark here if English language Translation is attached.

Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Tim? will vary depending upon the needs of the individua! case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U. S. Patent and Trademark Office, Washington, DC 20231.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.
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Expiess vailLabelNo. KOO . S : oy / 70 / /7 “S:(C/?\l‘

r‘r’”’”* CONTINUED PROSECUTION APPLICATION (CPA) Docket No. &)
: REQUEST TRANSMITTAL (Small Entity) ‘ JPP-1222NP CPA /
Submit an original, and a duplicate for fee processing. ) Chockh
ﬁ&\ (Only for Continuation or Divisional Applications Under 37 CFR 1.53(d)) " : . {1 DUPLICATE (:f a;;/lc:b);eﬁ é j '
) N 3 ~ ')
O m First Named Inventor . ‘ Examiner Group/Art Unit m( \
w A — \ "
DMITRI BRODKIN C. KOSLOW 1755 -
) K .
\Q&r& m,‘ﬁ@ﬁ‘ ' Address to:
Assistant Commissioner for Patents
Box CPA
Washington, D.C. 20231 19
This is a request for filing a & continuation or [ divisional application under 37 CFR 1.53(d), (continue pros @é
application (CPA)) of prior application number 09/458,919 filed on  12/10/99 /Zb"“ :)
1 and entitled: 7~ 0 200 .
i PRESSABLE LITHIUM DISILICATE GLASS CERAMIC ‘ O 7) 7
1. Enter the unentered amendment previously filed on under 37 CFR 1.116 in the prior
nonprovisional application.
2.0 A preliminary amendment is enclosed.
3.[1 This application is being filed by fewer than all the inventors named in the prior application, 37 CFR 1.53(d)(4).
a. [0 DELETE the following inventor(s) named in the prior nonprovisional application:
b. O The inventor(s) to be deleted are set forth on a separate sheet attached hereto.
4.1 A new power of attorney or authorization of agent is enclosed. |,
5. Small Entity Status: 9
a. [ A small entity statement is enclosed.
b. B A small entity statement was filed in the prior nonprovisional application and such status is still proper and
desired.
6.[0 The fee for this application is calculated as follows:
CLAIMS AS FILED
For #Filed #Allowed  #Extra Rate Fee
Total Claims 70 -20 = 50 X $9.00 $450.00
Indep. Claims 20 -3= 17 X $40.00 $680.00
Multiple Dependent Claims (check if applicable) Q : $0.00
BASIC FEE $355.00
TOTAL FILING FEE $1,485.00
[Page 1 of 3] P21SMALL/REV0S
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CONTINUED PROSECUTION APPLICATION (CPA) REQUEST TRANSMITTAL (Small Entity)
(Oniy for Continuation or Divisional Applications Under 37 CFR 1.53(d))

7. The Commissioner is hereby authorized to credit overpayments or charge the following fees to
Deposit Account No. 50-0718

] fees required under 37 C.F.R. 1.16.
[0 fees required under 37 C.F.R. 1.17.
O fees required under 37 C.F.R. 1.18.

8.1 A check in the amount of is enclosed.

9. An Information Disclosure Statement (IDS) is enclosed:

a. X PTO-1449
b. B Copies of IDS Citations

10. & Also enclosed:

Transmittal of Formal Drawings and 1 Sheet of Formal Drawings; International Search Report, Post Card.

11.[Q The prior application's correspondence address will carry over to this CPA UNLESS a new correspondence address
is provided below:

[Page 2 of 3]
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CONTINUED PROSECUTION APPLICATION (CPA) REQUEST TRANSMITTAL (Small Entity)
{Only for Continuation or Divisional Applications Under 37 CFR 1.5@»\

NOTES

Submit an original, and a duplicate for fee processing.G 7700

FILING QUALIFICATIONS: The.prior application:mustibe a nonprovisional application that'is either:
(1):complete as defined by 37 C.F.R. 1.54(b), or (2) the'national stage of an international application-in
‘compliance:with- 35 1W:8.C. 871, A Notice:will:be placed on:a patent issuing from a CPA, except for
reissues-and-designs, to-the effect:that the patent.issued.on a CPA and is-subject to the. twenty-year
‘patent term provisions of 35 USC 154(a )(2) Therefore ‘the prior apphcat;on of a CPA may:hiave been
filed before, on or after June 8, 1995 : e : i ;

G- I-P NOT PERMITTED A centmuatlon- : art: applicatlon cannot be f led as a CPA under 37 C.F.R.
1.53(d),: but must befiled: under 37CFR , T

EXPRESS ABANDONMENT OF PRIOR,APPLICATION The il Img of thls CPA is a request to
expressly abandon the prior apphcatlon as of the ﬁhng date of the request for.a CPA. .37 CF.R.
1.53(b) must be used to file'a centmuatmn dlwsmnal or: contmuatlon-m -part-of an-application that is
not to-be:abandoned. : » g :

ACCESS TO PRlOR APPLICATION The filing of this CPA will be construed to include a waiver of
confidentiality by the Applicant under.35 U.S:C. 122 to the extent tha ny member-of the: public:who is
ientitled under-the-provisions.of 37 C. F.R.1.14 to access to, copies-of, -or information concerning, the
prior application may ‘be given similar accessvto cepl s of, or similar-information: concerning; the other
application or appllcatlen in the file Jacket : =

35:U.S:C. 120 STATEMENT ina CPA no. reference to the prlor application:is- needed in the first
seritenge of the specification and none should be st sentence referencing the prior
appllcatlon is submitted, it will not be- entered A request fo oF e specific reference-required
by 35:U.5.C. 120 and'to every apphcatlon assrgned the apphcauo number ldentn‘" ed.in-such request,
37.C. F R 1. 78(a) ; ’ o

Dated:  8/16/01 /
A M =~ Signature
ANN M. KNAB
Typed or printed name
. ) . 33,331 N

Registration Number (if applicable)

O inventor(s)
O Assignee of compTete interest

. X Attorney or agent of record

[Page 3 of 3]
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RANSMITTAL OF FORMAL DRAWINGS

Docket No.
JPP-1222NP CPA

ion Of: DMITRI BRODKIN, CARLINO PANZERA, PAUL PANZERA

)

Serial No. . Filing Date: Batch No. Examiner Art Unit
09/458,919 12/10/99 C. KOSLOW @ i~ f:’755
. T3 "
Invention: PRESSABLE LITHIUM DISILICATE GLASS CERAMICS Ve q
IC 15
TN

Transmitted here,yvith are:

on the reverse side of the drawing.

AUz

Address to:
. Assistant Commissioner for Patents
Washington, D.C. 20231

1 sheets of formal drawing(s) for this application.

Each sheet of drawing indicates the identifying indicia suggested in 37 CFR Section 1.84(c)

NIRRT Mture
ANN M. KNAB
REG NO. 33,331

Dated: 8/16/01

I certify that this document and attached formal drawings
are being deposited on with the
U.S. Postal Service as first class mail under 37 C.F.R. 1.8
and addressed to the Assistant Commissioner for Patents,
Washington, D.C. 20231.

Signature of Person Mailing Correspondence

Typed or Printed Name of Person Mailing Correspondence

P23B/REVO1
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SERIAL NO.: 09/458,919
INVENTOR: DMITRI BRODKIN, CARLINO
PANZERA, PAUL PANZERA
DOCKET NO.: JPP-1222NP CPA
CONTACT PERSON: ANN KNAB, REG NO.
33,331

(203) 265-7397 x508
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CERTIFICATE OF MAILING BY "EXPRESS MAIL" (37 CFR 1.10) l Docket No.

Applicant(s): DNHTB!M: JKIN, CARLINO PANZERA, PAUL PANZERA JPP-1222NP
| AN "C‘\
Serial No. [ © '@\ *a\riling Date Examiner Group Art Unit
09/458,91 W | © 12/10/99 KOSLOW, C 1755

Invention: PRE DISILICATE GLASS CERAMICS ﬁ? —
) Ok, ,
Allg P
T 0 2007
| hereby certify that the following correspondence: C 7 ?ﬂ .
Wi/

ONTINUED PROSECUTION APPLICATION; TRANSMITTAL OF FORMAL DRAWINGS; TRANSMITTAL
F INFORMATION DISCLOSURE STATEMENT'; INTERNATIONAL SEARCH REPORT ; POST CARD

(Identify type of correspondence)

is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under

37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C. 20231 on

8/16/01
(Date)

ANNMARIE TENERO

r Printed Name of Person Mailing Correspondence)

ignature of Persor’Mailing Correspondence)

EK904747464US
("Express Mail" Mailing Label Number)

Note: Each paper must have its own certificate of mailing.

POBA/REVO2
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T TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT Docket No.
(Under 37 CFR 1.97(b) or 1.97(c)) JPP-1222NP CPA

| s

— ¢
In Re Applicatio O\DMITR‘f ODKIN, CARLINO PANZERA, PAUL PANZERA

ﬁ&\%;&“\ N

~Serial No. \ iling Date k Examiner Group Art Unit
%
09/458,919 & & TR 12/10/99 KOSLOW, C. 1755
5”“’9
PRESSABLE LITHIUM DISILICATE GLASS CERAMICS F {“’% W
w Ao~ /” fl“@
¥
62y 2007
e -
T A
Payment of Fee ! ! @G
(Only complete if Applicant elects to pay the fee set forth in 37 CFR 1.17(p))
{1 A check in the amount of is attached.

0 The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No.
as described below. A duplicate copy of this sheet is enclosed.
O Charge the amount of
[ Credit any overpayment.
O Charge any additional fee required.

Certificate of Transmission by Faesimile* Certificate of Mailing by First Class Mail
| certify that this document and authorization to charge deposit | certify that this document and fee is being deposited
account is being facsimile transmitted to the United States with the U.S. Postal Service
Patent and Trademark Office (F as first class mail under 37 C.FR. 1.8 and is

addressed to the Assistant Commissioner for Patents,
Washington, D.C. 20231.

(Date)

Signature Signature of Person Mailing Correspondence

Typed or Printed Name of Person Signing Certificate Typed or Printed Name of Person Mailing Certificate

hlS certlﬁc t% may only be used if paying by

i

ANN M. KNAB
ATTORNEY REG. NO.: 33,331

Dated: 8/16/01

Signature

CcC:.

P10A/REV02
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§ %‘3\ UNITED STA1 .DEPARTMENT OF COMMERCE
A 5 Patent and Trademark Office
/‘\% v“{‘? Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Srares of Washington, D.C. 20231 A’ﬁ

ATTORNEY DOCKETNO. |

I FIRST NAMED INVENTOR

APPLICATION NO. FILING DATE

| EXAMINER

PAPER NUMBER |

15

r«-

Please find below and/or attached an Office communication concerning this application or

proceeding.
Commissioner of Patents and Trademarks

i- File Copy

PT0.90C (Rev. 2/95)
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Es\ ) Application No. ( ) Applicant(s)
09/458,919 BRODKIN ET AL.
Office Action Summary Examiner Art Unit
C. Melissa Koslow 1755

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- | NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the appiication to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1X Responsive to communication(s) filed on 16 August 20071 .
2a)[] This action is FINAL. 2b)X This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)X] Claim(s) 1,2,4-8,10-27,29-47 and 52-77 is/are pending in the application.
4a) Of the above claim(s) ______is/are withdrawn from consideration.
5)X] Claim(s) 4-8,10-23,25-27,29-44.46,47.52-54,56-64_and 66-77 is/are allowed.
8)IX] Claim(s) 1,2 and 24 is/are rejected.

7)X Claim(s) 45,55 and 65 is/are objected to.
8)[T] Claim(s)_____ are subject to restriction and/or election requirement.
Application Papers
9)[] The specification is objected to by the Examiner.
10)K] The drawing(s) filed on 16 August 2001 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)] The proposed drawing correction filed on is: a)[_] approved b)[_] disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAIl b)[] Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____

3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) IX] Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413) Paper No(s).
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5)[_] Notice of Informal Patent Application (PTO-152)
3) IX] Information Disclosure Statement(s) (PTO-1449) Paper No(s) 9.10 . 6) | Other:

U.S. Patent and Trademark Office ] .
PT0-326 (Rev. 04-01) Office Action Summary Part of Paper No. 13
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Application/Control Number: 09/458,919 Page 2
Art Unit: 1755

The request filed on 16 August 2001 for a Continued Prosecution Application (CPA)
under 37 CFR 1.53(d) based on parent Application No. 09/458,919 is acceptable and a CPA has
been established. An action on the CPA follows. \

The references cited on the Information Disclosure Statements of 16 August 2001 and 23
August 2001 having a line drawn through them have already been considered and were cited by
either the Examiner on form PTO-892 or by applicants in an earlier Information Disclosure
Statement.

The non-English references cited in the Information Disclosure Statements of 16 August
2001 and 23 August 2001 have been considered with respect to the provided English abstracts,
English translations and English equivalent references.

Claim 45 is objected to under 37 CFR 1.75(c), as being of improper dependent form for
failing to further limit the subject matter of a previous claim. Applicant is required to cancel the
claim.

The subject matter in this claim is found in claim 43 from which claim 45 depends.

Claim 55 is objected to under 37 CFR 1.75(c), as being of improper dependént form for
failing to further limit the subject matter of a previous claim. Applicant is required to cancel the
claim.

The subject matter in this claim is found in claim 53 from which claim 55 depends.

Claim 65 is objected to because of the following informalities: The leading zeros are
missing from the amount of phosphorus oxide and tantalum oxide. Appropriate correction is

required.

GC Corporation, et al.
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Application/Control Number: 09/458,919 Page 3
Art Unit: 1755

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

Claims 1, 2 and 24 are rejected under 35 U.S.C. 102(b) as being clearly anticipated by
GB 1,312,700: EP 536,479: DE 2,451,121; US 3,816,704 or Borom et al.

All of these references teach glass-ceramic compositions. Borom et al and Example 1 inA
the translation of DE 2,451,121 teach a glass-ceramic, in the shape of a rod or cane, comprising
71.8 wt% silica, 5.1 or 4.8 wt% alumina, 12.6 wt% lithia, 4.8 or 5.1 wt% potassium oxide and
2.5 wt% phosphorous pentaoxide. Rods or canes are known shapes for blanks. This composition
falls within the claimed composition. Since the taught composition falls within that claimed, one
of ordinary skill in the art would expect it to inherently be pressable, absent any showing to the
contrary. GB 1,312,700 teaches a glass-ceramic preform or blank comprising 73 wt% silica, 5.1
wt% alumina, 13.5 wt% lithia, 5.5 wt% potassium oxide, 2.7 wt% phosphorous pentaoxide and
0.2 wt% zirconia. This composition falls within the claimed composition. Since the taught
composition falls within that claimed, one of ordinary skill in the art would expect it to
inherently be pressable, absent any showing to the contrary. US 3,816,704 teaches, in examples
II-IV and VI, glass-ceramic rods composed of 71.1-73.41 wt% silica, 3.9-5.1 wt% alumina,
12.6-15.6 wt% lithia, 4.66-6.2 wt% potassium oxide and 1.65-3.2 wt% phosphorous pentaoxide.
Example II also contains 3.2 wt% boron oxide. Rods or canes are known shapes for blanks. This
composition falls within the claimed composition. Since the taught composition falls within that

claimed, one of ordinary skill in the art would expect it to inherently be pressable, absent any

GC Corporation, et al.
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Application/Control Number: 09/458,919 Page 4
Art Unit: 1755

showing to the contrary. EP 536,479 teaches, in examples 3, a glass-ceramic slab or blank
comprising 74.2 wt% silica, 3.54 wt% alumina, 15.4 wt% lithia, 3.25 wt% potassium oxide and
23.37 wt% phosphorous pentaoxide. This corilposition falls within the claimed composition.
Since the taught composition falls within that claimed, one of ordinary skill in the art would
expect it to inherently be pressable, absent any showing to the contrary. The claimed glass-
ceramic reads upon that taught.

Claims 1 and 2 are rejected under 35 U.S.C. 102(b) as being clearly anticipated by JP
1145,348.

The abstract for this reference teaches it is addressed to glass-ceramic compositions in
terms of weight percentage. The table on page 288 teaches specific glass-ceramic compositions.
Composition 1 teaches a glass-ceramic consisting or 74.2 wt% silica, 4.3 wt% alumina, 12.3
wt% lithia, 4.5 wt% potassium oxide, 2.5 wt% phosphorous pentaoxide, 1 wt% boron oxide, 0.1
wt% fluorine and 0.3 wt% antimony trioxide. This composition falls within the claimed
composition. Since the taught composition falls within that claimed, one of ordinary skill in the
art would expect it to inherently be pressable, absent any showing to the contrary. The claimed
glass-ceramic reads upon that taught.

Claims 4-8, 10-23, 25-27, 29-44, 46, 47, 52-54, 56-64 and 66-77 are allowable over the
cited art of record.

Claim 65 would be allowable if rewritten or amended to overcome the objection set forth
in this Office action.

The claimed glass-ceramic composition, methods and dental restoration are not taught or

suggested by the cited art of record.
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Application/Control Number: 09/458,919 Page 5
Art Unit: 1755

N

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Melissa Koslow whose telephone number is (703) 308-3817.
The examiner can normally be reached on Monday-Thursday from 7:30 AM to 4:00 PM. The
examiner can also be reached on alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Mark Bell, can be reached at (703) 308-3823.

The fax number for Amendments filed under 37 CFR 1.116 or After Final
communications is (703) 872-9311. The fax number for all other official communications is
(703) 872-9310.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the Group receptionist whose telephone number is (703) 308-0661 or (703)
308-0662.

/:

cmk C. Melissa Koslow
October 25, 2001 Primary Examiner
Tech. Center 1700
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Applicant(s)/Patent Under

Application/Control No.
Reexamination
09/458,919 BRODKIN ET AL.
Notice of References Cited Sv— AU
C. Melissa Koslow 1755 Page 10t 1
B U.S. PATENT DOCUMENTS
T N Countr??o%r:»?\l?mh;:?}g:g Code - Ml‘zvl‘l)—\a(t,\?Y,Y Name Classification
| A | US-3,816,704 06-1974 Borom et al 219 462
|8 |uUs-
| ¢ |us
| o |us
e |us
T F |us
" |6 |us
1 H s
|| US-
J | US- .
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Countg%co‘:ﬁr:-?\lr\‘}m'\l]):mg:g Code MMD-s(t‘?YY Country Name Classification
* | N | DE 2,451,121 05-1974 | Germany Borom et al - -
* 1 o | EP 536,479 04-1993 | Europe Beall et al - -
* | p | GB1,312,700 04-1973 UK Davies et al - -
*| Q | JP1-145,348 06-1989 Japan Toshiba Glass KK - -
R
s 7
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
* |y l?g;(;m et al, "Strength and Microstructure in Lithium Disilicate Glass-Ceramics”, Jour. Amer. Chem. Soc., Vol. 58, pp. 385-91,
Vv
W
X
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)

Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 13
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket No.

Invention: PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Agkion

of 10/25/01 in the above-identified application.
Date

The requested extension is as follows (check time period desired):

One month O Two months O Three months O Four months U Five months
from; 1/25/02 until; 2/25/02
Date Date
A verified statement of small entity status as a small entity under 37 CFR 1.27: %

] is enclosed. %
has already been filed in this application.

The fee for the extension of time is $55 and is to be paid as follows:

[0 A check in the amount of the fee is enclosed. %

& The Commissioner is hereby authorized to charge any fees which may be required, or credit any
overpayment, to Deposit Account No. 50-0718

A duplicate copy of this sheet is enclosed.

& If an additional extension of time is required, please consider this a petition therefor and charge any additional fees
which may be required to Deposit Account No. 50-0718 A duplicate copy of this sheet is enclosed.

Dated: 1/31/02

Signature

ANN M. KNAB, ESQ.

REG. NO. 33,331 | certify that this document and fee Is being deposited
on with the U.S. Postal Service as
first class mail under 37 C.F.R. 1.8 and is addressed to the
Assistant Commissioner for Patents, Washington, D.C.

/2002 CNGUYEN 00000084 500718 09458919 20231
215 55.00 CH ‘ '

Signature of Person Mailing Correspondence

CC:

Typed or Printed Name of Person Mailing Correspondence “
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TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT Docket No.

_~¥pder 37 CFR 1.97(b) or 1.97(c)) JPP-1222NP CPA
In Re Applic tiog - Sqn%nTzﬁi;jmomqm CARLINO PANZERA, PAUL PANZERA #/3/
[2<] ' P .
5 & v,
Serial No &, $ Fiing Dat Exami Group At (it 1>/
eriail NO. N/ ¢ 0 sz ling Date Xaminer roup Art Un -

09/458,919 12/10/99 KOSLOW, C. 1755

PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

Payment of Fee
(Only complete if Applicant elects to pay the fee set forth in 37 CFR 1.17(p))

O A check in the amount of is attached.
The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No. 50-0718
as described below. A duplicate copy of this sheet is enclosed.
® Charge the amount of $240.00
X Credit any overpayment.
X Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Class Mail
| certify that this document and authorization to charge deposit | certify that this document and fee is being deposited
account is being facsimile transmitted to the United States ' with the U.S. Postal Service

Patent and Trademark Office (F as first class mail under 37 C.F.R. 1.8 and is
addressed to the Assistant Commissioner for Patents,
Washington, D.C. 20231.

(Date)

A
Signature Signature of Person Mailing Correspondence

Typed or Printed Name of Person Signing Certificate Typed or Printed Name of Person Mailing Certificate

*(ilé%igscerﬁgloc;? ? ly be used if paying by
/ ZZ ; Dated: 1/31/02
A4 :

Signature @

ANN M. KNAB PR
ATTORNEY REG. NO.: 33,331 A 32 @
A
. ¥
Y-
b | | ' . ° O
R/07/2002 CNGUYEN 00000085 500718 09458919 ‘ P
01 Fg:12¢ 180.00 CH o
CC:
P10A/REV02
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1 TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT Docket No.

//@Bdeg\ﬂ CFR 1.97(b) or 1.97(c)) JPP-1222NP CPA
in Re Applicati |Of:  DMITRPRRODKIN, CARLINO PANZERA, PAUL PANZERA
JAN 31202
2 &
- S
Serial N% ‘&&& Filing Date Examiner Group Art Unit
09/458,919 n 12/10/99 KOSLOW, C. 1755

Title: PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

Address to:
Assistant Commissioner for Patents
Washington, D.C. 20231

37 CFR 1.97(b)

1. O The Information Disclosure Statement submitted herewith is being filed within three months of the filing
of a national application other than a continued prosecution application under 37 CFR 1.53(d); within
three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in an international
application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office
Action after the filing of a request for continued examination under 37 CFR 1.114.

37 CFR 1.97(c)

2. ® The Information Disclosure Statement submitted herewith is being filed after the period specified in 37
CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a
Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR 1.311, or an Action that
otherwise closes prosecution in the application, and is accompanied by one of: .

O the statement specified in 37 CFR 1.97(e);

OR
& the fee set forth in 37 CFR 1.17(p).

#
@O@
2, St
7 )0% O

0
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TTRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT Docket No.

//&ngsr 37 CFR 1.97(b) or 1.97(c)) JPP-1222NP CPA
. =SS
In Re Appliction: DMITRLBRODKIN, CARLINO PANZERA, PAUL PANZERA
JN 31202 5
Ll .
— - ' _ ‘

Serial No¥ 4,,‘ Q&’ Filing Date Examiner Group Art Unit
09/458,919 % ,El“‘«i"“ 12/10/99 KOSLOW, C. 1755

PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

Payment of Fee
(Only complete if Applicant elects to pay the fee set forth in 37 CFR 1.17(p))

[ A check in the amount of is attached.
X The Assistant Commissioner is hereby authorized to charge and credit Deposit Account No. 50-0718
as described below. A duplicate copy of this sheet is enclosed.
X Charge the amount of $240.00
X Credit any overpayment.
® Charge any additional fee required.

Certificate of Transmission by Facsimile* Certificate of Mailing by First Class Mail
| | certify that this document and authorization to charge deposit | certify that this document and fee is being deposited
account is being facsimile transmitted to the United States . with the U.S. Postal Service

Patent and Trademark Office (F as first class mail under 37 C.F.R. 1.8 and is
addressed to the Assistant Commissioner for Patents,
Washington, D.C. 20231.

\

. i (Date)

R

Signature Signature of Person Mailing Correspondence

Typed or Printed Name of Person Signing Certificate Typed or Printed Name of Person Mailing Certificate

*égllljiﬁsscertiglocat ma ly be used if paying by

ot

Dated: 1/31/02

~rt Signature
ANN M. KNAB y@
ATTORNEY REG. NO.: 33,331 \ ((\
| Q)

CC:

P10A/REV02
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Certificate of Mailing
‘the date shown below, this correspondence is being deposited with the United

States Postal Service as “E'(press Mail Post Office to Addressee”, Mailing Label No. £K904747892US
in an envelope addressed to: Asfistant Commissioner for Patents, Washington, D.C.

; Date: January 31,2002 __ ’{M %)2;4[/-‘ /éj /@
: , _ Annmaric Tenero’ ;;v/ / @_)

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of:

| )
/f )
Inventor: Brodkin et al. )
Serial No.: 09/458,919 ) Group Art Unit: 1755
Filed: December 10, 1999 )
) Examiner: C. M. Koslow @
For: PRESSABLE LITHIUM ) A {(\
DISILICATE GLASS CERAMICS ) A o O
O v T
v, L.
7y 3 @
AMENDMENT B O = @
Assistant Commissioner of Patents Q

Washington, D.C. 20231

Sir:

Please enter the following amendments to the above-identified application in
response to the Official Action mailed October 25, 2001.

In the claims:

S

Please cancel claims 1, 2, 45 and 55.

Please amend claims 4, 24 and 65 as follows:

ﬁ?ﬂamended). A dental restoration comprising a glass-ceramic consisting
( essentially of:

GC Corporation, et al.
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about 62 té about 85% SiO;;
about 1.5 to about 10% ALOs;
about 8 to'about 19% Li,0;
about 2.5 to about 7% K,0;
about 0.5 to ab;ut 12 % P,0s.
up to about 4.9% B,0s;

up to about 1.5% F;

up to about 7% CaO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0;

up to about 5% Na,0;

up to about 2% TiO;;

up to about 3% ZrO,;

up to about 1% SnO,;

up to about 1% Sby0s;

up to about 3% Y,0s3;

up to about 1% CeO,;

up to about 1% Eu,03;

up to about 1% TbsO7;

up to about 2% Nb,Os; and

up to about 2% Ta,Qs.

percent:

about 62 to about 76% SiOy;
about 1.5 to about 10 AL,O3;
about 8 to about 19% Li,O;

about 0.3 to about 7% P,0Os;

ﬁ% (amended). A blank for machining the dental restoration of clairryf.‘

L%O?{/ (twice amended) A glass-ceramic composition comprising in weight

GC Corporation, et al.
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about 0.5 to about 8% Ta,0s.
up to about 5% B,0;;
up to about 5% Na,O;

up to about 7% K,O0;

up to about 1.5% F;

up to about 5% ZnO;

up to about 2% MgO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0;

up to about 7% CaO;

up to about 2% TiO,;

up to about 3% ZrO,;

up to about 1% SnO,;

up to about 1% Sb,03;

up to about 3% Y,03;

up to about 1% CeOp;

up to about 1% Eu,03;

up to about 1% Tb4O7; and
up to about 2% Nb,Os.

REMARKS

Claims 4, 24 and 65 have been amended to more particularly define and distinctly
claim the instant invention. Claims 1, 2, 45 and 55 have been cancelled. Attached hereto
is a marked-up version of the changes made to the claims by the current amendment. The
attached page is captioned VERSION WITH MARKINGS TO SHOW CHANGES
MADE. The allowability of claims 4 - 8, 10 — 23, 25 - 27, 29 — 44, 46, 47, 52 — 54,56 —
64 and 66 — 77 is hereby acknowledged. In view of the foregoing amendments and
following remarks, reconsideration of the application is respectfully requested.

Claims 45, 55 and 65 were objected to. Claims 45 and 55 have been cancelled

and claim 65 has been amended to overcome the informalities therein.

15 ’ /,/“\
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Claims 1, 2 and 24 were rejected under 35 U.S.C. 102 (b) as being clearly
anticipated by GB 1,312,700; EP 536,479; DE 2,451,121 and US 3,816,704 to Borom et
al. Claims 1 and 2 were rejected under 35 U.S.C. 102 (b) as being clearly anticipated by
JP 1,145,348.

In fesbonse thereto, claims 1 and 2 have been cancelled. Claim 24 has been
amended to depend from claim 4 and to include the word machining. “Blank” is the term
of art used to describe the block of material used in computer assisted design/computer
assisted milling (cad/cam) operations. Support for this amendment is found on page 4 at
lines 16 and 17 of the application. None of the references show or suggest a blank or
block of glass-ceramic material for machining into a dental restoration. Rods or canes
are not shapes of material used in machines for milling or machining into a desired shape.
U.S. Patent Nos. 5,030,392, 6,174,168 and 6,190,171 are cited to show use of the term
“blank” as a block of material used for machining into a desired shape. See claim 7 of
U.S. Patent 5,030,392; see col. 2, line 1 and line10 — 11 of U.S. Patent No. 6,174,168;
and col. 4, lines 50 — 65. The claim is not anticipated or obvious over the cited
references.

Accordingly, it is believed that claims 4 — 8, 10 — 27, 29 — 44, 46, 47, 52 — 54, 56
— 77 is hereby acknowledged specify patentable subject matter and are now in condition
for allowance. Applicants therefore respectfully request favorable reconsideration and
allowance of this application. The Examiner is requested to telephone Applicants’
attorney at the number listed below if it will advance the prosecution of this case. If
necessary, the Examiner is authorized to charge further fees necessary to advance the

prosecution in this case from Deposit Account No. 500718.

Respectfully submitted,

Date: January 31, 2002
Ann M. Knab
Attorney for Applicants
Registration No. 33,331
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Jeneric/Pentron Inc.

53 North Plains Industrial Road
Wallingford, CT 06492
Telephone (203) 265-7397 x508

Attorney Docket: JPP-1222NP
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

In the claims:

Claims 1, 2, 45 and 55 were cancelled.

Claims 4,24 and 65 were amended.
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4 (amended). A dental restoration comprising the a glass-ceramic of
elaim-1-consisting essentially of:

about 62 to about 85% SiO;;

about 1.5 to about 10% ALO;;

about 8 to about 19% Li,0;

about 2.5 to about 7% K,0;

about 0.5 to about 12 % P,0s.

up to about 4.9% B,0s;

up to about 1.5% F;

up to about 7% CaO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,O:

up to about 5% Na,O:

up to about 2% TiO;,;

up to about 3% ZrO»;

up to about 1% SnO»;

up to about 1% Sb,0s;

up to about 3% Y,0s;

up to about 1% CeQOy;

up to about 1% Eu,Os;

up to about 1% Tb407;

up to about 2% Nb,Os; and

up to about 2% Ta,Os.

24 (amended). A blank for the-manufacture-of-a machining the dental
restoration eemprising the-compesition-of-elaim-1 of claim 4.

. ] : ion o claim A3 sl
T :
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up-to-about1%-Sb,03:

up-to-about19%FHu,0s:
up-to-abeut1%-Th Oz

up-to-about 2% Nb,Os;-and

up-te-about-2% Ta,0s-

65. (twice amended) A glass-ceramic composition comprising in weight

percent:
about 62 to about 76% SiO,;
about 1.5 to about 10 Al,Os;
about 8 to about 19% Li,0;
about 0.3 to about 7% P,0s;
about 0.5 to about 8% Ta,Os.

up to about 5% B,0s;
up to about 5% Na,O;
up to about 7% K,0;
up to about 1.5% F;
up to about 5% ZnO;
up to about 2% MgO;
up to about 7% BaO;
up to about 1% SrO;
up to about 5% Cs;0;
up to about 7% CaO;
up to about 2% TiOy;
up to about 3% ZrOy;
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up to about 1% SnO,;

up to about 1% Sb,05;

up to about 3% Y,03;

up to about 1% CeO,;

up to about 1% Eu,03;

up to about 1% TbsO7; and
up to about 2% Nb,Os.

10
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patont and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARIKS
Washington, D.C. 20231
WWW.UEDLo oV

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 03/13/2002

ANN M KNAB L. EXAMINER |
JENERIC PENTRON INCORPORATED KOSLOW, CAROL M

53 NORTH PLAINS INDUSTRIAL ROAD :

WALLINGFORD, CT 06492 [ ART UNIT CLASS-SUBCLASS |

1755 501-005000 { -
DATE MAILED: 03/13/2002
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. |~ CONFIRMATION No. |
09/458,919 12/10/1999 DMITRI BRODKIN JPP-1222NP 9478

TITLE OF INVENTION: PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

FTOTAL CLAIMS l APPLN. TYPE SMALL ENTITY ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE I DATE DUE |
66 nonprovisional YES $640 $0 $640 06/13/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above. If the SMALL If the SMALL ENTITY is shown as NO:
ENTITY is shown as YES, verify your current SMALL ENTITY
status:

A. If the status is changed, pay the PUBLICATION FEE (if required) | A.Pay TOTAL FEE(S) DUE shown above, or
and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

B. If the status is the same, pay the TOTAL FEE(S) DUE shown B. If applicant claimed SMALL ENTITY status before, or is now
above. claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

IIL. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (REV. 07-01) Approved for use through 01/31/2004.
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AMENDMENT TRANSMITTAL LETTER (Small Entity) Docket No.
Applicant(s): DMITRI/B%@‘BKE}I, CARLINO PANZERA, PAUL PANZERA JPP-1222NP CPA
= =
| Serial No. “Plling Date Examiner Group Art Unit
. 09/458,919 I3 qJ_‘?/l()/99 KOSLOW, C. 1755
S

& oy
Invention: PRESS)&\% LITIEIL{&?&ISILICATE GLASS CERAMICS
i

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

Transmitted herewith is an amendment in the above-identified application.
® Small Entity status of this application has been established under 37 CFR 1.27 by a verified statement

previously submitted.
[0 A verified statement to establish Small Entity status under 37 FR 1.27 is enclosed.

The fee has been calculated and is transmitted as shown below.

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA A ADDITIONAL
RATE
AFTER AMENDMENT .| PREV. PAID FOR CLAIMS PRESENT FEE
TOTAL CLAIMS 66 - 70 = 0lx $9.00 $0.00
INDEP. CLAIMS 16 - 20 = 0|x $42.00 $0.00
Multiple Dependent Claims (check if applicable) | $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $0.00
X No additional fee is required for amendment.
O Piease charge Deposit Account No. 50-0718 in the amount of
A duplicate copy of this sheet is enclosed. '@
1 A check in the amount of to cover the filing fee is enclosed. %}’{(\
The Commissioner is hereby authorized to charge payment of the following fees associaied vﬁ@i th @
communication or credit any overpayment to Deposit Account No.  50-0718 Q (& {(\
A duplicate copy of this sheet is enclosed. ¢ ﬁ
® Any additional filing fees required under 37 C.F.R. 1.16. ) wﬁ"&’! ‘—é 6\
Application processing fees under 37 CFR 1.17. Q ?a @
Dated: 1/31/02 0
ANN M. KNAB, ESQ. | certify that this document and fee is being deposited
on with the U.S. Postal Service as

REG. NO. 33,331

first class mail under 37 C.F.R. 1.8 and is addressed to the
Assistant Commissioner for Patents, Washington, D.C.
20231.

Signature of Person Mailing Correspondence

CC:
Typed or Printed Name of Person Mailing Correspondence

P11SMALL/REVO6
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TRANSMITTAL OF INFO}.MATION DISCLOSURE STATEMEN "
(Under 37 CFR 1.97(b) or 1.97(c))

Docket No.
JPP-1222NP CPA

ll] A\

In Re Applicatiol Op DMITI%\QRODKIN CARLINO PANZERA, PAUL PANZERA
JAN 31T & c»

&’
Serial ‘Z‘ Filing Date Examiner
09/458,919 TR 12/10/99 KOSLOW, C.

Group Art Unit
1755

Title: PRESSABLE LITHIUM DISILICATE GLASS CERAMICS

@@OA

Address to:
Assistant Commissioner for Patents
Washington, D.C. 20231

37 CFR 1.97(b)
1. O The Information Disclosure Statement submitted herewith is being filed within

Action after the filing of a request for continued examination under 37 CFR 1.1

37 CFR 1.97(c)

2. ® The Information Disclosure Statement submitted herewith is being filed after

Final Action under 37 CFR 1.113, a Notice of Allowance under 37 CFR

O the statement specified in 37 CFR 1.97(e);

OR
™ the fee set forth in 37 CFR 1.17(p).

}“
2} %%
QL

three months of the filing

of a national application other than a continued prosecution application under 37 CFR 1.53(d); within
three months of the date of entry of the national stage as set forth in 37 CFR 1.491 in an international
application; before the mailing of a first Office Action on the merits, or before the mailing of a first Office

14.

the period specified in 37

CFR 1.97(b), provided that the Information Disclosure Statement is filed before the mailing date of a

1.311, or an Action that

otherwise closes prosecution in the application, and is accompanied by one of:

¥

P10A/REV02
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—
CERTIFICATE OF MAILING BY "EXPRESS MAIL" (37 CFR 1.10) Docket No.
Applicant(s): DMITRI W’ CARLINO PANZERA, PAUL PANZERA JPP-1222NP CPA

| — S

Serial No. d@hng Date Examiner Group Art Unit
09/458,919 JAN 3 1 2002 32/10/99 KOSLOW, C 1755
[ wention: PRESS)%E LITHIUlg?DISILICATE GLASS CERAMICS
¢ papentS”

| hereby certify that the following correspondence:

ETITION FOR EXTENSION OF TIME, AMENDMENT B, TRANSMITTAL OF INFORMATION DISCLOSURE
TATEMENT; POST CARD

(Identify type of correspondence)

is being deposited with the United States Postal Service "Express Mail Post Office to Addressee” service under

37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C. 20231 on

1/31/02
(Date)

ANNMARIE TENERO

i or Printed Name af Person Mailing C‘orrespondence)

4 V(S‘:gnature of Persdnt Mailing Correspondence)

% EK904747892US

("Express Mail" Mailing Label Number)

Note: Each paper must have its own certificate of mailing.

POBA/REV02
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Application No. Applicant(s)
. e 09/458,919 BRODKIN ET AL.
Notice of Allowability Examiner Art Unit
C. Melissa Koslow 1755

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communication is responsive to the amendment of 31 Jan. 2002.
2. The allowed claim(s) is/are 4-8, 10-27, 29-44, 46, 47, 52-54 and 56-77.
3. [] The drawings filed on are accepted by the Examiner.
4.[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[lSome* c¢)[JNone of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. _____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: )
5. [] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) [ The translation of the foreign language provisional application has been received.
6. [_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. ] ASUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [] CORRECTED DRAWINGS must be submitted.
(@) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review { PTO-948) attached

1) [ hereto or 2) [] to PaperNo. .
(b} [ including changes required by the proposed drawing correction filed , which has been approved by the Examiner.
(¢) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
10 Notice of References Cited (PTO-892) 2[T] Notice of Informal Patent Application (PTO-152)
3 Notice of Draftperson's Patent Drawing Review (PTO-948) 4[] Interview Summary (PTO-413), Paper No._____.
5[] Information Disclosure Statements (PTO-1449), Paper No. 15. 6] Examiner's Amendment/Comment
7] Examiner's Comment Regarding Requirement for Deposit 8[] Examiner's Statement of Reasons for Allowance
of Biological Material 9] Other . /
2

C. Melissa Koslow
Primary Examiner
Art Unit: 1755

U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 17 .
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PART B - FEE(S) TRANSMITTAL
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57 ABSTRACT

This invention is directed to lithium disilicate (Li,Si,05)
based glass-ceramics comprising silica, lithium oxide,
alumina, potassium oxide and phosphorus pentoxide. The
glass-ceramics are useful in the fabrication of single and
multi-unit dental restorations (e.g. anterior bridges) made by
heat pressing into refractory investment molds produced
using lost wax techniques. The glass-ceramics have good
pressability, i.e., the ability to be formed into dental articles
by heat-pressing using commercially available equipment.
In accordance with one embodiment directed to the process
of making the glass-ceramics, the compositions herein are
melted at about 1200° to about 1600° C., thereafter
quenched (e.g., water quenched or roller quenched) or cast
into steel molds, or alternately, cooled to the crystallization
temperature. The resulting glass is heat-treated to form a
glass-ceramic via a one or two step heat-treatment cycle
preferably in the temperature range of about 400° to about
1100° C. The resulting glass ceramics are then pulverized
into powder and used to form pressable pellets and/or blanks
of desired shapes, sizes and structures which are later
pressed into dental restorations.
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PRESSABLE LITHIUM DISILICATE GLASS
CERAMICS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 60/153,916, filed Sep. 14, 1999, U.S. Provisional
Application No. 60/122,558, filed Mar. 2, 1999, and U.S.
Provisional Application No. 60/111,872, filed Dec. 11, 1998,
all which are incorporated herein by reference.

FIELD OF INVENTION

This invention relates generally to glass-ceramics com-
prising lithium disilicate and more specifically to glass-
ceramics for use in the manufacture of dental restorations
and methods of manufacture thereof.

BACKGROUND OF THE INVENTION

The use of lithium disilicate glass ceramics for use in >

dental restorations has been suggested in the prior art. U.S.
Pat. No. 4,189,325 to Barret et al. is directed to a glass-
ceramic comprising lithium disilicate for use in dental
restorations. The glass ceramic requires the presence of

Nb,O; and Pt as nucleation agents. Barrett et al. introduced >

dental restorations made from castable lithium disilicate
glass-ceramics in the Li,0—Ca0O—Al,0;—Si0, system
nucleated by Pt and Nb,Os. According to Barret et al., dental
restorations are made by casting a melt into an investment
mold, and devitrifying thereafter.

U.S. Pat. No. 4,515,634 to Wu et al. is directed to a
castable glass-ceramic composition wherein the glass is
melted and cast into a shape and is crystallized after it has
been shaped. Therefore, the crystallization process is per-

formed by the technician making the restoration, not the ~

manufacturer of the dental material. Wu set al. suggests one
way to improve properties of castable lithium disilicate
dental restorations within the same Li,O—CaO—ALO;—
SiO, system as described by Barrett et al. is by utilization of
P,O; as a nucleating agent. Both Barrett et al. and Wu et al.
describe castable compositions having CaO as an essential
ingredient believed to improve chemical durability of the
resulting glass-ceramics. Chemical durability is one of the
major issues that the Wu and Barrett inventions fail to
address. For example, total alkali leaching rates for materials
presented in Wu's examples were four to five times higher
than those for commercial dental porcelain.

Castable dental ceramics as described in Barret et al. and
Wu et al. employ melting glass ingots supplied by a manu-
facturer and casting dental articles into a refractory invest-
ment mold. Following the casting process, the cast articles
are devitrified (crystallized) by the required heat-treatment
steps. This process is very similar to casting metals whereby

a heat-treatment step follows the casting process to increase .

hardness and strength.

U.S. Pat. Nos. 5,507,981 and 5,702,514 to Petticrew teach
lithium disilicate compositions for use in dental restorations,
but the method described therein implies forming glass into
the shape of a dental restoration at temperatures much higher
than the melting temperature of lithium disilicate and heat-
treating the dental restoration after forming to convert the
glass into a glass-ceramic.

German Patent Application No. DE19647739 to Sch-
weiger et al. is directed to lithium disilicate compositions for
use in dental restorations. The glass-ceramic bodies or
blanks used to press dental Trestorations are defined as
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“sinterable glass ceramics” which are produced from the
starting amorphous glass powder by simultaneous sintering
and powder crystallizing, which process is also known as
surface crystallization. The glass must be in powder form to
be crystallized. Additionally, the lithium disilicate compo-
sitions therein require the presence of La,O,;, MgO and
ZnO.

Many of the lithium disilicate compositions in the prior
art require casting of the glass into the desired shape and
crystallizing thereafter. The glass must be formed into the
finally desired shape and thereafter heat treated to crystallize
into a lithium disilicate phase. This may result in structural
and other problems, since the microstructure is not formed
by the dental materials manufacturer, but by the technician
fabricating the dental restoration. Overprocessing by a tech-
nician may change the microstructure of the material to
something not preferred or desired by the dental materials
manufacturer. Moreover, some of the prior art compositions
require the forming of the glass ceramics by surface
crystallization, limiting the forming and compositional pos-
sibilities of the material.

It is desirable to provide a lithium disilicate glass-ceramic
which is pressable after the lithium disilicate is formed. It is
beneficial to provide a lithium disilicate glass ceramic for
use in the fabrication of dental restorations wherein crystal-
lization is carried out by the dental materials manufacturer
in the most controlled manner. It is beneficial to provide
translucent lithium disilicate glass ceramics having high
strength and good presssability. -

SUMMARY OF THE INVENTION

This invention is directed to lithium disilicate (Li,S1,05)
based glass-ceramics comprising silica, lithium oxide,
alumina, potassium oxide and phosphorus pentoxide in
addition to other components listed below. The glass-
ceramics are useful in the fabrication of single and multi-
unit dental restorations including but not limited to orth-
odontic appliances, bridges, space maintainers, tooth
replacement appliances, splints, crowns, partial crowns,
dentures, posts, teeth, jackets, inlays, onlays, facing,
veneers, facets, implants, abutments, cylinders, and connec-
tors made by heat pressing into refractory investment molds
produced using lost wax techniques. The glass-ceramics
have good pressability, i.e., the ability to be formed into
dental articles by heat pressing, also known as hot pressing,
or injection molding, using commercially available equip-
ment.

In accordance with one embodiment directed to the pro-
cess of making the glass-ceramics, the compositions herein
are melted at about 1200° to about 1600° C. and preferably
in the range of about 1300° to about 1400° C. for a period
of time, preferably for about 4 hours and thereafter quenched
(e.g., water quenched or roller quenched) or cast into steel
molds, or alternately, cooled to the crystallization tempera-
ture.

The resulting glass is heat-treated to form a glass-ceramic
via a one or two step heat-treatment cycle preferably in the
temperature range of about 400° to about 1100° C. This
crystallization heat treatment may comprise a nucleation
step and a crystal growth step. Depending on the
composition, the first, nucleation step, may be carried out in
the range of about 450° C. to about 700° C. and preferably
in the range of about 500° C. to about 650° C. for about 0.5
to about 4 hours and the second, crystal growth step, may be
carried out in the range of about 800° C. to about 1000° C.
and preferably in the range of about 830° C. to about 930°

GC Corporation, et al.
Exhibit 1006, p.152



US 6,455,451 BI

3

C. for about 0.5 to about 48 hours. The most preferable heat
treatment comprises about a one hour soak at about 645° C.
and a subsequent four hour soak at about 850° C.

The resulting glass ceramics are then pulverized into
powder and used to form pressable pellets and/or blanks of
desired shapes, sizes and structures. Additives may be mixed
with the powder prior to forming into pellets or blanks.
These pellets and blanks may be used for pressing cores or
other frameworks or shapes for dental restorations. The
blank or pellet may be subjected to viscous deformation at
a temperature in the range of about 800° to about 1200° C.,
and more preferably in the range of about 850° to about 950°
C., and most preferably at less than about 930° C., under
vacuum and with the application of pressure of between
about 2 to about 8 bar (0.2 to 0.8 MPa) and preferably no
greater than about 6 bar (0.6 MPa) to obtain a dental
restoration. Moreover, it is possible that the blanks may be
machined to a dental restoration of desired geometry.

BRIEF DESCRIPTION OF THE DRAWINGS

Features of the present invention are disclosed in the
accompanying drawing, wherein:

FIG. 1 is perspective view of a plunger system in a
pressing furnace for use in the fabrication of dental resto-
rations in accordance with the invention.

DESCRIPTION OF THE INVENTION

As will be appreciated, the present invention provides

glass-ceramic compositions comprising a glassy matrix and -

lithium disilicate (Li,Si,Os). The glass-ceramics are useful
for the fabrication of dental restorations. The compositions
of the lithium disilicate glass-ceramics comprise inter alia,
silica, lithium oxide, alumina, potassium oxide and phos-
phorus pentoxide in the ranges given in Table I below. The
glass-ceramic compositions of the invention have a combi-
nation of properties useful for dental restorations. The
glass-ceramics have good pressability, i.e., the ability to be
formed into denta] articles by heat pressing, also known as
hot pressing, or injection molding, using commercially
available equipment.

Pressable ceramics employ some form of hot-pressing or
injection-molding of the glass-ceramic materials, which are
typically in the form of pellets. The pellets contain one or
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more crystalline phases and their morphology as well as
volume fraction are not significantly altered in the course of
pressing. One reason for this is that the pressing temperature
is typically lower than the melting temperature of the
crystalline phases. This is a major advantage because micro-
structure is formed in the controlled conditions by the
manufacturer of the glass-ceramic materials, e.g., pellets.
Following pressing, the resulting dental article does not
require crystallization heat-treatment.

The glass-ceramic pellets can be formed by a number of
processes: (1) Glass can be cast into the shape of pellet.
Pellets are taken from the mold and crystallized. These
pellets can not be shaded by the addition of pigments. (2)
Glass can be crystallized in bulk and subsequently milled
into powder. Pigments and other additives can be added to
the powder. The powder is formed into a pellet and partially
or fully sintered. Pigments, if added, create color centers that
impart a certain color to a translucent body of the dental
article pressed from the pellet. The mechanism of crystalli-
zation in the two processes described above is volume
crystallization.

Alternatively, surface crystallization may be utilized to
crystallize a portion of the glass into one or more crystal
phases. This involves milling glass into powder. Pigments
and other additives can be added to the powder. This glass
powder (amorphous, not crystalline) is formed into a pellet.
The glass pellet is sintered and crystallized in the same firing
cycle. Not all glass-ceramic materials can be crystallized and
sintered simultaneously. Only certain materials and compo-
sitions prone to surface crystallization can be processed this
way. The glass-ceramics processed from glass powder via
simultaneous sintering and crystallization are sometimes
called “sintered” glass-ceramics. Another term that can be
used is “sinterable” glass-ceramics.

The compositions herein are prepared by mixing, in the
desired proportions, the oxides and/or compounds that
decompose to form the oxides, followed by fusing the
ingredients to obtain the compositions in Table 1. Conve-
nient raw material include lithium carbonate, silica, alumina,
carbonates of K, Na, Ca, ammonium phosphate, tricalcium
aluminate, aluminum phosphate or aluminum metaphos-
phate and if necessary, Ta,Os, CeO,, Tb,0,, titanium
dioxide, and zirconium dioxide.

TABLE 1
Oxide
wt % Range 1 Range 2 Range 3 Range 4 Range 5 Range 6
SiO, about 62 to about about 64 to about about 62 to about  about 64 to aboul about 64 to about about 62 to about
85 70 35 70 70 76
B,O3 0 to about 4.9 0 - about 2.7 0 - about 49 0 - about 27 about 0.5 - about 0 - about 5
3.0
Al;O;  about 1.5 to about about 1.5 to about about 5.1 - to about about 5.2 to about about 1.5 to about about 1.5 to about
10 6.0 10 9.0 6.0 10
~ F 0 to about 1.5 0 to about 1.5 about 0 to about 0 to about 1.5 0 to about 1.5 0 to about 1.5
L5
Zn0 0 to about 5 0 to about 2 0 to about 5 0 to about 2 — 0 to about 5
CaO 0 to about 7 0 10 about 0.9 0 to about 7 0 to about 0.9 0 to about 0.9 0 to about 7
MgO 0 to about 2 0 to about 2 0 to about 2 about 0 to about 2 — 0 to about 2
BaO 0 to about 7 0 to about 7 0 to about 7 about 0 to about 7 0 to about 7 0 to about 7
SrO 0 to about 1 0 to about 1 0 to about | about 0 to about 1 0 to about | 0 to about 1
Cs,0 0 to about 5 0 to about 5 0 to about 5 about 0 to about 5 0 to about 5 0 to about 5
Li,O about 8 to about  about 10 to about about § to about about 10 to about about 10 to about about 5 to about
19 : 15 19 15 5 ' 19
K,O about 2.5 to about about 2.5 to about 0 to about 7 0 to about 5 about 2.2 to about 0 to about 7
7 5
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TABLE 1-continued
Oxide
wt % Range 1 Range 2 Range 3 Range 4 Range 5 Range 6
Na,0O 0 to about 5 0 10 about 3 0 to about 5 0 to about 3 about 0.5 to about 0 to about 5
3
TiO, 0 to about 2 0 10 about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2
210, 0 to about 3 0 to about 3 0 1o about 3 0 to about 3 0 to about 3 0 10 about 3
P,Os 0.5 to about 12 about 2 to about 7 about 0.5 to about  about 2 to about 7 about 2 to about 7 0.3 to about 7.0
12
SnO, 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Sb,0, 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 o about 1 0 to about 1
Y,0;  0toabout3 0 to about 3 0 to about 3 0 to about 3 0 to about 3 0 to about 3
CeO,  0toabout 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Eu,0, 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Tb,0; O to about 1 0 to about 0 to about 1 0 to about 1 0 to about 1 0 to about 1
Nb,O; 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2
Ta,Os 0 to about 2 0 to about 2 0 to about 2 0 to about 2 0 to about 2 about 0.5 to about
8.0

The compositions in Table 1 are melted at about 1200° to
about 1600° C. and preferably in the range of about 1300°
to about 1400° C. for a period of time, preferably for about
4 hours and thereafter quenched (e.g., water quenched or
roller quenched), cast into steel molds, or alternately, cooled
to the crystallization temperature. If the melt is cooled to the
crystallization temperature, it may remain in the same fur-
nace.

The resulting glass is heat-treated to form glass-ceramics
using a one or a two step heat-treatment cycle preferably in

the temperature range of about 400° to about 1100° C. This ?

crystallization heat-treatment may comprise a nucleation
step and a crystal growth step. Depending on the
composition, the first, nucleation step, may be carried out in
the range of about 450° C. to about 700° C. and preferably
in the range of about 500° C. to about 650° C. for about 0.5
to about 4 hours and the second, crystal growth step, may be
carried out in the range of about 800° C. to about 1000° C.
and preferably in the range of about 830° C. to about 930°
C. for about 0.5 to about 48 hours. The most preferable heat
treatment comprises about a one hour soak at about 645° C.
and a subsequent four hour soak at about 850° C.

The glass ceramics comprise lithium disilicate. The
resulting glass ceramics are then pulverized into powder
sieved to ~200 mesh to provide powder with average par-
ticle sizes of about 30 to about 40 microns. Pigments,
fluorescing agents, opacifying agents, and the like may be
added to the powder in a wide range in an amount between
about 0 and about 6 wt % and preferably in the amount of
between about 0 and about 5 wt % and most preferably in the
amount of about 0% to about 3 wt %. Moreover, reinforcing
agents may be added to the powder in an amount of from
about O to about 30 vol % and more preferably in an amount
of from about O to about 20 vol %. The reinforcing agents
may include fibers, whiskers, and particulate fillers and may
be fabricated of any known material, preferably a glass or
ceramic material.

The powders may be used to form and fuse (sinter)
pressable pellets and/or blanks of desired shapes, sizes and
structures. Sintering of the pellets or blanks is carried out at
temperatures in the range of about 800° to about 1000° C.,
and preferably in the range of about 850° to about 950° C.
Sintering imparts sufficient strength for handling of the
pellets or blanks. These pellets and blanks may be used for
pressing cores or other frameworks or shapes for dental
restorations. The cores may be provided with one or more
coatings. The coatings may be selected from a ceramic, a
sintered ceramic, a glass ceramic, a porcelain, a glass, a
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glaze, a composite and mixtures thereof. The coatings pref-
erably have a firing temperature in the range of about 700°
to about 900° C. and a coefficient of thermal expansion
(measured from room temperature to its transition
temperature) of within about +2.0x1075/°C. of the dental
core (measured at the same temperature range). The blank or
pellet may be subjected to viscous deformation at a tem-
perature in the range of about 800° to about 1200° C., and
more preferably in the range of about 850° to about 950° C.,
and most preferably at less than about 930° C., under
vacuum and with the application of pressure of between
about 2 to about 8 bar (0.2-0.8 MPa) and preferably no
greater than about 6 bar (0.6 MPa) to obtain a dental
restoration. Moreover, it is possible that the blanks may be
machined to a dental restoration of desired geometry using
commercially available milling equipment such as the Maho
HGF 500 5 Axis CNC Milling Machine available from
Fraunhofer Institut Produktionstechnologie, Germany.

In an alternative method herein, the compositions in Table
1 are melted at about 1200° to about 1600° C. and preferably
in the range of about 1300° to about 1400° C. for a period
of time, preferably for about 4 hours and thereafter water
quenched or cast into steel molds.

The quenched glass is comminuted to a powder.
Pigments, fluorescing agents, opacifying agents, and the like
may be added to the powder in a wide range in an amount
between about 0 and about 6 wt % and preferably in the
amount of between about 0 and about 5 wt % and most
preferably in the amount of about 0% to about 3 wt %.
Moreover, reinforcing agents may be added to the powder in
an amount of from about 0 to about 30 vol % and more
preferably in an amount of from about 0 to about 20 vol %.
The reinforcing agents may include fibers, whiskers, and
particulate fillers and may be fabricated of any known
marerial, preferably a ceramic material.

The powder is compacted into a pellet or starting blank.
The blank is thereafter simultaneously sintered and crystal-
lized. Heat treatment may be one or more cycles in the
temperature range of about 400° to about 1100° C. The
crystallization may comprise a nucleation step and a crystal
growth step. Depending on the composition, the first, nucle-
ation step, may be carried out in the range of about 450° C.
to about 700° C. and preferably in the range of about 500°
C. to about 650° C. for about 0.5 to about 4 hours and the
second, crystal growth step, may be carried out in the range
of about 800° C. to about 1000° C. and preferably in the
range of about 830° C. to about 930° C. for about 0.5 to
about 48 hours. The most preferable heat treatment com-
prises about a one hour soak at about 645° C. and a
subsequent four hour soak at about 850° C.
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The blank or pellet may be subjected to viscous defor-
mation at a temperature in the range of about 800° to about
1200° C., and more preferably in the range of about 850° to
about 950° C., and most preferably at less than about 930°
C., under vacuum and with the application of pressure of
about between about 2 to about 8 bar (0.2-0.8 MPa) and
preferably no greater than 6 bar (0.6 MPa) to obtain a dental
restoration. Moreover, it is possible that the blanks may be
machined to a dental restoration of desired geometry.

To achieve the required combination of properties,
namely sufficient strength, formability below 950° C., by
heat-pressing using commercially available dental presses
such as the Autopress® Plus available from Jeneric/Pentron,
Wallingford, Conn., translucency and chemical durability,
the optimal chemical combinations and crystallization treat-
ment of the present invention are necessary. The best prop-
erties are obtained when the lithium metasilicate (Li,S105)
and silica phases are nearly absent, the volume fraction of
Li,PO, is less than about 5% and the volume fraction of
lithium disilicate (Li,Si,05) is between about 35% and
about 60%. High aspect ratio morphology of the lithium
disilicate phase is important and is believed to enhance
mechanical properties, i.e., strength and fracture toughness
of the glass-ceramic.

Li,O and SiO, are instrumental in crystallizing the 2

required amount of the lithium dislicate phase in the com-

8

positions of the present invention. Additionally, BaO and
Cs,O stabilize the residual glass and boost the refractive
index of the residual glass to match that of lithium disilicate.
Al,O; and to a lesser extent, B,O,, if less than 3%, yield
chemically durable glass-ceramics that exhibit a sufficiently
Jow solubility. Alkali (Na, K, Cs) and alkaline earth metal
(Ca, Ba) oxides are required to lower processing tempera-
tures of the glass-ceramic. However some of them affect
chemical durability more than others. With respect to the
following group of alkali metals and alkaline earth metals of
potassium, calcium, sodium, and barium; potassium is asso-
ciated with the smallest decrease in chemical durability of
lithium containing glasses, with calcium being next, and
sodium and barium affecting chemical durability the most.
However, the best combination of properties is achieved
when those oxides are used in combination to achieve the
so-called “mixed alkali effect.” F lowers the viscosity of the
glass-matrix and enhances formability at temperatures
below about 950° C. Y,0O, in combination with Ce,O;,
Eu,0; and Tb,0, modify refractive index as well as impart
fluorescence. Nb,Os and Ta,O5 modify the refractive index
as well as aid nucleation and chemical durability of the
resulting glass ceramics.

The following Table 2 illustrates examples of the com-
positions of the invention.

TABLE 2

Oxide, Ex. Ex. Ex. Ex. Ex Ex Ex

wt % Ex. 1 Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7 Ex.8 9 10 it 12 13 14 15

Si0O, 68.8 700 70.1 654 707 709 68.1 695 T2 69.0 about 65 about 689 72
68.8 67.2

B.O, 1.2 10 - — — — — 13 29 — about 1.0  about 0.9 2.0
1.3 1.2

AlLO, 48 49 52 81 533 53 47 48 51 6.0 about 5 about 4.7 45
48 4.7

F — — — 14 02 - — e — — — _ — — —

Zn0 e e — — — — — — — — — — — — —

Cal 09 05 22 — — —_ 20 20 — — about 1 about 0.5 O
LO 1

MgO — — — — — — — — — - — — — — —_

BaO 28 14 - 38 54 54 — — 20 27 about 27 about 14 20
2.8 27

Sr0 — — — — _ = — . — — — — — — —

Cs.0 — — — 41 49 49 — — -— — - — — —

Li,O 144 147 147 134 110 108 143 146 130 153 about 15 about 143  13.0
14.4 i4.1

K,O 25 25 46 1.7 0 —  — 44 45 20 21 about 22 about 2.0 2.0
22 22

Na,O 1.4 14— — — — — — — — about 1.4 about 1.3 —
1.5 14

TiO, — - — — — — - — — —_— = — — —_ —

210, — — e — - = — — — _— = — — — —

P,0s 33 36 34 27 27 27 33 34 30 40 about 35 about 35 3.0
33 32

Sn0O, — — — — — — — — — — — — e — —

$b,0, - - - e = e = - =

Y.0, — — — — — — —_ - 05 08 - — — — 0.5

CeOs — — — = — — 04 — 05 — — 04  about 0.3 06

R 04

Eu,0; _ = — — — — — — 05 — — — — e 0.6

Tb,0, — — — — — - 08 — — — - 09 — 03 —

Nb,Os — — o — — — — — — e — — e e

Ta,O5 — — — — —_— — 20 — — — — 1.9  abow 1.8 —

20

Three- 430 £ 420 £ 440 + 400 *

Point 70 60 60 50

Flexural

Strength

per ISO

6872,

MPa
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TABLE 2-continued
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Oxide,
wt %

Ex.

Ex. ] Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7 Ex.8 9

Ex.
10

Ex.
11

Ex.
12

Ex.
15

Ex.
13

Ex.
14

As-
pressed
Opacity
(relative
opacity
units)
CTE

(25° C~
500° C.).
IOAG o C.-«I

104

50

8.7

34

10.1-
10.6

100 99

The following examples illustrate the invention.

EXAMPLES

Glass-ceramic compositions of the present invention were
utilized to make glass-ceramic pellets. These pellets were
used to make rectangular bars and rods for measuring the
flexural strength by heat-pressing these pellets into the
cavity of the refractory investment mold. The process was
the same as that used to make dental restorations. The
three-point flexure strength was greater or equal to 30° MPa.
This strength is sufficient for multi-unit restorations such as
anterior bridges. The compositions have a significant
amount of glass phase, i.e., approximately 50% glass phase

19

heavy ions such as, but not limited to, Sr, Y, Nb, Cs, Ba, Ta,
Ce, Eu and Tb.

The following examples in Table 3 illustrate the effect of
different additions on translucency, strength and reactivity
with investment of the resulting glass ceramics. The com-
position of Example 11 (Table 2) was selected as a control
composition for the purposes of this study. This composition

5 was modified by adding 0.13 mole % of CeO,, or 0.06 mole

% of Tb,0,, or 0.26 mole % of Ta,Os, or La,0;, or Y,05;
and combinations of the latter with CeO,. Opacity was
measured on the pressed disk using an optical densitometer.
Reactivity with investment was evaluated qualitatively by

which enhances the pressability thereof, 30 yisual inspection of disks and copings prior to and after
Moreover, the closeness of refractive indices of the matrix sand-l:?lastmg of the reaction layer. Surfaces. of the disks
glass (~1.5) and that of the crystallized phase—lithium  Were inspected for pittings under low-magnification (8x)
disilicate—(~1.55) allows for the possibility of translucent stereomicroscope. Compositions comprising combinations
glass-ceramics. Specifically in the present invention, the 5 of Ta,0s, and CeO, were found to have the best combination
refractive index of the glass matrix is increased to match that ~ of high translucency (low opacity) and low reactivity with
of the lithium disilicate phase by adding small amounts of the investment.
TABLE 3
Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
Oxide, wt % 1 16 17 18 19 20 21 22 13* 23
SiO, 68.8 68.12 68.5 68.2 675 67.8 67.9 68.0 67.2 67.5
B,0; 13 1.2 1.2 1.2 1.2 1.2 12 1.2 1.2 12
ALO;3 4.8 4.7 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7
Ca0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
BaO 238 27 2.8 27 27 2.7 2.7 2.7 2.7 2.7
Li,O 144 143 14.3 143 14.1 14.2 14.2 14.2 14.1 14.1
K,0 22 22 22 2.2 22 ied 22 22 22 22
Na,O 1.5 14 15 14 14 14 14 14 1.4 14
P,Os 33 33 33 33 33 33 33 33 32 33
Y,0, — 104 — — —_ — 104 — — —
CeO, —_ — 0.39 —_ — — 0.39 0.39 0.39 0.39
Tb,0, — — — 0.85 — — 0.85 — —
Ta,0, —_ = — — 202 — — — 201 —
La203 — — —_— — 1.5 - — 1.49
3-pt Flexure 420 % 440 +
~ Strength per ISO 60 60
6872, MPa
As-Pressed Rod 3- 370 % 370 £
pt Flexure Strength, 40 30
MPa
As-pressed Opacity 42 35 39 37 27 25 31 32 25 24
(relative opacity
units)
Reactivity with — Medium Lower Higher Medium Higher Lower Medium Lower The
investment material Highest

#Correspond to compositions in Table 2.
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Pellets of the compositions of Examples 2, 11, 13 and 14
were used to press a variety of dental articles in the Auto-
Press® dental press (Jeneric/Pentron, Wallingford, Conn.) at
pressing cycles carried out under vacuum and involving
heating from 700° C. to 920° C. and holding the temperature
for 20 minutes prior to initiation of the pressing cycle.
Pressure of 0.5 MPa was applied for 7 minutes through a
mold-plunger assembly schematically shown in FIG. 1. The
plunger assembly used to press the. pellets into dental
restorations may be the system set forth in copending
commonly assigned application Ser. No. 09/431,659, filed
Nov. 1, 1999, which is hereby incorporated by reference.
Disks of compositions of examples 11 and 13 were pressed
as described above and chemical solubility was measured
according to ISO 6872 and found to be significantly lower
than the acceptable limit of 100 ug/cm?.

The glass-ceramics of the present invention have the
capability to be pressed into a single or multi-unit dental
restorations at temperatures below about 950° C. using
already existing, commercially available equipment such as
the Autopress® available from Jeneric/Pentron,
Wallingford, Conn. Pressability or ability to flow and be
pressed into complex shapes of dental restorations at these
temperatures is achieved due to the presence of a sufficient
amount of the residual glass in the resulting glass-ceramic,
in the range of about 15%-60% by volume. The glass-
ceramics of the present invention have the capability to be
shaded by admixing pigments to the glass-ceramic powder
by methods commonly used for dental porcelains.

As will be appreciated, the present invention provides a -

simple and effective method for producing lithium disilicate
glass-ceramic compositions and dental restorations there-
from. While various descriptions of the present invention are
described above, it should be understood that the various
features can be used singly or in any combination thereof.
Therefore, this invention is not to be limited to only the
specifically preferred embodiments depicted herein.

Further, it should be understood that variations and modi-
fications within the spirit and scope of the invention may

10

5

12
<

)
[

. . . . L7 40
occur to those skilled in the art to which the invention

pertains. Accordingly, all expedient modifications readily
attainable by one versed in the art from the disclosure set
forth herein that are within the scope and spirit of the present
invention are to be included as further embodiments of the
present invention. The scope of the present invention is
accordingly defined as set forth in the appended claims.

What is claimed is:

1. A glass-ceramic composition consisting essentially of
in weight percent:

about 64 to about 70% SiO,;

about 1.5 to about 6 Al,O5;

about 10 to about 15% Li,O;

about 2.5 to about 5% K,O;

about 2 to about 7% P,Os

up to about 1.5% F; °

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,O;

up to about 2.7% B,O;;

up to about 0.9% CaQ;

up to about 3% Na,O;

up to about 2% TiO,;

up to about 3% ZrO,;

up to about 1% SnO,;
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up to about 1% Sb,O;;
up to about 3% Y,03;
up to about 1% CeO,;
up to about 1% Eu,0,;
up to about 1% Tb,O;
up to about 2% Nb,Os;
up to about 2% Ta,Os.
2. The glass-ceramic composition of claim 1 whereby the

glass-ceramic is pressable,
3. A glass-ceramic composition consisting essentially of
in weight percent:

about 64 to about 70% SiO,;

about 5.2 to about 9 Al,O;;

about 10 to about 15% Li,O;

about 2 to about 7% P,Os;

up to about 1.5% F;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs.,0;

up to about 5% K,O;

up to about 2.7% B,O5;

up to about 0.9% CaO;

up to about 3% Na,O;

up to about 2% TiO,;

up to about 3% ZrO,;

up to about 1% SnO,;

up to about 1% Sb,05;

up to about 3% Y,O0;;

up to about 1% CeO,;

up to about 1% Eu,0,;

up to about 1% Tb,0;

up to about 2% Nb,Os; and

up to about 2% Ta,Os.

4. The glass-ceramic composition of claim 3 whereby the
glass-ceramic is pressable.

5. A glass-ceramic composition comprising in weight
percent:

about 64 to about 70% SiO,;

about 1.5 to about 6 Al,O;;

about 10 to about 15% Li,0;

about 2 to about 7% P,Os;

about 2.2 to about 5% K,O;

about 0.5 to about 3% Na,O; and

about 0.5 to about 3% B,Os.

6. The glass-ceramic composition of claim 5 whereby the
glass-ceramic is pressable.

7. The glass-ceramic composition of claim 5§ further
comprising in weight percent:

up to about 1.5% F;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0;

up to about 0.9% CaO;

up to about 2% TiO,;

up to about 3% ZrO.,;

up to about 1% SnO,;

up to about 1% Sb,05;

up to about 3% Y,0;;

and
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up to about 1% CeO,;

up to about 1% Eu,Os;

up to about 1% Tb,0O;

up to about 2% Nb,Os; and

up to about 2% Ta,Os.

8. A glass-ceramic composition comprising in weight
percent:

about 62 to about 76% SiO,;

about 1.5 to about 10 Al,O3;

about 8 to about 19% Li,O;

about 0.3 to about 7% P,Os; and

about 0.5 to about 8% Ta,Os.

9. A glass-ceramic composition comprising:

about 62 to about 76% SiO-;:

about 1.5 to about 10 AlLOs;

about 8 to about 19% Li,O;

about 0.3 to about 7% P,O0s;

about 0.5 to about 8% Ta,Os: and

whereby the glass-ceramic is pressable.

10. A glass-ceramic composition comprising in weight
percent:

about 62 to about 76% SiO,;

about 1.5 to about 10 Al,Os;

about 8 to about 19% Li,O;

about 0.3 to about 7% P,Os;

about 0.5 to about 8% Ta,Os;

up to about 5% B,O3;

up to about 5% Na,O;

up to about 7% K,0;

up to about 1.5% F;

up to about 5% ZnO;

up to about 2% MgO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,O;

up to about 7% CaO;

up to about 2% TiO,;

up to about 3% ZrO-;

up to about 1% SnO,;

up to about 1% Sb,03;

up to about 3% Y,Oj3;

up to about 1% CeO,;

up to about 1% Eu,0s;

up to about 1% Tb,0O; and

up to about 2% Nb,Os.

11. A glass-ceramic composition comprising in weight
percent:

about 68.8% SiO,;

about 1.3% B,05;

about 4.8% Al,O5;

about 1.0% CaO;

about 2.8% BaO;

about 14.4% Li,0;

about 2.2% K,O;

about 1.5% Na,O; and

about 3.3% P,0s.

12. The glass-ceramic of claim 11 having a flexural
strength in the range of 360 to 480 MPa.

14
13. The glass-ceramic composition of claim 11 whereby
the glass-ceramic is pressable.
14. A glass-ceramic composition comprising in weight
percent:
5 about 67.2% SiOx;
about 1.2% B,O;:
about 4.7% Al,O;;
about 1.0% CaO;
about 2.7% BaO;

10
about 14.1% Li,0O;
about 2.2% K,0;
about 1.4% Na,O;
s about 3.2% P.Os;

about 0.4% CeO,; and
about 2% Ta,O,.
15. The glass-ceramic of claim 14 having a flexural
strength in the range of 380 to 500 MPa.
50 16. The glass-ceramic composition of claim 14 whereby
the glass-ceramic is pressable.
17. A method of making a lithium disilicate dental resto-
ration comprising:
melting a starting glass composition at temperatures
5 within the range of about 1200 to about 1600° C.;
quenching the glass melt;
subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-

12

30 ceramic;
comminuting the glass ceramic to a powder;
compacting the powder to a starting blank;
sintering the blank; and

35 pressing the blank into the dental restoration.

18. A method of making a lithium disilicate dental product
comprising:
melting a starting glass composition at temperatures
within the range of about 1200 to about 1600° C,;
quenching the glass melt;

0 subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

45  comminuting the glass ceramic to a powder;

compacting the powder to a starting blank; and

sintering the blank.

19. The method of claim 18 wherein the blank is manu-
factured to a desired shape and structure.

20. The method of claim 18 wherein the blank is fully
sintered.

21. The method of claim 18 wherein the powder is sieved
to the required mesh size prior to the compacting step.

22. The method of claim 18 further including adding
additives to the powder piior to the compacting step.

23. The method of claim 22 wherein the additives com-
prise pigments, fluorescing agents, opacifying agents.

24. The method of claim 23 wherein the additives com-
prise reinforcing agents.

25. The method of claim 24 wherein the reinforcing
agents comprise one of fibers, whiskers, particles and mix-
tures thereof.

26. The method of claim 24 wherein the reinforcing
agents are fabricated of ceramic material.

27. The method of claim 18 wherein the sintering of the
starting blank comprises heating to a temperature in the
range of about 800° to about 1000° C.
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28. The method of claim 18 wherein the sintering of the
starting blank comprises heating to a temperature in the
range of about 850° to about 950° C.

29. The method of claim 18 wherein the sintered starting
blank is subjected to viscous deformation at a temperature in
the range of from about 850° to about 950° C. under vacuum
and at a pressure not exceeding about 6 bar to obtained the
desired shape.

30. The method of claim 18 wherein the sintered blank is
machined to a dental restoration of desired shape.

31. The method of claim 18 wherein the dental product is
a dental core and is provided with one or more coatings.

32. The method of claim 31 wherein the one or more
coatings is selected from a ceramic, a sintered ceramic, a
glass ceramic, a porcelain, a glass, a glaze, a composite and
mixtures thereof.

33. The method of claim 31 wherein the one or more
coatings has a firing temperature in the range of about 700°
to about 900° C. and a coefficient of thermal expansion
(measured from room temperature to its transition
temperature) of within about £2.0x107%°C. of the dental
product (measured at the same temperature range).

34. The method of claim 18 wherein the glass-ceramic
comprises in weight percent:

about 62 to about 85% SiO,;

about 1.5 to about 10% Al,O4;

about 8 to about 19% Li,O;

about 2.5 to about 7% K,O; and

about 0.5 to about 12% P,O;.

35. The method of claim 34 wherein the glass-ceramic
further comprises in weight percent:

up to about 4.9% B,O5;
up to about 1.5% F;
up to about 5% ZnO;
up to about 7% CaQ;
up to about 2% MgO;
up to about 7% BaO;
up to about 1% SrO;
up to about 5% Cs,0;
up to about 5% Na,O;
up to about 2% TiO,;
up to about 3% Zr0.,;
up to about 1% SnO,;
up to about 1% Sb,05;
up to about 1% Sb,05;
up to about 3% Y,O5;
up to about 1% CeO,;
up to about 1% Eu,O5;
up to about 1% Tb,0.;
up to about 2% Nb,Os;
up to about 2% Ta,Os.
36. A method of making a lithium disilicate dental product
comprising:
melting a starting glass at temperatures within the range
of about 1200 to about 1600° C.;
quenching the glass;
cooling the quenched glaés to the crystallization tempera-
ture to form a glass-ceramic;
comminuting the glass ceramic to a powder;
compacting the powder to a starting blank; and
sintering the blank.

and
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37. The method of claim 36 wherein the powder is sieved
to the required mesh size prior to the compacting step.

38. The method of claim 36 further including adding
additives to the powder prior to the compacting step.

39. The method of claim 38 wherein the additives com-
prise pigments, fluorescing agents, opacifying agents.

40. The method of claim 38 wherein the additives com-
prise reinforcing agents.

41. The method of claim 40 wherein the reinforcing
agents comprise one of fibers, whiskers, particles and mix-
tures thereof.

42. The method of claim 40 wherein the reinforcing
agents are fabricated of ceramic material.

43. The method of claim 36 wherein the sintering of the
starting blank comprises heating to a temperature in the
range of about 800 to about 1000° C.

44, The method of claim 36 wherein the sintering of the
starting blank comprises heating to a temperature in the
range of about 850 to about 950° C.

45. The method of claim 36 wherein the sintered starting
blank is subjected to viscous deformation at a temperature in
the range of from about 850 to about 950° C. under vacuum
and at a pressure not exceeding about 7 bar to obtained the
desired shape.

46. The method of claim 36 wherein the sintered blank is
machined to a dental restoration of desired shape.

47. The method of claim 36 wherein the dental product is
a core and is provided with one or more coatings.

48. The method of claim 47 wherein the one or more
coatings is selected from a ceramic, a sintered ceramic, a
glass ceramic, a porcelain, a glass, a glaze, a composite and
mixtures thereof.

49. The method of claim 47 wherein the one or more
coatings has a firing temperature in the range of about 700
to about 900° C. and a coefficient of thermal expansion
(measured from room temperature to its transition
temperature) of within about £2.0x107%/°C. of the dental
product (measured at the same temperature range).

50. The method of claim 47 wherein the glass-ceramic
comprises in weight percent:

about 62 to about 85% SiO,;

about 1.5 to about 10% AlL,0O;;

about 8 to about 19% Li,0;

about 2.5 to about 7% K,O; and

about 0.5 to about 12% P,Os.

51. A method of making a lithium disilicate dental resto-
ration comprising:

melting a starting glass composition comprising in weight

percent about 64 to about 70% SiO.,;
about 1.5 to about 6 Al,O5;
about 10 to about 15% Li,0;
about 2.5 to about 5% K,O; and
about 2 to about 7% P,Os; at temperatures within the
range of about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

52. A method of making a lithium disilicate dental resto-
ration comprising:
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melting a starting glass composition comprising in weight
percent about 62 to about 85% SiO,;
about 5.1 to about 10 Al,Oj5;
about 8 to about 19% Li,O; and

about 0.5 to about 12% P,O;; at temperatures within the
range of about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

53. A method of making a lithium disilicate dental resto-

ration comprising:

melting a starting glass composition comprising in weight
percent about 64 to about 70% SiO.;

about 5.2 to about 9 Al,Oj5;

about 10 to about 15% Li,O; and

about 2 to about 7% P,Os; at temperatures within the
range of about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to

about 1100° C. to convert the glass into a glass- :

ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

54. A method of making a lithium disilicate dental resto-

ration comprising:

melting a starting glass composition comprising in weight
percent

about 64 to about 70% SiO,;

about 1.5 to about 6 Al,O5;

about 10 to about 15% Li,0O;

about 2 to about 7% P,Os;

about 2.2 to about 5% K,0;

about 0.5 to about 3% Na,O; and

about 0.5 to about 3% B,O;; at temperatures within the
range of about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

55. A method of making a dental restoration comprising:

melting a starting glass composition comprising in weight
percent about 68.8% SiO,;

about 1.3%B,0;;

about 4.8% Al,O3;

about 1.0% CaO;

about 2.8% BaO;
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about 14.4% Li,0;
about 2.2% K,O;
about 1.5% Na,Oj; and

about 3.3% P,Os; at temperatures within the range of
about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;
compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

56. A method of making a dental restoration comprising:

melting a starting glass composition comprising in weight
percent about 68.8% SiO-;

about 1.3% B,0;;
about 4.8% Al,Os;
about 1.0% CaO;
about 2.8% BaO;
about 14.4% Li,0O;
about 2.2% K,0;
about 1.5% Na,O; and

about 3.3% P,Os; at temperatures within the range of
about 1200° to about 1600° C.;

quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400 to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;

compacting the powder to a starting blank;

sintering the blank; and

pressing the blank into the dental restoration.

57. A dental restoration comprising a glass-ceramic con-

sisting essentially of:

about 62 to about 85% SiO,;
about 1.5 to about 10% Al,Os;
about 8 to about 19% Li,O;
about 2.5 to about 7% K,O;
about 0.5 to about 12% P,Os;
up to about 4.9% B,O;;

up to about 1.5% F;

up to about 7% CaO;

up to about 7% BaO;

up to about 1% SrO;

up to about 5% Cs,0; .

up to about 5% Na,O;

up to about 2% TiO,;

up to about 3% ZrO,;

up to about 1% SnO,;

up to about 1% Sb,05;

up to about 3% Y,O5;

up to about 1% CeO,;

up to about 1% Eu,Oj;

up to about 1% Tb,0.;

up to about 2% Nb,Os; and
up to about 2% Ta,Os.
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58. The dental restoration of claim 57 formed into a
component selected from orthodontic appliances, bridges,
space maintainers, tooth replacement appliances, splints,
crowns, partial crowns, dentures, posts, teeth, jackets,
inlays, onlays, facing, veneers, facets, implants, abutments,
cylinders, and connector.

59. A blank for machining the dental restoration of claim
57.

60. A dental restoration comprising the glass-ceramic of
claim 1.

61. A dental restoration comprising the glass-ceramic
composition comprising:

about 64 to about 70% SiO-;

about 5.2 to about 9 ALLO;;

about 10 to about 15% Li,O; and

about 2 to about 7% P,Os.

62. A dental restoration comprising the glass-ceramic of
claim 5.

63. A dental restoration comprising the glass-ceramic >

comprising:
about 62 to about 76% SiO,;
about 1.5 to about 10 Al,O3;
about 8 to about 19% LiO;
about 0.3 to about 7% P-Os; and
about 0.5 to about 8% Ta,Os.

20

64. A dental restoration comprising the glass-ceramic of
claim 14.
65. A dental restoration comprising the glass-ceramic of
claim 11
66. A method of making a dental restoration comprising:
melting a starting glass composition comprising in weight
percent about 62 to about 76% SiOo; :
about 1.5 to about 10 AL,Oj;;
about 8 to about 19% Li,O;
about 0.3 to about 7% P,Os; and
about 0.5 to about 8% Ta,Os; at temperatures within the
range of about 1200° to about 1600° C.;
quenching the glass melt;

subjecting the quenched glass to one or more heat treat-
ments in the temperature range of from about 400° to
about 1100° C. to convert the glass into a glass-
ceramic;

comminuting the glass ceramic to a powder;
compacting the powder to a starting blank;
sintering the blank; and

pressing the blank into the dental restoration.
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