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The present invention relates to a process for the molding of

N

metal free dental restorations such as crowns, bridges, inlays,
onlays etc. from glass-ceramic materials. The invention is also
concerned with apparatus which permits dental restorations td be
easily molded from glass-ceramic materials and lastly, the

invention relates to the resulting dental restorations.

Backaround of the Invention

In the prior art various methods have been used to form metal
free dental restorations from glass—cefamic materials. Glass-
ceramic materials because of their strength, translucency,
non-toxicity and other physical properties are ideal materials for
use in forming dental restbratiqgs. Because of théir suitability,
glass—-ceramic materials have been used to form dental restorations
for at least eighty years. 1In the prior art the most widély used
means for forming dental restorations from mixtu;es of glass and
ceramic materials is a process which utilizes a slurry of glass and
ceramic particles. In this process a die is formed which is an
exact replica of the remaining portion of the tooth to whidh the
restoration is to be secured. It is understood by one ski}led in
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fyee dental restorations fron1g|ass ceram ¢ materials. G ass- ceram c
'naterlals because of their strength, translucency non-toxicity and ot her
physi cal properties are ideal materials for use in formng dental '
restorations, Because of their suitability, glass-ceramc materials have
been used to formdental restorations for at |east eighty years. In the
prior art the nost widely used neans for form ng dental restorations from
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the restoration is to be secured. It is understood by one skilled in

restoration is facilitated. To start the process the dentist takes
an impression of the prepared tooth to create a negative impression
of the prepared tooth or teeth. This negative'impression is then
packed with a material to form a positive impression of the
prepared tooth or teeth. This positive impression is called a die.
Platinum foil is then pressed over the die to from a matrix which
is essentially a foundation on which the dental: restoration is
built. In order to form up the dental restoration many layers of
a slurry of a particulate glass—-ceramic material are applied to the
platinum foil matrix. As multiple layers of the slurry are built
up and dried a semi-solid structure is formed which can be carved
into the shape of the desired dental restoration. Once the desired
shape is achieved the structure is then removed firom the die . At
this stage the stfucture is referred to as a green structure. The
structuré'is then fired, during the firing process the particulate
glass-ceramic material fuses into a solid mass. Because the green
structure is formed from multiple layers of the dried glass-ceramic
material uneven fusing may resilt. As a result of this uneven
fusing the physical properties of the finished restoration may be
detrimentally affected. As a result an inferior dental restoration
reéults. Further, as can be seen from the above description, the
overall process is very labor intensive.

other methods for forming the green restoration have been

considered in the prior art, for example, in U.S. Patent no
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2zthe art that the remaining portion of the tooth has been prepared by the
dentist in such a manner that the attachnment of theé restoration is
facilitated. To start the process the dentist takes an inpression of the
prepared tooth to create a negative inpression of the prepared tooth or
teeth. This negative inpression is then packed with a material to forma
positive inpression of the prepared tooth or teeth. This positive

e e R e i e

r est or atwhoich dnicorpbratesoa deinder fier packed hinttte  filexdbler adldrntorsorm

| ayers. of a slurry of a particulate glass-ceramc material are applied to

t he a green structure which is then fired to form a finished structure.
Again, because the process entails the fusing of particulate
material, uneven fusing may result and hence a weakened and
inferior dental restoration may result.

To overcome the problems as described above the trade has
recognized that in order to produce strong, translucent metal free
dental restorations it would be desirable to form these
restorations directly from a homogenous molten glass-ceramic
material. It was realized that it may be possible to produce a
satisfactory restoration by forcing a molten or plastic glass-
ceramic material into a mold having a cavity in the form of the
desired dental restoration. The prior art further recognized that
the glass—ceramic material could be introduced into the cavity when
the glass-ceramic material was in the liquid or in the plastic
state.

A constant goal of the prior art as described, was to.efféct
the mblding process in a quick and efficient manner and in a manner
that produces a dehtal restorafion that has excellent definition
and £it. In dental restorations definition is extremely important,
as in order to have a satisfactory restoration the finest details
of the original tooth must be reproduced. For example, for a
dental restoration to be successful the maréins must be sharp and

well defined. It is in this area that the prior art molding

processes are deficient in that it was not possible to achieve the
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platinumfoil matrix. As nultiple |layers of the slurry are built up and
rieda seni-solid structure is formed which can be carved into the shape
of the desired dental restoration. once the desired shape is achieved the
structure is then renoved fromthe die . At this stage the structure is
referred to as a green structure. The structure is then fired, during the
firing process the particulate glass-ceranic material fuses into a solid

mass. B the gree tructute is fornmed fromnultiple |layers of the
dried g&%%%lég;dér%rﬁ%ené’%eaegﬁnﬂlﬁésgh fusing may result. As a result of this

uneven fusi neuiieNMt ¢3! aBELRES1E & Plroliitef ANashesh HetratieR FRYabe
detrinentally affected. As a result aninferior dental restoration results.

" Fur t her shast (perixsd ofertifmeoint bedebote eftixiqritiyn uttild zev&hel bvprheads i s
very | agé) rtlien%%?lstia\]/.eiaboratory and in order to minimize the labor content
of the dental restoration. _

Dental laboratories are not typically well funded operations.
Therefore, in order to keep cost to a minimum it is highly
desirable that a suitable process for forming dental restorations
utilize eQuipment which is relatively inexpensive. While the above
described process fits this requirement the below described DICOR

" process does not.

As is discussed above, there are several prior art processes
for the manufacture of dental restorations from glass~-ceramic
materials. A recent addition to the prior art is the DICOR process
as sold by the Dentsply International,Inc. of York Pennsylvania.
In this process a dental restoration is formed by centrifugal
casting of a molten _glass-ceramic material. This process is further
described in U.S. Patent No. 4,431,420 issued February 14, 1984 and
relatéd ‘patents. Centrifugal casting has been exténsively used
in the casting of metals prinéipally by the lost wax process.
Further, this process has been imminently successful for hundreds
of years for use in conjunction with met_als. This success results
from the fact that molten metals have very low viscosity and high
density in the molten state, hence, they function very well in

centrifugal casting processes. That is, because molten metals have’

a high density and a very low viscosity in the molten state
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. OQther nethods for formng the green restorati on have been considered in the
. Ppriorfart, for exanple, in U S. Patent no 3 2,196,258, a m xture of
aﬁpartlculate gl ass and ceranic materials which incorporates a binder is

s packed into a flexible nold to forma green structure which is then fired

;- to forma finished structure. Again, because the process entails the fusing

of particulate material, uneven fusing may result and hence a weakened and

nferior deptalelast FQALON IdoERNL' rod pERRSY et 3 8EERhS Fad oL ten
metal into a preformed mold cavity. In an attempt to prodice dental
restorations which have high definition the above mentioned DICOR
process uses centrifugal force to form the desired dental
restorations from a molten glass-ceramic material. Molten glass—
ceramic materials have a much higher viscosity and a much lower
density when compared to molten metals. For fhis reason, it is not
possible to consistently drive a molten glass-ceramic material, by
centrifugal force alone into a mold in order to produce a
satisfactory dental restoration. That is, a molten glass-ceramib
material cannot be driven by centrifugal force into a mold cavity
with sufficient force in order to always get the required
definition, necessarf to form a satisfactory dental restoration.
It is well recognized by one skilled in the art that in order to
“have a satisfactory dental restoration, excellent definition must
be achieved in order to recreaté the desired margins which are
needed for the proper fit of a dental restoration into the human
mouth.

Further, the DICOR process, is deficiént as to the coloration
of the glass—ceramic material ufilized, The resulting Dicor dental
restoration had an undesirable white color and must be glazed in
order to produce satisfactory human coloration. As a result the
coloration.is only on the surface of the dental restoration, If
adjustment by grinding is needed in the final installation of the
restoration into the human mouth the glazing is removed thereby

exposing the whitish base which contrasts with the glaze. This

5
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- recogni zed that in order to produce strong, translucent netal free dental
restorations it would be desirable to formthese restorations directly from
a honogenous nolten glass-ceramc material. It was realized that it may be
possible to produce a satisfactory restoration by forcing a nolten or
plastic glass- ceramc material into a nold having a cavity in the form of
the desired dental restoration. The prior art further recogni zed that the
gl ass-cereg’rinq__ rrai;ter.i al _could be introduced into the ca

gl ass- cer &M ¢ Tat e?‘FaT’eﬁ&smP?ft’rFe&qttﬂfﬁd Igpm Any ﬁﬁt’ﬂ?ﬁg{’it%° g?%ft h‘giew- :
constant goal ah LbREPALL P thi @AM tHBSreSld i bRCLHE! kot
process in a quick and efficient manner and in a nanner at produces’ a
dental regrocassolist adépbed wxartilde dakss-tepanic materials wherein the
coloration of the resulting .dental restoration, throughoﬁt,
approximates human tooth coloration. Hence, if grinding is
necessary in final fitting contrast between the surface of the
dental restoration and the underlying base is not observed.

Undesirable contrast can also result from normal wear, where
as a result of the grinding action of one tooth against another the
glaze is worn away. Again, this is not a problem in this invention
as the preferred glass-ceramic material has a uniform natural
coloration throughout. ~ It should be noted that the restoration of
the subject invention may be glazed to achieve the exact shade
desired.

In contrast to the above discussed prior art processes, the
process of the subject invention utilizes a positive mechanically
appli'ed force for purposes of injecting the molten dental glass-
ceramic material into the preformed. mold cavity.

For a dental glass~ceramic material to be satisfactory for use
in the formation of dental restorations the material should
incorporate many or all of the following properties: '

1. It must be inert and non-toxic in an oral environment.

2. It must have sufficient structural integrity to resist the
forces of mastication and generally must have a 3—poin£ MOR

of at least 30,000 PSI.
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apd fit. In dental restorations definition is extrenely inportant, as in
order to have a satisfactory restoration the finest details of the original
tooth nust be reproduced. For exanple, for a dental restoration to be

successful the margins nust be sharp and well defined. It is in this area
that the prior art nolding processes are deficient in that it was not
possi ble to achieve the 4 desired degree of definition. Further, it is

desirable to produce a dental restoration in a short period of time in
order to effidrefRPyldibeigapahie afohiedng formed into forms which are

compatible with the human anatomy using simple equipment.

4. Should have esthetic qualities (coloration similar to human
teeth with a slightly translucent appearance) which are
compatible with human teeth and hence should be monolithic

or glazable.

5. Further, the glass-ceramic material must not absorb
moisture or stain and it must be stress corrosion

resistant.

6. Likewise the glass-ceramic material should have wear
' characteristics which are similar to natural human teeth

and should be compatible.with other dental materials.

7. The glass—ceramic likewise must have dimensional stability
and resist thermal shock during processing and in
particular it must have dimensional stability during
subsequent heat treatin&‘processes wherein recrystalizatiqn

is effected.

8. Further, the glass-ceramic material should be compatible
from a thermal expansion point of view with metals, stains,
glazes etc. as are conventionally used to form dental

restorations.
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of the dental |aboratory and in order to mnimze the |abor content of the
dental restoration. Dental |aboratories are not typically well funded
operations. Therefore, in order to keep cost to a mninumit is highly
desirabl e that a suitable process for form ng dental restorations utilize
equi pnent which is relatively inexpensive. Wile the above descri bed
process fits this requirenent the bel ow described DI COR process does not.

As is discussed . abave there arg several. prdor..art .processes %o t he
manuf acture of° cﬁ'n_tog elregf’pf’ﬁf?gﬁsa? r%%%@%é’r H Esﬂ‘gf-’eﬁﬁﬂ §.£ A recent
addi tion to the jidtdratibn $t! sy hETRIULGHIS t35 210t Rhe! BenkENtsply.
International,lnc. of York Pennsylvania. In tthis process a dental
restoration is fdental hrestenatiomgtd the exact shape and shade desired.
In order to effect these alterations the dental restoration
must be heated to a temperature of about 950°C for each
operation. Therefore, a satisfactory glass—-ceranmic

material must be capable of withstanding multiple heat

cycles to about 950°C.

10. A suitable glass-ceramic material must be capable of

retaining its structural integrity dﬁring heat treating.

11. In summary a suitable glass-ceramié material should have;

A. Coefficient thermal expansions (C.T.E.) of 5 to
145X10~7 /°C

B. Translucency of 2.5 to 4.0 on a visible scale of 0
(clear) to 5 (opaque) and overall beauty.

C. M.O.R. of at least 30 K.S.I. average.

D. Ability to be heat.treated to 925-950° C

E. Structural integriﬁ?'during heat treat

F. Meltability and formability

G. Chemical durability in an oral environment

The subjéct invention includes glass-ceramic materials

which meet the above set forth criteria.
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~casting of a nolten glass-ceramc material. This process is further
described in U S. Patent No. 4,431,420 issued February 14, 1984 and rel ated
pat ents. Centrifugal casting has been extensively used i.n the casting of
metals principally by the | ost wax process. Further, this process has been

I mm nently successful for hundreds of years for use in conjunction with
nmetals. This success results fromthe fact that nolten netals have very | ow
viscosity and high density in the nolten state, hence, they function very
well in centrifugal casting processes. That is, because nolten netals have
a high density and a very low viscosity in the nolten state

In accordance with the above description , it is obvious that
in accordance with the 'prior art it ié difficult, if not
- impossible, to form top quality dental restorations by molding
glass-ceramic materials in an inexpensive and efficient manner.
The process, apparatus, compositions and dental restoration of
the subject invention provide improvements over the prior art. By
use of the process of the subject invention glass—ceramic materials
can be readily molded into dental restorations. Further, the
apparatus of the subject invention is relatively inexpensive and is
easy to utilize. The compositions of the subject invention are
highly advantageous in that they produce esthetically pleasing
dental restorations which are chemically inert in the human mouth
and have outstanding strength properties. Further, the
compositions of this invention £§e advantageous in that when dental
restorations formed from these compositions are heat treated they
maintain their structural integrity. Further, these dental
restorations are capable of withstanding multiple heat cycles to
about 950°C, posséss thermal expansions which are compatable with
the.existing porcelains and theréfore, these dental restorations

can be readily altered using conventional porcelain materials.

9
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{EREPLACENENT SHEET 5 centrifugal force is adequate for purposes of i-njecting
- The nblten netal into a preforned nold cavity. In an attenpt to produce
‘; dental restorations which have high definition the above nmentioned DI COR

“:process uses centrifugal force to formthe desired dental restorations from

“a nolten glass-ceramic material. Molten glass- ceranic materials have a
much hi gher viscosity and a nmuch | ower density when conpared to nolten

metal s. For thyské N qdrtdiS rak oE}Q’Ei?Hé Cid %Wuihﬂd?]:h%epfeg%{:te g

gl ass-ceram c nmateria y centrifugal torce alone into a I n-or

pr oduce ainaensiantmve Ceedeptalad eodbration haftér, Medwtltreatdngs andetani C

mat eri al cannot be driven by centrifugal force into a nold cavity
be used at that stage, without further cosmetic treatment, in the
mouth.  In order to enhance the esthetic properties of the
resulting dental restoration, the dental restoration can be readily
altered using porcelain materials to achieve any desired effect.

Accordingly, it is an object of the present invention to
provide an efficient process whereby dental restorations may be
molded from glass-ceramic materials.

It is a further object of the present invention to provide an
apparatus_for the molding of glass-ceramic dental restorations
which is easy to use, is lab friendly, and which is reasonably
priced. |

- It is a further object of the present inventibn to provide
glass-ceramic dental restorations which have outstanding strength
and are esthetically pleasing.

It is also an object of this invention to provide glass-
ceramic compositions, which are suitable for the formation of
dental restorations which have a high dégree of micro-structural
control during the developmentlaf the crystals thereby permitting
great flexibility in the forming of these dental restorations.

It is still another object of the present invention to provide
a glass-ceramic material which will wmaintain its structural
integrity during heat treating and, in particular, will not slump
or sag during heat treating outside of the investment.

Another object of the present inventions is a glass-ceramic

10
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with-sufficient force in order to always get the required deflnltlon
necesSary to forma satisfactory dental restoration. It is well recognized
by one skilled in the art that in order to have a satisfactory dental
restoration, excellent definition nust be achieved in order to recreate the
desired margi ns which are needed for the proper fit of a dental restoration
into the hunan mouth. Further, the DI COR process, is deficient as to the

colorati h Iass cer.am terial utiljzed. The re uItln Di cor
Gontar iRbegial ghe %&saﬁua%"biﬁr BF i, £oEmebEGh on g A
order tQyuy Odﬁiéhsaié St NGB G 3 hg- 1€§ aczf luEehE? i on
Is only on the surface o e dental restoration, adj ust mrent by grlndlng

i s needemilitipllec £iriay cyele&lemlappnﬁxiﬂxtely 950 c.

Still another object of this invention is a process for

forming a ceramic dentalerestoration.

Whereln the process comprises:

A. placing a glass—ceramlc material in a heat—pressure
deformable crucible;

B. heating the crucible and glass-ceramic material to a
temperature at which said crucible becomes heat-preésure
deformable and the glass—ceramic material is moldable;

C. bringing the heated crucible into contact with a mold
having a preformed cavity therein; | _

D. continuing to move the crucible into contact with the mold
thereby causing the crucible to deform against.the mold,
and causing the moldable glass—-ceramic material to be
injected into said cavity, thereby forming a dental
restoration;

E. cooling the mold and the ceramic dentél restoration
‘therein; “

F. removing the formed ceramic restoration from the mold;

G. heat treating the dental restoration; and

H. finishing the dental restoration.

Also an object of this invention is to form a heat deformable

crucible having a base and a side portion wherein said crucible is

formed by the heat sintering of a particulate mixture of glass and

11
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restoration into the human nouth the glazing is renoved thereby exposing

t'he whitish base which contrasts with the glaze. This 6 contrast is very
unsatisfactory froman esthetic point of view In contrast to this
deficiency, the restoration of the subject process is adapted to utilize

gl ass-ceramc materials wherein the coloration of the resulting dental
restoration, throughout, approxinates human t oot h col orati on. Hence, if
grindin ce trast between the s gc of the
dental TRl BIAR1 ' Rt Eiriad ernslEiod SetbniRe vagn aBouE S %o

31 percent glass and from about 69 to about 73 percent of a metal

oxide. ' |
Another objeqt of this invention is a dental restoration which

is formed from a glass ceramic material having the following

composition (by weight percent):

Li0 8 - 15
Al,0, 1.5 - 5.0
sio, ' 60 -~ 85
Na,0 0~ 2
K0 0~ 2
P.O, 1.5 - 5
Zro, ' 0 -3
Ca0 0-1
BaO+SrO+La0 0 - 12
Coloring oxide | 0~-5

Lastly, an object of the present invention is to create a
glass—-ceramic matefial which has excellent chemical durability and
as such will not deteriorate when exposed to the fluids in the
human mouth. N |

These and other objects, features and advantageous of the
present invention will become apparent from the detailed
description herein. | |

The advantages of the present invention can be more clearly

understood from the following description taken together with the

- drawings.

12
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Undesirabl e contrast can also result fromnornmal wear, where as a result of
the grinding action of one tooth against another the glaze is worn away.
Again, this is not a problemin this invention as the preferred

gl ass-ceramc material has a uniformnatural coloration throughout. It
shoul d be noted that the restoration of the subject invention may be gl azed
to achieve the exact shade desired. In contrast to the above di scussed
prior art processes, the process of the subject. invention utilizes a
positive nechanically applied force for pur poses of |nject|ng the nolten
dental glass- ceramc mater gd yLty. -For "a dent al
gl ass-ceramc material to bE or mat i on of
dental restorations the naterlal should

Figure 1 is a flow chart showing the steps of the preferred
embodiment of the process of this invention.

Figure 2 shows a sectioned lost wax mold for use in the invention.
Figure 3 shows a sectioned structure illustrating the heating step
of this invention.

Figure 4 shows a sectioned structure illustrating the initial
contact of the crucible with the mold. |
Figure 5 shows a sectioned structure illustrating the partial
sealing of the crucible against the mold.

Figure 6 shows a sectioned structure illustrating the complete
sealing of the crucible against the mold and the injection of the
molten glass—-ceramic intolthe mold cavity.

'Figure 7 is a sectioned side visw showing the composite apparatus
of this invention.

Figure 7a and 7b aré sectional side views showing the preferred
composite apparatus of this invention.

FPigure 8 shows a sectioned altsEnate mbld.

Figure 9 shows a sectioned alternate mold.

Figure 10 shows the mold of Figure 9 being filled with a molten
glass-ceranmic.. ' '

It should be noted that Figures 2 to 10 are schematic

representations of apparatus which may be useful in this invention.

13
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i ncorporate many or all of the follow ng properties: 1. It nust be inert
and non-toxic in an oral environnent. 2. It nust have sufficient structural
integrity to resist the forces of mastication and generally nust have a
3-point MOR of at |east 30,000 PSI. 7 3. Shoul d be capabl e of being
formed into forns which are conpatible with the human anatony using sinple
equi pnent. 4. Should have esthetic qualities (coloration simlar to human
.‘teeth with a slightly translucent appearance) which are

Figure 1 generally describes the overall process of the
subiject invéntion wherein dental restorations are formed by the
molding.of.a glass-ceramic material. As can be seen in Figure 1,
the first step is the formation of a mold_ha?ing a suitable mold
cavity therein. To start the process whereby the mold cavity is
formed the tooth or teeth in the human mouth are prepared by the
dentist by procedures which are commonly known in the prior art.
By using impressions which are provided by the déntist a positive
wax form is produced of fhe desired dental restoration. This
positive.wax form is then positioned in a mold usually called a
ring. A semi-liquid investment material is then poured around the
positive wax form. Once the investment material sets up and cures
the resulting mold is placed in a furnace and heated thereby
causing the wax to ﬁelt and run out of a sprue hole which is
integral with the mold. The finished mold is then complete. This
constitutes the formation of a mold by the lost wax process.

In the second step of Figure 1 a button of a glass-ceramic
material is placed in deformable crucible 8,'as is illustrated in
Figure 3. The button of glass-ceramic material constitutes a small
cylinder of the glass-ceramic material which usually weighs about

six grams and has a diameter of about two cm. and a thickness of

14
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conpatible wth human teeth and hence should be nonolithic or glazable. 5.
Furthér, the glass-ceramic material nust not absorb noisture or stain and
it nmust be stress corrosion resistant. 6. Likew se the glass-ceramc

mat eri al shoul d have wear characteristics which are simlar to natural
human teeth and shoul d be conpatible with other dental materials. 7. The
gl ass-ceranic |ikew se nust have di nensi onal stability and resi st t her mal

Shock, SUTfREPISRCSR 10 ek LS ol o R LAE, TWIROSI P are o

recryst aldoh¥eh®Bnt Ssifdpeé Wintdeby these materials may be manufactured, sold
and used. It is understood by one skilled in the art that a
sufficient amount of the glass~ceramic material must be used in
order to form the desired dental restoration.

In the third step of Figure 1 crucible 8 and the button of
glass-ceramic material 7 is uniformly héated. The glass~ceramic
material is heated to a temperature above its liguidus temperature
as will be described in greater detail herein below. Further the
heat~pressure deformable crucible 8 will be described in greater
detail herein below.

In the process of this invéntion the preformed mold can
incorporate muitiple' cavities in order that more than one dental
restoration can be produced during one cycle of the subject
process.

In steps four, five and six of Figure 1 the heated crucible
and glass-ceramic material are moved into contact with the mold by
mechanical means in a manner which will be described in greater
detail relative to the discussion of Figures 3 to 6 herein below.

In accordance with steps 7 and 8 of Figure 1 the mold is
cooléd and the solidified glass—-ceramic casting is removed from the
| investment by mechanical means. The dental restoration is then cut
off the sprue and finished by heat treating -polishing and/or
glazing in order to achieve the desired esthetic effect.

The process of this invention may utilize both glass and

glass-ceramic materials for purposes of forming the desired dental

15
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8. Further, the gl ass-ceranic material shoul d be conpatible froma thernal
expansi on p0|nt of viewwth netals, stains, glazés etc. as are
conventionally used to form dental restorations. 9. In order to create
an esthetically pleasing dental restoration it may be necessary to alter
the final dental restoration to the exact shape and shade desired. In order
to effect these alterations the dental restoration nust be heated to a
tenperat ut 950[err]C for each operation. Therefore, a

sati sfac Stg%?é%@ Mteramc

For strength and esthetic reasons, it is preferred that a
glass~-ceramic material be utilized. When a glass-ceramic material -
is utilized, the button of glass-ceramic material 7 is initially
placed in crucib;e 8 in a glass phase. As heat is applied to
crucible 8, glass—ceramic material 7 is heated. As the heating of
the glass-ceramic material 7 continues, crystal formation is
effected whereby glass-ceramic material 7 becomes a ceramic via the
formation a of crystalline phase. As the heating is continued, the
glass matrix slowly:dissolves the crystalline phase thereby causing
the glass~ceramic material 7 to reenter the glass phase. The
temperature at which the crystal phase completely dissolves in the
giass matrix is defined as the liquidus temperature of the glass-
ceramic material. In accordance with this invention, it is found
desirable to heat the glass-ceramic material to a temperature above
the liquidus temperature in order to eliminate any possibility of
the existence of a crystalline phase in the molten material.
Further at this temperature the glass—-ceramic material has a
viscosity of about 1log 3 to about log 4 P which is suitable to
allow the molten glass-ceramic ﬁéterial to be readily injected into
the mold cavity 5. The viscosity at this temperature is defined as
the working range.

Throughout this application, the ﬁiscosity of the molten
glass-ceramic materials and of the soften crucible will be defined
as the 1og of the respective viscosity in poises. Further, the

unit poise will be abbreviated as P. For example, if the viscosity
le
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material nmust be capable of withstanding nultiple heat cycles to about
950[err]C 10. A suitable glass-ceramc material nust be capabl e of
retaining its structural integrity during heat treating. 11. In sunmary a
suitable glass-ceramc material should have; A Coefficient thernal
expansions (C.T.E.) of 5 to [err] /CB. Translucency of 2.5 to 4.0 on a
visible scale of 0 (clear) to 5 (opaque) and overall beauty. C MO R of

Et g??ﬁ?{fﬁ?%rmig%t:gna Ao 'léiﬁséomg%eggﬁi tiﬁeag_gd t ?§e§5% grrl C
: gri ydurlng eat"treat F. tability an ormability
v_isc051ty will be indicated by log 4 P.

While Figure 1 illustrates the broad process of the subject
invention. The individual steps as 'illu_strated in Figure 1 are
defined in greater detail in the description of Figures 2 through
Figure 10. ,

In Figure 2, it can be seen that mold 4 has been formed by the
placement of an investment material 10 in ring 12. Prior to the
placement of investment material 10 in ring 12, ring 12 is
positioned around wax form 14, the upper exi:remity of which is
shaped in the form of a desired dental restoration 16. Wax form 14
is only shown in an outline form, as Figure 2 illustrates a
finished mold 4 after wax form 14 has been burnt out.

The procedure whereby mold 4 is formed is generally known in
the prior art, and has been used for centuries to form lost wax
molds for use in metal casting procedures. As is stated above in
the preparation of mold 4, wax form 14 is positioned in ring 12 an
investment slurry 10 is then slowly poured into ring 12 usually |
with the aid of vibratory technigques to insure that investm_ent 10
completely £ills ring 12, and J.n "i:articuiar, completely encases wax
form 14. Again, these procedures are commonly known in the prior'
art. | |

Figures 3, 4, 5, and 6 show. the general process of the subject
invention in a schematic form.

Referring to Figure 3, it can be seen that mold 4 having

cavity 14 is positioned in ;the vicinity of crucible 8. Positioned
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G, Chem cal durability in an oral environment The subject invention

i ncl udes gl ass-ceramc materials which neet the above set forth criteria.
9 Summary of the invention In accordance with the above description , it is
obvious that in accordance with.the prior art it is difficult, if not
I npossible, to formtop quality dental restorations by nol ding

gl ass-ceramc materials in an i nexpensive and efficient manner. The

process,iﬁpggﬁgiyfe §07BOY1 65803 A0 JeRLRLr 1§71 9 2Lh8 a8t ails of which |

will be described herein. Crucible 8 is further positioned on a
ceramic base 21 which is positioned on ram 22 whereby.crucible 8
can be moved in relation to mold 4. An electric heating element 24
is further provided whereby heat can be applied to crucible 8.
Details of the heating of glass-ceramic material 7 will be
discussed herein below.

During the heating of crucible 8 glass—ceramic material 7 is
converted from the solid state to the liquid state, and crucible 8
coﬁverted from a solid brittle state to a plastic state wherein it
is heat-pressure deformable. Once the glass~ceramic material 7
reaches the desired working range, ram 22 is actuated as is
illustrated in Figure 4, thereby causing crucible 8 to move
upwardly and to come into contact with the lower extremities of
mold 4. The actuation of ram 22 is effected by a power source not
shown.

As can be seen in Figure 5 as the upward movement of ram 22
continues, crucible 8 continues to deform against mold 4 causing
the upper extremities of crucible 8 to seal against mold 4 at
interface 28. Further, it caﬁmbe seen that molten glass-ceramic
material 7 has started to flow into mold cavity 14.

"Referring to Figure 6, as the travel of fam 22 continues the
deformation of crucible 8 against mold 4 is completed, and fﬁrther
cavity 14 is completely filled with glass-ceramic material 7 as a
result of the applied pressure of ram 22.

Subsequent to the procedures as are illustrated in Figures 3

18
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t he subject invention provide inprovenents over the prior art. By use of

t he process of the subject invention glass-ceramic materials can be readily
nol ded into dental restorations. Further, the apparatus. of the subject
invention is relatively inexpensive and is easy to utilize. The

conposi tions of the subject invention are highly advantageous in that they
produce esthetically pleasing dental restorations which are chemcally

0 o ehERBRTE A ) £0kn i Bn R AhATEAL oo Bl SRR S

dental T 43! QebladS rkeh B HveEeHENECEH . COTRE theNS dirntdicHestbeatednt 18y

mai ntain their structural 1 ntegrity. Further, these dental restorations

are capalkremovedl firohstiavestgent| L0pl ¢heecdientnd| eestorabbonr $£50futr hfart

possess %QSL”%Leeéggﬂiigﬂi ¥2iﬁgagrgrggggglgﬁﬁE}{giéhed by polishing and
glazing in order to achieve the desired esthetic effect.

Further, after formation dental restoration 26 is heat
treated in such a manner that its strength and other properties are
enhanced by the formation of crystals in a glass matrix. The
details of heat treating are described below.

Figure 7 illustrates apparatus 32 which may be utilized to
effect the composite process which is illustrated in the flow chart
of Figure 1. ‘This apparatus Qénerally comprises support frame 30,
heat source 33, mold retaining means 34 and a plunger 36. Support
frame 30 generally comprises the outside frame of apparatus 32.

Mold retaining means 34 comprises a bar 50 into which is
threaded mold clamp 35. As can be seen, bar 50 permits mold 4 to
be locked to support bar 44.._Support bar 44 further incorporates
an aperture 56 which is slightly smaller than the diameter of mold
4 and slightly larger than the diameter of crucible 8. By the
actuation of ram 36, crucible 8 is moved up into contact with mold
4 in a manner which is similar to that as is described above in
conjunction with Figures 4, 5 and 6. The apparatus of figure 7
further incorporates a heat source 33, which in the illustrated
embodiment comprises an electric resistance heating element 37. In

the preferred embodiment the heating element is molybdium

disilicide. Heat source 33 is controlled by a power control source
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the existing porcelalns and therefore, these dental restorations can be
readi I’y altered using conventional porcelain naterials. 1 0 Likew se,
dental restorations in accordance with the present invention have
acceptabl e coloration after heat treating and can be used at that stage,

wi t hout further cosnetic treatnent, in the nouth. I'n order to enhance the
esthetic properties of the resulting dental restoration, the dental
restoratéfn can be readily altered using porcelain materials to achi eve any
desired ®ffect. Accordingly, it is an object of the present invention to

As is illustrated in Figures 3 and 7, an electric resistance
heater may be utilized to effect the heating of crucible 8 and,
hence, glass-ceramic material 7. In addition to the electric
resistance heating, as illustrated heating may be effected via
induction heating, gas torch heating, or any other appropriate
means. | |

The apparatus further may incorporate rotating means, not
shown, whereby ram 36 may be rotated during the heating process in
order to effect a more ﬁniform heating of crucible 8 and glass-
ceramic material contained therein. The rotating means may be an
electric, pneumatic or hydraulic motor. Ram 36 is further provided
with means for effecting its upward movement, which in the
preferred embodiment is a pneumatic cylinder 39.

Further, referring to Figure 7, it can be seeﬁ that apparatus
32 incorporates a'plurality of structural insulating members 41,
43, 45, 47 and 49 which support and contain heating element 37, and
contain the heat created during the opgration of the element 37.
These structural insulating members are formed from ceramic fiber
board. |

Likewise, it can be seen thét support bar 44 incorporates an
aperture 56 which has a waist section 55. Waist section 55 is
advantageous in that when crucible 8 deforms against mold 4 ‘the
deforming' upper extremities of crucible 8 are prevented from
downward movement at the constriction of waist 55 thereby causing

the molten glass-ceramic material to be efficiently injected into

.29

“‘ﬂﬁ'iimi‘ii:ﬁﬂi“ iﬁill




provide an efficient process whereby dental restorations nay be nolded from
gl ass-ceramic materials. It is a further object of the present invention to
provi de an apparatus for the nolding of glass-ceram c dental restorations
which is easy to use, is lab friendly, and which is reasonably priced. It

is a further object of the present invention to provide glass-ceramc

dental restorations which have outstanding strength and are esthetically

Composi trensPt SHraie TBaB by 14! thiold (7 Pinke ML BLoduEs eRlT
whi ch haxtrembtgésdeprandible er arétdatded do s6DiaDEy AN ithe vieispwmelogpnent
of the crystals thereby permtting
waist 55, the downward movement of the molten glass-ceramic
| material is prevented, theqeby causing the glass—-ceramic material
to be injected into mold'cévity 14:

Figure 7a and 7b represent the preferred'apparatus 31 for use
in accordance with this invention. Most of the components of the
preferred apparatus 31 are identical or similar to the components
of apparatus 32 as discussed herein above. Apparatus 31 differs
from apparatus 32 primarily in that a movable arm 38 is provided
for wherein a preheated mold 4 may be brought into position for the
molding prbcess and positioned against furnace base 41. Moveable
arm 38 may be connected to a central pivot point whereby it may be
swung into position or it can be laterally moved into position.

Pfior to moving arm 38 into position, as is shown in figure 7
a ram 22 is extended in order to place crucible 8 in heat source
33, whereby glass-ceramic material 7 may be melted. Once this
melting is effected ram 22 is withdrawn and moveable arm 38 is
swung into place to the position as is illustrated in figure 7b.
In this position the forming sé&uence as is shown in Figures 2 to
6 can be completed. | | _

Relative to apparatus 31 and 32 it is understood by one
skiiled in the art that cruciblels may be placed in position on
ceramic base 21 either manually or by automatic means.

The above described Figures 1 to 7b illustrate the formation

of a dental restoration. In addition to being useful in the
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great flexibility in the formng of these dentai restorations. It is stil
anot her object of the present invention to provide a glass-ceramc nateri al
which will maintain its structural integrity during heat treating and, in
particular, will not slunmp or sag during heat treating outside of the
I nvestment. Anot her object of the present inventions is a glass-ceramc
11 material which is suitable for the formation of dental restorations and
whi ch is_capabl e of maintaining_its translucency during multiple firing
cycl es % m&fel fsﬁﬁﬂtéf’ﬂ]li complete dental reéstorations, the
composition and process of the subject invention may bée used to
form copings over which porcelain maﬁerials may be applied to alter
and shade the dental restoration.
In the prior art, metal copings are extensively utilized.
These copings are covered with layers of porcelain materials which
are applied to the metal copings for purposes of forming a
composite dental restoration which comﬁrises a metal base and a
porcelain exterior portion. Composite structures are advantageous
in that a metal coping significantely enhances the strength of the
resulting dental restoration. Metal copings are disadvantagous in
that they are opaque and they have a color which contrasts with the
color of a natural tooth and, further, they have toxicity problems
in some instances. The use of the subjéct invention to form an all
glass-ceramic dental restoration is advantagous in that the coping
is essentially the same color as a natural tooth énd, in
particular, it is essentailly the same color as the porcelain from
which the exterior portion of the dental restoration is. formed.
Further, the all ceramic structure is advanfagous in that problenms
resulting for certain patients'ﬁho_are allergic to certain metals
are eliminated. In this procedure, metal free crowns and bridges
of outstanding strength and esthetic properties are achieved. The
outstanding esthetic properties  results from the fact that these
glass-ceramic copings can be utilized as a base over which a

variety of different porcelains can be fired in order to achieve

the most delicate coloration and esthetic properties.
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Still another object of this invention is a process for formng a ceramc
dental restoration. Wierein the process conprises: A placing a

gl ass-ceramic nmaterial in a heat-pressure defornable crucible; B. heating
the crucible and glass-ceramc material to a tenperature at which said
cruci bl e becones heat - pressure defornmable and the glass-ceramc material is
nol dable; C. bringing the heated crucible into contact with a nold having a

o e1L e St Y BELELE R SO HobE BB B DEpFRHELI Sl 30k

causi ngpbkf gRh8abhAaIhlassceeidhic "Ba€eFPA1d 0 DPreferred glass-ceramic
compositions for use in accordance with the invention are listed in
Tables I to IV. All coﬁponents listed in Tables I to IV are in
weight percent.

The subject invention can utilize any suitable glass-ceramic
materials As is shown in Table I to IV preferred glass-ceramic
materials for use in this invention are lithium disilicate glass-
ceramic materials. In these materials Li,O 2(Si0.) constitutes the
crystalline phase, of the heat treated glass ceramic material.
Lithium disilicate glass-ceramic materials are particularly suited
for use in the invention in that they are non-toxic, they resist
thermal shock, have excellent strength, are corrosion resistant and
they produce dental restorations which approximate humane
coloration and are translucent and esthetically pleasing. Further,
lithium disilicate glass-ceramic materials are advantageous in that
they maintain their structural integrity during heat treating, in
that they do not slump or sag during proper heat treating.

Other lithium disilicate glass-ceramic materials which may be
used in this invention are dféclosed in U.Ss. patent 5,219,799
issued June 15, 1993. .

Lithium disilicate glass-ceramic materials may utilize P,0, as
a nucleating agent. Other nuculating agents are TiO, and Zro,.

Glass-ceramic compositions which may be useful in this
inventiqn are as per Table I. The percentages of Table I and the

other tables herein are in weight per cent.
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injected into said cavity, thereby forming a dental restoration; E. cooling
the nmold and the ceranic dental restoration therein; F. renoving the fornmed
ceram c restoration fromthe nold; G heat treating the dental

restoration; and H finishing the dental restoration. Also an object of
this invention is to forma heat deformable crucible having a base and a
side portion wherein said crucible is forned by the heat sintering of a
particul ate m xture of glass and

IABLE 1
Li,0 8 - 15
Al,0, 1.5 - 5.0
sio, 60 - 85
Na., O 0 -2
K.,0 . 0-2
P,0, | 1.5 ~ 5
2r0, . 0 -3
ca0 0 -1

BaO + Sr0O + LaO 0 -~ 12

Coloring Oxides 0~5

More specific glass-~ceramic compositions which may be useful
in the invention are as per Table II. In particular the
compositions of Table II are useful in conjunction with either
high or low fusing pofcelains which may be used to alter, shade or

glaze the dental restorations of this invention.

Iable IT
A1,0, | 2 -3
sio, . 70 - 84
K,0 | | 0 -1
P,0, 1.5 - 4
Zro, 0-1
24
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12 a metal oxide. A preferred conposition conprises fromabout 27 to 31
percent glass and from about 69 to about 73 percent of a metal oxide.
Anot her object of this invention is a dental restoration which is forned
froma glass ceramic nmaterial having the follow ng conposition (by wei ght

percent); [err] - : 8-15 [err] 1.5 - 5.0
[err] 60 - 85 [err] 0-2 [err]
1.5-5 [err] Bao+stbitao .5 -4
. Ca0 _ 0 -1

Coloring Oxides 0-5

In some instances it is desirable to form é dental restoration
which can be altered, or glazed with a low fusing porcelain. For
purposes of this application a low_fusing porcelain is defined as
a porcelain which fuses at a temperature of about 700° c

Specific glass-ceramic compositions which are useful in

conjunction with low fusing porcelains are as per Table III.

- Table III
Li0 9 - 13
Al.0, 1.5 - 4
Si o, ' 65 - 84
Na,0 | ' 0 -1
K0 0-1
P.Og 1.5 - 4
Zr O, 0 ~1
BaO+Sro+Lao 0 - 12
ca o "~ 0 -1
Coloring Oxides 0-5

Specific glass-ceramic compositions which may be useful in

this invention are as per Table IV.
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CaOo 0-1 - ~ 'BaO+Sr O+LaO 0 - 12

Col or'i ng oxi de 0O - 5 Lastly, an object of the present. invention
is to create a glass-ceramc material which has excellent chem cal
durability and as such will not deteriorate when exposed to the fluids in
t he human nouth. These and ot her objects, .features and advant ageous of the
present invention will becone apparent fromthe detail ed description
herein. The advantages of the present invention can be nore clearly
under st ood fromi LLaowi scrintio aken toget r with the draw ngs.
2 el (=] 1= 18] B (2] I5]-
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13 Brief Description of the Drawings Figure 1 is a flow chart show ng the
steps of the preferred enbodi nent of the process of this invention. Figure
2 shows a sectioned |ost wax nold for use in the invention. Figure 3 shows
a sectioned structure illustrating the heating step of this invention.
Figure 4 shows a sectioned structure illustrating the initial contact of
the crucible with the nold. Figure 5 shows a sectioned structure
illustrating the partlal

As to a general range éf compositions which are preférred for
use in conjunction with this invention the glass-ceramic
compositions as defined in Table II are preferred.

The most preferred -glass—ceramic composition for use in
accordance with this iﬁvehtion is the glass-ceramic composition as
is defined by composition 18 of Table IV.

The glass—-ceramic composition as defined by Table I to IV
above are particularly advantageous over the prior art in that:

1. They are stronger than the prior art glass-ceramic

compositions. '

2. Those compositions which incbrporate barium and cerium

oxides are florescent in ultra violet light.

3. The expansion rates of many of these glass ceramic

compositions are compatable with the expansion rate
of existing altering porcelain materials.

4. They retain their structural integrity at higher

temperatures than those of the prior ért, thereby

permitting altering at higher temperatures.

As is listed in Tables I to IV, coloring oxides may be added to
the glass-ceramic material in order to achieve the desired
coloration of the glass-ceramic dental restoration.

Suitable coloring oxides for use in glass-ceramic compositions
which can be used in this invention, some of which are illustrated

in Table I to IV are Sn0O,, MnO, CeO, Fe,0,, Ni, O, V,0,, Cr,0,, TiO,
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seal i ng of the crucible agai nst the nold. Figure 6 shoms a sectioned
structure illustrating the conplete sealing of the crucible against the
nold and the injection of the nolten glass-ceramic into the nold cavity.
Figure 7 is a sectioned side view show ng the conposite apparatus of this

I nvention. Figure 7a and 7b are sectional side views show ng. the preferred
conposite apparatus of this invention. Figure 8 shows a sectioned alternate
nold. Figure 9 shows a sectioned alternate nold. Figure 10 shows the sold
of Flguﬁg C9 b@h?ﬁﬁf¢¢l@%ﬂﬂﬂtQ¥¥§eﬁbMP&hb§IH§9dc%¢@ankﬁrlx othd® d be noted

t hat Flggﬁsfngtign}O are schematic

After formation of a glass-ceramic restoration in accordance
with the process of this invention, the resulting dental
restoration is heat treated in order to effect the formatiqn of
crystals in the dental restoration. This crystal formation is
generally referred to as heat treating and enhances the physical
and esthetic properties of the dental restoration. A suitable heat
treating sequence for use with the glass-ceramic compositions of
Tables I to IV is as per Table V below.

For the glass compositions which may be used in this iﬁvention
the best nucleating temperatures are.ahout 25° to 50°C above the
upper anneal point of' the glass—-ceramic. It has also been
determined that a slow increase in temperature from just above the
upper anneal point to some 50°C. higher produces the best results
in achieving maximum nucleation. It is also well known that the
temperature then must be raised to a higher temperature to affect
crystallization, this temperature depends updn the composition of
the particular glass—-ceramic material being used.

If the heating sequence in.Ehe heat treating stage is improper
or is incorrectly controlled the dental restoration may slump or
deform. It is understood by one skilled in the art that an optimum
heat treating procedure should.be developed for each particular
glass—-ceramic material in order to allow the dental restoration to
maintain its structural integrity during the heat treating process.

In the preferred embodiment the heat treat cycle is such that
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representations of apparatus which nmay be useful in this invention. 14
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Figure 1 generally describes the
overall process of the subject invention wherein dental restorations are
formed by the nolding of a glass-ceramic nmaterial. As can be seen in Figure
1, the first step is the formation of a nold having a suitable nold cavity
therein. To start the process whereby the nold cavity is fornmed the tooth
or teeth in the human nouth are prepared by the dentist by procedures whi ch
are commdfl fhe rerystalline phase the glass-ceramic material incorporates a

large number of fine crystals which are evenly dispersed through
out the glass matrix. It has been found that when the crystalline
phase is very fine and evenly dispersed a dental restoration of
maximum strength results. Further a fine crystalline structure
tends to produce translucent dental restorations.

From the above discussion it is obvious that dental
restoratibns produced in accordance with this invention can be heat

- treated after the dental restoration is removed from the investment
material and the sprue is cut away. '

In accordance with an alternate preferred embodiment of this
invention the heat treating of the dental restoration may be
effected while the dental restoration is still in the invested
state. That is heat treating can be effected while the dental
restoration is still encased in the investment material.

In accordance with still another embodiment, the dental
restoration can be removed from the investment material in which it
was formed and finished or partially finished prior to heat
treating. For heat treating the material is then reinvested in an
investment material which enhéﬁbes the heat tréatment procéss.
After reinvestment the heat treating is carried out in accordance
with the procedure described above. _ |

Whenever the dental restoration is heat treated in the
invested state the shrinkage of the dental restoration is minimized
if not eliminated.

" In heat treating and in particular in the formation of a
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By using inpressions which are provided by the dentist a positive wax form
I s produced of the desired dental restoration. This positive wax formis
then positioned in a nold usually called a ring. A sem-liquid investnent
material is then poured around the positive wax form once the investnent
material sets up and cures the resulting nold is placed in a furnace and
heat ed thereby causing the wax to nelt and run out of a sprue hole which is
integral with the nold. The finished nold.is then conplete. This

const i t [FRESHHE 5 RRAFESRFinkags @ipihe Aentad regkoprbter Lequrs:h<Ihig ond
Soro on Pl il ¢ 0 FSAHAT SuERIAL, 1418, S6Ekdle 1o
gl ass- ceundesirallvy | als COBSt AdvéASe By Siiflectyl | tHEr it t loF JbR&S-&&kEdl C
mat eri al which usually wei ghs about

restoration back into the patients mouth.

As a way of overcoming the shrinkage problem, it is within the
scope of this invention to invest the wax form in an investment
material which expands when it hardens and is heated. That is the
investment material expands when it hardens to produce an oversize
mold cavity. This oversize mold cavity naturally produces an
oversize dental restoration. This oversize dental restoration is
then shrunk back to the correct size during the heat treating
process. '

For example since the glass-ceramic material shrinks about 3
percent during the heat treating process the original wax form may
be invested using an investment material which expands about 3
percent when it hardens and is heated. Using this procedure a
dental restoration which is 3 percent oversize results. This
oversize dental restoration is then heat treated whereupon it
shrinks about 3 percent to produce a finished dental restoration of
the correct size. | h

In order to achieve proper fit, if the restoration is to be
heat treated after removal from the investment, an investment
material which expands on hardening and heatiné by about 3 percent
must be used. Investment materials which are useful with metals
are not particularly suited for use in the invention as they only

expand about 1.75 percent. Investments which expand about 3
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six grams and has a diameter of about two cm and a thickness of
REPLACEMENT SHEET 15 about one cm These buttons of glass-ceramc
materials are a conveni ent shape whereby these material s nay be
manuf act ured, sold and used. It is understood by one skilled in the art
that a sufficient anount of the glass-ceramic material nust be used in
order to formthe desired dental restoration. In the third step of Figure 1

cruci bl pecdfl L6 HhEaEnPhg WAE HESL MY el ridcd plrn Ui Type"Bdt o

The gl ass-
process are manufactured by Whipmix Corporation of Louville, Ky.

and sold under the designation GIJM 3-23-94; 1
The preferred heat treating process for use with the glass-

ceramic compositions of Table I to IV is as per Table V

EAEEL.Z

Heat Restoration To 500

Ranmp or Soak at 500 - 600°C for 2 - 6 hours
Ramp at - 600 - 925°C for 2 - 3 hours
Soak at | - 925°C for 1 - 2 hours

.Cool to Room temperature

After heat treating the resulting dental restoration may
be further finished. This finishing may include a step wherein the
dental restoration is altered with one or more porcelains in order
to achieve the precise shape, shade and shading desired. For those
glass-ceramic materials of Tables I to IV which have a C.T.E.
(Coeficient of Thermal Expansioﬁ) of from about 135 to about 145
at the set point temperature, it is desired that the C.T.E. of the
altering porcelain material be from about 125 to about 135 and
always less the C.T.E. of the glass ceramic material. The process,
wherein the C.T.E. is measured is defined in the description of the
Examples herein below.

Deformable crucible 8 is a critical part of the subject
31
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material is heated to a tenperature above its |iquidus fenperature as Wl l

be described in greater detail herein below. Further the heat-pressure
deformabl e crucible 8 will be described in greater detail herein bel ow

In

the process of this invention the prefornmed nold can incorporate nmultiple

cavities in order that nore than one dental restoration can be produced
during one cycle of the subject process. In steps four, five and six of
Figure 1 the heated crucible and gl ass-ceramic material are noved into

cont act mnt-henrml aregible Birinditspmeferred embadinent chas\id (cipgular

ner oi n oBesk, <P BEes da denre Ly, exbindnfeale CHRue oL 1R kmacoed”

by one skilled in the art that the crucible of this invention can
have configurations other that circular. The crucible is formed by
- heat siﬁtering a particuiate mixture of components, such as, fused
silica, aluminum oxide, zirconiuﬁ oxide, magnesium oxide with a

glass such as borosilicate glass, soda lime glass, bottle glass,

window glass, etc., clay or other materials that those skilled in

the art of crucible making might use, to form a crucible suitable
for use with a glass-ceramic méterial. In the broad concept of
this invention one forms the crucible of a mixture of materials,
such that, at the temperature where the glass-ceramic material is
in the working range of about log 3 to log 4 P the crucible has a
viscosity of about log 5 to log 7 P.

Cruéibles for use in this invention are formed by slip
casting. The formation of crucibles by slip casting is well known
to those skilled in the art and is described in greater detail in
the Examples below.

In the description, as set forth above, the compositions which
are used to form crucibles which are useful in this inveniion nay
utilize a wide range of materials. While many glasses can be used
to form crucibles which are useful in the subject invention,
because of their toxicity, glasses which contain heavy metals such
as 1ead,_cadmium etc. should not be used.

An alternate method for the formation of crucibles for use in

this invention is by powder pressing and then sintered.
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cooled and the solidified glass-ceramc casting is renoved fromthe

i nvest nent by nechani cal neans. The dental restoration i's then cut off the
sprue and finished by heat treating polishing and/or glazing in order to
achieve the desired esthetic effect. The process of- this invention my
utilize both glass and gl ass-ceramc materials for purposes of formng the
desired dent al 16 restoration. For strength and esthetic reasons, it is

Pnrate fereir ;led tha.} atlgj éa Sigm?eer{tai%nc t%%t %Hngl)sz.tigxgl}fgn? (%zhz.wileilha | a%ib gr gg] ¢
formed contains materials such that it will be heat-pressure
deformable at the desired temperature i.e. about log 3 to log 4 P
working temperature of the glass-ceramic. The heat~-pressure
deformation properties of the crucibles used in this invention is
to be contrasted with the crucibles of the prior art which are

 designed to be rigid at the working temperature of the glass-~
ceramic material which is contained therein.
In the alternate structure, as is shown in Figures 8, 9, and
10, the sealing of the deformed crucible against the mold is
enhanced. In the structure as shown, mold 64 incorpbrates a
circular depression 66 having vertical walls 68 and 70 to which
crucible 8 may seal. Vertical walls 72 and 74 of mold 65 may
further incorporate a plurality of annular grooves 76. As is
further shown iﬁ Figure 10, the sealing of crucible 8 against mold
65 is enhanced by the flowing of the upper extremities of crucible

8 into annular grooves 76 during the deformation process.

EXAMPLES
The present invention is ilihstrated.by the following Examples
however, these éxamples are not to be construed as limiting the
invention.
Dental restorations were prepared in accordance with the below
listed examples. In these examples wax models of a tﬁoth were
prepared. A sprue was then attached to the wax model. The wax

model with the sprue attached was then placed in an investment
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is utilized, the button of glass-ceramic material 7 is initially placed in
crucible 8 in a gl ass phase. As heat is applied to crucible 8,
~glass-ceramic material 7 is heated. As the heating of the glass-ceramc
material 7 continues, crystal formation is effected whereby gl ass-ceramc
material 7 becomes a ceramc via the formation a of crystalline phase. As
the heating is continued, the glass matrix slomﬁy di ssol ves the crystalline

phase t her,eby caus the gl ass- ceran1c material "7 to reenter t he gl ass
phase. ‘ft‘/e #‘g? (!ﬁ?SFQP“pRE?BaEﬁm nixing S0, 9%80 |

the gl aS%fnﬁame detegi2h 9%41 S GIRS A Harth oF AR Vet

ceram c materi al N accordance wt IS I nventl on,
to heat uuqugaawstna rare kater.al The reswltiaicnivtureowast titen iiided to

tenperature in order to elimnate any possibility of
a uniform consistency. The mixed investment was then vibrated into
the investment ring and around the wax model. The mold was allowed
to dry and harden overnight. The investment ring was then placed
in a burn out furnace at room temperature and the temperatnre
raised to 600°C where upon the wax model was burnt out of the
investment material.

The crucibles as used in these examples were prepared by slip
.qasting. In this process a female plaster of paris mold was
prepared by mixing 1247.4 grams of plaster of paris with 946 ml of
water to a uniform consistency. The resulting mold was allowed to
harden for 36 hours. A slurry of a particulate crucible
formnlation mixture, as is identified in the examples below was
then placed in the preformed plaster of paris mold. The green
crucible was removed from the mold and fired in a furnace for 15
minutes at 1100°C to sinter the crucible to a hardened more durable
form.

The slurry used to form tﬁe crucible was formed by mixing 1.
pound of particulate material with 160 ml ﬁater.

Because of the hyorasiopic nature of the plaster of paris mold
the particulate crucible formulation slurry coagulates in the
plaster of paris mold. When the desired crucible wall thickness
was achieved the remainder of the slurry was poured out of the mold

resﬁlting in a green crucible structure which was allowed to dry.
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the existence of a crystalline phase in the nolten material. Further at
this tenperature the gl ass-ceram ¢ material has a viscosity of about log 3
to about log 4 P which is suitable to allow the nolten gl ass-ceram c
material to be readily injected into the nmold cavity 5. The viscosity at
this tenperature is defined as the working range. Throughout this
-application, the viscosity of the nolten glass-ceramc materials and of the

SO ten CLuC) Dk ek UF1 00 "Bt A | SRS 303) bl T
the Visc%%b%flclent_of thermal expansion (C.T.E.) was measured from room
- temperature to 250°C and is reported in unité of %107 /°C.

The translucency of the reéulting dental restoration was
measured by visual inspection given a value of 0 to 5 wherein value
of 0 was deemed to be perfectly clear and 5 was deemed to be
opaque. . |

In the below listed Examples for purposes of injecting the
molten glass and glass ceramic material into the mold a pressure of
30 P.S.I was utilized, with the exception of Examples 26, and 27
wherein a pressure of about 50 P.S.I. was utilized. |

The referenced heat treating sequehce for all Examples except
Examples 26, and 27 is in accordance with Table IV above.

In the below Examples the glass-ceramic test rods for
measuring modules of rupture (MOR) and thermal expansion (C.T.E)
were formed along with color tab test samples. These test rods and
‘color tab samples were subjected to the heat treatment process of
Table VI whereby the glasses were crystallized in situ to glass-
ceramics. The test rod samples were .120" X 1.25". The Examples
also record the visual appearanéé of each glass-ceramic and values
of various properties exhibited by the glass-ceramic, such as,
linear coefficient of thermal expansion (C.T.E.), reported in terns
of X 10 <7 /°C, modules of rupture (MOR), cited in terms of K.S.I.
(thousands of pounds per square ihch) as determined in accordance

~ with measurement téchniques conventional in the art. K.S.I. may be

conversted to its metric equivalent.npa by dividing K.S.I. by .145.
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REPLACEMENT SHEET 17 of a nolten gl ass-ceranic glass material is 10[err]
poi seés the viscosity will be indicated by log 4 P. Wile Figure 1
illustrates the broad process of the subject invention. The individual
steps as illustrated in Figure 1 are defined in greater detail in the
description of Figures 2 through Figure 10. In Figure 2, it can be seen
that nold 4 has been formed by the placenment of an investnent material 10
inring 12. Prior to the placenent of investnment material 10 in ring 12,
ring 12'is positioned around wax form 14, the upper extrem-ty of which is

S ha_ped In theshgr BbfiboAeflfs 168 dﬁptﬁlesreei&%nii.hgna}g' ad o1 PowR 14

Thermovest and Therovest Liquid as sold by Kerr Manufacturing Co.

Romulus, Mi. 48174.

31 Fused Silica as sold by Harbison Walker Refactories division of

Indresco Inc., Pittsburg, Pa. 15223.

SP921 TF (borosilicate glass) as sold by Specialty Glass Inc. of

Oldsmar, Florida and has the following compositions in weight

percent.
IABLE VI
Sio, 78
B.O, 15
Al.0, 2.5
Na.O 4.5
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i.s only shown in an outline form as Figure 2 illustrates a finished nold 4
after wax form 14 has been burnt out. The procedure whereby nold 4 is
formed is generally known in the prior art, and has been. used for centuries
to formlost wax nolds for use in netal casting procedures. As is stated
above in the preparation of nold 4, wax form 14 is positioned in ring 12 an
I nvestnent slurry 10 is then slomﬁy poured into ring 12 usually with the
aid of vibratory techniques to insure that investment 10 conpletely fills
ring 12, and in particular, conpletely encases wax form 14. Again, these
procedures are comonly known in the prior art. Figures 3, 4, ‘5 and 6 show .
the general process of the subject invention in a schematic form

Example 1

An attempt was made to form a Glass—ceramic dental restoration
in accordance w1th.the following procedure. A mold was prepared in
accordance with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure described above by mixing 90.8 grams
of SP921TF glass in 363.2 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650 °C.

The composition of the glass~-ceramic material used is in
accordance with composition #1 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact .
with the .mold in accbrdance with the general procedure as is

illustrated in Figures 3 through 6. The crucible cracked and hence

no dental restoration was formed.
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Referting to Figure 3, it can be seen that nold 4 having cavity 14 is
positioned in the vicinity of crucible 8. Positioned 18 in crucible 8 is
-glass-ceramc material 7, the details of which will be described herein
Crucible 8 is further positioned on a ceram c base 21 which is positioned
on ran 22 whereby crucible 8 can be noved in relation to nold 4. An
electric heating element 24 is further provided whereby heat can be applied
to crucible S. Details of the heati of .glass-ceramc material 7 will be
di scussed herein bel ow. Elampid 2 - |

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a cruciblé was prepared in
accordance with the procedure descrihed above by mixing 136.2 grams
of SP921TF giass and 317.8 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used is in
accordance with composition #1 of Tablé Iv.

The preheated crucible and glass—ceramid'material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a tempefature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then removed from the investment
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and
a M.O.R. of 41 K.S.I., a C.T.BE. of 148, a translucency of 3.5 and
a softening'temperatufe of 975° c. _ _

During thé forming process, the crucible retained its

structural integrity and formed an effective seal with the mold.
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During the heating of crucible 8 glass-ceramic material 7 is converted from
the solid state to the liquid state, and crucible 8 converted froma solid
brittle state to a plastic state wherein it is heat-pressure defornable.
Once the glass-ceramc material 7 reaches the desired working range, ran 22
is actuated as is illustrated in Figure 4, thereby causing crucible 8 to
nove upwardly and to cone into contact with the | ower extremties of nold

4. The actuation of ran 22 is effected by a power source not shown. As can
be seen FHrthgyye drina Hehe phaa'el #neehm proeess 22 thenifiinisbedc dentale 8

continues to deform i nst d sing the upper remties of
cruci bl e T&8SF8T8 éf’naﬁgﬁ‘% e‘ﬁg‘rn‘iF B c gf %‘gﬁ*&“?hg?‘gl not slump or..,
that nol igeRoth@darERGaHbAL treating.
Additional tests were conducted wherein it was determined that
the crucible of this Example deformed and sealed well at 1375 and
1425°C

Example 3

A mold was prepared in accordance with the procedure
described above. -

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure described above by mixing 181.6 grams
of SP921TF glass and 272.4 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing '_6 grams was then
placed in the crucible and preheated to a temperature of 650°C.

The preheated crucible without glass—-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a témperature of 1400°C for a period of 10 minutes.

During the heating procesé: the crucible lost its structural
integrity and was not capable of effecting a seal with a mold.

Therefore, no molding process was carried out.

Example 4

A mold was prepared in accordance with the procedure described
39
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material 7 has started to flowinto nold cavity 14. Referring to

Figure 6,

as the travel of ran 22 continues the deformation of crucible 8 against
nold 4 is conpleted, and further cavity 14 is conpletely filled with

gl ass-ceramic nmaterial 7 as a result of the applied pressure of
Subsequent to the procedures as are illustrated in Figures 3
SHEET 19 through 6, nold 4 is then cool ed and the desired dental

ram 22.
REPLACENMENT

restoration is renoved frominvestnent 10. Once the dental restoration is

above.

By use of slip casting techniques, a crucible was prepared in

accordance with the procedure described above by mixing 227 granms

of SP921TF glass and 227 grams of 3I fused silica with 160 ml of

water. After slip casting and drying, the crucible was sintered at

a temperature of 1100° C. A glass button weighing 6 grams was then

placed in the crucible and preheated to a temperature of 650°C.

The preheated crucible and glass-ceramic material was then

placed in an apparatus which is similar to that shown in Figure 7

and heated to a temperature of 1400°C for a period of 10 minutes.

During the heating process, the crucible melted and hence was

not capable of fofming an effective seal with the mold. Therefore,

no molding process was carried out.

Example 5

Glass-ceramic dental restoration was prepared in accordance

with the following procedure. A mold was prepared in accordance

with the procedure described above.

By use of slip casting technlques, a cruclble was prepared in

accordance with the procedure described above by mixing 118 grams

of SP921TF glass and 336 grams of 3I fused silica with 160 ml of

water. After slip casting and drying, the crucible was sintered at

a temperature of 1100° C. A glass button weighing 6 grams was then

placed in the crucible and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used

40

is in

Sheet Has Been Replaced

Hm




removed frominvestnent 10, the dental restoration is cut apart fromthe
sprue and is heat treated and finished by polishing and glazing in order to
achieve the desired esthetic effect. Further, after formation dental
restoration 26 is heat treated in such a manner that its strength and ot her
properties are enhanced by the formation of crystals in a glass matrix.

The details of heat treating are described below. Figure 7 illustrates

ot repeiaatCe B PR PR e e el 8™ o L glnerat y
conpri ses SyRR0PrehedFRd3 drudddi eS UHE YI1dds-Terdnie! Haterialewas Thepnd 2
pl unger 36. Support franme 30 generally conprises the outside franme of
. appar atplaaceg. ihbhrd apparatwsg wieiols i3 simijarsée &hatrshown nim Riguxie 17s
and heated to a temperature of 1400° C for a period of 10 minutes.
The ramlwas then actuated, the crucible was'brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. |

The dental restoration was then removed from the investment
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and
physical properties as are reportéd with Example 2.

- During the forming process, the crucible retained its
structu:al integrity and formed an effective seal with the wmold.
Further, during the heat treating process, the finished dental
restoratioﬁ retained its structural integrity and did not slump or

 deform. Further tests were conducted on crucibles having the
composition as set forth above wherein it was determined that the
crucible cracked and hence'was.not functional at 1375°C. An .
additional test demonstrated that the crucible of this example

deformed and sealed at 1425°C.

Example 6

A Glass-ceranmic dental restoration was prepared in accordance

with the following procedure. A mold was prepared in accordance
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threaded nold clanp 35. As can be seen, bar 50 permts nold 4 to be | ocked
to support bar 44. Support bar 44 further incorporates an aperture 56 which
is slightly smaller than the diameter of nold 4 and slightly | arger than
the dianmeter of crucible 8. By the actuation of ram 36, crucible 8 is
nmoved up into contact wwth nold 4 in a manner which is simlar to that as

I s described above in conjunction with Figures 4, 5 and 6. The apparatus of

fi 7 h i t h 33, which in the illustrated
erod W it ProgsduRe festrihed abp¥Bance heat! ng ol ement 37 In the.
preferred %%é”@f%hﬁ#%@g@%&b' BEchifl GIBYY a kPucTBLEPGAL Pl ds ige:

Heat source I's contr a power-control source
accordance with the procedure described above by mixing 127.1 grams

of SP921TF glass and 336.9 grams of 31 fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a tempefature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used is in
accordance with composition.#l of Table IV. |

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400° C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance ivith the general prpcedure as is
illustrated in Figures 3 through 6.

_ The dental restoration was then removed from the investmept
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and
physical properties as are in accordance with Example 2.

During the forming proé;és, the crucible retained its
structural integrity and formed an effective seal for the mold.
Further, during the heat treating process, the dental restoration
retained its structural integrity and did not slump or deform.
Additional tests were conducted on the crucible of this example
wherein it was-determined that the crucible would deform and seal

at both 1375 and 1425°C.
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,20 58. As is illustrated in Figures 3 and 7, an electric resistance heater
.may be utilized to effect the heating of crUC|bIe 8 and, hence,
"glass-ceramic material 7. In addition to the electric resistance heatlng,
.as illustrated heating may be effected via induction heating, gas torch
“heating, or any other appropriate neans. The apparatus further nmay
Cincorporate rotating means, not shown, whereby ram 36 may be rotated during
. the heating process in order to effect a nore uniform heating of crucible 8
+and glass- ceramic material contained therein. The rotating neans may be an

ample

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the brocedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure described above by mixing 145.3 granms
of SP921TF glass and 308.7 grams of 3I fused silica withllso ml of_
water. After slip casting and drying,_the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
Placed in the crucible and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used is in
accordance with composition #1 of Table v.

The preheated crucible and glass-ceramic material was then
placed in an apparetus which is similar to ‘that shown in Figure 7
and heated to a temperature of 1400° C for_e period of 10 minutes.
The ram was then actuated, the- ’E:rucible was brought into contact
with the mold in accordance with the general procedure as. is
illustrated in Figures 3 through 6. |

The dental restoration was then removed from the investment
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and

physical properties as are reported in accordance with example 2.
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- electric, pneumatic or hydraulic notor. Ram 36 is further provided with

- means for effecting its upward novenent, which in the preferred enbodi nent
is a pneumatic cylinder 39. Further, referring to Figure 7, it can be seen
that apparatus 32 incorporates a plurality of structural insulating nenbers
41, 43, 45, 47 and 49 which support and contain heating elenent 37, and

"+ contain the heat created during the operation of the el enent 37. These

structural ng nb rs .are fornmed fro ceran1c fJ ber rd..

i kow e i DURTBY" SR RSB GRoREe . e ARCUN S reiinen | ses

whi ch ha%t&u\&%’ui'hlsfﬁéééfléﬁ aﬂ@'ﬁrm%ﬁchhoafﬁéctfvé‘dé{é’é’!i W%ﬂé‘ nolal, V"he”

cruci ble 8 deforns against nold 4 the deform ng upper extremties of .

cruci bl e Fargherpr durinmgdthie deat -treating process, the dental restoration .
retained its structural integrity and did not slump or deform.
Additional tests were conducted on the crucible of this Example
wherein it was determined that the crucible functioned at 1315°c.
However at 1425°C the crucible slumped and hence could not be used

in the process of this invention.

Example 8

A Glass-ceramic dental restoration was prépared in accordance
with the following p:ocedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the'procedure'and description described above in
conngction with Example 2. A glass button weighing 6 grams wés
then placed in the cfucible and preheated to a temperature of
650 ‘C. k

The composition of the'éiass-ceramic material used is in
accordance with composition #2 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact

with the mold in accordance with the general procedure as is
44
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downwar d novenent at the constriction of waist 55 thereby causing the
nolten gl ass-ceramc naterial to be efficiently injected into 21 the
preformed cavity 14 in nold 4. That is, because upper.extrenmties of
crucible 8 are caused to solidify in the vicinity of waist 55, the downward
novenent of the nolten glass-ceramic material is prevented, thereby causing
the glass-ceramc material to be injected into nold cavity 14. Figure 7a

vent SaeERERa I BidRiss 0 ARRRRRR, e 0T o7 voe 11 Accordance win TS

The dental restoration was then removed from the  investment

material cut apart from the sprue and heated treated.

The resultiﬁg test samples and dental reétoration had
excellent definition and a M.O.R. of 46.7 K.S.I., a C.T.E. of 138
a translucency of 2.75 and a softenihg temperature of 975° C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or

deform during heat treating.

Example 9

A Glass-~ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above. |

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and description described above in
connection with Example 2. A-alass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C.

The composition of the glass-ceramic material used is in
accordance with composition #3 of Table IV.

The preheated crucible and glass-cgramic material was then

placed in an apparatus which is similar to that shown in Figure 7
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preferred apparatus.31 are identical or simlar to the conponents -of
apparatus 32 as discussed herein above. Apparatus 31 differs from apparat us

32 primarily in that a novable arm 38 is provided for wherein a preheated
nold 4 may be brought into position . for the nolding process and positioned
agai nst furnace base 41. Mveable arm 38 nmay be connected to a centra

pi vot point whereby it may be swuing into position or it can be laterally

noved i kL0 ri Vi n rm.38, i.nto_position S is, shown in
roved | Joft BiRtbuoRe B bhebBalR O Yo'l HBA el BRI ar o pRASHD L1
33, whermhy r@hd s’ albti Gotuateldd! theMBYubeni®! 188 bidiight Nirtd &ideddt S
effected ram 22 is w thdrawn and noveable arm 38 is swing into place to the
posi t i oWwikd jthe | moddr diredacoofdance Whth| thehigenmsill | prod¢ddurer asngs
sequence q;-is hqQwn in,Figures 2 to

illustrated in Figufes 3 through 6.

The dental restoration was then removed from the investment
material cut apart from the sprue and heated treated.

The resulting test samples and dental restoration had
excellent definition and a M.O.R. of 43 K.S.I., a C.T.E. of 141 a
translucency of 3.0 and a softening temperature of 975°C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or

deform during heat treating.

Example 10

A Glass-ceramic dental restoration was prépared in accordance
with the following procedure. Wl mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and description described above in
connection with Example 2. A glass button weighing 6 grams was
then placéd in fhe.crucible and preheated to a temperature of

650 °C.
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6~ can+-be conpleted. Relative to apparatus 31 and 32 it is understood by one
skilled in the art that crucible 8 may be placed in position on ceramc
base 21 either manually or by automatic means. The above descri bed Fi gures
1 to 7b illustrate the formation of a dental restoration. 1In addition to
bei ng useful in the 22 formation of essentially conplete dental
restorations, the conposition and process of the subject invention may be

used to T or MEOPEBESoSNMETonNbEN tiY G5l Ald B I abBYiRE aeeh' 9 tfalter
accordance with compos1t10n #4 of Table 1IV.

The preheated crucible and glass-ceramic material was then
piaced in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for'a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then rémoved from the investment
material cut apart from the sprue and heated treated.

The resulting test samples and dental restoration had
excellent definition and.a M.O.R. of 48 K.S.I., a C.T.E. of 133 a
translucency of 2.5 and a softening temperature of 975°C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating précess, the finished dental
restoratibn retained its structural integrity and did not slump or

deform during heat treating.

Example 11

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance

with the procedure described above.

47

This Sheet Has Been Repl

(T

I



and shade the dental restoration. In the prior art, netal copings are
extensively utilized. These copings are covered with |ayers of porcelain
materials which are applied to the netal copings for purposes of formng a
conposite dental restoration which conprises a netal base and a porcel ain
exterior portion. Conposite structures are advantageous in that a netal
coping significantely enhances the strength of the resulting dental

[eStOrati on. pELak SPPLIGS QLS SRR IO 4 Dot e SRR G
further adddPaah@ée Wi®h HHe/ ;ﬁro%hﬁ% aHdS 8BRpbETt SO Ces bt arivd r1“:‘1
subj ect invention to forman all gl ass- ceran?c dental restoration is
advant agrmmectibhatwitthe Bxample 23 essegitaﬁ |Ihuttton swigghdmigore aramsnadasy al
tOOtr]éMEiedl;laced in the crucible and preheated to a temperature of
650 °C.
The composition of the glass-ceramic material ueed is in
accordance with composition #5 of Table IV.
The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actﬁated,,the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Fiqures 3 through 6.
The dental restoration was then heat treated.
The resulting test samples and dental restoration had
excellent definition and a M.O.R. of 42 K.S.I., a C.T.E. of 140 a
translucency of 2.5 and a softening temperature of 975°C.
During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treafing process, the finished dental

restoration retained its structural integrity and did not slump or

deform during heat treating.

Exampie 12

A Glass-ceramic dental restoration was prepared in accordance
48

-
heet Has Been Re laced

I



partieular, it is essentailly the sane color as the porcelain fromwhich
the exterior portion of the dental restoration is formed. Further, the al
ceram c structure is advantagous in that problens resulting for certain
patients who are allergic to certain nmetals are elimnated. In this
procedure, nmetal free crowns and bridges of outstanding strength and
esthetic properties are achieved. The outstanding esthetic properties

oo RSO fok b1 el o AHE e SLINE Y Mokl o2 0
achi everithetR8Sprocederd estrdbid aboved est het I c properties.-

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C.

The composition of the glass-ceramic material used is in
accordance with composition #6 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procédure as is
illustrated in Figures 3 through 6.

The dental restoration was then heat treated. _

The resulting test samples and dental restoration had
excellent definition and a M.0O.R. of 41.5 K.S.I., a C.T.E. of 162
a translucency of 4 and a softening temperature of 950°C.

During the forming procgés, the crucible retained its
structural integrity and forme& an effective seal with the mold.
Further, during the heat treating process, the finished dental
resforation retained its structural integrity and did not slump or

deform during heat treating.
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23 As is stated above, the process of the invention may utilize both gl ass
“and glass ceramic materials. Preferred glass-ceram c conpositions for use
in accordance with the invention are listed in Tables | 'to IV. Al
conponents listed in Tables | to IV are in weight percent. The subject

I nvention can utilize any suitable glass-ceramc materials As is shown in
Table | to IV preferred glass-ceramc materials for use in this invention
are lithiumdisilicate glass- ceramic nmaterials. In these materials [err]
2([err]) constitutes the crystalline pi¥a®ple 18he heat treated gl ass
ceramic material. Lithiumdisilicate glass-ceramc materials are
particularly suited for use in the invention in that they are non-toxic,

they resist a glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C.

The composition of the glass~ceramic material is in accordance
with a composition #7 of Table IV.

The preheated crucible and glass-~ceramic material was theh
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 14oo°c for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. '

The dental restoration was then remofed from the investment
material cut apart from the spfﬁe and heated treated. -

Thg resulting test samples and dental restoration had
excellent definition and a M.O.R. of 53.5 K.S.I., a C.T.E. of 136
a translucency of 4.0 and a softening temperature of 950° C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
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- tRermad shock, have excellent strength, are corrosion resistant and they
produce dental restorations which approxi mate humane col orati on and are
transl ucent and esthetically pleasing. Further, lithiumdisilicate

gl ass-ceram c materials are advantageous in that they maintain their
structural integrity during heat treating, in that they do not slunp or sag
during proper heat treating. Qher lithiumdisilicate glass-ceramc
materials which may be used in this invention are disclosed in U S patent

5,219, 79¥eFteration ketainehdts structyralk dntegnisygrndsdid mot elvapeoral s
may utili r nucl.eating:agent. O her nucul ati ng agent.s are [err]
pedart Gtr g haet S |

and [err SS-Cer dns which may be useful inthis
i nvention are as per Table |I. The percentages of Table | and the
Example 14

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above. '

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 2. A glass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C. |

The glass-ceramic material used was Di-Cor as sold by the
Densply Corporation and as is described above. Di-Cor is thoughﬁ
to be flouro-mica glass-ceramic. |

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is simiiar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, thewérucible was.brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. '

The dental restoration was then heat treated in the

~ investment.

While the glass-ceramic properly filled the mold the resulting

dental restortion cracked as a result of shrinkage during the heat
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ofher tables herein are in weight per cent. 24 {errI 8 -

15 [err] 1.5 - 5.0 [err] 60 - 85 [err]
0- 2 [err] 0- 2 [err] 1.5 - 5 [err]
0 - 3 CaO 0-1

treating process. This cracking is thought to result from the fact
that the forming investment was not suitable for use in the heat

treating sequence.
Example 15

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordaﬁce with the procedure and composition described above in
connection with Example 2. A glass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C.

The composition of the glass used in weight percent was:

IABLE VI
sio, 50.2
BO, 8.6
alr,” .7
A1,0, 16.0
Bao . 4.75
Zno; 19.75

The preheated crucible and glass-ceramic material was then
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BaO +:SrO + LaO 0 - 12 Col oring Oxides 0 - 5 Mre specific
gl ass-ceram c conpositions which may be useful in the invention are as
per Table 1I1. In particular the conpositions of Table Il are useful in
conjunction with either high or |ow fusing porcelains which nay be used to
alter, shade or glaze the dental restorations of this invention. Table |
[err] 10 - 13.5 [err] 2- 3 [err]
70-84!L J 0 -1 err]:l 1.5 - 4
laced in an apparatus which is similar to that shown in Flgure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

A satisfactory dental restoration resulted which was then
removed from the investment material cut apart from the sprue.

The resulting test samples and dental restoration had
excellent definition and a M.0.R. of 4 K.S.I., a C.T.E. of 56 a
translucency of 0.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Because the material used was a glass the resulting dental

restoration was not heat treated.

Example 16

Glass-ceramic dental composition was pfepared and heat
treated in accordance with this invention. The composition of the
glass—-ceramic material is in ac&brdance with the composition No. 8
of Table 1IV. After melting, test samples were prepared in
accordance with the procedure described above. The resulting test
samples had a M.O.R. of 30 K.S.I., a C.T.E. of 157, a translucency
of 40 and a softening temperature of 925°C.

The teét samples cracked during heat treating therefore the

composifion was deemed to be unsuitable as a material for use in
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[Ferr]« 0-1 25 BaO+Sr O+LaO 5 - 4 CaO

O - 1 Coloring Oxides O - 51n sone instances it is desirable to
forma dental restoration which can be altered, or glazed with a | ow fusing
por cel ai n. For purposes of this application a | ow fusing porcelainis
defined as a porcelain which fuses at a tenperature of about 700[err] c
Specific glass-ceram c conpositions which are useful in

preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.

Example 17

A Giass—ceramic | dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in adcordance with the composition No. 9
of Table IV. After melting, test samples were prepared in

accordance with the procedure described above. The resulting test
samples had a M.O.R. of 24 K;S.I., a C.T.E. of 145, and a softening
temperature of 975°C.

Bet_:ause the test sémples had a M.0.R. of only 24 and the
glass-ceramic was hard to melt and form the composition was deemed
to be unsuitable as a material for use in preparation of dental
restorations, accordingly, further tests were not carried out and
a dental restoration was not formed.

.y

Example 18

A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 10
of Table IV. After preparation, test sampl‘es were prepared in

accordance with the procedure described above. The resulting test
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conjunction with |ow fusing porcelains are as per Table I11. [err]

9 - 13 [err] 1.5- 4 Si [err] 65 -
84 [err] 0 - 1. [err] : 0-1
[err] 1.5- 4 [err] 0-1

BaO+Sr O+LaO 0 - 12 GO -1 _
Col oring Oxi des 0O - 5 Specific glass-ceram c conpositions which

may be wambibs' Mdd! Sl WYIR.O"o8 €425 PK. 53R ¢ hV-c.r.E. of 120, a
translucency of 2.5 and a séftening temperature of 975°C.
| Because the test samples had a C.T.E. of less than 130 the
composition may not be unsuitable as a material for use in
preparation of dental restorations, accordingly, further tests were

‘not carried out and a dental restoration was not formed.

Example 19

A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 11 .
of Table IV. After preparation, test samples were prepared in
accordance with the procedure described above. The resulting test
samples had a M.0.R. of 35 K.S.I., a C.T.E. of 80, a translucency
of 3.5 and a softening temperature of 975°C.

Because the test samples had :a C.T.E. of 80 the composition
was dee_med to be unsuitable as a material for uée in preparation of
dental restorations, accordingly, further tests were not carried

out and a dental restoration was not formed.
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26 [err] 2 7 As to a general range of conpositions which are preferred
for use in conjunction with this invention the glass-ceram c conpositions
as defined in Table Il are preferred. The nost preferred glass-ceramc
conposition for use in

A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 12
of Table IV After preparation, test éamples were prepared in
accordance with the procedure described above.. The resulting test
samples had a M.O.R. of 31 K.S.I., a C.T.E. of 127, and a
translucency of 2.5.

Eecause the test samples had a C.T.E. of 127 therefore the
composition may not be unsuitable as a material for use in
preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.

Example 21

A Glass-ceramic dental composition was prépared and heat
treated in accordance with this invention. The composition of the
glass—-ceramic materiél is in accordénce with the composiﬁion No. 13
of Table IV. After preparation, test samples were prepared in
accordance with the procedure described above. The resuiting test
samples had a M.O.R. of 32 K.S.I., a C.T.E. of 256, and a
translucency of 5.

Because the test samples had a C.T.E. of 256 the composition
was deemed to be unsuitable as a material for use in preparation of
dental restorations, accordingly, further tests were not carried

out and a dental restoration wés not formed.
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accordance with this invention is the glass-ceram c conposition as is
defined by conposition 18 of Table IV. The gl ass-ceram c conposition as

. defined hy Table | to IV above are particularly advantageous over the prior
art in that; 1. They are stronger than the prior art glass-ceramc

" conpositions. 2. Those conpositions which incorporate bariumand cerium
oxides are florescent in ultra violet light. 3. The expansion rates of nmany

of these glass ceram c conpositions are conpatable with the expansion rate
of existing altering porcelain rratgis%ﬂfe——ﬁ They retain their structural
integrity at higher tenperatures than those of the prior art, thereby

Glass-ceramic dental composition was prgpared and heat treated
in accordance with this invention. The composition of the glass-
ceramic material is in accordance with the composition No. 14 of
Table IV. After preparation, test samples wei'e prepared in
accordance with the procedure described above. The resulting test
samples had a M.O.R. of 13 K.S.I., a C.T.E. of 126, and a
translucency of 4.5.

Because the test samples had a low C.T.E. and a low M.O.R. the
composition was deemed to be unsuitable as a material for use in
preparation of dental restorations, accordingly, further tests were

not carried out and a déntal restoration was not formed.

Example 23

A Glass-ceramic dental composition was prepared and elevated
in accordance with this invention. The composition of the glass-
ceramic material is in accordance with thé composition No. 15 of
Table 1IV. After preparati.onh:‘ test samples were prepared in
accordance with the procedure described above. The re;ulting test
samples had a translucency of 5.0. ‘

Because the test samples turned opaque during heat treating
therefore the composition was deemed to be unsuitable as a material
for use in preparation of dental restorations, accordingly, further

tests were not carried out and a dental restoration was not formed.
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permtting altering at higher tenperatures. As is listed in Tables | to 1V,
col oring oxides nmay be added to the glass-ceramc material in order to
achi eve the desired coloration of the glass-ceram c dental restoration.
Suitable coloring oxides for use in glass-ceram c conpositions which can be

used in this invention, sone of which are illustrated in Table | to IV are

[err],

MO, CeO, [err], [err], [err], [err], [err] 28 etc. These

col oring oxides nmay be used singularly or in conbination.

Ex e

A Glass—-ceramic dental restoration was prepafed in aécordanée
with the fdllowing procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucibile was prepared in

accordance with the procedure and composition described above in

connection with Example 6. A glass button weighing 6 Qrams was then

placed in the crucible and preheated to a temperature of 650 °C.

The composition of the glass-ceramic material used is in
accordance with composiﬁion #16 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then removed from the investment
material cut apart from the spfﬁe and heat treated.

The resulting test samples and dental restoration had

excellent definition and a M.0.R. of 35 K.S.I., a C.T.E. of 148"

translucency of 3.5 and a softening temperature of 950° C.
During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.

Further, during the heat treating process, the finished dental
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After *formation of a glass-ceramc restoration in accordance with the
process of this invention, the resulting dental restoration is heat
treated in order to effect the formation of crystals in-the dental
restoration. This crystal formation is generally referred to as heat
treating and enhances the physical and esthetic properties of the dental
restoration. A suitable heat treating sequence for use with the

gl ass-c ) | < T | tp V. is.as L Jabl e.V hel ow. For
The gl aceREbfaCOR IR iin Toe BB undf ipCarts®S, BBR, 467 o, Jump"or
nucl eat Gagoik NPer g esatd (&g .25 err] to 50[err] C above .the upper
anneal point of the gl ass-ceramc. It has al so been determ ned that a
sl ow i ncr easBheé rinvegtmentumatérbalj ukil bbel washWhippix GRNIE3-23004% A sone
50[err]§..hi9gg& ﬁroduces t he best results ) )
escr erein above. The investment material had an expansion
rate of about 3%. As a result of this expansion rate the resulting

dental restoration had excellent fit.

Example 25

Glass-ceramic dental restoration was prepafed in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a.c:ucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glass button weighing 6 grams was then
placed in the crﬁcible and preheated to a temperature of 650 °C.

The compoéitiqn'of the glass-~ceramic material used is in
accordance ﬁith composition #17 of Table 1IV. |

The preheated crucible and glass-—ceramic material was then -
placed in an apparatus which igxsimilar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then acfuated, the crucible was brought into contaét
with the mold in accordance with the general procedure as is
illustrated in Figures .3 through 6. |

The dental restoration was then heat treated in the investment

material.
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--in achi eving maxi num nucl eation. It is also well known that the tenperature
.then nmust be raised to a higher tenperature to affect crystallization, this
“-t enper at ure depends upon the conposition of the particular.glass-ceramc
material being used. If the heating sequence in the heat treating stage is
ffinproper or is incorrectly controlled the dental restoration may slunp or
-deform i s understood by one skilled in the art that an optinum heat

treatin roce e shou be veIo ed for ea | ar ass-geramnic
mat er i aIg Pn or&g}’e t &€ gf'lb‘g\’xf‘?he &t RIS, éﬂgopgﬁ}!tﬁgl nfﬁgjﬁ°¥?§1°n had
StructuUr alexddiadiiitl e?dhli8doh 'ind “2'M1d S8 130 40/ R083%-, ! 8 EDR.BI LIS o

-enbodi nent the heat treat cycle I's suc
" translucency of 3.5 and a softenlng temperature of 950° C.

During the forming process, the crucible retained its
structural iﬁtegrity and formed ah effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structﬁral integrity and did not slump or.
deform during heat treating.

o The investment material utilized was Thermovest and after heat
treating was remdvéd. and the resulting. dental restortion had

excellent fit.
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29 inthe crystalline phase the glass-ceramic material incorporates a |arge
nunber of fine crystals which are evenly dispersed through out the glass
matrix. It has been found that when the crystalline phase is very fine and
evenly di spersed a dental restoration of maxi mumstrength results. Further
a fine crystalline structure tends to produce transl ucent dental '
restorations. Fromthe above discussion it is obvious that dental
restorations produced in accordance with this invention can be heat treated
after the dental restoration is renobved fromthe investnent nmaterial and

the sprue is cut away. In accordancE g Eﬁegﬂ' §'al ternate preferred enbodi nent
of this '

A glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Examﬁle 6. A glass button'weighing 6 grams'was
then placed in the crucible. '

The composition of thé glass-cerémic material used is in
accordance with composition 18 of Table IV.

The crucible gnd-glass—ceramic material was then placed in an
apparatus which is similar to that shown in Figures 7a and 7b and
heated to a temperature of 1425° C for a period of 5 minutes. The
ram was then actuated, the crucible was brought into contact with
the mold in accordance with the general procedure as is illustrated
in Figures 3 through 6. :

The dental restoration was then removed from the investment
material cut apart from the spfﬁe and heat treated.

The resulting test samples and dentﬁl restoration had
excellent definition and a M.O.R. of 47 K.S.I;, a translucency of
4.0 and a-softening_temperature;of 950° C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.

Further, during the heat treating process, the finished dental
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i nvention the heat treating of the dental restoration may be effected while

the dental restoration is still in the invested state. That is heat
treating can be effected while the dental restoration is still encased in
the investnment nmaterial. In accordance with still another enbodi nent, the

dental restoration can be renoved fromthe investnment material in which it
was fornmed and finished or partially finished prior to heat treating. For

" . 1 or i ni shed prior | |
i ch oRREFORE R, TR bl L A irRd Tfpor T of cond SR, BRE. ebmRcof

treat i ngetérit Aurity Hdat RragePhgance With the procedure described above.
Whenever the dental restoration is heat treated in . the invested state the

shrinkage ofThéndnyrestment esdtmrtadlontilizedivas $iipmix GTIM 3-23-94; As

described herein above. The investment material had an expansion
rate of about 3%. As a result of this expansion rate the resulting

dental restoration had excellent fit.
Example 27

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Examble 6. A glass button weighing 6 grams was
then placed in the crucible and not preheated .

The composition of the glass-ceramic material used is in
accordance with composition 19 of Table IV.

The crucible and glass-ceramic material was then placed in an
apparatus which is simila; to that shown in Figures 7a and 7b and
heated to a temperature of 1425° C for a period of 5 minutes. The
ram was then actuated, the crucible was brought into contact with
4the mold in accordance with the general procedure as is illustrated
in Figures 3 through 6. |

The dental restoration was then removed from the investment

material cut apart from the sprue and heat treated.
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“if not-elimnated. In heat treating and in particular in the formation of a
30 crystalline phase shrinkage of the dental restoration occurs. This
shrinkage can. amount to 3 percent. Naturally, this shrinkage is undesirable
as it adversely affects the'fit of the dental restoration back into the
patients nouth. As a way of overcoming the shrinkage problem it is within
the scope of this invention to invest the wax formin an investnent

material whifl SRAATIHEC tebt"2L4R T "hid WRHEY [i8kokSeidS haa
excellent definition and a M.O.R. of 52 K.S.I., a translucency of
3.5 and a softening temperature of 950 ° C.

During the forming process, the -crucible. retained its
structural integrity and formed an effective seal with the mold.
Further, during the heaﬁ treating process, the finished dental
restoration retained its structural integrity and did not slump or
deform during heat .treating. |

The investment material utilized was Whipmik GCTJIM 3-23-94; As
described herein. above. The investment material had a total
expansion rate of about 3%. As a result of this expansion rate the
‘resulting dental restoration had excellent fit.

- Examples 26 and 27 represent the preferred ﬁfocess and glass
ceramic compositions in accordance with this 1nvent10n. As is
mentioned the resulting dental restoratlons of these Examples were
heat treated the heat treating procedure used for Examples 26 and

27 is per Table VIII.

- Table VIII
Heat Dental Restoration-%b - 450° C at furnace rate
Ramp or soak at' 450-550° C for 6 hours
Ramp at '550-850° C for 2 hours
Hold at K 850°- C for 45 minutes
Ramp at ' o : 850~900° C at furnace rate
Soak at ' 900° C for 15 minutes
Cool to Room Temperature
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I nvestment paterial expands when it hardens to produce an- oversize nold
cavity. This oversize nold cavity naturally produces an oversi ze denta
restoration. This oversize dental restoration is then shrunk back to the
correct size during the heat treating process. For exanple since the

gl ass-ceram c material shrinks about 3 percent during the heat treating
process the original wax form may be .invested using an investnent materi al

brocedur o a AEceE ek REERThe " CRF deedd P RPoR i orfe M bRbpalEs b R
S pereagy Sk SATSRIEIMANR! 1 A0S SR MABECURS" blkal Sk 00
high fusing porcelain sold under the trademark Ceramco II and a low
fusing porcelain sold under the trademark Final Touch. Both of the
high and low fusing porcelains fired and adhered well. Likewise,
both porcelains had thermal expansions which were compatible with
the glass-ceramics from which the dental restorations were formed.

The Ceramco II and Final Touch porcelains as used herein are
manufactured and sold by Ceramco, Inc. of six Terri Lane,
Burlington, N.J. 08016.

Relative to the dental restorations as were produced in
accordance with Examples 26 and 27 above it should be noted that
these restorations were exceptionally strong in that they had
M.0.R. ratings of about 50 K.S.I.

It should be noted that the M.0.R. ratings of Examples 26 and
27 do not correlate with the M.O.R. ratings as are specified
relative to the other examples in that a different test protocol
was used for mearusing the M.O.R. of Examples 26 and 27. The
_M.O.R. for Examples 26 and 27 were tested on a Lloyd Instrument
type No.TG 18 as manufacturedaby John chatillon & Sons Inc. of
Greensboro, N.C.. These measurements were made in accordance with
I.S8.0 test No. 6872 using cylindrical bars of 0.125" diameter with
a 1" span, 3 point bending with a crosshead speed of 1 m.m. per
ninute. '

In.qontrast;the M.O.R.'measurements of the other Examples were

made on a piece of equipment which was manufactured by the
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.+ In order to achieve proper fit, if the restoration is to be heat treated
. after renoval fromthe investnment, an investnment material which expands on
. hardeni ng and heating by about 3 percent nust be used. Investnent materials
which are useful with netals are not particularly suited for use in the
. invention as they only expand about 1.75 percent. | nvest ments whi ch
expand about 3 REPLACEMENT SHEET 31 percent upon hardeni ng and heating
and hence rmt this e, of process are manufactured b i pm
Cbrporat@@ES&FaEBuviT*t Fh@gcer%f equipment has characgerzégyaé)wﬁgch are
similar to those of the above described Lloyd instrument type No.
TG 18 and used the same test bars. Generally it could be said that
the M.0.R. rating of those Examples other than Examples 26 and 27
appear to be low. '
For a corelation between the M.O0.R. test protocol of Examples
26 and 27 and the test protocol of the other Examples Table IX

should be referred to

Table IX
Example No. Reported M.O.R. M.O.R. as per. I1.S.0.
As per test used - Test No. 6872

for Examples 1-25

26 42 © 47
27 45 ' 52

Example 28

A glass-ceramic dental restoration was prepared in accordance
with the followipg procedure. A mold was prepared in accordance
with the proéedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in

corinection with Example 6. A giass button weighing 6 grams was
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and sol d under the designation G JM 3-23-94; 1 The preferred heat treating
process for use with the glass- ceram c conpositions of Table | to IVis as
per Table V Heat Restoration To 500 Ranp or Soak at

500 - 600[err]C for 2 - 6 hours Ranp at i 600 -
925[err]C for 2 - 3 hours Soak at-
925[err]Cfor 1 - 2 hours Cool to ' . Room
t enpera h al.L.ngs ulti t res ' may he
Further Them Shegedrtt (RETLrEIbIE Y. proidatel Yo [N hPhHEEE of
restorabbofrcds altered with one or nore porcelains in order to achieve the
preci se shape, shade and shadi ng desired. For those glass-ceramc materials
of Tables | The| gomprsitiane of Ghe Eglass-ceramic material used is in

accordance with composition 10 of Table IV.

The preheafed crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then actuated, the crucible was brohght into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then heat treated.

The resulting test samples and dental restoration had
excellent definition and a C.T.E. of 111 a translucency of 3.5 and
a softening temperature of 850°C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or

deform during heat treating.

It should be understood thét the invention is not limited to
the embodiment shown and described in Figures 1-10 and examples 1
to 28 since the process and composition parameters can be varied
and the configuration of the apparatus can be altered without
departing from the scope of the invention.

The above description and drawings are illustrative only since
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(Coefitient of Thermal Expansion) of from about 135 to about 145 at the set
point tenperature, it is desired-that the C.T.E. of the altering porcelain
mat eri al be from about 125 to about 135 and always less the C.T.E. of the
gl ass ceramic material. The process wherein the CT.E. is neasured is
defined in the description of the Exanples herein bel ow. Defornmable
crucible 8 is a critical part of the subject 32 invention. Crucible 8 in
its prepsdfeband Eii1d e analkC Wi%hobas APATANGC Erich JENET prédent
.cylindrical. However it i1s understood

invention, the scope of which is to be limited only by the

following claims.
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by one skilled in the art that the crucible of this invention can have
configurations other that circular. The crucible is forned by heat
sintering a particulate m xture of conponents, such as, fused silica,
al um num oxi de, zirconi um oxi de, magnesi um oxide with a glass 3

borosilicate glass, soda |line glass, bottle glass, mﬁndo”ﬂﬂ"' cl ay
or other naterials that those skilled in the art of cruci [!é’#mL
use, to forma crucible suitable for use with a gl ass- ceran1é nateﬁl

the broad concept of this invention one forns the crucible of a m xture of
mat eri al sy Gy icialMep. the tenperature where the glass-ceramc material

is in the working range of about log 3 to log 4 P the crucible has a

vi scosi t y1.0fA gamdessofdr tﬁoﬁmgag? &.ceraudich ldenthlr reseoratidm Scompreiding

are formed by slip
the steps of;

a. Placing a glass-ceramic material in a heat-pressure

deformable crucible,

b. Heating the crucible and glass-ceramic material to a
temperature at which said crucible becomes heat-pressure

deformable and the glass-ceramic material is moldable,

c. Bringing the heated crucible into contact with the sprue

end of a mold having a preformed cavity therein,

d. Continue to move the crucible into contact with the moid
thereby causing the crucible to deform against the mold,and
causing a seal to form there between and causing the moldable
glass-ceramic material to be injected into said cavity,

thereby forming a dental réstoration,

e. Cooling the mold and the glass- ceramic dental restoration

therein.

f. Removing the formed ceramic restoration from the mold,
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casting. The formation of crucibles by slip casting is well known to those
skilled in the art and is described in greater detail in the Exanples
below. In the description, as set forth above, the conpositions which are
used to formcruci bles which are useful in this inventi-ﬂm may utiljize a

wi de range of materials. Wiile many gl asses can be us rfﬂu orm cruci bl es

whi ch are useful in the subject invention, because of th l!H “! HH"M"b
e

gl asses which contain heavy netal s such as |ead; ,cadm u
used. An al t §rnafeaketFeRting the dentad: rerteratiribl es for use |n thi's
invention is by powder pressing and then sintered.

h. Finishing the dental restoration .
2. The process of claim 1 whereinn the crucible containing the
glass ceramic material therein and the mold are axially

disposed in relation to each other.

3. The process of claim 1 wherein the crucible containing the
~ glass-ceramic materiai therein and the mold are vertically

disposed in relation to each other. -

4. The process of claim 1 wherein the dental restoration is

heat treated in the mold.

5. The process of claim 1 wherein the dental restoration is

removed from the mold and reinvested'prior to heat treating.

6. The process of claim 1 wherein the glass-ceramic material is
“heated to a temperature above its liquidus tempefature,to a
working range where its vié&osity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 tq about

7 P at the working range of the glass~—ceramic material.

7. The process of claim 2 wherein the glass-ceramic material is
heated to a temperature above its liquidus temperature, to a

working range where its viscosity is about log 3 to about 4 P
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33 In"this invention the conposition fromwhich the crucible is forned
contains materials such that it will be heat- pressure»defnrnnhlp at the

desired tenperature i.e. about log 3 to log 4 P wor 3#lmﬂerature of th
i

gl ass-ceramic.  The heat-pressure deformation propert “’I’Hu (ﬂ ’
used in this invention is to be contrasted with the cr

art which are designed to be rigid at the working tenperature of the g ass-
cont ed therein..ln the.al

e o e el sz A S, B " odkat ST RRBTIRR 8 Bh AR

agai nst the 7 Gt THIRRIKAG%g rahfet B €i& Qﬂd&@-&i‘aﬁi&%&t@iél 64
i ncor porates a

8. The process of claim 3 wherein the glasé-cefamic material is
heated to a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 to about

7 P at the working range of the glass~ceramic material.

9. The process of claim 4 wherein the glass-ceramic material is
heated to a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 to about

7 P at the working range of the glass-ceramic material.

10. The process of claim 5 wherein thé glass~-ceramic material is
heated to a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscositff of about iog 5 to about

7 P at the working range of the glass-ceramic material.

11. The process of claim 1 wherein the glass-ceramic material has
the following composition (by weight percent)
Li0 | 8 - 15
Al.0, 1.5 - 5.0
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cifcul & depression 66 having vertical walls 68 and 70 to which crucible 8
may seal. Vertical walls 72 and 74 of nold 65 may further incorporate a

plurality of annular grooves 76. As is further shomﬁ—+n—ELguL§_lg__%n§
sealing of crucible 8 against nold 65 is enhanced by of the
upper extremties of crucible 8 into annular grooves } B i’"ﬂ”w”m

wi ng

deformati on process. The present invention is illustra

Exanpl es however, these exagﬁgfs are noté#o b%ﬁgonstrued as limting*the

i nvention. Dental restorati 2were prep Qd %P accordance with the bel ow
listed exanples. In these exg)pl es wax nodgjs ¢f a tooth were prepared. A
sprue was then attached to thé wax nodel . The wax nodel with the sprue
attached was then placed in¥@ investnent 0 - 2

PO, 1.5 -5
Zxo, 0-3
Cca0 0 -1
BaO+SrO+Li0O 0 - 12

Coloring Oxides 0 - 5

and the crucible is formed by the heat sintering of a particulate
mixture of from about 68 to 74 percent of fused silica and from
about 26 to about 32 percent of a borosilicate glass having the

following composition (by weight percent)

sio, 78
B.O, 15
Al.0, 2.5
Na.0 4.5

and the glass-ceramic restoration is heat treating to affect

crystal formation.

12. The process of claim 2 wherein the glass—-ceramic material has

the following composition (by weight percent)

Li,0 8 ~15
al,0, g 1.5 - 5.0
sio, 60 - 85
71
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34°ring. An investnent naterial was then prepared by nixing 90 gram of
Kerr Thernovest with 17 ml of a mxture of 2 parts of Thernovest |iquid

with 1 part water. The resulting m xture was then m xed t

ring and around the wax nodel.

consi stency. The m xed investnment was then vibrated into thﬁmalwim
The nold was allowed to dry mw l ML IL”“!"

overni ght. .The i nvest nent

ring was then placed in a burn out

room t enperature and tﬂe tenperature raised to 600[err] C where upon the wax

nodel was burnt out of
K0
PO,
Zro,
cao

BaO+Sro+Lio

Coloring Oxides

24 i nvestnent materi

0-2
1.5 -5
0-3
0-1
0 - 12
0 -5

and the crucible is formed by the heat sintering of a

particulate mixture of from about 68 to about 74 percent of

fused silica and from about 26 to about 32 percent of a

borosilicate glass having the following composition (by weight

percent).
 sio,
B0,
Al.0,
Na 0

78
15
2.5
4.5

and the glass—-ceramic restoration is heat treating to affect

crystal formation.

13. The process of claim 3 wherein the glass-ceramic material has

the following composition (by weight percent)

Al.0,
Sio,

'8 - 15
105 - 5.0
60 -~ 85
72




Thé crucibles as used in these exanpl es were prepared by slip casting. In
this process a fenale plaster of paris nold was prepared by m xing 1247.4

grans of plaster of paris with 946 m of water to a unifQLﬂLQQD§L§£§DEX_T__~_
The resulting nold was allowed to harden for 36 hours A slurr

a particulate crucible forrmulation -m xture, as is identif]i ﬂ Hlﬂ

exanpl es bel ow was then placed in the preforned plaster of”ﬂ '”m “"’Hm,’
green cruci bl e was reqfv d fromthe nold an f|5ed in a furnafe for®15s »

m nutes at 1100[err]C sinter the crucible to“a hardened nore durable

form The slurry used ¢@ formthe crucible yas horned by mxi ng 1 pound of
particul ate materi al with 160 m water. Because of the hyor asi opi ¢ nature

of the plaster of pariR0Ogold : 1.5 - 5
Zro, ' 0o~-3
Cao . 0~-1
BaO+Sro+Lio 0 - 12
Coloring Oxides 0~-5

and the crucible is formed by the heat sintering of a
particulate mixture of from about 68 to about 74 percent of
fused silica and about 26 to about 32 percent of a

borosilicate glass having the following composition (by weight

percent).
~ sio, 78
B0, 15
Al.0, 2.5
Na.O 4.5

and the glass-ceramic restoration is heat treating to affect

crystal formation.

14. The process of claim 6 wherein the glass—ceramic material has

the followiﬁg composition (by weight percent)

Li,0 8 - 15
a1,0, 1.5 - 5.0
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theé particulate crucible fornulation slurry coagul ates i'n the plaster of
paris nold. When the desired crucible wall thickness was achi eved the
remai nder of the slurry was poured out of the nold resulting in a green

cruci bl e structure which was allowed to dry. REPLA
listed exanples and in this

appl ication, t he coefigggy ral
expansion (C. T.E. ) was neasured fromroomtenperature tc”yﬂ!mm” LW B‘QF
reported in units of x1g$err] /[err]C The géanségcency chewr
. -

dental restoration wasSt

Na,0

K0
P.0O,
2r0,
cao

BaO+Sro+Lio

Coloring Oxides

0 -2
0 -2
1.5 - 2.5
0~ 3
0-1
0 - 12
0-5

and the crucible is formed by the heat sintering of a particulate

mixture of from about 68 to about 74 percent of fused silica and

from about 26 to about 32 percent of a borosilicate glass having

the following composition (by weight perceht)

sio,

" BJO,
Al.0,
Na.O

78
15
2.5
4.5

and the glass-ceramic restoration is heat treating to affect

crystal formation.-

15. The process of claim 6 wherein the glass—ceramic material has

the following composition (by weight percent)

Li,0
al,0,

10 - 13.5
2 - 3.0
74
-
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nmeasuréd by visual inspection given a value of 0 to 5 wherein value of 0
was deened to be perfectly clear and 5 was deened to be opaque. In the
bel ow | i sted Exanples for purposes of injecting the noltemgtass—and glass

ceramic material into the nold a pressure of 30 P.S. 1 was kol W th
t he exception of Exanples 26, and 27 wherein a pressure ofLI uﬂmw I
was utilized. The referenced heat treating sequence for all 4 wengdmy

Exanpl es 26, and 27 isgjg accordance with Tahle Iy above.  In the bel ow .
Exanpl es the gl ass-ceramt test rods for nedsuring nodul es of rupture (MOR)
and thermal expansion @ T.E) were forned al qng-w th color tab test .
sanpl es. These test rods and col or tab sanples were subjected to the heat

treat ment process of PJOs 1.5 - 4
Zro, 0 ~1
Ca0O 0 -1
BaO+SrO+Lio | .5 - 4
Coloring Oxides : 0 -5

and the crucible is formed by the heat sintering of a
particulate mixture of from about 68 to about 74 percent of
fused silica and from about 26 to about 32 percent of a

borosilicate glass having the following composition (by weight

percent).
sio, 78
B0, _ 15
Al;0, _ 2.5
Na.0 4.5

and the glass-ceramic restoration is heat treating to affect

crystal formation.

'l6. The dental restoration which is formed from the process of

claim 1.

17. The dental restqration which is formed from the process of

claim 2.
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Tabl e VI whereby the gl asses were crystallized in situ to glass- ceranics.
The test rod sanples were .120" X 1.25". The Exanpl et

vi sual appearance of each gl ass-ceram c and val ues of [ roperties
exhi bited by the gl ass-ceram c, such as, |inear coef{lw’mﬁﬂﬂmwﬂm '
expansion (C.T.E.), reported in terns of X 10[err] / L

rupture (MOR), cited in terns of K S. I. (thousands of pounds per quare

i nch det I ped, | d i th ' techni ti I
nthe apt. € B8Rk FRSEHAGEIS cunlo| T RoFRrY EEGR ihenproeassyor

di vi di ng K. Selai®ys, - 145.

19. The dental restofation which is formed from the process of

claim 4.

20. The dental restoration which is formed from the process of

claim 5.

2l1. An apparatus which is suitable for the formation of a dental
restoration which comprises a mold having a cavity therein, a
means for retaining said mold in a fixed position, a heat
deformable crucible containing a molten glass-ceramic material
therein, a means for supporting said crucible, a means for
uniformly heating said crucible and said glass—ceramic
material, and a means for bringing said crucible into contact
with said mold thereby causing said crucible to deform and
seal against mold and causing the molten glass-ceramic
material to be injected into the cavity which is integral with

the mold.

22. The apparatus for claim 21 wherein means are provided for
rotating the crucible while it is being heated in order to
facilitate its uniform heating.

23. The apparatus of claim 21 wherein means are provided for
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. The conponents used in these Exanpl es are as fol |l ows: Therrmvest and
Therovest Liquid as sold by Kerr Mnufacturing Co.

Fused Silica as sol d by Harbi son Wal ker Refactori es sco
Inc., Pittsburg, Pa. 15223. SP921 TF (borosilicate "Elf"&sr“ IJ m

Specialty dass Inc. of AQdsmar, Florida and has the I tions
I n weight percent. TABLE VI [err] 78 [err] 15 [err]
2.5 [err]

.5
automaté:}Lcally controlling the uniform heating of the crucible
in accordance with a p_redeterﬁlined cycle and a means are
‘provided for automatically moving said crucible into contact

with said mold in accordance with a predetermined cycle.

24. The apparatus of claim 22 wherein means are provided for
automatically controlling the uniform heating of the crucible
in accordance with a predetermined cycle and a means are
provided for automatically moving said crucible into contact

with said mold in accordance with a predetermined cycle.

25. The apparatus of claim 21 which further incorporates a waisted
aperture wherein the crucible is guided into contact with the

mold.

26. A heat deformable crucible having a base and a side portion
wherein said crucible is formed by the heat sintering of a

particulate mixture of a glass and a metal oxide.

27. The heat deformable crucible of claim 26 wherein the
percentage of the particulate mixture comprises from about 26
to about 32 percent glass and from about 68 to about 74

percent of a metal oxide. .

28. The heat deformable crucible of claim 26 wherein the glass is

a borosilicate glass.
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37 ‘Exampl e 1 An attenpt was made to forma d ass-ceranic dental restoration
in accordance with the follow ng procedure. A nold was prepa '

accordance with the procedure descri bed above. By use f"”l"
techni ques, a crucible was prepared’'in accordance wth ’ ’ﬂ%ﬁﬂw
descri bed above by m xing 90.8 grans of SP921TF glass ih 363t 3l
fused silica wth 160 m of water. -After slip casting and drying, the
cruci ble was sintered at _a tenperature of 1100[err]C. A glass_button

wei ghi ng %pgréﬂgaﬂggttﬁgﬁormab e crucible of claim 27 wherein the glass is

a borosilicate glass.

30. The heat deformable crucible of claim 26 wherein the metal

oxide is silica.

31. The heat deformable crucible of claim 27 wherein the metal

oxide is silica.

32. The heat deformable crucible of claim 28 wherein the metal

oxide is siiica.

33. The heat deformable crucible of claim 29 wherein the metal

oxide is silica.

34. The heat deformable crucible of claim 26 wherein the glass is
a borosilicate glass having the following composition (by

weight percent).

",

sio, 78
B,O, 15
Al.0, 2.5
Na0 . 4.5

35. The heat deformable crucible of claim 27 wherein the glass is

‘a borosilicate glass having the following composition (by

78

This Sheet Has Been Repl

[T




placed-in the-crucible and preheated to a tenperature of 650 *C. The

conposition of the glass-ceramc materi al

used is in accordance with

conposition #1 of Table IV. The preheated cruci ble and gl ass-ceram c
material was then placed in an apparatus which is siml arlmmwuﬁlummmmr
Figure 7 and heated to a tenperature of 1400[err]C for a A

m nutes. The ram was then actuated, the crucible was brought info torft act
with the nold ip accordance with the general procedure as is illustrated in

Figures 3 thr
was for ned.

% .perfeent)uci bl e cracked and hence no dental restoration
sio, - 78 .
B0, 15
Al0, 2.5
Na.O 4.5

36. The heat deformable crucible of claim 30 wherein the glass is

a borosilicate glass having the following composition (by

weight percent).

sio,
B0,
A1.0,
Na.O

78
15
2.5

4.5

37. The heat deformable crucible of claim 31 wherein the glass is

a borosilicate glass having the following composition (by

weight percent).

Ssio,

B.0,

al.0,

Na.O

78
15
2.5
4.5 -

38. The heat deformable crucible of claim 32 wherein the glass is

a borosilicate glass having the following composition (by

weight percent).

sio, 78
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38 Exanple 2 A d ass-ceranmic dental restoration was prep&ped__iwch)\r?ﬂgi
with the follow ng procedure. A nold was prepared in acc nce wt
procedure descri bed above. By use of slip casting techniz "m
was prepared in accordance with the procedure descri bed H’ Q’I

136. 2 grans of SP921TF gl ass and 317.8 grans of 31 fused silica W|"th816

of water. After slip casting and drying, the crucible was sintered at a
tenperature of 1100[err]C. A glass button weighing 6 grans was then pl aced
in the crucible and preheated to a tenpBfture of 650[e}?]C. The
conposition of the glass-ceramc materlgi dlsed is in afcgrdance W th
conposition #1 of Table | V.

| Na.0 4.5
39. The heat deformable crucible of claim 33 wherein the glass is
a boorosilicate glass having the following composition (by)

weight percent).

sio, _ 78
B,0, 15
a1.0, 2.5
Na,0 4.5

40. The heat deformable crucible of claim 36 wherein the
particulate mixture comprises 28 percent borosolate glass and

72 percent silica.

41. The process of claim 1 wherein the sprue end of the mold
incorporates as circular cavity which interacts with the
crucible when the deformable crucible is brought into contact
with the mold.

42. The process of claim 1 wherein the sprue end of the mold
incorporates a circular cavity the axis of which is parallel

| with the axis of the mold, the outer edges of said cavity .
having a plurality of annular grooves, which interact with the

crucible when the deformable crucible is brought into contact
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The preheated crucible and gl ass-ceramic material was then placed in an
apparatus which.is simlar to that shown in Figure 7 and heated to a
tenperature of 1400[err]C for a period of 10 m nutes. The Tamwas—then
actuated, the crucible was brought into contact with the ' ce
with the general procedure as is illustrated in Figures mﬁmmﬁmgmﬁaﬂ
dental restoration was then renoved fromthe investnment natefi out s t
fromthe sprue and heat .treated. The resulting dental restoration had
excel lent defHt e #dds MO R of 41 K S.I., a CT.E. of 148, a

transl ucency of 3.5 and a softening tenperature of 975[err]c. During the
formng process, the crucible retained its structural integrity and
fornmed agsef f ectthecpposesyi of ¢lwinl #herein the finishing of the dental

restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s of

from about 125 to 135 at their set point.

44, The process of claim 6 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

45, The process of claim 7 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

46. The process of claim 8 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

47. The process of claim 9 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point. .
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39-Furt-her, during the heat treating process, the finished dental

restoration retained its structural integrity and dTTfTﬁﬁ-ﬁHﬂﬂﬂ}4yL—deL0rm
during heat treating. Additional tests were conducte ﬁ@
ure

determined that the crucible of this Exanple deforne
1375 and 1425[err]C A nold was prepared in accordanceﬂM
descri bed above. By use of slip casting techniques, a crUC|bIe was prepared
in '
48, The process of claim 10 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.-

49, The process of claim 14 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

50. The process of claim 15 wherein the finishing of the dental
restoration includes the altéring of said dental
restoration with one or more porcelains having C.T.E.’s of

from about 125 to 135 at their set point.

51. The process of claim 1 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax

model out of the cavity.

52. The process of claim 6 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax

model out of the cavity.
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accordahce with the procedure described above by m xing 181.6 grans of
SP921TF gl ass and 272.4 grans of 3l fused silica wwth 160 m of water.

After slip casting and drying, the crucible was sint nu ture
of 1100[err]C. A glass button weighing 6 granms was tmﬁ mm:mﬂ[mnﬂm
crucible and preheated to a tenperature of ‘650[err].C. *The pretfeatied”
crucible without glass-ceramc material was then placed in an apparatus

Taoofer 17T or TS, PERCERRIHE el gl e WeRePRnSe: SRELLY Ao
crucible 10st ' $othbdChy InveBtes! AYwdl Wt N 5P RAVRELACHE higfd] NY 2

seal with a nold. Theref©re, %g§ di ng process was carrleaﬂout. nol d was
prepared in accoedpandsmabbuthe Pper ceeht aupbas tiaridething and heating and

removing the wax model from the cavity by burning the wax

model out of the cavity.

54. The process of claim 8 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent ﬁpon hardening and heating and
removing the wax model from the cavity by burning the wax

model out of the cavity.

55, The process of claim 9 wherein the preformed cavity is
formed by invésting a wax model in an investment which
expands about 3 per cent upon hardening and heatinh and
removing the wax model from the cavity by burning the wax

model out of the cavity.

.56. The process of claim 10 wherein the preformed cavity is
formed by investing a ﬁﬁx model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax

model out of the cavity.

57. The process of claim 14 wherein the preformed cavity is

formed by investing a wax model in an investment which
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REPLACEMENT SHEET 40 above. By use of slip casting techniques, a crucible
‘was prepared in accordance with the procedure described above by m xing 227
grans of SP921TF gl ass and 227 grans of 3l fused sili i lmm
water. After slip casting and drying, the crucible \N&Imumulﬂll(ﬂ s ‘*[
tenperature of 1100[err]C. A glass button weighing 6 dgrarfs Wwas"then placed .
in the crucible-and preheated to a tenperature of 650[err]C. The preheated
cruci bl e and gl ass-cerani.c naterial was then l?ala ed i nan %%%%r.at ugn&/m ch

is simlar to tHe¥PEMRWRRMES3gPPE gent upon hardening ing

removing the wax model from the cavity by burning the wax

out of the cavity.

58. The process of claim 15 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax

model out of the cavity.

59. The process of claim 6 wherein the glass—ceramic material

has the following composition (by weight percent)

sio, 78.5
A1,0, 2.5
LiO, 10.5
K0 0.5
P.0s . 2.0
zio, 0.5
CeO0 .35
Nio, o .02
Tio, 0.1

BaO 3.0

cao g 0.4

60. A dental restoration which is formed from a glass- ceranic

material having the following composition (by weight
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~and heated to a tenperature of 1400[err]C for a period of 10 m nutes.
“During the heating process, the crucible nelted and S_not capabl e
~of formng an effective seal with the nold. Thereforg?ﬂee\ﬁﬁTaTﬁﬁ“prﬁeess
~was carried out. G ass-ceramc dental restoration was mgﬁw”ml

. accordance with the follow ng procedure. A nold was pre ! y‘u#@mbnce
. wWith the procedure described above. By use of slip casting techhi gues, a
cruci bl e was pregared in accordance with the procedure descri bed above by
mi xi ng 118 gr ansP8FC@MDATE gl ass and 336 grans of 31 fused silica with 160
m of water. After slip CQE%#PQ and drying, the crycible was sintered at a

tenperature of 1100[err]C gl ass button wei ghing 6 grans was then pl-aced
.in the crucible and preheggg,to a tenperatyre ef 5660[err] C.

si o0, 60 - 85

Na.0 0 - 2
K.0 0-2
P,0, 1.5 - 5
Zro, 0~-3
ca0 - 0-1
BaO+Sro+La0 0 - 12

Coloring Oxide 0-5

61. A dental restoration which is formed from a glass- ceramic
material having the following compopsition (by weight

percent):;

Li0 10 - 13.5

Al.0, 2 -3

Sio. 70 - 34

K.0 0 -1

P,0, ™ 1.5 -4

Zro, o-1

Ba-+SrO+LaO 5 -4

Cao . 0-1

Coloring Oxides 0~-5

62. - A dental restoration which is formed from a glass ceramic
85
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The conposition of the glass-ceramic material used is in
Wi th conposition #1 of Table IV. The preheated cruci bl/ean

material was then placed in an apparatus which is siml in
Figure 7 and heated to a tenperature of 1400[err]C for HI ‘" lmnl
m nutes. The ramwas then actuated, the crucible was brought intd centact

41 accordance

with the nold in accordance with the general procedure as is illustrated in
Figures 3 through 6 The el 3he' 851 PbRlAG balifoditan (B RdiGRem the
~ percent); o
Li0 9 - 13
Al1,0, ' 1.5 - 4
" sio, | 65 - 84
Na 0 0 -1
K0 0~-1
P.0. " 1.5 - 4
Zx0, 0-1
BaO+Sro+La0 0 - 12 -
cao 0 -1
.Coloring Oxides 0-5

5
'\\

63. A dentél restoration\which if formed from a glass ceranic

material having the following composition (by weight

percent);

’ Li.0 10.5
A1.0, 2.5
sio, 78.5
K,0 0.5

- D0, _ 2.0
2ro, | 0.5
Tio, ; 0.1
ceO 0.35
‘Nio, _ 0.02
Bao ' 3.0 |

86

. This Sheet Has Been R

T



mat éri af cut apart fromthe sprue and heat treated. The resulting dental
restoration had excellent definition and physi cal pro ertles as are
reported with Exanple 2. During the formng process

retained its structural integrity and formed an effect th the
nol d. Further, during the heat treating process, the f| ﬂym{m&am!
restoration retained its structural integrity and did ndt slu rm
Further. tests were conducted on crucibles having the conposition as sét™
forth above wherein it was % ermined that thePctucible cracked and hence
was not functional at 1375[err]C. An additional test denonstrated that
the crucible of this exanple deforned and seal ed at 1425[err]C. A

G ass-cebani ¢ Thatdéntab trestioratiohs offf epainded whRLeKw' ikl tered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass ceramic material.

65. The dental restoration of claim 61 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass ceramic material.

66. The dental restoration of claim 62 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass ceramic material.

67. The dental restoration of claim 63 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass ceramic material.

68. The dental restoration of claim 60 wherein the fesulting

dental restoration has a M.0.R. of at least 30 K.S.I.

69. The dental restoration of claim 61 wherein the resulting

dental restoration has a M;O.R. of at least 30 K.S.I.

70. The dental restoration of claim 62 wherein the resulting

dental restoration has a M.O.R. of at least 30 K.S.I.
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wi-t & tshe follow ng procedure. A nold was prepared in accordance 42 with
t he procedure descri bed above. By use of slip casting techniques, a

cruci bl e was prepared in accordance with the procedure described above by

m xing 127.1 granms of SP921TF gl ass and 336.9 grans :I ﬂl “ m i with
160 M of water. After slip casting and drying, the c “ Hm1 E"I’Ii"rlngred
at a tenperature of 1100[err]C. A glass button weighiny & gran® was *then

placed in the crucible and preheated to a tenperature of 650 er:H.C. The
conposi t1lon offhehdepitadsrestanationtef ¢llaigs 63 whergin the resulting

dental restoration has a M.0.R. of at least 40 K.S.I.
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accofdance with conposition #1 of Table |IV. The preheated crucible and

gl ass-ceramc material was then placed in an apparatus which is simlar to
that shown in Figure 7 and heated to a tenperature of 1400[err]C for a
period of 10 m nutes. The ramwas then actuated, the cruci ble was brought
into contact with the nold in accordance with the general procedure as is
illustrated in Figures 3 through 6. The dental restoration was then renoved
fromthe investnent material cut apart_ fromthe sprue and heat treated. The
resulting dental restoration had exééﬁFSﬁ?—definition and physi cal
properties as are in accordance with Exanple 2. During the formng process,
the crucible retained its structural integrity and fornmed an effective seal
for the nol d.The present invention is concerned with a process for the

formation of dental restorations from glass-ceramic materials and
the resulting dental restorations. 1In this invention, a dental
restoration is prepared by placing a glass-ceramic material in a
heat-pressure deformable crucible. Heat is then applied to the
crucible in order to bring the glass~ceramic material to a working
- range at temperatures above its liquidus temperature. The crucible
in which the glass-ceramic material is placed has heat-pressure
deformation properties which are matched to the working temperéture
of the glass-ceramic material being heated. The heat deformation
_ properties of the crucible must be such that when the glass-ceramic
material in the crucible is in the working range the crucible is
heat-pressure deformable without rupturing. Once the glass-ceramic
material is heated to its working temperature, the crucible is
brought intd contact with a mold having a preformed cavity therein,
the cavity being in the shape of the desired dental restoration.
As the dista.nce between the heated glass-ceramic material and the
mold is decreased, the crucible.is deformed to form a seal with the
mold thereby facilitating the injection of the molten glass-ceramic
material into the mold cavity. An interactive seal between the
crucible and the mold may be provided for. The composite process
may be carried out in a vacuum. The resulting dental restoration
has superior optical esthetic and strength properties. The

invention furthér includes the heat-pressure deformable crucible
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~FUrgher, during the heat treating process, the dental restoration retained
“its structural integrity and did not slunp or deform Additional tests were
conducted on the crucible of this exanple wherein it was determ ned that
the cruci ble woul d deform and seal at both 1375 and 1425[err]C 43
Exanple 7 A d ass-ceramic dental restoration was prepared in accordance
with-the follow ng procedure. A nold was prepared in accordance with the

prOcei;;ihdiicnggglaggvthe process of this invention and the related

apparatus.
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" By -lisé-“of * slip casting techni ques, a ¢ruci bl e was prepared in accordance
. wkth the procedure described above by m xing 145 3 grans of SP921TF gl ass

ag]d 308. 7 gram;'nf 3 . fused silica w th 160 o of water Aff i p casti ng . -
-and drying, thegrucible wap sijntygred at agenperature of 1100[efr]C. A P
-gl ass button qei d%fﬁéﬂfgmﬁd/aﬁﬂ\ém I aga\}\l t HBF cruci bl e andl preheat ed
t
gfmaﬁ’; l‘ |

‘to-a tenperat {rgyof ' 650[ er phC. Jhe Gor I ti df the glass-cerafic
‘material used i@E@I&EJdE@ﬁAﬁhR% \LIOMAL of Table IV. The

~preheated crucible and gl ass-ceramc npterial was then placed 1n an

.apparat us whi g W%Rg{lmg? i%&g’ﬁ&%&aﬂ 0 a

~tenperature of gR@]EEr [qutes. The ram wa$ then. :
.actuated, the Jcruclbl'e . “with the nold i nfaccordance

w th the generlal Jpreeagna bt ¢ 'SCR:u_albLE | ; ;

_Unude_mL HEA’E CRUCI[D[FE_ To

| Perormable State and Ceramic

| _MAtER|Al_ﬁ'Mq_LtEI? State

Bring CRUCIer ito Contact_With Mold

| App 7/ Foree 'IB C"AusE' CRUCIBLE'% |
_Deporm_and Sgal |A_qus_T Mold

-Contl'nUE"EJApp[Y FoRcé To Cause

Cruetble To Cortinue To Derorm Aﬂf‘"“"’t

Mold and To lnlEcJ__f__MoltEn 6’)[/\63

Ceramic lito Mold Cavily .

:.' led[MoLd--Aﬁ'_d”-thfr_n'ovﬁ Detal ] 77

" 'RESTORAtlo_n.' SRR o - . . |

_ Heat Teeat To EFIFECT Crystallization

L Flnl‘Sh Vrnﬁ/\l _REéTogAT|§|'1
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wllustrat ed in Figures 3 through 6. The dental restoration was then renpved
< _f—';the I nvest- ment material cut apart from:the sprue and heat treated. The
. ikt i ng- deni restoration had excellent defi nition and physical
yioperties ag'are reported i n. accordance W th exa

t he

f'orm ng praNand
formed a e A ff T ER4 ng
process, Hish ) d
~not” slu pRh Tﬁ
. . Iz‘ 1n17: zua

FIG &5 _FIG 6

d 4
VAT

G 8 FIG.9 FIG 10
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.Addrtlonal tests were conducted on the cruci bI e of this Exanple wherein it

_'-__vvas det er m-ned- that t he crucible functioned at. 1375[ err].C. However at,
. 1425[err] C./the crucibie: sl urrped and hence could not be uSed in the process .
tof this: |nvent|on Exarrple A GI ass-ceramc dental restofation was s
sprepared in.accerdance With the follow ng procedure. A erI d was prepared in.
“accordance-w th the procedure. described above: By use af-. slip:casti ng '
‘technj ques, a cruci bl e was prepared in accordance-with the procedure and’
';_descrl ption.described above in connection with Exanple 2. A glass button

‘viei ghing 6 granms was then pl aced |n/t3§ cruci ble and preheated to a
-_.terrperature of 650[err]C
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Z VA4 el .
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- The: conposi tion of the glass-ceramic material .used is in accordance with

conp05|t|on #2:0f Tabl e -lV. The preheated. cruci bl e and gl ass-cerame.. . :
‘material was then. placed in an apparatus which is.sinmilar to that shomm in”
Figure 7 and heated to- a:t-enperature of 1400 C for a. perlod of ~10: ‘ni-hut es.

“The ram was t-hen actuated t he CFUCIb|e was brought |nto cont act- wi th the

mold .in accordance with* the general procedure as is. 45" j|lustrated in
Figures 3 through 6. The dental restoration was 't hen reaned frontthe o
_ |nvestnenhu*\ SN e . . s :
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Aateri al cut apart from the sprue and heated treat ed The resulti ng test

“ sanpl-es and dental .restoration-had.excellent definition.and a MOR. of :

746 7T KIS.IE | atCoT. BAYof 1138 a transl ucency: of 2. 75 and+a_sof t eni ng:: T
..t enper at yre-of - -975[ er.sr-]“C;. Dufi ng t he’-f ormi ng -process, the crucible Pet ained :- ¥
fiits struct gral int egei ty. -and- formed an effective: seaI wrth t he nol d,._.. P
" Fur't her, durl ng the heat treating .process, the fini shed dent al - restnratlon S
retai ned its structural |ntegr|ty and di d not. slunp or deform during-heat’ -~ -
. freating. nEea ASS~CEL3 "IlEIEQ.L restoration was prepared in o
~accordancipwy PRRIIR IR ’}B'H" Seirch :%wﬁ%\prepared in accordance-

“with the 'Vt)peddr,e’ﬂe,s’crlb’edf'i(%;e' /- Sl s g

~ 2 L
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By use of slip castlng tecHnlques a cruci ble was prepared

with the procedyre and descri.,ption described above in con (Ram_ncg-m.r

Exanple 2. A glass button W@lghlng 6 grans was then placed{in thshérégﬁﬁggg
D Datef: ]

and preheated to a tenperature of 650[err]C. The conpositi
gl ass-ceram c mat eri:al used is in accordance with conposi t&

| V. The preheated cruci bl-e and gl ass-ceranlc material was then placed in an
apparatus)which is simtar to that shown in Figure 7 46

This application is a continuation in part application of
application S.N. 08/250,926 Filed May 31, 1994
Field of the Invention

The present'invention relates to a process for the molding of
metal free dental restorations such as crowns, bridges, inlays,
onlays etc. from glass-ceramic materials. The invention is also
concerned with apparatus which permits dental restorations to be
easily molded from glass-ceramic materials and lastly, the

invention relates to the resulting dental restorations.

Background of the Invention ,

) In the-prior art various methods have been used to form metal
free dental restorations from glass~ceramic materials. Glass-
ceramic materials because of their strength, translucency,
non-toxicity and other physical properties are ideal materials for
use in forming dental restorations. Because of their suitability,
glass-ceramic materials have been used to form dental restorations
for at least eighty years. In the prior art the most widely used

. means for forming dental restorations from mixtu;es qf glass and
ceramic hatetials is a process which utilizes a slurry of glass and
ceramic particles. In this process_a die is formed which is an
exact replica of the remaining portion of the tooth to which the

restoration is to be secured. It is understood by one skilled in

il




and heated to a tenperature of 1400[err]C for a period -
ramwas then actuated, the crucible was brought into co tﬁE?LMFEMEmhedE’ETd'

in accordance with the general procedure as is illustraffed in g
through 6. The dental restoration was then renoved fro Werwésgmmg

material cut apart fromthe sprue and heated treated. T -
sanpl es and dental restoration had excell2nt definition and a MO R of 43

K.S.I., a CT.E. of 141 a transl ucenc%gof 3.0 and at_msoftenl n%g&e eratu
of 975[ er rfte® m%f—t kber sepaiaing op slomféfcfr*t& 99“

t t | ff F h
ot nePhosid! daneiit LR BL'BRMSE SR8 WAL WREaBRMInET R Pehe
its str UCt%éﬂoﬂdﬁﬁW ibYe &G fidtedid! PbUSEart the process the dentist takes

an impression of the prepared tooth to create a negative impression

of the prepared “tooth or teeth. This negative impression is then
packed with a material to form a positive impression of the
prepared tooth or teeth. This positive impression is called a die.
Platinum foil is then pressed over the die to from a inatrix which
is essentially a foﬁndation on which the dental restoration is
built. 1In order to form up the dental restoration many layers of
a slurry of a particulate glass-ceramic material are applied to the
platinum foil matrix. As multiple layers of the slurry are built
up and dried a semi-solid structure is formed which can be carved
into thé shape of the desired dental restoration. once the desired
shape is achieved the structure is then removed from the die . At
this stage the structure is referred to as a green structure. ‘I'he.
str-ucﬁure is then fired, during the firing process the particulate
glass-ceramic material fuses into a solid mass. Because the green
structure is formed from multiple layers of the dried glass~-ceramic
material uneven fusing may result. As a result of this uneven
fusing the physical properties of the finished restofation may be
detrimentally affected. As a result an inferior dental restoration
results. Further, as can be seen from the above description, the
overall process is very labor intensive.

Other methods for forming the green _restoration have been

considered in the prior art, for example, in U.S. Patent no



deformduring heat treating. A G ass-ceram c dental restorfty . , T
prepared in accordance with the follow ng procedure. A nol #ﬁ‘pﬁﬂ'ﬁ?’?ﬁ :
accordance with the procedure described above. By use of slli.cad it GEC 1895 ”
techni ques, a crucible was prepared in ac&ordance with the P=Ya ENYAFZNEF- 1210 DA -
description descri bed above in connectiomwth Exanple 2 A glass button
wei ghi ng @,39612583s a Eixthire: cf | particulate giasscand cteranic t naterials

t enperature of 650 C. 47 - ., . ,
- which incorporates a binder is packed into a flexible mold to form

a green structure which is then fired to form a finished structure.
Again, because the pfocess entails the fusing of particulate
material, uneven fusing may result and hence a weakened and
inferior dental restoration may result.

To overcome the problems as described above the trade has
recognized that in order to éroduce strong, translucent metal free
dental restorations it would be desirable to form these
restorations directly from a homogenous molten glass-ceramic
material. It was realized that it may be possible to produce a
satisfactory restoration by forcing a molten or plastic glass-
ceramic material into a mold having a cavity in the form of the
desired dental restoration. The prior art further recognized that
the glass-ceramic material could be introduced intoc the cavity when
the qlm-ca}anic material was in the liquid or in the plastic
state. .

A constant goal of the prior art as described, was to effect.
the molding process in a quick and efficient manner and in a manner
that produces a dental restoration that has excellent definition
and fit. In dental restorations definition is extremely important,
as in ofdor to have a satisfactory restoration the finest details
of the original tooth must be reproduced. For example, for a
dental restoration to be successful the margins must be sharp and
well defined. It is in this area that the prior art molding

processes are deficient in that it was not possible to achieve the




The conposition of the glass-ceramic material used is i
conposition #4 of Table |IV. -The preheated crucible and
material was then placed in an apparatus whjch is siml
Figure 7 and heated to a tenperature of 1400[err]C for
m nutes. The ramwas then actuated, the drucible was br

fa il I d;mr-f:\ with

g'm@ﬂﬁ%ﬁ‘r%ﬂﬁt

r to that s&o i
004 Bt

ot H t
eH—-R-a—aanRtact

~J
as is illustrated in

with the l.d rdanc , ¢ he general procedure

Fi gures ﬁ%ﬁ’%@%ﬁé&déﬁy&ﬁ?@g{'mm ion was then renoved fromthe

I nvest ment natgfy Ut ¢apar d t : :
RirtNerClUit g@ dedi f&ftosgtib@uéa a“g%%ﬁ %{‘%ﬁtﬁﬁ?‘? ina |

resulting test sanples and dental restoration ha

e

a MO R stor8 périod ofatimé. En 6fdédB3ta éffitslentdyc utifll ized thed orerhead

softening tenperature of 975[err]C

of the dental laborato:y and in order to minimize the labor content
of the dental restoration. |

Dental laboratories are not typiéally well funded opérations.
Therefore, in order to keep cost to a minimum it is highly
desirable that a suitable process for forming dental restorations
utilize equipment which is relatively inexpensive. While the above
described process fits this | requirement the below described DICOR
process does not. _

As is discussed above, there are several prior art processes
for the manufacture. of dental restorations from glass-ceramic
materials. A recent addition to the prior art is the DICOR process
as sold by the Dentsply International,Inc. of York Pennsylvania.
In this pro-cess a dental restoration is formed by centrifugal
casting of a molten glasé—ceranic material. This process is further
described in U.S. Patent No. 4,431,420 issued February 14, 1984 and
related patents. Centrifugal casting has been extensively used
in the casting of metals principally by the lost wax proéess.
Further, this proéess has been imminently successful for hundreds
of years for use in conjunction with metals. This success results
from the fact that molten metals have very low viscosity and high
density 1n the molten state, hence, they function very well in
centrifugal castirig processes. That is, because molten metals have

- a high density and a very low viscosity in the nolten' state




Duriﬁg the form ng process, the crucible retained its stjFoctrsantegrity,
and forned an effective seal with the nold.” Further, dur ﬁ@FLAGEMGaUSHEET

treating process, the finished dental restoration retaingd it t
integrity and did not slunp or deformduring heat treatln@HmEihgprﬁﬂgﬁi
G ass-ceram c dental restoration was prepared in_accorda

follow ng procedure. A nold was prepargd in accordance wth the procedure
descri be¢:eftaMi®ugal #8rce is adequate for purposes of injecting the molten

metal into a preformed mold cavity. In an attempt to produce dental
restorations which hgve high definition the above mentioned DICOR
process uses centrifugal force to form the desired dental
restorations from a. molten glass-ceramic material. Molten glass-
ceramic materials have a much higher viscosity and a much lower
density when compared to molten metals. For this reason, it is not
possible to consistently drive a molten qlaés-ceranic material, by
centrifugal force Qlone into a mold in order to produce a
satisfactory deﬁtal restoration. That is, a molten glass~ceramic
material cannot be driven by centrifugal force into a mold cavity
with sufficient_ force in order to always get the required
definition, necessary to form a satisfactory dental restoration.
It is well recognized by one skilled in the art that in order to
have a-satisfactory dental restoration, excellent definition must
be achieved in order to recreate the dqsited margins which are
needed for the proper fit of a dental restoration into the human
mouth. | | | |

_Further, the DICOR process, is deficient as to the coloration:
of the glass-ceramic material utilized.. The resulting Dicor dental
restoration had an undesirable white color and must be glazed in
order to produce satisfactory human colordtion. As a result the
coloration is only on the surface of the dental restoration, If
adjustment by grinding is needed in the final installation of the
restoration into the human mouth the glazing is removed thereby
exposing the whitish base which contrasts with the glaze. This




By use of slip casting techniques, a crucible was prepar"r——-~ anee
with the procedure and conposition described above in c
Exanple 2. A glass button weighing 6 grans was then plaged in q&!ple
and preheated to a tenperature of 650 *C. The conp03|t|'ﬁkbhu!H23!?? ...........
gl ass-ceram c material used is in accordgce with conpo Fo—OT— T
| V. The preheated crucible and gl ass-ceramc material was then placed in an
apparatuscﬂﬁFEﬂSFsiglYﬁ#!wunﬁﬁﬁﬂﬂﬂ§°§n§MnfranaguPcheﬁﬁG peinbdof wiew.

t t f 1400 C f d of 10 t t
actuatod. the EPetast sotafe Hentilsneys the Hestonation,od Fhe AwSiRetce
with the gepgeak i’é%&‘&%@d 6:% 'u%i'l'ﬁasI;iagsdcépaﬁieuaséefusfg Wk Sin the

coloration of the resulting dental restoration, throughout,

approximates human tooth coloration. Hence, if grinding is
necessary in final fitting'contrast between the surface of the
dental restoration and the underlying base is not observed.

Undesirable contrast can also result from normal wear, where
as a result of the grinding action of one'tooth against another the
glaze is worn away. Again, this is not.a problem in this invention
as the preferred glass-ceramic material has a uniform natural
coloratioq throughout. It should be noted that the restoration of
the subject invention may belglazed to achieve the exact shade
desired.

In contrast to the above discussed prior art processes; the
process of the subject invention utilizes a positive mechanically
applied force for purposes of injecting the molten dental glass~-
ceranic material into the prefdrmed mold cavity.

For a dental glass-ceramic material to be satisfactory for use
in the formation of dental restorations the material should
incorporate many or all of the fqliowing properties:

1. It must be inert and non-toxic in an oral environment.

2. It must have sufficient structural integrity to resist the
forces of mastication and generally must have a 3-point MOR

of at least 30,000 PSI.



The dental restoration was then heat treated. The- resulti. t est_sanpl es

and dental restoration had excellent definition and a M
a C.T.E. of 140 a translucency of 2.5 and a softening te
975[err]C. During the formng process, the crucible retaifqg.lts gsér BECUIG

eflacEgroheer

integrity and fornmed an effective seal with the nold. Fur ~quring-the--

heat treating process, the finished dental restoration retained its

structural intagsShonldntedcdpablesofinpeirig dbirned dntionFolrast whicht ang. A
G ass-ceram c dental restoration was prepared in accordance
compatible with the human anatomy using simple equipment.

4. Should have esthetic qualities (coloration similar to human
teeth with a slightly translucent appearance) which are
compatible with human teeth and hence should be monolithic

or giazable.

5. Further, the glass—ceramic material must not absorb
moisture or stain and iﬁ must be stress corrosion

resistant.

6. Likewise the glass-ceramic material should have wear
characteristics which are similar to natural human teeth

and should be éompatible with other dental materials.

7. The glass-ceramic likewise must have dimensional stability
and resist thermal shock during processing and in
particular 11: must have dimensional stability dQuring
subsequent heat treating processes wherein recrystalization
is effected.

8. Further, the glass-ceramic material should be compatible
from a thermal expansion point of view with metals, stains,
glazes etc. as are conventionally used to form dental

restorations.



49 with the follow ng procedure. A nold was prepared i n{@ctordance .t fe
procedure described above. By use of slip casting techn dﬂE¥AQFM§NE$ﬁF%T

was . prepared in accordance with the procedure and conp05|t|ongggsgﬁﬁqggs _
above in connection with Exanple 6. A qiass button wei glji & grans -nas: {

then placed in the crucible and preheated to a tenperature of 6o0[errJC
The conposition of the glass-ceramc material used is in accordance wth

conposi tion #¢ oh Jdeér td . .critd s enthetitalirh plaadifagagéntLIan c

mat eri al

was then placed in an apparatus which is simlar to that shown in

Figure 7 and hezestioration citparayt vec nefcessativeto] €lter theefimal of 10

m nut es.

dental restoration to the exact shape and shade desired.

In order to effect these alterations the dental restoration

must be heated to a temperature of about 950°C for each

operation. Therefore, a satisfactory glass-ceramic

material must be capable of withstanding multiple heat

cycles to about 950°C.

10. A suitable glass~ceramic material must be capable of

11.

retaining its structural integrity during heat treating.

In summary a suitable glass-ceramic material should have:

A.

Coefficient thermal expansions (C.T.E.) of 5 to
¥45X1077 /°C

Translucency of 2.5 to 4.0 on a visible scale of 0
(clear) to 5 (opaque) and overall beauty..
M.O0.R. of at least 30 k.s.I. average.

Ability to be heat treated to 925-950° C
Structural integrity during'heat.treat
Meltability and formability

Chemical durability in an oral environment

The subjeét invention includes glass-ceramic materials

which meet the above set forth criteria.



The raﬁ1mas then actuated, the crucible was brought into ¢oO Cl W LI tiTe

mol d in accordance with the general procedure as is iIIus{rgéékﬁQEvﬁﬁﬁﬁﬁﬁgT
3 through 6. The dental restoration was then heat treated l;ﬁheyﬁs(ulﬂ&ﬁ*n@ﬁ
test sanples and dental restoration had excellent ‘definiti{lgQ e o ar M- R

of 41.5 K S. 1., a CT.E of 162 a translucency of 4 and a softening
tenperature of 950[err]C. During the forﬁing process, the crucible retained
its structural integrity and formed an effective seal with the nold.
Further, during the heat treating process, the finished dental restoration
retained its structural integrity and did not slunp or deform during heat
treating.

s ¢ the i £

In accordance with the above description , it is obvious that

-in accordance with the prior art it is difficult, if_ not
impossible, to form top quality dental restorations by molding

glass-ceramic materials in an inexpensive and efficient manner.

The process, apparatus, compositions and dentai restoration of

the subject invention provide improvements over the prior art. By
use of the process of the sﬁbject invention glass-ceramic materials
can be readily molded info dental restorations. Further, the
apparatus of the subject invention is relatively inexpensive and is
easy to utilize. The compositions of the subject invention are
highly advantageous in that they produce esthetically pleasing
dental restofations'which are chemicélly inert in the human mouth
ﬁnd have outstanding strength properties. Further, the
compositions of this invention are advantageous in that when dental
restorationé formed from these compositions are heat treated they
maintain their structural integfity. Further, these dental
restorations are-dapable of wiﬁhstanding multiple heat cycles to
about 950°C, possess thermal expansions which are compatable with
the existing porcelains and therefore, these dental restorations

can be readily altered using conventional porcelain materials.



50 . A dass-ceranic dental I1fe [
prepared in accordance with the follow ng procedure. AinﬁggﬂﬂgéaﬁvéﬁéFﬁﬁ
accordance with the procedure descri bed above. By use @f ~sli. pocﬁsﬂﬁ 4335
techni ques, a crucible was prepared in accordance with © B OE SIS AN
conposi tion descri bed above in connectid® with Exanple 6. A glass button
wei ghing 6 grans was then placed in theTrucibl.e and preheated to a '
tenperature of 'dd Caehta1C 2aResrat Pon®| in hicEdifnoee wiithc thet priesents
in accordance wth a conposition #7 of Table IV

invention have acceptable coloration after heat treating and can

be used at that stage, without further cosmetic treatment, in the
mouth. In order to enhance the esﬁhetic properties of the
resulting dental restoration, the dental restoration can be readily
altered using porcelain materials to achieve any desired effect.

Accordingly, it is an object of the present invention to
provide an efficient process whereby den£a1 restorations may be
molded from glass-ceramic materials.

It is a further object of the present invention to provide an
apparatus for the molding of glass-ceramic dental restorations
which is easy to use, is lab friendly, and which is reasonably
priced.

It is a further objeci of the present invention to provide
glass-ceramic dental restorations which have outstanding strength
and are esthetically pleasing. _ _

It is also an object of this inventidn to provide gléss-
ceramic compositions, which are suitable for the formation of
dental restorations which have a high degree of micro-structural
control during the development of the crystals thereby permitting

| great flexibility in the forming of these dental restorations.
| It is stiil another object of the present invention to provide
a glass-ceramic ln-terial which will wmaintain its structural
integrity during heat treating and, in particular, will not slump
or sag during heat treating outside of the investment.

' Another object of the present inventions is a glass-ceramic



The_pfeheated cruci ble and gl ass-ceramic material was laced in an
apparatus which is simlar to that shown in Figure 7

tenperature of 1400[err]C for a period of 10 ninutes.

MEPERCENENT St
actuated, the crucible was brought into contact with t

NBafilfd4 ‘dafjce
with the general procedure as is illustrajed in Figur 3 fmﬁu%@g” " ' EF " tre
dental restoration was then renoved fro he investnent material cut apart

fromthe spiterizdwhtahes difitiffie FoL €186 Wdrndtilods besdemtsab restodatichs
restorati on had excellent definition and a MOR of 53.5 KS.l..,-aCT.E
of 136 a tamhswhiehcyisf capabded efsofidinmtainingpdtst utranslwsdicy r faring
During the _formng ,process, the «crucible retalﬁed its structural
integrity %HﬁF#R%ﬁnﬁ?%%?géFﬂEéPFvE°SEHPr9¥%FP¥9k¥rﬁﬁQi '

Still another object of this invention is a process for

forming a ceramic dental restoration.
Wherein the process comprises: |
A. placing a glass-ceramic material in a heat-pressure
deformable crucible; =
B. heating the crucible and glass-ceramic material to a
temperature at which said crucible becomes heat-pressure
deformable and the giass-ceranic material is moldable;
C. bringing the'heated crucible into contact with a mold
having a preformed cavity therein;
- D. continuing to move the crucible into contact with the mold
" thereby causing the crucible to deform against the mold,
- and causing the moldable glass-ceramic material to be
injected into said cavity, thereby forming a dental
restoration: | -
E. cooling the mold and the ceramic dental restoration
therein; _
F. removing the formed ceramic restoration from the mold;
G. heat treating the dental restoration; and '
H. finishing the dental restoration.
Also an object of this invention is to form a heat deformable
crucible having a base and a side portion wherein said crucible is

formed by the heat sintering of a particulate mixture of glass and

o



Furt her, duri.ng the heat treating process, the finished

restoration retained its structural integrity and did nof BEWQME’&E'P‘H

during heat treating. A d ass-ceranic dental

restorationjwas pr, gg
f-dan

accordance with the follow ng procedur. A nold was prepaile@etgp-
Wi th the procedure described above. By h&e of slip casting LeCnnl gues,
cruci bl e was prgggr ed in accordance with, Pe procedure and conposition

descri bed Bet@tc OXAdR A RreferFad, CRRRABLE

Bl

ce™

 reretemsrmsmmatunt

grams Wag percent glass and from about 69 to about 73 percent of a metal

oxid_e .

_another object of this invention is a dental restoration which

is_ formed from a glass ceramic material having the following

‘composition (by weight percent):
Li0
Al,0,
sio,
Na,0
K,0
PO,
Zro,
Cao

; | BaO+Sro+La0

Coloring oxide

8 - 15
1.5 - 5.0
60 -~ 85
0 -2
0~ 2
1.5 -5
¢ -3
0 -1
0 - 12
-5

Lastly, an object of the present invention is .to create a

a

on’comprises, firsh, aONEhPAGte

glass-ceranic material which has excellent chemical durability and -
as such will not deteriorate when exposed to the fluids in the

human mouth.

These and other objects, features and advantageous of the

present invention will become apparent from the detailed

description herein.

The advantages of the present invention can be more clearly

understood from the following description taken together with the

drawings.



then placed in the crucible and preheated to a tenperat
The gl ass-
Corporation and as is described above. D -Cor is thoug
gl ass-ceram c. The preheated crucible and gl ass-ceram

pl aced in
heated to

of 650[err]C
REPE ' Il
33 %%E#stfmﬁ

| aRkEer. '.QEES en

an apparatus which is simlar 8 that shown rmmﬁé--_ggnﬁghgga“:

a tenperature of 1400[err]C for—a period of 10 minutes. The ram

ceramc material used was Di-Cor as sold by t

was then actuated, the crucible was brought into contact with the .mold in

accor danc
t hrough 6.

wi th the general procedure as is “illustrated in Flgures 3
The dental restBrief i O1E 1O e -

i nvest ment .

Figure 1 is a fi._ow ‘chart showing the steps of the preferred
embodiment of the process of this invention.

Figure 2 shows a sectioned lost wax mold for use in the invention.
Figure 3 shows a sectioned structure illustrating the heating step
of this invention.

Figure 4 shows a sectioned structure illustrating the initial

contact of the crucible with the mold.

Figure 5 shows a sectioned structure illustrating the partial
sealing of the crucible against the mold. .

Figure 6 shows a sectioned structure illusfrating the complete
sealing of the crucible against the mold and the injection of tﬁe

molten glass~ceramic into the mold cavity.

' Figure 7 is a sectioned side view showing the composite apparatus

of this invention.

‘Figure 7a and 7b are sectional side views showing the preferred

composite apparatus of this invention.

Figure 8 shows a sectioned alternate mold.

Figure 9 shows a sectioned alternate mold. _
Figure 10 shows the mold of Figure 9 being filled with a molten

glass~ceramnic.

It should be noted that Figures 2 to 10 are schematic

representations of apparatus which may be useful in this invention.



Whil e the gl ass-ceram c properly filled the nold the resulting dental
restortion cracked as a result of shrinkage during the
process. This cracking is thought to result fromthe f
i nvest ment was not suitable for use in the heat treatin
G ass-ceram c dental restoration was prePgred in accord
foll owi ng procedure. A nold was prepared=£n accordance with the procedure
descri bed above. By use of slip casting techniques, a crucible was prepared
in -

Figure 1 generally describes_ the overall process of the
subject invention wherein dental restorations are formed by the
molding of a glass~ceramic material. As can be seen in Figure 1,
the first step is the formation of a mold having a suitable mold
-cavity-therein. - To start the process whereby the mold cavity is
formed the tooth or teeth in the human mouth are prepared by the
dentist by procedures which are commonly known in the prior art.
By using impressions which are provided by the.dentist a positive
wax form is produced of the desired dental restoration. This
positive wax form is then positioned in a mold usually called a
ring. A semi-liquid investment material is then poqred around the
positive wax form. Once the investment material sets up and cures
the resulting mold is placed in a furnace and heated thereby
causing the wax to melt and run out of a sprue hole which is
integral with the mold. The finished mold is then complete. This
constitutes the formation of a mold by the lost wax process.

In the second step of_Figure 1:a button of a glass-ceramic
naterial is placed in deformable crucible 8, as is illustrated in
Figure 3. The button of glass-ceramic material constitutes a small
cylinder of the glass-cerémic material which usually weighs about

six grams and has a diameter of about two cm. and a thickness of



accor dance W|th the procedure and conposition described
with Exanple 2. A glass button weighing 6 grans was the ﬁﬂp@_ﬁ@@ﬂ

crucible and preheated to a tenperature of 650[err]C. Th COfT'pOSItEINgf’] 0
the gl ass used in wei ght percent was; [err] - 50. 2} [Rid 10 4 DEC 95¢

[err]

.7 [err]. ' 16. 0 Ba® - 4. 75Ze0

The preheated cruci ble and gl ass-ceram ¢ nmaterial was then

about one cm. These buttons of glass-ceramic materials are a
convenient shape whereby these materials may be manufactured, sold
and used. It is understood by one skilled in the art that a
sufficient amount of the glass-ceramic material must be used in
order to form the desired dental restoration.

In the third step of Figure 1 crucible 8 and the button of
glass—-ceramic material 7 is unifoi:mly heated.l The glass-cerainic
material is heated to a temperature above its liquidus temperature
as will be described in greater detail herein below. Further the
heat-pressure deformable crucible 8 will be described in greater
detail herein below.

In the process of this invention the preformed mold can
incorporate multiple cavities in order that more than one dental
restoration can be produced during one cycle of the subject
process. |

In steps four, five and six of Figure 1 the heated crucible
and glass-ceramic nateri-al are moved intd contact with the mold by
mechanical means in a manner which will be described in greater
detail relative to the discussion of Figures 3 to 6 herein below.

In accordance with steps 7 and 8 of Figure 1 the mold is
cooled and the solidified qlass-ceramid casting is removed 'from the
investment by mechanical means. The dental restoration is then cut
off the sprue and finished by heat treating polishing and/or
glazing in order to achieve the desired esthetic effect. -

The process of this inventioh may utilize both glass and

glass-ceramic materials for purposes of forming the desired dental




placed in an apparatus which is sinilar to that shown in Figure 7 and

heated to a tenperature of 1400[err]C for a period o ﬁﬁ#ﬁﬁ ram
' e nold

was then actuated, the crucible was brought into con

accordance with the general procedure as is illustra %i _r?ﬁli PECe1995
through 6. A satisfactory dental restorafé on resulte oy ARt Y= A
renmoved fromthe investnent material cut—apart fromthe sprue. The
resultin t4en s and dental restoration had excellent definition and
a MOR g% aiérK. S.1., a C.T.E of 56 a translucency of 0. During the
form ng proceskor tétrength bandr esthetdci reasons, it is preferred that a

glass-ceramic material be utilized. When a glass-ceramic material
is utilized, the button of glass-ceramic material 7 is initially
placed in crucible 8 in a glass phase. As heat is applied to -
crucible 8, glass-ceramic material 7 is heated. As the heating of
the glass—ceramic material 7 continues, crystal formation is
effected whereby glass-ceramic material 7 becomes a ceramic via the
formation a of crystaliine phase. As the heating is continued, the
glass matrix slowly dissolves the crystalline phase thereby causing
the glass-ceramic material 7 to reenter the glass phase. The
temperature at which the crystal phase completely dissolves in the
glass mati'ix is -dé:ined as the liquidus temperature of the glass-
ceramic material. In accordance with this invention, it is found
desirable to-heat the glass-éeramic material to a temperature above
the liquidus temperature in order to eliminate any possibility of
the existence of a crystalline phase in | the molten material.
Further at this temperature the glass-ceramic material has a
viscosity 62 about log 3 to about log 4 P which is suitable to
allow the molten glass-ceramic material to be readily injeéted into
the mold cavity 5. The viscosity' at this temperature is defined as
the working range.

Throughout this application, the viscosity of the molten
glass~ceramic materials and of the soften crucible will be defined
as the log of the respective viscosity in poises. Further, the

" unit poise will- be abbreviated as P. For example, if the viscosity



structural integrity and formed an effective seal with the nold. Because

h i al d | h Iting d I ' -
the material used was a glass the resulting dental restor ZEEPQ‘bﬁERg}#E‘?T

treated. Exanple 16 d ass-ceramc dental conposition we
heat treated in accordance with this invention. The conpdsitiof 4f DED
gl ass-ceramic material is in accordance w ' the conposi tjian _No 8" of " Talil el

| V. Af ter melting, test sanpl es were prepared in accordance with the -
procedure @fscki BOdtaBo@lasarceranic | glasesmateriads imd 19V OPRISES fhe

K Sobif o FuboliE) APFL iy GRIHAIBRY, Fhecd £, 0T ening, Lemerature

composi tion was dRRIEE Fiyii%e 4N391080LELES EndrVad prblesdSet! the subject
invention. The individual steps as illustrated in Figure 1 are
' défined in greater detail in the description of Figures 2 through
Figure 10.

In Figure 2, it can be seen that mold 4 has been formed by the
placement of an investment material 10 in .ring' 12. Prior to the
placement of investment material 10 in ring 12, ring 12 is
positioned around wax form 14, the upper extremity of which is
shaped in the form of a desired dental restoration 16. Wax form 14
is only shown in an 6ut1ine form, as PFigure 2 illustrates a
finished mold 4 after wax form 14 has been burnt out.

The procedure whereby mold 4 is formed is generally known in
the prior art, and has been used for centuries to form lost wax |
molds for use in metal casting procedures. As is stated above in
the preparation of mold 4, wax form 14 is positioned in ring 12 an
investment slurry 10 is then sléwly poured into ring 12 usually
with the aid of vibratory techniques to insure that investment 10
completely fills ring 12, and in particuiar, completely encases wax -
form 14. Again, these procedures are commonly known in the prior
art. B

Figurés 3, 4, 5, and _6 show the general process of the subject
invention in a schematic form.
| Referring to Figure 3, it can be seen that mold 4 hav’;ng
cavity 14 is positioned in the vicinity of crucible 8. Positioned



e S

m’e‘f“%ﬂ%ﬁeér
meed et 4 DEC

..
-----------------

54 preparation of dental restorations, accordingly, fur
carried out and a dental restoration was not forned. Ex
G ass-ceram ¢ dental conposition was prepared and heat
accordance with this invention. The conpgsition of the ‘ass—gerali ¢ """
material is in accordance with the conpo Btion No. 9 of Table IV. After
mel ting, ;e e LY, I3 cey W t r ¢

descri beé‘ha%tg\‘}gimke%r\ggjﬁlﬁlg tee?[;dsl%np es rﬁ% :"M%R.Jﬁ‘ﬂg%%%.%%cna
C.T.E. oWwiil4Sbeaddseribédchefdin. Crucible 8 is further positioned on a

ceramic base 21 which is positioned on ram 22 whereby crucible 8
can be moved in relation to mold 4. An electric heating element 24
is further provided whereby heat can be applied to crucible 8.
Details of the heatihq of glass~ceramic material 7 will be
discussed herein below.

During the heating of crucible 8 glass~ceramic material 7 is
converted from the solid state to the liquid state, and crucible 8
converted from a solid brittle state to a plastic state wherein it
is heat-pressure deformable. Once the glass—-ceramic material 7
reaches the desired working range, ram 22 is actuated as is
illustrated in FPigure 4, thereby causing crucible 8 to move
upwardly and to cone into contact with the lower extremities of
mold 4. The actuation of ram 22 is effected by a power source not
shown. . '

As can be seen in Figure 5 as the upward movement of ram 22
continues, crucible 8 continues to deform against mold 4 causing.
the upper extremities of crucible 8 to seal against mold 4 at
interface 28. PFurther, it can be seen that molten glass-ceramic
material 7 has start.d to flow into mold cavity 14.

Referring to Figure 6, as the travel of ram 22 continues the
deformation of crucible 8 against mold 4 is completed, and further
cavity 14 is completely filled with glass-ceramic material 7 as a
result of the applied pressure of ram 22.

Subsequent to the procedures as are illustrated in Figures 3




tenperature of 975[err]C. Because the test sanples h TR,
and the gl ass-ceranic was hard to nelt and formthe dpMEBLACEMENTSEERLhed
to be unsuitable as a material for use in preparatio

of d ném
restorations, accordingly, further tests were 'not car p@tﬂ“@w--- ’935den al
restorati on was not forned. Exanple 18 Aﬁéa_ss-ceram't: gental conposition
pY

Conos: ¢ on throngh Bt AU In, EoAR R AaY, Fhe dhsitA BARERR Fdforation
conposition i@reﬂn&g@ﬁ -Eii&knﬁ ih\ées@;ngﬁ% ane.parcﬁ{déj%hcﬁ es&eml fest¥i‘dtion is

prepared in acco nce wt e procedure descri bed above. The resulting
t est removed from investment 10, the dental restoration is cut apart

24

from the sprue and is heat treated and finished by polishing and
glazing in order to achieve the desired esthetic effect. _

Further, after formation dental restoration 26 is heat
treated in such a manner that its strength and other properties are
enhanced by the formation of crystals in a glass matrix. The
details of heat treating are described below.

Figure 7 illustrates apparatus 32 which may be utilized to
effect the composite process which is illustrated in the flow chart
of Figure 1. This apparatus generally comprises support frame 30,
heat source 33, mold retaining means 34 and a plunger 36. Support
frame 30 generally comprises the outside frame of apparatus _32.

 Mold retaining means 34 comprises a bar 50 into which is
threaded mold clamp 35. As can be seen, bar 50 permits mold 4 to
be locked to support bar 44. Support bar 44 further incorporates
an aperture 56 which is slightly smaller than the diameter of mold
4 and slightly larger than the diameter of crucible 8. By the
actuation of ram 36, crucible 8 is moved up into contact with mold
4 in a manner which is similar to that as is described above in
conju'nction. with Figures 4, 5 and 6. The apparatus of figure 7
further incorporates a ‘heat source 33, which in the illustrated
embodiment 'conprises an elecﬁric resistance heating element 37. In
the preferred enbodiment the heating element is  molybdium
disilicide. Heat source 33 is controlled by a power control source



55 sanples had a MO R of 41.4 KS.I., a CT.E of 129, slucency of
2.5 and a softening tenperature of 975[err] C. Because thge Mepg WEWT%%I I
a CT.E of less than 130 the conposition may not .be uns itab?\géas a et
material for use in preparation of -dental restorations, _ccgr;gu_gg.[}gc
further tests were not carried out and a dg@tnal restoration was-not f0red)
Exanpl e 19 A dass-ceram ¢ dental conposit was prepared and heat treatéd
in accordan&®.with this invention. FThe conposition of the glass-ceramc

material is in aCACsor:i.gaQ(i(iuyt;thgeig Olg?g%sr'ets' g" al}lﬁ' -71,1an electric resistance

heater may be utilized to effect the heating of crucible 8 and,
hence, glass-ceramic material 7. 1In addition to the electric
resistance heatin{;, as illustrated heating may be effected via
induction heating, gas torch heating, or any other appropriate
means. |

The apparatus further may incorporate rotating means, not
shown, whereby ram 36 may be rotated during the heating process in
order to effect a more uniform heating of crucible 8 and glass-
ceramic material contained therein. The rotating means may be an
electric, pneumatic or hydraulic motor. Ram 36 is further provided-
with means for effecting its wupward movement, which in the
preferred embodiment is a pneumatic cylinder 39.

Further, referring to Figure 7, it can be seen that apparatus
32 incorporates a plﬁrality of structural insulating members 41,
43, 45, 47 and 49 which support and contain heating element 37, and
contain the heat created during the opération of the element 37.
These structural insulating members are formed from ceramic fiber
board. | | |

Likewise, it can be seen that suppott bar 44 incorporates an
aperture 56 which has a waist section 55. Waist section 55 is
advantageous in that when crucible 8 deforms against mold 4 the
deforming upper extremities of crucible 8 are prevented from
downward movement at the constrictioh of waist 55 thereby causing

the molten glass-ceramic material to be effici.éntly injected into



of Table IV. After preparation, test sanples were prepgres=n
with the procedure described above. The resulting test BRERILACEMENTSHESY R
of 35 KS.I., a CT.E. of 80, a translucency of 3.5 andjja soui?n
tenperature of 975[err]C. Because the test sanples had f UGt 4 bﬂﬂsﬁ&ﬁhe
conposition was deened to be unsuit.able as materi al f ;
preparation of dental restorations, accordigly, further tests were not’
carried outtridpfeffhdd AL 1N MESMEDE for Medrhat 38, A Béchifse CaPpRE
dent al conp05|t|on was prepared and heat

extremities of crucible 8 are caused £o solidify in the vicinity of

waist 55, the downward movement of the molten glass-ceramic
material is prevented, thereby causing the glass-ceramic material
to be injeéted into mold cavity 14.

| Figure 7a and 7b represent the preferred apparatus 31 for use
in accordance with this invention. Most of the components of the
preferred apparatus 31 are identical or similar to the components
of apparatus 32 as discussed herein above. Apparatus 31 differs
from apparatus 32 primarily in that a movable arm 38 is provided
for wherein a preheated mold 4 may be brought into position for the
molding process and positioned against furnace base 41. Moveable
arm 38 nhy-be connected to a Central pivot point whereby it may be
sﬁung into position or it can be laterally moved into positidn.

Prior- to moving arm 38 into position, as is shown in figure 7
a ram 22 is extended in order to place crucible 8 in heat source
33, whereby glass-ceranmic materiall7 may be melted. Once this
nelting is effected ram 22 is withdrawn and moveable arm 38 is .
swung into place to the position as is illustrated in figure 7b.
In this positién the forming sequence as is shown in Figures 2 to
6 can be completed.

Relative to apparatus 31 and 32 it is understood by one
skilled in the art that crucible 8 may be placed in position on
ceramic base 21 either manually or by automatic means.

The above described Figures 1 to 7b illustrate the formation
of a dental restd:ation. In addition to being useful in the



treated in accordance with this invention. The conpos _LLQ_I’I__Of the
gl ass-ceramic material is in accordance wth the co 1P HEE

Tabl e |

the procedure described above. The resulting test sap

31 K. S.

V After preparation, test sanples were prepardgd 1

l. a CT.E. of 127, and a traBslucency of ¥

sanpl es had a CT.E of 127 therefore The conposition nmay NOT DE GFSSH
as a nefarmatidor afse essentdally | conpletent dentadt omrtonnansor dthgl y,

tests were not carried out and a dent aI restorati on was not forned.
Exanpl ecomposidion and procersiaf tamptabiech ipvention may e weed EPeat ed

'n accoE danc%pvfntgg },f}'eé ",h'}V%nE,",%@e]_IES f&?zpisifé %yoLetapplled to alter

further

and shade the dental restoration.

In the prior art, metal copings are extensively utilized.
These copinge are covered with layers of porcelain materials which
are applied to the metal copings for purposes of forming a
composite dental restoration which comprises a metal base and a
porcelain exterior portion. Composite structures are advantageous
in that a metal coping significantely enhances the strength of the
resulting dental restoration. Metal copings are disadvantagous in
that they are opaque and they have a color which contrasts with the
color of a natural tootl; and, further, they have toxicity problenms
in some instances. The uée of the subject invention to form an all
glass-ceramic-dental restoration is advantagous in that the coping
is essentially the same color as a natural tooth and, in

particular, it is essentailly the sain color as the porcelain from

which the exterior portion of the dental restoration is formed.

Further, the all ceramic structure is advanﬁagous in that problens
resulting for certain patients who are allergic to certain metals
are eliminated. In this procedure, metal free crowns and bridges
of outstanding strength and esthetic properties are achieved. The
outstanding esi:hetic properties results from the fact that these
glass-ceramic copings can be utilized as a base over which a
variety of different porcelains can be fired in order to achieve
the most delicate coloration and esthetic properties.

abl e



gl ass-ceramc material is in accordance with the co Ltion-No 13 of
Table |V. After preparation, test sanples were prepaj gtep ACRMENTORIES W t h
t he procedure described above. The resulting test sajples had a M O R {lof
32 K.S.1., a CT.E of 256, and a translucency of 5.} BegauBeh tDEE 1995t
sanples had a C. T.E. of 256 the conposigion was deenét=ta—he-tas-taltd as
a material for use in preparation of demntal restorations, accordingly,
further tests i dsnstatedr abdveut thedprocess Of ritha dnventiiom@ayoutidized.
57 :

both glass and glass-ceramic materials. Preferred glass-ceranmic
compositions _for ué.e in_ accordance with the invention are listed in
Tables I to IV. All components listed in Tables I to IV are in
weight percent.
The subject inventi_on can utilize any suitable glass-ceramic
materials As is shown in Table I to IV pfeferred glass-ceramic
. materials for use in this invention are lithium disilicate glass-
ceramio materials. In these materials Li,0 2(8i0,) constitutes the
crystalline phase, of the heat treated glass ceramic material.
Lithium disilicate glass-ceramic materials are particularly suited
for use in the invention in that they are non-toxic, they resist
thermal shock, have excellent.'strength , are corrosion resistant and
they produce dental restorations which approximate humane
coloration' and are translucent and esthetically pleasing. Further,
lithium disilicate glass-ceramic materials are advantageous in that
they maintain their structural integrity during heat treating, in
that they do not slump or sag during proper heat treating.
Other lithium disilicate glass-ceramic materials which may be
used in this invention are disclosed in U.S. patent 5,219,799
issued June 15, 1993.
 Lithium disilicate glass-ceramic materials may utilize P,0, as
a nucleating agent. .Other nuculating agents are TiO, and 2ro,.
Glass-ceramic compositiono which may be useful in this
invention are as per Table I. The percentages of Table I and the
other tables herein are in weight per cent.



Exanpl e 22 d ass-ceram ¢ dental conposition was prepared and_heat_ treated
I n accordance with this invention. The conposition offft

material is in accordance with the conposition No. 1 BEP W§ﬁ§§é¥bgﬁkeﬁ} er
preparation, test sanples were prepared in-accordanc vmttpt@eggﬁ“dur
descri bed above. The resulting test sanmgées had a M S
C.T.E. of 126, and a-translucency of 4.5 Because the test sanples had a
low C T.E. and a low MO R the conp05|tlgﬁnﬂgg¥deened to be unsuitable as
a material for use in preparation of dental restorations, accordingly,
further tests were not carried ouugand a dental re$terabi on was not forned.
Exanpl e 23

A1,0, 1.5 = 5.0
sio, 60 - 85
Na.O 0 -2
K0 0~ 2

. P04 1.5 - 5

' zrO0, 0 -3
cao 0-1

BaO + SrO + La0 O - 12
Coloring Oxides 0~5

More specific glass-ceramic compositions which may be useful
in the invention are as per Table II. In particular the
compositionis of Table II are useful in conjunction with either
high or low fusing porcelains which may be used to glter, shade or

glaze the dental restorations of this invention.

Table II
Li,o 10 - 13.5
Al,0, 2-3
sio, 70 - 84
K, 0 0-1
P,0, : 1.5 - 4

2x0, 0-1



A d ass-ceram c dental conposition was prepared and § :

with this invention. The conposition of the glass- c.rQFﬁkﬂGﬁMENWsmstﬁ n
accordance with the conposition No. 15 of Table I V. Af t 4 PDED 3

test sanples were prepared in accordance with the. pr é@@hnemdescrt ed
above. The resulting test sanples had g translucency 0
test sanples turned opaque during heat—treati.ng therefore the conp05|t|on
was deemed to be unsuitabl gapsgpofRrheri al for ugg Lngpreparation of denta
restorations, accordingly, further tests were not carried -out and-a dental
restorati on was not fornedca0 0-1

Coloring Oxides 0-5
In some instances it is desirable to form a dental restoration
which can be altered, or glazed with a low fusing porcelain. For
purposeé of this application a low fdsing porcelain is defined as
a porcelain which fuses at a temperature of about 700° c
Specific glass-ceramic compositions which are useful in

conjunction with low fusing porcelains are as per Table III.

Table III
Li,0 9 - 13
Al,0, | 1.5 - 4
si 0, 65 - 84
- Nas0 0 -1
K0 0-1
PO, ' ' 1.5 - 4
Zr O, 0-1
BaO+Sro+Lao | 0 - 12
ca o - - 0-1.
Coloring Oxides 0-5

Specific glass-ceramic compositions which may be useful in

this invention are as per Table 1IV.



58 Exanple 24 A d ass-ceramc dental restoration wg
with the foll ow ng procedure.

procedure descri bed above.

was prepared in accordance with the procedur
above in conhection with Exanple 6. A glass
then placed in the crucible and preheated to a tenp

The conpositi 0_
mat eri al was t hef

conposition #167¢

Figure 7

A nold was prepared
By use of slip casting t

and ¢

t
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echni
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tton wei ghing 6 grans was

erature of 650[err]C.
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and heated to a tenperature of 1425[err]C for a period of 10 m nutes. The
ram was then actuated, the crucible was brought into b d
in accordance with the general procedure as is illustr ﬁ@ﬂlAﬁEﬂEyWBHEE$
t hrough 6. The dental restoration was then renoved fr t he pnx nggﬁ
material cut apart fromthe sprue and heat treated. THeDplesuM: ﬁ@é

sanpl es and dental restoration had exceldent definition anuo a VMo R—aF35
K.S.1., a CT.E of 148 translucency of <35 and a softeni ng tenperature of
950[err]C. During the form ng process, the crucible retained its structural

integrity and fgrged, aa?ﬁg?f#%,ﬁ%é%? Wswfoﬁglﬁufﬁ”éébe rétdrrad EOf

heat treating process,
use in conjunction with this invention the glass-~ceranmic

compositions as defined in Table II are preferred.

The most preferred glass-ceramic composition for use in
accordance with this invention is the glass-ceramic composition as
is defined by composition 18 of Table IV. '

The glass~ceramic composition as defined by Table I to IV
above are particularly advéntageous over the prior art in that;

1. They are stronger than the prior art glass-ceramic

compositions.

2. Those compositions which incorporate barium and cerium

oxides are floreécent in ultra violet light.

3. The expansion rates of many of thése glass cergmic

compbsitions are compétable with the expansion rate
of existing altering porcelain materials.

4. They retain their strudtural integrity at higher

temperatures than those of the prior art, thereby
permitting altering at higher temperaturés.

As is listed in Tables I to IV, coloring oxides may be added to
the glass-ceramic material in order to achieve the desired
coloration of the glass-ceramic dental restoration.

Suitable coloring oxides for use in glass-ceramic compositions
which can be used in this invention, some of which are illustrated
in Table I to IV are Sno,, MnO, CeO, Fe,0,, Ni 0, V,0,, Cr.,0,, TiO,



59 restoration retained its structural integrity and di
deform during heat treating. The investnent material ut

REBLAGEMENT SHEET

1 zed va
GTJIN 3-23-94; As described herein above. The investne et k- ﬁ&&‘n

expansion rate of about 3% As a result of is expansi

rne

resulting dental restoration had excell ent Exanpl e 25 d ass-ceram c

dent al

restoratio

A nold was ;?rt'@par B&v&% gégg’%ﬁﬁci ) ﬁ%ﬂ%ﬂﬂ &?@é}#&gﬁggﬁg‘“@? @\r/gcedure

combination. ‘ _

After foirmatio_n of a glass-ceramic restoration in accordance
with the process .of this invention, the resulting dental
restoration is heat treated in order to effect the formation of
crystals in the dental restoration. This crystal formation is
generally referred to as heat treating and enhances the physical

and esthefic properties of the dental restoration. A suitable heat

| treating sequence for use with the glass-ceramic compositions of

Tables I to IV is as per Table V below. .

For the glass compositions which may be used in this invention
the best nucleating temperatures are about 25° to 50°C above the
upper anneal point of the glass-~-ceramic. It has also been
determined that a slow increase in temperature from just above the
up_pér anneal point to some 50°C. higher produces the best results
ih achieving maximum nucleation. It is also well known that the
temperature then must be raised to a higher temperature to affect
crystallization, this tenperathre depends upon the composition of °
the particular glass-ceramic material being used.

_ If the hqating sequence in the heat treating stage is improper
or is incorréct]_.y controlled the dental restoration may slump or
deform. It is understood by one skilled in the art that an optimum
heat treating procedure should be developed for each particular
glass-ceramic material in order to allow the dental restoration to
maintain its structural integrity during the heat treating process.

In the preferred embodiment the heat tr-eat cycle is such that



By use of slip casting techniques, -a crucible was prepargd in_accordance
with the procedure and conposition descri bed above in c %gﬁ Wt

Exanple 6. A glass button weighing 6 grans was then pl adged MENT 9+
and preheated to a tenperature of 650[err]C. The conposi [)8{41. ofUtLheDEC

gl ass-ceramic material used is in accordang® with conpo #1T7of--Tabl-e
| V. The preheated crucible and gl ass-ceram c material was then pl aced—Tnan

appar at us whirthes ceystailihe pmﬁo the\glassFcgranid materisl dhdorporates a
tenperature of 1425[err]C for a period of 10 mnutes. The ramwas then

act uat ed, thtaxgequnher\of finecrystadscvinish: axet IQVBndeﬂiapﬁn'sschhttaugh
e eeelosRl QIS SnBtuke 1, Hab Bbas hubh S st 49 rGed{ e
phase is very fine and evenly dispersed a dental restoration of
maximum strength results. Further a fine crystalline structure

tends to produce translucent dental restorations. ,
From the above discussion it is obvious that dental

restorations produced in accordance with this invention can be heat
treated after the dental restoration is removed from the investment
material and the sprue is cut away.

In accordance with an alternate preferred embodiment of this
1nvcntion the heat treating of tho dental restoration may be
effected while the dental testoration is still in the invested

~ state. That is heat treating can be effected while the dental
‘restoration is still encased in fho investment material.

In accordance with still another embodiment, the dental
restoration can be removed from the investaent ntlori.al in which it
was f.orudl and finished or partially finished prior to heat
treating. FPor heat treating the material i:s then reinvested in an
investaent material which enhances the heat treatment process.
After reinvestment the heat treating :I.s carried out in accordance
with the procedure described above.

Whenever the dental restoration is heat treated in the
invested state the shrinkage of the dental rutoraﬁion is minimized
if not eliminated. |

In heat treating and in particular in the formation of a

K




material. =~ 60 The resulting test sanples and dent
excellent definition and a MOR of 40 K S. 1., a
transl ucency of 3.5 and a softening tenperature of H§50 CQ\ D@n%he
form ng process, the crucible retained its structurgl?atat éh .- &r--F A med
an effective seal with the nold. Furth®p, during-.th TeatT g pr ocess,
the finished dental restoration retained its structural integrity and did

not sl UM e Ef 18 PHakB9sRERkdGEYe tle dental restoration occurs. This

shrinkage can amount to 3 percent. Naturally, this shrinkage is

TREBLAGEMENT SHEET

undesirable as it adversely affects the fit of the dental
restoration back into the patients mouth.

As a way of overcoming the shrinkage problem, it is within the
scope of this invention to invest the wax form in an investment -
material which expands when it hardens and is heated. That is the
investment material expands when it hardens to produce an oversize
mold cavity. This oversize mold cavity naturally produces an
oversize dental restoration. This oversize dental restoration is
then shrunk back to the correct size during the heat treating
process.

Foi: example since the glass-ceramic mai:erial shrinks about 3
.percent during the heat treating process the original wax form may
be irivested- ‘using an investment material which expands about 3
percent when it hardens and is heated. Using this procedure a
dental restor_ation which is 3 percent oversize results. This
oversize dental restoration is then heat treated whereupon it
shrinks about 3 percent to producé a finished dental restoration of
the cdrrect size.

In order i:o achieve proper fit, if the restoration is to be

_heat treated after femoval from the investment, an investment
material which expands on hardening and heating by about 3 percent
must be used. Investment materials which are useful with metals
are not particularly suited for use in the invention as they only

expand about 1.75 percent. Investﬁents which expand about 3



The investnent material utilized was Thernovest and after
renoved and the resulting dental restortion had excell ent
Exanpl e 26 A gl ass-ceramitc dental restoration was prepar |tn Bcéd]wm
with the foll ow ng procedure. A nold was prepared in acc CWiertcthe |

BE?EA&EﬁgﬁJr SREET

procedure described above. By use of slipgjcasting techniques, a crucible
was prepared in accordance with the proce.dl-ure- and conposition described

above iNn percent upon hardening and heating and hence permit this type of
procéss are manufactured by Whipmix Corporation of Louville, Ky.

and sold under the designation GIJM 3-23-94; 1
The preferred heat treating process for use with the glass-

ceramic compositions of Table I to IV is as per Table V

IABLE V _
Heat Restoration To '500
Ramp or Soak at | 500 - 600°C for 2 - 6 hours
Ramp at 600 - 925°C for 2 - 3 hours
Soak at . 925°C for 1 -~ 2 hours

Cool to : _ . Room temperature

Afteér heat treating the resulting dental restoration may
be further finished. This finishing may include a step wherein the
dental restoration is altered with one or more porcelains in order
to achieve the precise shape, shade and shading desired. For those
glass-ceramic materials of Tables I to IV which have a C.T.E. "
(Coeficient of Thermal Expansion) of from about 135 to about 145
at the set point temperature, it is desired. that the C.T.E. of the
altering porcelain material be from about 125 to about 135 and
always less the C.T.E. of the glass ceramic material. The process,

 wherein the C.T.E. is measured is defined in the descfiption of the
Examples herein below.

Deformable crucible 8 is a critical part of the subject



connection with Exanple 6. A glass button weighing 6 grans was then pl aced
in the crucible. The conposition of the glass-ceramc Terd +
accordance with conposition 18 of Table IV. The cruciblenghﬂaa?§§§f§gggni
material was then placed in an apparatus which is simljar tont [
Figures 7a and 7b and heated to a tenpgg:ture of 1425] rPWE"PBgE§§§h aYa
5 mnutes. The ram was then actuat ed, cruci bl e was brought into contact

with the | cc Wigt h .t g o] Iy d | s i n
Fi gures: iRt “Si@iRael's L. dFaTRPRER-rOL RN, Haq d WixcHhet

i nvest Tenpad@i4iid Nened! id8Pgeheta PIY Id\A SHidri®aANd ReWeverept el uli®rstood
resulting test sanples and dental restoration had.

by one skilled in the art that the crucible of this invention can

have configurations other that circular. The crucible is formed by
heat sintering a particulate mixture of compénents, such as, fused
silica, aluminum oxide, zirconium oxide, magnesium oxide with a
glass such as borosilicate glass, soda lime glass, bottle glass,
window glaés, etc., cléy or other materials that those skilled in
the art of crucible making might use, to form a crucible suitable
.for use with a glass-ceramic material. In the broad concept of
this invention one forms the crucible of a mixture of materials,
such that, at the temperature where the glass-ceramic material is
in the working range of about log 3 to log 4 P the crucible has a
viscosity of about log 5 to log 7 P. |

Crucibles for use in this invention are formed by slip
casting. The formation of crucibles by slip casting is well known
to those skilled in the art and is described in greater detail in
the Exaiples below.

In the description, as set forth aboﬁe, the compositions which
are used to form crucibles which are useful in this invention may
utilize a wide range of'mate:ials. While mahy glasses can be used
to form crucibles which are useful in the subject invention,
because of their toxicity, glasses which contain heavy metals such
as lead, cadmium etc. should not be used. |

An alternate method for the formation of crucibles for use in

this invention is by powder pressing and then sintered.

.-



excellent definition and a MO R of 47 KS. 1., a tran TC .
softening tenperature of 950[err] C. During the formn OLRGBMENT SHEET
crucible retained its structural integrity and forned nDeff tive seal
with the nold. Further, during the heat treating proce__f_t__h@?-ﬁi-ﬂfe.
dent al 62 restoration retained its styjuctural integrity an —
slunp or deformduring heat treating. THE investnent material utilized was
_x\hidpm X GIIM I Tnis ifvehtiohi BRE S6mPdsi ity Ero wHithe theerueibel ak
ad an expansi on ,
Formed contains materials such that it will be heat-pressure

deformable at the desired temperature i.e.. about log 3 to log 4 P
working temperature of the glass-ceramic. The -heat-pressure
deformation properties of the crucibles used in this invention is
to be contrasted with the crucibles of the prior art which are
designed to be rigid at the working temperature of the glass-
ceramic material which is contained therein.

In the alternate structure, as is shown in Figures 8, 9, and
10, the sealing of the deformed crucible against the mold is
enhanced. = In the structure as shown,. mold 64 incorporates a
circular depression 66 having vertical walls 68 and 70 to which
crucible 8 may seal. Vertical walls 72 and 74 of mold 65 may
further incorporate a plurality of annular grooves 76. As is
further showr in Figure 10, the sealing of crucible 8 against mold
65 is enhanced by the flowing of the upper extremities of crucible

8 into annular grooves 76 during the deformation process.

_ EXAMPLES
The present invention is illustrated by the following Examples

however, these examples are not to be construed as limiting the
invention. | |
Dental restorations were prepared in accordance with the below
listed examples. In these examples wax models of a tooth were
prepared. A sprue was then attached to the wax model. The wax

model with the sprue attached was then placed in an investment

a



rate of about 3% As a result of this expansion rate the
restoration had excellent fit. Exanple 27 A G ass- ceram ¢ dent

was prepared in accordance with the procedure described =
slip casting techniques, a crucible was_prepared in accordance w —J]
procedure and conposition described aboﬁg I n connection vmth Exanpl e 6. A

gl ass butt ﬁ#‘\m ﬁm‘i C n
pr eheat ed £ e gg*rrpr%svl%t lon o %ee ?gsghge?g%hcpiaﬁafl al cﬁr}g; .@r?t gram
accor danceow Kdrx Tiertoviegt #2tnfi7 anl of ¥. mikeure wuf 12 paaﬁd gt ThermovasitC

material was then placed in an . )
liquid with 1 part water. The resulting mixture was then mixed to

a uniform cons:.stency. The mixed investment wés then vibrated into

the investment ring and around the w;x nodel. The mold was .allowed

to dry and harden overnight‘. | The investment ring was then placed

in a burn out furnace aﬁ room temperature and the temperature

raised to 600°C where upon the wax model was burnt out of the
. investment material.

The crucibles as used in these examples were prepared by slip
casting. In this process a fenale plaster of paris mold was
prepared by mixing 1247.4 grams of plaster of paris with 946 ml of
water to a uniform consistency. The resulting mold was allowed to
harden for 36 hours. A slurry of a particulate crucible
formulation ‘mixture, as is idéntified in the examples below was
‘then placed in the preformed plaster of paris mold. The green
crucible was removed from the mold and fired in a furnace for 15
minutes at 1100°C to sinter the crucible to a hardened more durable
fornm.

The slurry used to form the crucible was formed by mixing 1
'pdund of particulate material with 160 ml water.

| Because of .f.he hyorasiopi_.c nature of the plastér of paris mold
the particulate crucible formulation slurry coagulates in the
plaster of paris mold. When the desired crucible wall thickness
‘'was achieved the remainder of the slurry was poured out of the mold

resulting in a green crucible structure which was allowed to dry.



apparatus which is simlar to that shown in Figures 7a

a tenperature of 1425[err]C for a period of 5 m nutes.{ THELASEMENT SHEET

actuated, the crucible was brought into contact with the nol ¢ j ngfegc‘%a ce
valme st e

with the general procedure as is illustrated in Figures 8% hrougs

dental restoration was then renoved fromX*he investnent nateri af .cut apart
fromthe sprue and heat _treated. 63 The _resulting test, sapples and
dental - restorafPortheadisted | examples niand, imgthis C?P?lb?aﬁg)% S. | they

transl ucenSXe%icient of thermal expansion _(c:'r.E.) was measured from room
temperature to 250°C and is reported in units of x10~ /°C.

The translucency of the resulting dental restoration was
measured by visual inspection given a value of 0 to 5 wherein value
of 0 was deemed to be perfectly clear and 5 was deemed to be
opaque. _

In the below listed Examples for purposes of injecting the
molten glass and glass ceramic material into the mold a pressure of
30 P.S.I was utilized, with the exception of Examples 26, and 27
wherein a pressure of about 50 P.S.I. was utilized.

The referenced heat treating sequence for all Examples except
Examples 26, and 27 is in accordance with Table IV above. '

In the below Examples the glass~ceramic test rods for
measuring modules of rupture (MOR) and thermal expansion (C.T.E)
were formed along with color tab test samples. These test rods and
color tab samples were subjected to the hea_t treatment process of
'rabie VI whereby the glasses were crystallized in situ to glass-
ceramics. The test rod samples were .120" X 1.25". The Examp]_.es
also record the visual appearance of each glass-ceramic and values
of various properties exhibited by the glass-ceramic, such as,
linear coefficient of thermal expansion (C.T.E.), reportéd in terms
of X 10 - /°C, modules of rupture (MOR), citéed in terms of K.S.I.
(thousands of pounds per square inch) as determined in accordance
with measurement techniques conventional in the art. K.S.I. may be

conversted to its metric equivalent MPa by dividing K.S.I. by .145.



3.5 and a softening tenperature of 950[err]C. During the form ng
process, the <crucible retained its structural integstya

effective seal with the nold. Further, during the heat
the finished dental restoration retained its structura

was Whi pm x GIJM 3- 23 94; As.described ﬁ_rel n above.
material had a total expansion rate:of about 3% As a result of this
expansion rate the resulting dental restoration had excellent fit. Exanples
26 and 27 repr eThatcorponenteusad jmdbeseakuagpies areaas cfeblp®itions in
accordance with this invention. As is mentioned the resulting dental
restorations of these Exanpl es were

Thermovest and Therovest Liquid as sold by Kerr Manufacturing Co.
Romulus, Mi. 48174. | | |

3I Fused Silica as sold by Harbison Walker Refactories division of
Indresco Inc., Pittsburg, Pa. 15223. |

SP921 TF (borosilicate glass) as sold by Specialty Glass Inc. of
Oldsmar, Florida and has the following compositions in weight

percent.
TABLE VI |
sio, 78
B.O, | 15
Al.0, 2.5

Na,0 ' 4.5



heat treated the heat treati ng procedure used for Exanples 26 and 27 is per

Table VII1. Heat Dental Restoration to 450[ err] (,B€£ rrace
Ranp or soak at 450-550[ err] C for l LA HBHEET
550-850[err] C for 2 hours Hold at . 5 fipr
45 m nutes Ranp at 850- 900[ e 1§ o ap Qtﬁg'rgé%%r e
Soak at 900[err3]7 C for 15 minutes Cool to
Room Tenperature 64

Example 1

An attempt was made to form a Glass—ceramic dental restoration
in accordance with the following procedure. A mold waé pfepared in
accordance with the procedure described above.

By use of slip césting techniques, a crucible was prepared in
accordance with the procedure described above by mixing 90.8 grams
of SP921TPF glass in 363.2 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1;100’ c. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650 °C.

. The composition of the glass-ceramic material used is in
accordance with conposition #1 of Table IV.

The preheated crucible and _glass-cerainic material was then
placed in an apparatus which is similar to that shown in Fiqure 7
and heated to a tenperéture of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was bz"ought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. The crucible cracked and hence

no dental restoration was formed.



After heat treati ng the dental restorations of Exanpkes—26—ant2F-wet
further finished by altering the shape and shade wi|t RERLACEMERNT SHEGT

porcel ain sold under the trademark Ceranto Il and | ow fusi porcel gpi n
sol d under the trademark Final Touch. Both of the ghteaﬂd4l 4. ng
porcel ains fired and adhered well. Like g€, bot h peFeeFaFrRs—Haa=+Hc ral

expansi ons which were conpatible with the——gl ass-ceramcs from V\/m ch the
dental restorations were fornmed. The Cdxample@ |2 and Final Touch porcel ains
as used herein are manufactured and sold by Ceranto, 1Inc. of six Terri
Lane, Burlington, N.J. 08016. Relative to the dental restorations as were

produced in accel 430aE-YhtdnFY UGS 205BBHaEIoA NS inlerlitd dnPicB6rasnce

that these restorafions were exceptionally stron
with the following procedure. A mold was prepared in accordance

with the procedure described above. .

By use of slip casting techniques, a crucible was prepared in
accordahce_with the procedure described above by mixing 136.2 grams
of SP921TF glass and 317.8 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650°C.

_ The composition of the glass-ceramic material used is in
accordance with composition #1 of Table 1IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400'0 for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general prbcedure as is

'_illustrated in Figures 3 through 6. _

The dental restoration was then removed from the investment

material cut apart from the sprue and heat treated.
The resulting dental restoration had excellent definition and
a M.O.R. of 41 K.S.I., a C.T.E. of 148, a translucency of 3.5 and
a softening temperature of 975° c. |
During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.



MO R ratings of about 50 K S.I. It should be noted R,
rati ngs of Exanples 26 and 27 do not correlate with t e!!&ﬂLO.CRMEr"H'thEr
are specified relative to the other exanples in that | diff%qua;e,%
protocol was used for nearusing the MO R of Exanpl ef 28 asid-245"THe" |
MO R for Exanples 26 and 27 were testggnon a Ll oyd I[Fstroment type No. TG
18 as manufactured by John Chatillon & s Inc. of Geensboro, N C.
These ne t SqQNE [ | . Q. Sk 7 L ng
cylindrical bars o l‘“f‘i%gm i.a{{r%a efﬁ\,#?g %fi%éasns,s' C%%&(;i E%h‘ggﬁ ‘?née#/{\né%ﬂ a
cr ossheadrégesfatiionl r@tained itsNstLuctirdal iintRgriticand @il nonSULepeEst S
of the other Exanples were nmade on a piece of equipnment which was

manuf act udefpmy during heat treating.

Additional tests were conducted wherein it was determined that

the crucible of this Example deformed and sealed well at 1375 and
1425°C

Example 3

A mold was prepared in accordance with the procedure
described above.

By use of slip casting techniques, a 'crucible was prepared in
accordance with the procedure described above by mixing 181.6 grams
of SP921TF glass and 272.4 grams of 31 fused silica with 160 ml of
water. After slip casting and d:;ying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placéd ih the crucible and preheated to a temperature of 650°C.

The preheated crucible without glass~ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.

During the heating process, the crucible lost its structural
integrity and was not capable of effecting a seal with a mold.

Therefore, no molding process was carried out.

Example 4

A mold was prepared in accordance with the procedure described



which are simlar to those of the above descri bed LI
TG 18 and used the sane test bars. Cenerally it coul

REPLACEMENT SHEET 65 applicant. This piece of equip im
rating of those Exanpl es other than Exanpl es éé}ﬁ%dikg'gggég¥f$d

MO R
| ow. For
27 and the test protocol of the ofher

to

y%ﬁpﬁﬁﬁﬁmﬂﬂﬁh$ﬂﬁﬁﬁ)

a corel ati on between the M<3$§ t est pr.otocol” of "EXanpres 26 and

anpl es Table | X should be referr
above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure described above by mixing 227 granms

of SP921TF glass and 227 grams of 3I fused silica with 160 ml of

water. After slip casting and drying, the crucible was sintered at

a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650°C.
The:prehéated crucible and glass-ceramib material was then

placed in an apparatus which is similar to that shown in Figure 7

and heated to a temperature of 1400°C for a period of 10 minutes.

During the heating process, the crucible melted and hence was
not capable of forming an effective seal with the mold. Therefore,

no nolding process was carried out.

Example S

. Glass-ceramic dental reétoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure descrzbed above.

By use of slip casting techniques, a cruclble was prepared in
accordance with the procedure described above by mixing 118 grams
of SP921TF glass and 336 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 656'c.

The composition of the glass-ceramic material used is in

i cs
No.

be
ed



Table 1 X Exanpl e No. Reported M OR MOR _ r._1.S. 0O As per
test used Test No. 6872 for Exanples 1-25 26

47 27 AT " 52 Exanpl e 2ff TTOPSEMENT SHker
dental restoration was prepared in accordance with thg ol 'nﬂEﬁqgg§d re.
A nol d was prepared in accordance with the procedure crLREd " Atove:™ Byl
use of slip casting techniques, a crucidlle was prepared in accordance Wth
t he proc é&éfﬂéﬁﬁh‘ﬁ?ﬂﬁ”ﬂdﬂ 4854 #aedeapalte! fyconnection with Exanple 6.
A gl ass %utton wel ghi ng 6 éraﬁt mas# - '

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400° C for a pefiod of 10 minutes.
‘The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. |

The dental restoration was then removed from the investnent
material cut apart from the sprue and heat trﬁated.

The resulting dental restoration had excellent definition and
physical properties as are reported with Example 2.

During the formihg process, the crucible retained its
structural integrity and formed an e:féctive seal with the mold.
Further, during the heat treating process, the finished dental
restoration tetained its structural integrity and did not slump or
defornm. Further tests ﬁere conducted on crucibles having the
composition as set forth above wherein it was determined that the
crucible cracked and hence was not functional at 1375°C. An
additional test demonstrated that the crucible of this example
deformed and sealed at 1425°C. |

Example 6

A Glass-ceramic dental restoration was prepared in accordance

with the following procedure. A mold was prepared in accordance



66 then placed in the crucible and preheated to a tenpg Sim
The conposition of the glass-ceramic material used is nEatAOEMENE~"
conposition 10 of Table IV. The preheated cruci bl e and} gl ass: '{Aﬂﬁgc
material was then placed in an apparatus which is sim mawto

Figure 7 and heated to a tenperature of4 425[ err] C f or~===peF
m nutes. The ram was then actuated, the uci bl e was brought |nto cont act

with the gakdl kReappeedadrs dbddritia GpRveal Procedure as is

By'use of slip casting techniqués, a crucible wés prepared in

=, & e

accordance with the procedure described above by mixing 127.1 grams
of SP921TF glass and 336.9 grams of 3I fused silica with 160 nl of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100’ C. A glass button weighing 6 grams was then
placed in the crucible.and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used is in
accordance with composition #1 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400° C for a period.of 10 minutes.
The ram was then actuated, the crucible'was brought into contact
wlth the mold in accordance with the general proceduré as is
illustrated in Figures 3 through 6.

The dental reétoration was then removed from the investment
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and
physical pfoperties as are in accordance with Example 2.

During the forming process, the crucible retained its
structural integrity and formed an effective seal for the mold.
Further, during the heat treating pfocess, the dental restoration
retained its structural integrity and did not slump or defornm.
Additional tests were conducted on the cfucible of this_example
wherein it was determined that the crucible would deform and seal

at both 1375 and 1425°C.



illustrated in Figures 3 through 6. The dental restorati
treated. The resulting test sanples and dental res{ GERLAGEMENISHEET
excellent definition and a C T.E. of 111 a translucency
softening tenperature of 850[err]C. During the formng
crucible retained its structural inte®dity and formed an erfective sear—
with the nold. Further, during the heat treating process, the finished
dental restoration retained its structural integrity and did not slunp or
deformduring heat treating. It should be understood that the invention is
not limted to the enbodi nent shown and described in Figures 1-10 and
exanples 1 to 28 since the process and conposition paraneters can be varied

 Example 7

A Glass-ceramic dental restoration was prepared in accordance
. with the followihg procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting technigues, a crucible was prepared in
accordance with the proéedute described above by nii:ing 145.3 grans
of SP921TF glass and 308.7 grams of 3I fused silica with 160 ml of
water. After slip casting and drying, the crucible was sintered at
a temperature of 1100° C. A glass button weighing 6 grams was then
placed in the crucible and preheated to a temperature of 650°C.

The composition of the glass-ceramic material used is in
accordance with composition #1 of Table IV. ‘ |

The preheated crucible and glass-ceramic material was then
placed in an apparitus which is similar to that shown in Figure 7
and heated to a temperature of 1400° C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then runo§ed from the investment
material cut apart from the sprue and heat treated.

The resulting dental restoration had excellent definition and
physical properties as are reported in accordance with exanmple 2.



and the configuration of the apparatus can be altered wt
fromthe scope of the invention. The above description a R&PQ&ﬁEMENEﬁHEET

Ratead.--o

illustrative only since nodi fications could be made wiijk hout ﬂagﬁggggh !

fromthe present invention, the scope of which is to be

follomﬁng.clains. 68 44

During the forming process, the crucible retained its
structural.integrity and formed an effective seal with the mold.
Further, during the heat treating process, the dental restoration
retained its structural integrity and did not slump or deform.
Additional tests were conducted on the cruéible of this Example
wherein it was determined that the crucible functioned at 1375°c.
However at 1425'c the crucible slumped and hence could not be used

-in the process of this invention.
 Example 8

A Glass-ceramic dental restoration was prepared in accordance
- with thé following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the;proéedure and description described above in
connection with Example 2. A glass button weighiné 6 grams was
then placed in the crucible and preheated to a temperature of
650 ‘C.

The composition of the glass-ceramic material used is in
accordance with composition #2 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact

with the mold in accordance with the general procedure as is



conprising the steps of; a. Placing a glass-ceramc natelngpLNQEMENTSHEET
heat - pressur e def or mabl e cruci ble, b. Heating the cruciblje and

gl ass-ceramic material to a tenperature at which said crjq
heat - pressure deformabl e and the gl ass- cer%glc mat eri al aiok-e .
Bringing the heated crucible into contact w#th the sprue end of a nDId
havi ng a prkilnsmnﬁtﬁﬁnﬁ%/Rﬂ@aMSBn3 thrQughi Gue to nove the crucible into
contact with the nol thereb cau5|ng the crucible to deforma alnst t he

mol d, and causi ng'R® tah ¥ aswhe, REROYed fFom, inysstment

material cut apart from the sprue and heated treated.

The resulting test samples and dental restoration had
excellent definition and a M.O.R. of 46.7 K.S.I., a C.T.E. of 138
a translucency of 2.75 and a softening temperature of 975° C.

| During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structuralhintegrity and did not slump or
deform during heat treating.

Example 9

A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the pfocedure described above. '

| By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and description described above in
éonnection with Example 2. A glass button weighing 6 grams was
then placéd in the crucible and preheated to a temperature of
650 ‘c. '

The composif.ion of the .glass-cerﬁic material used is in
accordance with composition #3 of Table IV.

The preheated crucible and glass—cgramic material was then

placed in an apparatus which is similar to that shown in Figure 7



gl ass-ceramc material to be injected into said cawty,’ h? %ﬁ?g BE
MENT SHEET

dental restoration, e. Cooling the nold and the gl ass-

restoration therein. f. Renpbving the formed ceranmic re _@{gtlﬂ)r‘ UEg e
nol d, 69 g. Heat treating the dental restoration h.
dental restoration 2. The process of ¢ m 1 whereinn the crucible

cont ai ni Ngnd "estéd Sed ¥ VinpdFutiireloft 130078 288 & MGerTbd! 6f CLCVRULes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the geheral procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then removed from the investment
material cut apart from the sprue and heated treated.

The resulting test sanmples .and dental restoration had
excellent definition and a M.0.R. of 43 K.S.I., a C.T.E. of 141 a
translucency of 3.0 and a softening temperature of 975°C. .

During the forming process, the crucible reta.ined its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or
deform during heat treating.

Example 10

A Glass-~ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and description described above in
connection with Example 2. A glass button weighing 6 grans was
then placed in the crucible and preheated to a tanporature of
650 °C.




di sposed in relation to each other. 3. The process t L& |t he
cruci ble containing the glass-ceramc material therei RERIACEMER ¥4 e
vertically disposed in relation to each other. 4. The procgss [}Et %I 1
wherein the dental restoration ‘is heat treated in thg Paed. =57 The 1
process of claim1 wherein the dental4%estoration is removed rromthe nold

and relIveokid BoafhehRlilor TERY RagbroprBRc eI GhgA ™A WiETC T
te”perglztﬂﬁfd&ﬂcé w;n 48 o194C olet FabieceVi.ty is about log 3 to about

4 P an e cruci as a viscosity of about log 5 to about 7 P at the
wor ki ng r angRe Opréheatédserueible candt glass-ceranic material was then

placed in an apparatus which is similar to that shown in Figure 7
- and heated to a temperature of 1400°C for a peri.éd, of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.
The dental restoration was then removed from the investment
material cut apart from the sprue and heated treated.

The resulting test samples and dental restoration had

excellent definition and a M.O.R. of 48 K.S.I., a C.T.E. of 133 a
translucency of 2.5 and a softening temperature of 975°C.
' During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, duri:ng the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or
deform 'dnrihg heat treating. |

Example 11
A Glass-ceramic dental restoration was prepared in accordance

with the following procedure. A mold was .prepared in accordance
with the procedure described above.




7. The process of claim2 wherein the glass-ceranic & @EBAE'NW Eto

a tenperature above its liquidus tenperature, to a wofiKi ng rang&ﬁy’:,g
viscosity is about log 3 to about 4 P 70 and the c uﬁit? ____________________ @i ..

viscosity of about log 5 to about 7 P4@t the working flange—of _the
gl ass-ceramc material. 8. The proce"ss of claim 3 wherein the

gI ass-ceram a, ragu S
terrp.erature (I)&taae%rlé 8 range %\/nere |'§sﬁg\%| s%oé y 'S a‘t)go'ﬁlﬂfegﬁ%ut Jdnabout
P andaddtrddncd Witinrthd girccedur® wridy wmp&wiohoaeicmbaaoubove in

connection with Example 2. A glass button weighing 6 grams was

then placed in the crucible and.preheated to a temperature of
650 ‘C. |

The composition of the glass-ceramic material used is in
accordance with composition #5 of Table IV.

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuéted, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

| The dental restoration was then heat treated.
_ The - resulting test samples and dental restoration had
excellent definition and a M.O.R. of 42 K.S.I., a C.T.E. of 140 a
translucency of 2.5 and a softening temperature of 975°C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its'stfuctural integrity and did not slump or
deforn during heat treating. '

W

A Glass-ceramic dental restoration was prepared in accordance



7 P at the wor ki ng range of the glass-ceranm ¢ materi al p=0=r= Fre—pracess: of
claim4 wherein the glass-ceramc nmaterial is heated t nspmaannuatnsufsabéve
its liquidus tenperature,to a working range where its lyi Sscosjt Utw
log 3 to about 4 P and the crucible and has a viscositly Date:a d%t.ﬂﬁi:o%
about 7 P at the working range of the glass-ceram c matFera—F0—THc——""
process of claimb5 wherein the glass-ceram &3mterial is heated to a

t enper at ure abtivethé sSEollpwilies proteduiiel’ €. A mold\aas [repRited Wi doddrdance
viscosity is about log 3 to about 4 P and the crucible and has a viscosity

of about |ogwsthdtnexnnocpdnng:daserubeﬂungovenge of the glass-ceranic
material. 11. Th roces% E er n the glass cg fntc mat eri al h%s
the foll owi ng coﬁﬂg §pmﬁ$iﬁ£ a crucible was prepared in

accordance with the procedure and composition described above in

connection with Example 6. A giass button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 ‘C. | , |

The compoéition of the glass~ceramic material used is in
accordance with composition #6 of Table IV.

‘The prehéated crucible and glass~ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ranm wae then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6.

The dental restoration was then heat treated.

The resulting test samples and dental }estoration had
excellent definition and a M.O.R.’of 41.5 K.S.I., a C.T.E. of 162
a translucency of 4 and a softening temperature of 950°C.

' puring the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or
defornm during heat treating.
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Example 13

A Glass-~ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above. '

By uée of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glasé button weighing 6 grams was
then placed in the crucible and preheated to a temperature of
650 °C.

The composition of the glass-ceramic material is in accordance
with a composition #7 of Table IV. .

The preheated crucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7 |
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. |

The dental restoration was then renoied from the investment
material cut apart from the sprue and heated treated. -

The resulting test samples and dental restoration had
excellent definition and a M.O.R. of 53.5 K.S.I., a C.T.E. of 136
a translucency of 4.0 and a softening temperature of 950° C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
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Exasple 14

A Glass-ceramic dental restoration was prepared in accordance

with the following procedure. A mold was prepared in accordance

with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 2. A glass button weighing 6 grams was

| then placed in the crucible and pfehcatod to a temperature of

650 ‘C.

The glass-ceranic inaterial used was Di-Cor as sold by the
Densply Corporation and as is described above. Di-Cor is thought
to be flourd-mica glass-ceramic.

The preheated crucible and glass-ceramic material was then
placed in an. appafatns which is similar to that shown in Figure 7
and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with . the goncral__ procedure as is
illustrated in Pigures 3 through 6.

The dental rﬁs‘l_':oration was then heat treated in the
investnent. | '

While the glass—-ceramic properly f£illed the mold the resulting
dental restortion cracked as a result of shrinkage during the heat
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treating process. This cracking is thought to result from the fact

that the forming investment was not suitable for use in the heat

treating sequence.

Example 15

A Glass-ceramic dental resﬁoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and comgosition described above in
connection with Example 2. A glass button weighing 6 grams was
then placéd in the cruciple and preheated to a temperature of
650 °C. .

The congosition'of the glass used in weight percent was:;

IABLE VI
sio, 50.2
B.O, | 8.6
AlF, .7
Al.0, 16.0
Bao 4.75
Zno . 19.78

The preheated crucible and glass—ceramic material was then
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- and heated to a temperature of 1400°C for a period of 10 minutes.
The ram was then actuated, the crucible was b:ought into contact
with the mold in accordance with the general procedure as is
iilustrated in Figures 3 through 6.

A Satisfactqry dental restorat{pn resulted which was then
removed from the investment material cut apart from the sprue.

The resulting teét samples and dent#l restoration had
excellent definition and a M.O.R. of 4 K.S.I., a C.T.E. of 56 a
translucency of 0.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Because the. material used was a glass the resulting dental

restoration was not heat treated.

Example 16

“Glass-ceramic dental composition was prepﬁred and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 8
of Table IV. After melting, test samples were prepared 'in
accordance with the procedure described above. The resultiﬁg test
saﬁples had a M.0.R. of 30 K.S.I., é C.T.E. of 157, a translucency
of 40 and a softening temperature of 925°C.

' The test samples cracked during heat treating therefore the

composition was deemed to be unsuitable as a material for use in
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preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.

Example 17

A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No.. 9
of Table IV. After melting, test samples were prepared in

accordance with the procedure described above. The resulting test
samples had a M.O.R. of 24 K.8.I., a C. T E. of 145, and a softening
temperature of 975°C.

Because the test samples had a M.0.R. of only 24 and the
glass-ceramic was hard to melt and form the composition was deemed
to be unsuitable as a material for use in preparation of dental
'restorations, accordingly, fur:_ther tests were not carried out and

a dental restoration was not formed.

Example 18

A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass~ceramic material is in accordance with the composition No. 10
of Table IV. After preparation, test samples were prepared in

accordance with the procedure described above. The resulting test
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translucency of 2.5 and a softening temperature of 975°C.
Because the test samples had a C.T.E. of less than 130 the

composition may not be unsuitable as a material for use in

preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.
Example 19
A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 11
of Table IV. Aftef preparation, test samples were prepared in
accordance with the procedure described above. The resulting test
samples had.a M.O0.R. of 35 K.S.I., a C.T.E. of 80, a translucency
of 3.5 and a softening temperature of 975°C. |
' Because the test samples had .a C.T.E. of 80 the composition

was deemed to be unsuitable as a material for use in preparation of

dental restorations, accordingly, further tests were not carried

out and a dental restoration was not formed.
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A Glass-ceramic dental composition was prepared and heat
treated in accordance with this invention. The composition of the
glass-ceramic material is in accordance with the composition No. 12
of Table IV After preparation , test samples were .prepared in
accordance with the procedure described _aboire. The resulting test

'samples had a M.0.R. of 31 K.S.I., a C.T.E. of 127, and a
translucency of 2.5.

Because the test samples had a C.T.E. of 127 therefoi'e the
composition may not be unsuitable_ as a material for use in
preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.

Example 21

A Glass~ceramic dental composition was prépared and heat
treated in accordance with this invention. The composition of the
glass~ceranic material is in accordance with the composition No. 13
of Table IV. After preparation, test samples were prepared in
accordance with the procedure described above. The resulting test
samples had a M.O0.R. of 32 K.S.I., a C.T.E. of 256, and a
translucency of 5. '

- Because the test samples had a C.T.E. of 256 the composition
was deemed to be unsuitable as a material for use in preparation of
dental restorations, accordingly, further tests were not carried

out and a dental restoration was not formed . .
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Glass-ceramic dental composition was prepared and heat treated
in accordance with this invention. The composition of the glass-
ceramic material is in accordance with the composition No. 14 of
Table 1IV. After preparation, test samples were prepared in
accordance with the procedure described above. The resulting test
samples had a M.0.R. of 13 K.S.I., a C.T.E. of 126, and a
traﬁslucency of 4.5.

Because the test samples had a low C.T.E. and a low M.0.R. the
composition was deemed to'be'unsuitable as a material for use in
preparation of dental restorations, accordingly, further tests were

not carried out and a dental restoration was not formed.

A Glass-ceramic dental composition was prepared and elevated
in accordance with this invention. The composition of the glass-
ceramic material is in accordance with thé composition No. 15 of
Table .IV. After preparation, test samples were prepared in
accordance with the procedure described above. The résulting test
samples had a t:anslucency of 5.0.

Because the test samples turned opaque during heat treating
therefore the composition was deemed to be unsuitable as a material
for use in preparation of dental restérations, accordingly, further

tests were not carried out and a dental restoration was not formed.
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A Glass-ceramic dental restoration was prepared in accordance
with the following procedure. A mold was prepared in accordance
with tﬁe procedure described above.

.By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glass button weighing 6 grams was then
placed in the crucible and preheatéd to a temperature of 650 °C.

The composition of the glass-ceramic material used is in
accordance with composition #16 of Table IV.

The preheated cfucible and glass-ceramic material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3'through 6.

The dental restoration was then removed from the investment
material cut apart from the sprue and heat treated.

The resulting test samples and dental restoration had
excellent definition and a M.0.R. of 35 K.S.I., a C.T.E. of.148
translucency of 3.5 and a softening temperature of 950° C.

' During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
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formati “restoration retained its structural integrity and did not slump or

deform during heat treating.

The investment material utilized was Whipmix GTIM 3-23-94; As
described herein abo_vé. The investment material had an expansion
rate of about 3%. As a result of this expanéion rate the resulting

dental restoration had excellent fit.

~ Example 25

Glass-ceramic dental restoration was prepared in accordance
- with the following procedﬁre. A mold was prepared in accordance
with the procedure described above.

By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and composition described above in
connection with Example 6. A glass button weighing' 6 grams was then
placed in the crucible and preheated to a tempefatu_re of 650 ‘C.

The composition of the glass-ceramic material used is in
accordance with composition #17 of Table IV. |

The preheated crucible and glass-cerami.c material was then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then actuated, the crucible was brought into contact
with the mold in accordance with the general procedure as is
illustrated in Figures 3 through 6. | |

The dental restoration was then heat treated in the investment

material.
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The resulting test .samples and dental restoration had
excellent definition and a M.0.R. of 40 K.S.I., a C.T.E. of 138 a
translucency of 3.5 and a softening temperature of 950° C.

During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or

deform during heat treating.
The investment material utilized was Thermovest and after heat

treating was removed and. the resuiting dental _restortion had
excellent fit.
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A glass-céramic dental restoration was prépared in accordance
with the following procedure. A mold was prepared in accordance
with the'procedure described above.

By use of slip casting techniques, a crucible was prépared_in
accordance with the procedure and composition described above in
connection with Ekample 6. A glass button weighing 6 grams wés
then placed in the cruciblg.

The composition of the glass-ceramic material used is in
accordance with composition 18 of Table IV. |

The crucible and glass-ceramic material was then placed in an
apparatus which is similar to that shown in Figures 7a and 7b and
'heated to a temperature of 1425° C for a period of 5 minutes. The
ram was then actuated, the crucible was brought into contact with
the mold in accordance with the general procedure as is illustrated
in Figures 3 through 6. : _ |

The dental restoration was then femoved from the investmént
material cut apart from the sprue and heat treated.

The resulting test samples and dental restoration had
excellent definition and a x;o.R. of 47 K.S.I., a translucehcy of
4.0 and a softening temperature of 950° C.

During the forming process, the crucible reﬁained its
structural integrity and formed an effective seal with the mold.

Further, during the heat treatihg process, the finished dental
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The investment material utilized was Whipmix GTOM 3-23-94; as
described herein above. The investment material had an expansion
rate of about 3%. As a result of this expansion rate the resuiting_

dental restoration had excellent fit.

Example 27

A Glass-cerahic dental restoration was prepared in accordance
with the following prdcedure. A mold was prepared in accordance
. with the procedure described above.
By use of slip casting techniques, a crucible was prepared in
: accofdance with the procedure and composition described above in
connection with Example 6. A glass button weighing 6 grams was
then placed in the crucible and not preheated .

The composition of the glass-ceramic material used is in
accordance with composition 19 of Table IV.

The crucible and glass-ceramic material was then placed in an
apparatus'which is similar to that shown in Figures 7a and 7b and
heated to a temperature of 1425° C for a period of 5 minutes. The
ram was then actuated, the crucible was brought into contact with
the mold in accordance with the general procedure as is illustrated
in Figures 3 through 6.

The dental restoration was then removed from the investment

material cut apart from the sprue and heat treated.
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During the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, 'during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or
deform during heat treating. _

The investment material utilized was Whipmix GTJM 3-23-94; As
described herein above. The investment material had a total
expansion rate of about 3%. As a result of this expansion rate the
resulting dental restoration had excellent fit.

Examples 26 and 27 represent the preferred process and glass
ceramic compositions in acdordance with this invehtion. As is
mentioned the resulting dental restorations of these Examples were
heat treated the heat treating procedure used for Examples 26 and
27 is per Table VIII. _

Table VIII

Heat Dental Restoration to . 450° C at furnace rate
Ramp or soak at | 450-550° C for 6 hours
Ramp at | ' 550-850° C for 2 hours
Hold at | ~ 850° C for 45 minutes
' Ramp at ' . 850-900° C at furnace rate
Soak at 900° C for 15 minutes
Cool to | Room Temperature
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def or nabl e cruci f claim 2§ wherein the netal
ter eat treating the dental restorations of Examples 26 and

27 were further finished by altermg the shape and shade with a
high fusing porcelain sold under the trademark Ceramco II and a low
fusing porcelain sold under the trademark Final Touch. Both of the
high and low fusing porcelains fired and adhered well. Likewise,
both porcelains had thermal expansions which were compatible with
the glass-ceramics from which the dental restorations were formed.

The Ceramco II and Final Touch porcelains as used herein are
manufactured and sold by Ceramco, Inc. of six fefri Lane,
Burlington, N.J. 08016.

Relative to the dental restorations as were produced in
accordance with Examples 26 and 27 above it should be noted that
these resforations .wer'e exceptionally strong in that they had
M.O.R. ratings of about 50 K.S.I. |

It should be noted that the M.0.R. ratings of Examples 26 and
27 do not correlate with the M.O.R. ratings as are specified
relative to the other examples in that a different test protocol
was used for mearusing the M.O.R. of Examples 26 and 27. The
M.0.R. for Examples 26 and 27 were tested. on a Lloyd Instrument
type No.TG 18 as 'manu.factured by John Chatillon & Sons Inc. of
Greensboro, N.C.. These measurements were made in accordance with
I.S.0 test No. 6872 using cylindrical bars of 0.125" diameter with
a 1" span, 3 point bending with a crosshead speed of 1 m.m. per
ninute.

In contrast the M.0.R. measurements of t_he othér Examples were

made on a piece of equipment which was manufactured by the
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similar to those of the above described Lloyd instrument type No.
TG 18 and used the same test bars. Generally it could be said that
the M.0.R. rating of those Exampiec other than Examples 26 and 27
appear to be low.

For a corelation between the M.O.R. test protocol of Examples
26 and 27 and the test protocol of the other Examples Table IX
should be referred to |

Table IX
Example No. lieported M.O.R. M.0O.R. as per. I1.5.0.

As per test used Test No. 6872
for Examples 1-25

- 26 42 47
27 48 - 52
Example 28

A glass-ceramic dental restoration .wa prepared in accordance
with the tollowing procedure. A mold was prepared in accordance
with the procedure described above. |

- By use of slip casting techniques, a crucible was prepared in
accordance with the procedure and conposit;on described above in

connection with Example 6. A glass button weighing 6 grams was



79 weight percent). [err] 78 [err] 15 [err]
The heat defornmable crucible of claim30 wherein the
borosilicate glass having the follow ng conposition (
[err] 78 [err] - 15

mmseﬁsm SHEET

------------------------------

66
then placed in the crucible and preheated to a tempefature of
650°C. | |

The composition of the glass-ceramic material used is in
accordance with composition 10 of Table IV.

The preheated crucible and glass-ceramic material wés then
placed in an apparatus which is similar to that shown in Figure 7
and heated to a temperature of 1425°C for a period of 10 minutes.
The ram was then actuated, the cruciblé was brought into contact
with the mold in accordance with. the general prdcedure as is
illustrated in Figures 3 through 6.

The dental restoration was then heat treated.

The resulting test samples and dental restoration had
excellent definition and a C.T.E. of 111 a translucency of 3.5 and
a softening temperature .of -850"0, _

During -the forming process, the crucible retained its
structural integrity and formed an effective seal with the mold.
Further, during the heat treating process, the finished dental
restoration retained its structural integrity and did not slump or

deform during heat treating.

It should be understood that the invention is not limited to
the embodiment shown and described in Figures 1~10 and examples 1
to 28 since the process and composition parameters can be varied
and the configuration of the apparatus can be altered without
departing from the scope of the invention.

The above description and drawings are illustrative only since
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WHAT IS CLAIMED:
i. a process for forming a ceramic dental restoration comprising

the steps of;

a. 'Placing a glass—-ceramic material in a heat-pressure

deformable crucible,

b. 'He#ting the crucible and glass-ceramic material to a
temperature at which said crucible becomes heat-pressure

deformable and the glass-ceramic material is moldable,

c. Bringing the heated crucible into contact with the sprue

end of a mold having a preformed cavity therein,

' d. Continue to move the crucible into contact with the mold
théreby causing | the crucible to deform agai:nst the niold,and
causing a seal to form there between and causing the moldable
glass~ceramic material to be injected into said cavity,

thereby forming a dental restoration,

e. Cwiing the mold and the glass- ceramic dental restoration

therein.

f. Removing the formed ceramic restoration from the mold,
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2.

h. Finishing the dental restoration .
The process of claim 1 whereinn the crucible containing the
glass ceramic material therein and the mold are axially

disposed in relation to each other.

The process of claim 1 wherein the crucible containing the

glass~ceramic material therein and the mold are verticélly

disposed in relation to each other.

The process of claim 1 wherein the dental restoration is

heat treated in the mold.

The process of claim 1 wherein the dental restoration is

removed from the mold and reinvested prior to heat treating.

The process of claim 1 wherein the glass-ceramic material is
heated to a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5§ to about

7 P at the working range of the glass—-ceramic material.

The process of claim 2 wherein the glass-ceramic material is
heated to a temperature above its liquidus temperature, to a
working range where its viscosity is about log 3 to about 4 P
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7 P at the working range of the glass-ceramic material.

8. The process of claim 3 wherein the glass-ceramic material is
heated to a temperature above its liquidus temperature,to a
working range whére its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 to about

. 7 P at the working range of the glass-ceruuc material.

9. The process of claim 4 wherein the glass—c’eramic' material is
heated to a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 to about

7 P at the working range of the glass-ceramic material.

10. The process of claim 5 wherein the glass-ceramic material is
heated .t_:o a temperature above its liquidus temperature,to a
working range where its viscosity is about log 3 to about 4 P
and the crucible and has a viscosity of about log 5 to about

7 P at the working range of the glass-ceran_ic material.

11. The process of claim 1 wherein the glass~ceramic material haé
the following composition (by weight percent)
Li0 _ 8 - 15
aAl,0, 1.5 - 5.0
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45.  The process of claim7 . m’ m i ni Shl ng of the dental
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one. . Qr

nore porcelains, having C T.E 's of fromabout 125 to 135 at thelr set
poi nt. 47. The process of claigg 9 wherei né6bhe 8Bni shing of the dental
restoration includes the alteri ng of said dental restoration with _one or
nore porcel ains, having C.T.E N8®f from abouf TI28 to 135 at their set

poi nt . K,0 0 - 2
" PO, 1.5 -5

Zro, ' 0-3

Ca0 0 -1

BaO+Sro+Li0 = 0 - 12

Coloring Oxides 0 - 5

and the crucible is formed by the heat sintering of a particulate
mixture of from about 68 to 74 percent of fused silica and from

about 26 to about 32 percent of d borosilicate glass having the

following composition (by weight percent) : v
sio, 78
B0, 15
Al.0, 2.5
Na.,0 4.5

and the glass-ceramic restoration is heat treating to affect.

crystal formation.

12. "rhe process of claim 2 wherein the glass-ceramic material has

the following composition (by weight percent)

Li0 8 -15
a1o0, 1.5 - 5.0
sio, 60 - 85



82 48. The process of claiml
restoration includes the alterin
nore porcel ai ns,

poi nt. 49

nor e porcel ai ns,

poi nt. 50.

13,

DA OB SRR = ropeisze o

5 of fromabout 125 to 185 at h

The process of claim 14 whesein the finishipag fldﬂfi
restoration includes 'the alterlng of said€—dental restor
s of fromabout 125 to 135 at their set

having C T.E."'

having C. T.E'

dent al

The procedm,0of claim 15 whereina ke Xini Shl ng of the dent al
restoration includes the altering of said dental

K,0
P.0,
Zro,
cao

Bao+Sro+Lio

Coloring Oxides

0~ 2
1.5 -5
0-~3
0-1
0 - 12
0-5

and the crucible is formed by' the heat sintering of a

particulate mixture of from about 68 to about 74 percent of

fused silica and from about 26 to about 32 percent of a

borosilicate glass having the following composition (by weight

percent).
sio,
B0,

Al,0,
Na,0

. 78

15
2.5
4.5

and the glass-ceramic restoration is heat treating to affect’

crystal formation.

The process of claim 3 wherein the glass-ceramic material has

Li 0
Al 0,

sio,

‘the following composition (by weight percent)

8 - 15
1.5 - 5.0
60 ~ 85

ik



restoration with one or rmre porcelalns having C.T.E.'s
to 135 at their set point. J]!' m ,Imun, aim 1 MEPMQEMEET SHEET
preformed cavity is forned by i nve in an j nves m
expands about 3 per cent upon hardening and Mheat i ng and r ﬁengqf ------
nodel fromthe cavity by burning the wax no ¢§I out of the C&VTTT“S‘Z“‘——‘—”
The process of claim6 wherein the preforne avity is fornmed by investing

a wax nodel in an investmreNa,ovhi ch expands abouto3-per cent upon hardeni ng
and heating and renoving the wax rmdel fromthe cavity by burning the wax
model out of the cavity. K,0 0 -2 .

W

PO, 1.5 -~ §
2ro,’ 0-~-3
Cao 0-1
BaO+Sro+Lio 0 - 12
Coloring Oxides 0-~-5

and the crucible is formed by the heat sintering of a
particulate mixture of from about 68 to about 74 percent of
fused silica and about 26 to about 32 percent | of a
borosilicate glass having the following compositioh (by weight

percent).
sio, 78
B0, 15
Al.0, 2.5
Na.0 4.5

and the glass~ceramic restoration is heat treating to affect

crystal formation.

14. The process of claim 6 wherein the glass—-ceramic material has

the following composition (by weight percent)

Li0 8 - 15
Alao, 1.5 =~ 5.0
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83 53. The process of claim

LT e 'mm

I nvesting a wax nodel in an in

har deni ng and heating and renovi'ng ¢t he wax 910 fromthe caw'i:'{“‘I burnlng
The process of clfi d{

t he wax nodel out of the cavity. 54.
preformed cavity is forned by investing a wa& nodel in a

expands about 3 per cent upon hardeni ng and heating and renDV|ng the max
nmodel fromthe cavity by bsi®j ng the wax nodel 60t-~o85the cavity.

Na,O 0 -2
K,0 0~ 2
P.0, 1.5 - 2.5
Zro, 0-3
cao 0~-1
BaO+Sro+Lio 0~ 12
Coloring Oxides 0-~-5

and the crucible is formed by the heat sintering of a particulate
mixture of from about 68 to about 74 percent of fused silica and
from about 26 to about 32 percent of a borosilicate glass having
the following composition (by weight percent)

sio, 78
B.0, 15
ALo, 2.5
Na.0 4.5

and the glass-ceramic restoration is heat treating to affect

crystal formation.
15. The process of claim 6 wherein the glass-ceramic material has
the following composition (by weight percent)

Li0 10 -~ 13.5
Al,0, . 2 - 3.0



55. The process of claim?9 V\hel[lmu“ lﬂiwuﬂgjumd I'"'_‘ errredg-—y

I nvesting a wax nodel in an inves ds ameELﬁpmMENSFISHEESb
har deni ng and heatinh and renovi ng the wax nodel fromte cavbozmw

t he wax nodel out of the cavity. 56. The process of I@atcn L
prefornmed cavity is forned byinvestlndéa wax. rmdel I n afF—T1v F
expands about 3 per cgg upon har deni ng and geat and renovi ng the wax

nodel fromthe cavity yburni ng the wax ol of the cavity. 57.

The process of claim kélowherel n the preformeg cayity is formed by investing
a wax nodel in an invedtment which _

P,0, 1.5 - 4
2ro, 0-1
cao 0-1
BaO+Sro+Li0 .5 - 4

' Coloring Oxides 0-5

atid the crucible is formed by the heat sintering of a
particulate mixture of from about 68 to about 74 percent of
fused silica ~and from about 26 to about 32 percent of a
borosilicate glass having the following composition (by weight

percent).
sio, 78
. B0, 15
Al.0, 2.5
Na,0 . 4.5

and the glass-ceramic restoration is heat treating to ‘affect

‘crystal formation.

16. The dental restoration which is formed from the process of
claim 1.

17. The dental restoration which is fomed from the process of
claim 2. '



84 expands about 3 per cent upon m ting affi T ETOvRg=tha
nmodel fromthe cavity by burning “m, "ﬁ" e caV| .

process of claim 15 wherein the prefdrmd cathy*ls forn
wax nodel in an investment which expands about 3 per ce

and heating and renoving the wax nodel frdéthe cavity by ---------- _-__:'

nodel out of the cavit The process of claim6 wherein the

gl ass- cer8ni cThet 8epkp h&'&sﬁﬁ'EaFéPFomhghcd#p(fsqm% fxom \Ehe, hPr‘b%?%%rﬁ§
claim 3.

19. The dental restoration which is formed from the process of

clainm 4.

20. The dental restoration which is formed from the process o'f

clainm 5.

21. An apparatus which is suitable for the formation of a dental
restoration which comprises a mold having a cavity therein, a
means for retaining said mold in a fixed position, a heat
deformable crucible containing a molten glass—ceramic material
therein, a means for supporting said crucible, a means for
uniformly heating said crucible and said glass-ceramic
material, and a means for bringing said crucible into contact
with seid mold thereby causing said crucible to deform and
seal against mold and causing the molten glass-ceramic
material to be injected into the cavity which is integral with
the mold.

~ 22. The apparatus for claim 21 wherein means are provided for
rotating the crucible while it is being heated in order to

facilitate its uniform heating.

23. The apparatus of claim 21 wherei.r_z means are provided for
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[err]
0.5 [err]
0.1 ferr]

err
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restoration which is for rreg ?rE)anr 21] gl ass- 77ceram c m?ef‘@%t%ﬁa®%

foll ow ng conposition ( X ght :
automatica ly control],:l.ng the uniform heating of the crucible

- 24.

25.

26.

27.

28.

|
1
|

|
!

in accordance with a rredetermined cycle and a means are
provided for automatically moving said crucible into contact

with said mold in accordance with a predete;:nined cycle.

The apparatus of claim 22 wherein means are provided for
automatically controlling the uniform heating of the crucible
in accordance with a predetémined cycle and a means are
provided for automatically moving said crucible into contact

with said mold in accordance with a predetermined cycle.

The apparatus of claim 21 which further incorporates a waisted
aperture wherein the crucible is ghided into contact with the
mold.

A heat deformable crucible having a base and a side portion
wherein said crucible is formed by the heat sintering of a

particulate mixture of a glass and a metal oxide.

The heat deformable crucible of claim 26 ‘wherein the
percentage of the particulate mixture comprises from about 26
to about 32 percent glass and from about 68 to about 74

percent of a metal oxide.

The heat deformable crucible of claim 26 wherein the glass is

a borosilicate glass.

Qemgrpeent
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0-.%h [err]
.ijiS [err]
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29.

30.

31.

32.

a3.

34.

35.

icent) o [err]

A

8

a borosilicate glass.

The heat deformable crucible

oxide is silica.
The heat deformable crucible
oxide is silica.
The heat deformable crucible

oxide is silica.

The heat deformable crucible

oxide is silica.

of

of

of

of

Ogégé%%-.;@ Qv bREET
Opats :... 4
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claim 26 whergin the

claim 27 wherein the

claim 28 wherein the

claim 29 wherein the

The heat deformable crgcible of claim 27 wherein the glass is

metal

metal

metal

metal

The heat deformable crucible of cl#im 26 wherein the glass is

a borosilicate glass having the following composition (by

weight percent).
sio,
B.O,
Al O,
Na.,0

78

15

2.5

4.5

'The heat deformable crucible of claim 27 wherein the glass is

a borosilicate glass having the following composition (by



BaO+Sr O+LaO

restoration which is 190; mﬁ fC?L%r :angl %llmuuﬂumyﬂmltlml aI [ﬁ% EE
followi ng conpopsition (by weight perceht)s [term] s %H T
[err] 2- 3 [err] 70 - 84 [err] |f pate 04083!935
0- 1 [err] 1.5 - 4 [err] 79 0 -1 Ba=S=0H )
> - 460 weight percent(:)): 1 : T |
sio, 78
BO, 15
Al0, 2.5
Na_0 4.5
36. The heat deformable crucible of claim 30 wherein the glass is
: a borosilicate glass having the following composition (by
weight percent).
sio, 78
B.O, 15
Al,0, 2.5
| Na,0 4.5
37. The heat deformable crucible of claim 31 wherein the glass is
a borosilicate glass having i:he following composition (by
weight percent). | .
' sio, 78
B,O, 15
Al 0, 2.5
Na. 0 4.5
38. The heat deformable crucible of claim 32 wherein the glass is

'a borosilicate glass having the following composition (by

weight percent)
§io, 78




O;Iori'ng Oxi des 0- 5 62 ‘ |on which is fornmed from
a*glass ceramc 86 material h m ﬁrlgﬁ g corrpo | .
percent); [err] ' E} 5 ﬁé‘ﬁ-ﬁéﬁll NFSHEET

65 - 84 [err] 0 rr] [;ate 04DECI%
_ 80 )
B0, 15
al,0, 2.5
Na.0 4.5-

39. The heat deformable crucible of claim 33 wherein the glass is
a boorosilicate glass having the following composition (by)

weight percent).

sio, 78
B,0, 15
al.,0, 2.5
Na.0 4.5

40. The heat deformable cr_ucible' of claim 36 wherein the
particulate mixture comprises 28 percent borosolate glass and

72 percent silica.

41. The process of claim 1 whez_'ein the sprue end of the mold
incorporates as circular cavity which interacts with the
‘crucible when the deformable crucible is brought into contact
with the mold.

42. The 'pz_'ocess. of claim 1 wherein the sprue end of the mold
incorporates a circular cavity the axis of whj.ch is parallel
with the axis of the mold, the outer edges of said cavity
having a plurality of annular grooves, which interact with the
crucible when the deformable crucible is brought into contact




-

L] o be e cJIIIIHHHIILIIIHJIIIIlﬁlllL 0 - 5| oErn %
restorati on which if forned fron1a bl &sstcelfant c faterial faving t ' ”EET/

foll ow ng conposition (by weight percent ;

g [err]
2.5 [err] 78.5 [err] 1 0.5 [err]‘==============:==ﬁ
2.0 with the mold. -

43. The process of claim 1 wherein the finishing of the dental
restoration incluges the altering of said dental
restoration with one or more porcelains, having C.T.E.’s of

from about 125 to 135 at their set point.

44, The process of claim 6 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.'’s

.of from about 125 to 135 at their set point.

45.  The process of claim 7 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

46. The process of claim 8 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.'s

of from about 125 to 135 at their set point.

47. The process of claim 9 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.'’s

of from about 125 to 135 at their set point. .
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0.4 64. The dental restoration of claim60 which is altgred witr _ I
porcelain material which has a C.T.E. which is slightly I fs‘atphﬂaztﬁﬁculgﬁ... ]
C.T.E. of the glass ceramic material. 82 !

48. The process of claim 10 wherein the finishing of the dental
restoration includes the altering of s&id dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

49. The process of claim 14 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains, having C.T.E.’s

of from about 125 to 135 at their set point.

50. The process of claim 15 wherein the finishing of the dental
restoration includes the altering of said dental
restoration with one or more porcelains having C.T.E.’s of

from about 125 to 135 at their set point.

51. The process of claim 1 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax
model out of the cavitf.

52. The process of claim 6 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model from the cavity by burning the wax
model out of the cavity.

*l




gl ass ceram c naterial. 66. The* dent &l restorwati on of
altered with a porcelain naterlal which has a C. T.E. whi
than the C.T.E. of the glass ceramic mateldal. 67. The dental restoration
of claim63 which is altered with a porcelaln material which has a C T.E
which is 8Brght | yTR@BXQRSS t9fe clajim: 7 ameméngrtasspcefamed rm%ﬁhlls 68.

The dental tor gt qf. S 60 wh t | t 1 t
nas a MQ R of af TR DB GRS Lng VAR mol, % b, Diuestachs Wilsn o1

wher ei n the resul s pindle rtlut oF R deit Borr bk Being afl AéEEng bl S

removing the wax model from the cavity by burning the wax

65. . The dental restoration of al ter n
material which has a C.T.E. whi Jalmﬂm]"muw"lugs t han =5 %ﬂ%l

model out of the cavity.

54. 'The process of claim 8 wherein the preformed_cavity is

formed by investing a wax model in an investment which

| expands about 3 per cént upon hardening and heating and
removing the wax model from the cavity by burning the wax

‘model out of the cavity.

55. The process of claim 9 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heatinh and
removing the wax model from the cavity by burning the wax

model out of the cavity.

56. The process of claim 10 wherein the preformed cavity is
| formed by'invesfing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model frbm the cavity by burning the wax
model out of the cavity.

57.  The process of claim 14 wherein the preformed cavity is

. formed by investing a wax model in an investment which




70. . The dental restoration of cI tﬂlﬂﬁm'm e resyftrmredentab—_____
restoration has a MO R of at tm””l 88 71 RWQWEWw;_;;T

restoration of claim63 mhereln the resulti"ngsdental re toratqu b@f
MO R of at least 40 K S.1I. :

8
expands about 3 per cent'upon hardening and heating and
remwoving the wax model from the cavity by burning the wax
out of the cavi#y.

58. The process of claim 15 wherein the preformed cavity is
formed by investing a wax model in an investment which
expands about 3 per cent upon hardening and heating and
removing the wax model fron_the cavity by burning the wax
model out of the cavity. |

- 59, The process of claim 6 wherein the glass-ceramic material

has the following composition (by weight percent)

sio, | 78.5
Al,0, 2.5
) Lio, 10.5
.0 0.5 ’
P.0, 2.0
zi0, | 0.5
Ce0 | .35
NiO, .02
Tio, ' 0.1
BaO 3.0
ca0 0.4

60. A dental restoration which is formed from a glass- ceramic

material having the following composition (by weight

| W,



percent):

61.

material having the

‘percent):

62.

RN A

85

P

Li,0

Al,0,

si o,

Na,0

K,0

PO,

Zro,

cao
BaO+Sro+La0

Coloring Oxide

Li0

Al.0s

sio,

K.0

PO,

2r0,
Ba+Sro+La0
Cao

Coloring Oxides

8 - 15
1.5 - 5.0
60 - 85
0 -2
0 -2
1.5 -5
0 -3
0-1
0 - 12
0-5

i0 - 13.5

2 -3

70 - 84

0~-1
1.5 - 4
0 -1
.5 = 4
0-1
0~-5
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A dental restoration which is formed from a glass- ceramic

following compopsition (by weight

A dental restoration which is formed from a glass ceranic



NI | epacemen sweer |
e s _l Dme;!lﬁ"9§§"§35 ﬂ
| 86 [|_ D88 Lot LSRN !
material having the follo;IBg composition (by weight

percent);

Li0 9 -13
Al.0, 1.5 - 4
sio, . 65 — 84
Na,0 - 0 =1
K0 - 0-1
.0, 1.5 - 4
2xr0, -1
BaO+Sro+La0 0 - 12
Ccao0 | 0o-1
Coloring Oxides 0~-5

63. A dental restoration which if formed from a glass ceramic

maggrial having the following composition (by weight

percent);

Li.0 10.5
al.0, 2.5
sio, ~ 78.5
K0 0.5
P.O, 2.0
2ro, 0.5
Tio, 0.1
CeO 0.35
Nio, 0.02
BaO 3.0



64.

65.

66.

67.

68.

69.

70.

A

87

P

Cao . 0.4

The dental restoration of claim 60 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass ceramic material.

The dental restoration of claim 61 which is altered with a
porcelain material which has a C.T.E. which is slightly less
than the C.T.E. of the glass ceramic material.

The dental restoration of claim 62 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the C.T.E. of the glass cerqnic material.

The dental restoration of claim 63 which is altered with a
porcelain material which has a C.T.E. which is slightly less

than the é.T.E. of the glass ceramic material.

The dental restoration of claim 60 wherein the resulting

dental restoration has a M.O.R. of at least 30 K.S.I.

The dental restoration of claim 61 wherein the resulting

dental restoration has a M.0.R. of at least 30 X.S.I.

The dental restoration of claim 62 wherein the resulting

dental restoration has a M.O.R. of at least 30 K.S.I.
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88
71 The dental restoration of claim 63 wherein the resulting

dental restoratidn has a M.O.R. of at least 40 K.S.I.

“——
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PREPARE MOLD HAVING CAVITY OF
DESIRED DENTAL RESTORATION

PLACE CERAMIC MATERIAL IN
DEFORMABLE CRUCIBLE

UNIFORMLY HEAT CRUCIBLE TO
'DEFORMABLE STATE AND CERAMIC
MATERIAL TO MOLTEN STATE

- BRING CRUCIBLE INTO CONTACT WITH MOLD

APPLY FORCE TO CAUSE CRUCIBLE TO
DEFORM AND SEAL AGAINST MOLD -

CONTINUE TO APPLY FORCE TO CAUSE
CRUCIBLE TO CONTINUE TO DEFORM AGAINST
MOLD AND TO INJECT MOLTEN GLASS
CERAMIC INTO MOLD CAVITY

COOL MOLD AND REMOVE DENTAL
RESTORATION

HEAT TREAT TO EFFECT CRYSTALLIZATION

|

FINISH DENTAL RESTORATION

Fig. 1-
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Method for Molding Dentai Restoration and- Related Apparatus
abatract

The invention is a process for forming dental restorations from
glass-ceramic mﬁterial- and the reaﬁlting dental restorations.
The dental restoration ia prepared by placing glass-ceramic
material in a heat-pressure deformable -cfuc_ihlo and heating the
crucible to above the liquidus temperatura of glass-ceramic
material. The crucible’s properties are such that the crucible
is heat-prassure deformable without mpturin§ at the working
temperature of the glass-ceramic material. = The heated cruciblae
is brought into contact with a mold having a preformed cavity, in
the shape ot. the desired dental restoration. The crucible is
‘deformed to t;am a seal with the mold injecting mﬁlten glass-
ceramic into the mold cavitjr. The resulting dental restoxation
has 'sup_oriox'-'- optical. esthetic and strength' properties. The
invention further includes heat-pressure deformable émciblu and

related apparatus.



