
EP0222478B1 Description This invention relates to glass-ceramics. The field
of glass-ceramics had its origin in U.S. Patent No. 2,920,971. As is
explained therein, glass- 5   ceramic articles are produced through the
controlled crystallization in situ of precursor glass articles. The process
of manufacture customarily contemplates three basic elements: first, a
glass-forming batch to which a nucleating agent is frequently added is
melted; second, that melt is cooled to at least within and commonly below
the transformation range thereof and a glass article of a desired geometry
simultane- ously shaped therefrom; and, third, that glass article is
exposed to a predefined heat treatment to cause 10  the generation of
crystals in situ. Experience has indicated that often more extensive
crystallization can be obtained and the crystals are of a more uniform size
when the heat treatment step is performed in two stages. That practice
involves initially subjecting the parent glass article to a temperature
within or somewhat above the transformation range to cause the development
of a myriad of nuclei in the glass, and thereafter raising the temperature
to approach or even exceed the softening point of the glass to ef- 15  fect
the growth of crystals on those nude. (The transformation range has been
defined as that tempera- ture at which a molten material is converted into
an amorphous mass, that temperature generally being deemed as lying in the
vicinity of the annealing point of a glass.) Glass-ceramic articles are
normally highly crystalline, viz., greater than about 50% by volume
crystal- line. Therefore, the articles are usually mechanically stronger
than the precursor glass bodies from 20   which they are produced. For
example, annealed glass articles conventionally exhibit modulus of rupture
values between about 34,475-68,950 kPa (5000-10,000 psi). In contrast,
glass-ceramic articles custom- arily demonstrate modulus of rupture levels
in the range of about 68,950-137,900 kPa (10,000-20,000 psi). Whereas the
latter values represent a substantial improvement, much research has been
conduct- ed in efforts to augment the strength thereof. 25     The major
emphasis in such efforts has involved means for developing surface
compression layers on the articles. One method for accomplishing that goal
has comprehended applying or forming in situ a surface layer of different
chemical or crystalline composition; e.g., through the application of a
glaze having a coefficient of thermal expansion lower than that of the
glass-ceramic or by heat treating in such a manner to obtain a surface
layer of crystals different from the crystal phase in the interior of the
30   glass-ceramic and having a lower-coefficient of thermal expansion. A
second procedure has utilized a chemical strengthening technique via an ion
exchange reaction. The development of a surface compres- sion layer is,
indeed, effective in increasing the mechanical strength of glass-ceramic
articles, but such a layer is also accompanied with certain practical
disadvantages. First, as can be readily appreciated from the above
description, the formation of a surface compres- 35  sion layer involves a
further process which obviously adds to the cost of the product. Second and
more critically, however, compression strengthening does not heighten the
toughness of a glass-ceramic. The property of toughness is extremely
important in imparting resistance to catastrophic failure when dam- age
results from impacts received. Hence, where the intrinsic toughness of a
body is low, tensile stress concurrently developed in the interior of the
body to compensate for surface compression can lead to 40  the body sharply
fragmenting into many small pieces upon receiving impacts sufficient to
cause frac- ture. That phenomenon is especially unwanted in consumer
products where it is most desirable that any breakage be of a "gentle"
nature with but a few large pieces resulting therefrom. U.S. Patent No. 4
467 039 is directed to the production of one composition system of
glass-ceramic articles which exhibit much improved toughness, coupled with
modulus of rupture values in excess of 45   137,900 kPa (20,000 psi). Those
articles contained potassium fluorrichterite as the predominant crystal
phase with the sometime presence of canasite as a secondary phase. Where
the material is designed for use in tableware applications, the occurrence
of potassium fluorrichterite as the sole crystal phase is preferred. The
general composition ranges consist essentially, expressed in terms of
weight percent on the oxide basis, of 50 [err]   50-70    [err]  2-9 CaO
4-15     [err]    2-12 55                                 MgO   8-25
[err]    0-3 F      3-8      [err]  0-7 with the preferred compositions
utilizing [err] as a nucleating agent and consisting essentially, ex-
pressed in terms of weight percent on the oxide basis, of 60 65 



2    EP 0 222 478 B1 [err]   57-68    [err]   2.5-6 [err]  0-4       [err]
3-7 5                                  CaO    0-3       MgO    14-18 [err]
7-12 (Because it was not known with which cation(s) the fluoride was
combined, it was reported as CaF2, the batch constituent through which the
fluoride was incorporated into the batch. 10     As has been explained in
the above general description of the production of glass-ceramic articles,
the generation of crystals in situ involves heating to temperatures above
the transformation range and, frequently, above the softening point of the
parent glass. It will be appreciated that raising the tempera- ture of a
glass above its transformation range subjects it to thermal deformation and
slumping. Such dis- tortion is self-evidently unwanted since formers or
other types of support are required to maintain the 15   desired contour
and shape of a glass article. Accordingly, to minimize thermal distortion
during the crys- tallization of a glass body to a glass-ceramic, the
temperature is controlled in an effort to grow crystals at a rate
sufficient to provide support for the body as the temperature is
necessarily raised to achieve maximum crystallization. Yet another factor
which must be reckoned with is the quantity and identity of the residual
glassy matrix of a glass-ceramic article. Thus, whereas glass-ceramics are
frequently very 20   highly crystalline, in some instances over 90% by
volume crystalline, a minor amount of glass customari- ly remains. As can
be appreciated, the composition of this residual glass will most commonly
be quite dif- ferent from that of the parent glass body since the
components comprising the crystals will have been removed therefrom.
Consequently, glass compositions manifesting the least thermal distortion
during crystallization to a glass-ceramic will exhibit the following three
features: 25 (1) they crystallize very rapidly upon heat treatment; (2) the
final product is highly crystalline; and (3) the residual glass is highly
refractory. 30     Patent No. 4,467,039 explains that the maximum reduction
in glass fluidity during crystallization of the precursor glass to a
glass-ceramic, with consequent improved resistance to thermal sagging, is
achieved in articles wherein potassium fluorrichterite constitutes the sole
crystal phase. But, as was al- so discussed therein, glass having the
stoichiometric composition of potassium fluorrichterite fragments into
small pieces as it is being crystallized through heat treatment. That
behavior was conjectured to be 35  the result of the glass crystallizing
extremely rapidly at temperatures where the glass is at a high viscosi- ty,
a condition which prevails where there is very little residual glass.
Hence, the above-tabulated rang- es of components delineating the preferred
compositions illustrate an effort to provide a residual glass phase and to
carefully control the constituents of that glass. Consequently, as is
explained therein, a high [err] content was utilized to minimize fluidity
of the glass. 40   However, there is an explicit warning against the use of
such a high level of SiO2 that cristobalite crys- tals are generated during
the crystallization of the parent glass body. Minor additions of [err]
and/or BaO were suggested to counteract that phenomenon. Furthermore, a
careful balance of MgO and CaO contents was demanded to control glass
fluidity, as was the relationship of [err] and [err] concentra- tions. 45
Whereas the glass-ceramic articles of Patent No. 4 467 039 do, indeed,
demonstrate high toughness and mechanical strength and relatively good
resistance to thermal deformation during the crystallization heat
treatment, research has continued to improve upon the latter quality.
Accordingly, the primary objective of the instant invention was to devise
glass-ceramic compositions displaying high toughness and mechanical
strength which exhibit virtually no thermal deformation, as 50   measured
through a sag test, during crystallization of the precursor glass. Summary
of the Invention We have achieved that objective through an improvement
upon the disclosure of Patent No. 4 467 55   039. Thus, the present
invention comprises careful control of the contents of [err]     MgO, CaO,
[err]   and F, plus the optional inclusion of BaO and [err], to yield a
glass-ceramic body containing potassium fluorrichterite as the predominant
crystal phase, but also containing substantial concentrations of
cristobalite. The inventive materials in bars having dimensions 12.7 cms x
1.27 cms x 0.254 cms (5" x 0.5" x 0.1") demonstrate sagging during the
crystallization heat treatment of no more 



60  than 0.58 cms (0.2") over a 10.16 cms (4") span. The criticality of
composition control is evidenced in the narrow operable ranges recited
below in terms of weight percent on the oxide basis. 65 3    EP 0 222 478
B1 [err]   65-69      [err]   1.5-3.3 [err]  0.75-3.5    [err]    4.2-6.3 5
MgO    13.5-18.5   BaO    0-2.5
5 CaO    3-4.8        [err]  0-2.5 [err]    0.5-2.0      F      3.3-5.5 10
Up to 5 mole percent total of compatible metal oxides may optionally be
added. Examples of such in- clude SrO, [err]     and ZnO. [err] and/or
[err] may be included in customary amounts as fining agents, and various
known colorants, such as CdO, CoO, [err]     NiO, CdS, [err]   Se, and
[err], may be present in conventional amounts, perhaps up to 5%, but
normally not exceeding a total of about 1% by weight. 15     The desired
low thermal distortion is a result of composition adjustments comprising
(compared with compositions of Patent No. 4 467 039) relatively high MgO,
[err]   and F concentrations, coupled with relatively low values of [err]
and CaO. The high levels of K20, MgO, und F increase the amount of early
crystallizing mica and the final content of potassium fluorrichterite,
thereby reducing thermal dis- tortion and increasing mechanical strength.
Similarly, a high level of [err] promotes the early crystalliza- 20   tion
of cristobalite at the expense of residual glass, thereby reducing the time
required for the crystalli- zation heat-treatment and also enhancing the
mechanical strength of the final product. The [err] content is kept
relatively high and [err] may be included to aid in insuring a workable
glass viscosity. The presence of cristobalite has a second advantage in
that it raises the linear coefficient of thermal expansion of the
glass-ceramic, thereby permitting the application of a lower expansion
glaze thereon. 25   Hence, through careful control of composition, it is
possible to tailor the amount of cristobalite devel- oped in the
glass-ceramic in order to match the thermal expansions of a variety of
glazes. A key factor in lowering the thermal deformation is the change in
the composition of the residual glass. Thus, the concentrations of the
strong fluxes [err] and CaO are retained low so as to preferentially en-
ter the fluorrichterite crystals and not become part of and flux the
residual glass. 30     Certain compositions have been observed which,
although falling outside of the ranges defining the inventive products,
nevertheless display excellent resistance to distortion. Such compositions,
howev- er, have been subject to other problems which have rendered them
impractical. Two illustrations of such compositions are: (1) compositions
high in MgO and F crystallize very quickly at high viscosities, hence
evidence very low thermal distortion, but the precursor glasses are
extremely difficult to form into devit- 35   rification-free glass shapes
because of very high fluorrichterite liquidus temperatures and low glass
viscosities; and (2) compositions low in [err] demonstrate acceptable
resistance to thermal distortion but have a very high cristobalite liquidus
temperature. In effect, the bulk composition is rigorously tailored such
that during crystallization of the cristobalite and fluorrichterite, that
is, during the high temperature portion of the heat treatment schedule when
most 40   of the deformation takes place, the crystals grow in a matrix of
stiff, essentially alkaline earth metal and alkali metal-free residual
glass, which minimizes deformation during crystallization. However, this
highly viscous glass, rich in [err] and optionally [err], is sufficiently
fluid to allow optimum grain growth during the crystallization heat
treatment, resulting in crystals of fluorrichterite exhibiting interlocking
high aspect ratios with no substantial microcracking of the body being
evidenced. 45     The final product is very highly crystalline with a phase
assemblage comprising at least 10% and, more desirably, up to about 25%
cristobalite. In some compositions, a minor amount of a fluorophlogopite
mica phase has been identified. Mechanical strength, as measured in terms
of modulus of rupture on abraded bars, routinely exceeds 137,900 kPa
(20,000 psi). Furthermore, inasmuch as the presence of cristobalite raises
the linear coefficient of thermal expansion of the glass-ceramic (ranging
between about 100-140 x 50   [err] over the temperature interval of [err] a
glaze having a lower coefficient of thermal expan- sion may be applied
thereto to produce a surface compression layer on the glass-ceramic to
further in- crease the mechanical strength thereof. The toughness of the
base material has been measured to ex- ceed twice that of standard
commercial culinary and dinnerware glass-ceramic compositions. Finally, a
very practical advantage results from the instant invention. Because the
crystallization of cristobalite 



55   occurs at lower temperatures, the heat treatment process can be
shortened, thereby reducing overall production costs. The method for
producing the inventive glass-ceramic article comprehends four general
steps: (a) a glass-forming batch of a predetermined composition is melted;
60     (b) that melt is cooled to a temperature at least below the
transformation range thereof and a glass arti- cle of a desired
configuration is simultaneously formed therefrom; (c) that glass article is
exposed to a temperature within the range of about 750-[err] for a period
of time sufficient to effect the generation of potassium fluorrichterite
and cristobalite crystals in situ; and thereafter 65     (d) the
crystallized article is cooled to room temperature. 4    EP 0 222478 B1
Where desired, Step (c) may be divided into two stages; viz., the glass
article will first be subjected to a temperature within the interval of
about [err] for a period of time sufficient to develop nuclei and cause
incipient crystallization therein (e.g., about 0.5-6 hours), and then
exposed to a temperature within [err] for a period of time sufficient to
cause the growth of crystals on the nuclei (e.g., 5   about 0.5-8 hours).
Related Application United States Application Serial No. 735,660, filed May
20, 1985 under the title GLAZES FOR GLASS- 10   CERAMIC ARTICLES in the
names of George H. Beall, Paul S. Danielson, John E. Megles, Jr., and
Walter H, Tarcza, (European Patent Application No. 86302614.2), discloses
glaze compositions espe- cially suitable for use with glass-ceramics
wherein potassium fluorrichterite comprises the predominant crystal phase.
15   Description of Preferred Embodiments Table I (examples 1-9) records
several glass compositions, expressed in terms of parts by weight on the
oxide basis, illustrating the compositional parameters of the present
invention. Inasmuch as it is not known with which cation(s) the fluoride is
combined, it is merely tabulated in terms of fluoride in accord- 20   ance
with conventional glass analysis practice. Furthermore, since the sum of
the individual constitu- ents in each glass closely approximates 100, for
all practical purposes the recited values in Table I may be deemed to
reflect weight percent. Finally, the actual batch ingredients may comprise
any materials, ei- ther oxides or other compounds, which, when melted
together, will be converted into the desired oxides in the proper
proportion. Examples 10-14 represent comparative examples. 25    In
producing the exemplary compositions reported in Table I, the batch
materials were compounded, ballmilled together to aid in obtaining a
homogeneous melt, and charged into platinum crucibles. After placing lids
thereon, the crucibles were introduced into a furnace operating at about
[err], and the batches melted for about four hours. Thereafter, the melts
were poured into steel molds to produce rectangular glass slabs having the
dimensions of about 12.7 cms x 15.24 cms x 1.27 cms (5" x 6" x 0.5"), 30
and those slabs were immediately transferred to an annealer operating at
about [err]. Table I 1     2      3      4     5      6      7     8 [err]
65.5  65.2  67.3  67.3  67.3  66.3  67.3  65.3 35
[err]   0.8   0.8   1.2   1.2   1.2   1.12   1.75   1.2 MgO    17.9  18.5
15.25  15.25  15.25  15.23  1.75   1.2 CaO    3.4   4.0   3.9   3.9   3.9-
3.9   3.9   3.3 [err]   1.9   2.2   2.1   2.1   2.1   2.1  2.2   2.1 [err]
6.3   5.8   5.3   5.3   5.3   5.3   4.9   5.3 [err]    1.3   1.0   1.1
1.1   1.1   1.0   0.9   1.0 BaO    -      -      0.2   0.2   0.2   0.2
0.2   0.2 [err]   -      -      1.0   1.0   1.0   2.0   1.0   2.0 F
5.1   4.7   5.1   4.9   4.7   5.0   4.6   5.1 [err]   -      -      -
-     -      -      -      1.0 9     10    11   12   13    14 50
[err]    66.7  66.2  65.6  66.0  64.0  67.3 [err]   2.4   3.6   2.2   1.0
2.0   1.8 MgO    14.7  14.1  16.9  15.0  14.5  14.7 



CaO    3.9   3.4   4.7   6.5   6.5   4.6 [err]   2.2   1.9   2.6   3.0
4.0   3.5 [err]    4.8   4.1   4.0   5.0   4.0   4.7 [err]    1.4   0.6
0.2   1.0   1.0   0.75 60                   BaO    0.2   4.2   2.1    -
1.5   0.25 P205   1.1    -      -      -     -      1.1 F      4.3   3.2
3.2   4.4   4.4   4.4 [err]  0.2    -      - 65 5    EP 0 222 478 B1 Bars
having dimensions of 10.16 cms x 0.793 cms x 0.793 cms (4 x 0.3125" x
0.3125") were cut from each slab to be used for the measurement of modulus
of rupture to be carried out in the conventional manner. Other bars having
dimensions of 12.7 cms x 1.27 cms x 0.254 cms (5" x 0.5 x 0.1") were cut
from each slab to be used to test the resistance of the glass to thermal
sagging during the crystallization 5   heat treatment. The modulus of
rupture bars plus the remainder of the slabs were placed inside an
electrically-heated furnace, the temperature raised within the furnace at a
rate of about [err]/hour to [err], the tempera- ture maintained thereat for
about two hours, and thereafter the electric current to the furnace was cut
off and the furnace allowed to cool to room temperature with the specimens
retained therewithin. It has 10   been estimated that this "cooling at
furnace rate" procedure involves an average cooling of about [err]/hour.
Various modifications in the heat treatment practice are possible. For
example, the precursor glass body can be heated quite rapidly to a
nucleating temperature range, held within that range to promote nu-
cleation, and thereafter heated at a moderate rate to the final
crystallization temperature. 15     Whereas the glasses of the instant
invention crystallize very rapidly, it will be appreciated that crys-
tallization is not instantaneous. Accordingly, caution demands that
temperature increases in excess of about [err]/hour be avoided. The 12.7
cms x 1.27 cms x 0.254 cms (5" x 0.5" x 0.1") glass bars were placed on
ceramic supports spaced 10.16 cms (4") apart and that assemblage introduced
into the above-described electrically-heat- 20   ed furnace. After exposure
to the same crystallization heat treatment as above, the depth of sagging
of each bar was measured in terms of 0.1587 cm (sixteenths of an inch).
Those values (Sag) are reported below in Table II. The + and - signs
indicate sagging somewhat more or less than the cited sixteenth inch. The
crystallized modulus of rupture bars were surface abraded by tumbling with
30 grit SiC. Modulus of rupture (MOP) measurements were conducted in the
conventional manner by center loading the bars 25  resting on knife edge
supports spaced 7.62 cms (3") apart. Those values are also recorded below
in Ta- ble II in terms of psi. X-ray diffraction analyses and electron
microscopy were employed to identify the crystal phases present in the
inventive glass-ceramic articles. In all instances, potassium
fluorrichterite comprised by far the predominant phase and a
fluorphlogopite mica constituted the least. Cristobalite appeared 30
present in amounts greater than about 10% and, usually, at levels around
20%. Table II MOR 35                           Example  Sag   kPa       Psi
1        1+     137,210  19,900 2        3-     118,625  16,900 3        2-
158,585  23,000 40                                 4        3-     144,105
20,900 5        3-     137,900  20,200 6        1-     -        - 7
1-     -        - 45                         8        1-     -        - 9
3-     -        - 10       13    -         - 11       12    -         - 



50                           12       >15    -    -         - 13      >15
-         - 14       12    -         - 55     As can be seen, the most
preferred compositions evidence high moduli of rupture with sag values of
less than 0.508 cms (0.2"). Examples 10-14 illustrate the criticality of
maintaining the levels of the individual components within the sharply
defined ranges of the inventive compositions in order to secure the desired
high resistance to thermal distortion. Thus, the compositions of Examples
10-14 fall slightly outside of the required limits. 60     Hence, in
Example 10 the concentrations of [err] and F are below and that of BaO is
above the pre- scribed content of each. In Example 11, the amounts of [err]
and F are below the respective levels required. In Example 12, the level of
CaO is too high. In Example 13, the quantities of [err] and [err] are too
low and those of [err] and CaO are too high. 65    In Example 14, the [err]
content exceeds the maximum tolerated in the present compositions. 6    EP
0 222 478 B1 Claims 1. A highly crystalline glass-ceramic article
exhibiting great toughness, a modulus of rupture of at least 20,000 psi,
(137,900 kPa) and, in the form of bars having dimensions 5" x 0.5" x 0.1",
(12.70 x 1.27 x 5   0.254 cm) sagging during the crystallization heat
treatment of no more than 0.2" (0.508 cm) over a 4" (10.16 cm) span, and
wherein potassium fluorrichterite constitutes the predominant crystal
phase, but wherein cristobalite is also present in an amount of at least
10% by volume, said glass-ceramic article having an overall composition
consisting essentially, expressed in terms of weight percent on the oxide
basis, of 10 [err]   65-69     [err]   1.5-3.3 [err]  0.75-3.5    [err]
4.2-6.3 MgO   13.5-18.5   BaO    0-2.5 CaO    3-4.8       [err]   0-2.5
[err]    0.5-2.0    F      3.3-5.5 20     2. A glass-ceramic article as
claimed in claim 1 also containing up to 5 mole percent total of compatible
metal oxides selected from the group of SrO, [err]    and ZnO. 3. A
glass-ceramic article as claimed in claim 1 or claim 2 also containing up
to about 5% by weight of colorants selected from the group of CdO, CoO,
[err]     NiO, CdS, [err]   Se, and [err]. 25     4. A method for making a
highly crystalline glass-ceramic article as claimed in claim 1, which
comprises the steps of: (a) melting a batch for a glass consisting
essentially, expressed in terms of weight percent on the oxide basis, of 30
[err]   65-69       [err]  1.5-3.3 [err]  0.75-3.5    [err]    4.2-6.3 MgO
13.5-18.5   BaO    0-2.5 35                             CaO    3-4.8
[err]   0-2.5 [err]    0.5-2.0    F      3.3-5.5 (b) cooling said melt at
least below the transformation range thereof and simultaneously forming a
glass article of a desired configuration therefrom; 40    (c) exposing said
glass article to a temperature within the range of about [err] for a period
of time sufficient to cause the generation of potassium fluorrichterite and
cristobalite crystals in situ; and then (d) cooling said crystallized
article to room temperature. 5. A method as claimed in claim 4 in which the
glass article is first subjected to a temperature within the 45  range of
about [err] for a period of time sufficient to develop nuclei and cause
incipient crystalli- zation therein. 6. A method as claimed in claim 4 or
claim 5 in which the glass also contains up to 5 mole percent total of 



compatible metal oxides selected from the group of SrO, [err]     and ZnO.
7. A method as claimed in any of claims 4 to 6 in which the glass also
contains up to about 5% by weight 50   of the colorants selected from the
group of CdO, CoO, [err]     NiO, CdS, [err] [err] Se, and [err].
Patentansprflche 55     1. Hoch-kristalliner Glaskeramikgegenstand grofer
HArte mit einem Bruchmodul von wenigstens 20000 psi (137900 kPa) und, in
der Form von Stangen mit den Abmessungen 5"x 0,5 x 0,1" (12,70 x 1,27 x
0,254 cm), einer Durchbiegung wahrend der Kristallisations-Hitzebehandlung
von nicht mehr als 0,2" (0,508 cm) Ober eine Spannweite von 4" (10,16 cm)
und wobei Kalium-Fluorrichterit die vorherrschende Kristallphase bildet,
worin jedoch such Cristobalit in einer Menge von wenigstens 10 Vol.-%
vorhanden 60  ist, wobel der Glas-Keramikgegenstand eine
Gesamtzusammensetzung aurweist, welche im wesentli- chen, ausgedrlckt in
Gewichtsprozent auf Oxidbasis, besteht aus 65    EP 0 222 478 B1 SiO2
65-69       Na20   1,5-3,3 AI*0s  0,753,5    KgO    4,2-6,3 5
MgO   13,5-18.5   BaO    0-2.5 CaO    3-4.8       P205   0-2,5 Lk2O
0.5-2,0    F       3.3-6,5 10     2. Glaskeramikgegenstand nach Anspruch 1,
weiterhin enthaltend bis zu insgesamt 5 Mol-% an kompa- tiblen
Metalloxiden, ausgewdhit aus der Gruppe aus SrO, TiO2, B2Oa, ZrO2 und ZnO.
3. Glaskeramikgogenstand nach Anspruch 1 oder 2, weiterhin enthaltend bis
zu etwa 5 Gew.-% an Far- bemitteln, ausgewAhit aus der Gruppe aus CdO, CoO,
Cr203, Fe2O3, MnO2, NiO, CdS, Er2O8, Nd2O3, Se und V205. *15    4.
Verfahren zur Herstellung sines hoch-kristallinen Glaskeramikgegenstandes
nach Anspruch 1, be- stehend aus den Verfahrensschritten: (a) Schmelzen
eines Ansatzes fOr ein Glas, bestehend im wesentlichen, ausgedrOckt in
Gewichtspro- zent auf Oxidbasis, aus 20                              SiO2
65-69       Na2O   1,5-3.3 AkO3  0,75-3,5     K20    4,2-6,3 _
iMgO   13,5-18,5   BaO    0-2,5 25                             CaO    3-4,8
P2Os   0-2,5 LU2O    0,5-2,0    F      3,3-6,5 (b) Abkflhlen der Schmelze
auf wenigstens unterhalb ihres Transformationsbereiches und gleichzeitig
Biiden sines Glasgegenstandes der gewOnschten Konfiguration hieraus; 30
(c) Aussetzen des Glasgogenstandes einer Temperatur innerhalb des Bereichs
von etwa 750 bis 10500C wahrend einer Zeitdauer, die ausreicht, um die
Bildung von Kaliumfluorrichterit- und Cristoba- lit-Kristallen in situ zu
veranlassen; und anschlieBend (d) AbkOhlen des kristallisierten
Gegenstandes auf Raurntemperatur. 5. Verfahren nach Anspruch 4, wobei der
Glasgegenstand zuerst einer Temperatur innerhalb des Be- 35  reichs von
etwa 550 bis 7009C wahrend einer Zeitdauer ausgesetzt wird, die ausreichend
ist, um Kristall- keime zu entwickeln und eine beginnende Kristallisation
darin zu veranlassen. 6. Verfahren nach Anspruch 4 odor 5, wobel das Glas
weiterhin bis zu insgesamt 5 Mol-% an kompati- blen Metalloxiden enthait,
die aus der Gruppe aus SrO, 1102, B20a, ZrO2 und ZnO ausgewahlt sind. 7.
Verfahren nach einem der Ansprfche 4 bis 6, wobei das Glas weiterhin bis zu
etwa 5 Gew.-% an 40   Farbemnitteln entha-it, ausgewghlt aus der Gruppe aus
CdO, CoO, Cr203, Fe2Oa, MnO2, NiO, CdS, Er20a, Nd209, Se und V20s.
Revendications 45 1. Un article vitroc6ramique hautement cristallin
presentant une grande t6nacite, un module de rupture d'au moins 137 900 kPa
(20 000 psi) et, sous la forma de barreaux ayant des dimensions de 12,70 x
1,27 x 0,254 cm (5' x 0,5 x 0,1), un fl6chissement pendant le traitement
thermique de cristallisation qui n'est pas superieur a 0,508 cm (0,2") sur
une port6e de 10,16 cm (4"), et dans loquel la fluor-richterite de po- 50
tassium constitue la phase cristalline predominante, mais dans lequel la
cristobalite est 6galement prd- sente en une quantitf d'au moins 10% en
volume, ledit artide vitroceramique ayant une composition globa- 



Ib essentiellement constituee, en pourcentages en poids sur la base des
oxydes, de 55                           S102   65-69       NsaO   1,54.3
AbOs  0,75-3,5    KgO    4,2-6,3 MgO    13,5-18,5   1aO    0-2,5 GaO
3-,5        P2a5   0-2,5 60                           L20    0,5-2.0     F
3,36,5 2. Un article vitroceramique tel quo revendiqu6 dans la
revendication 1, contenant 6galement jusqu'a 5 moles pour cent au total
d'oxydes de metaux compatibles choisis dans le groups forme par SrO, 1102,
65   B2Os, ZrO2 et ZnO. 8    EP 0 222 478 B1 3. Un article vitroceramique
tel que revendique dans la revendication 1 ou la revendication 2, conte-
nant egalement jusqu'a environ 5% en poids de colorants choisis dans le
groupe forme par CdO, CoO, Cr203, Fe2Oa, MnO2, NiO, CdS, Er2O3, NdgaO, Se
et V20s. 4. Un procede pour fabriquer un article vitroceramique hautement
cristallin tel que revendique dans 5   la revendication 1, qui comprend les
etapes consistant a: (a) fondre une charge de depart pour un verre
essentiellement constitue, en pourcentages en poids sur la base des oxydes,
de 10                            SiO2   65-69       Na2O   1.5-3,3 AhO3
0.75-3,5    K20    4,2-6,3 MgO   13,5-18,5   BaO    0-2.5 CaO    3-4,8
P205   0-2.5 15                            Li20   0.5-2,0     F
3,3-5,5 (b) refroidir ladite fonte, au moins au-dessous de son intervalle
de transformation, et la conformer si- multanement en un article de verre
d'une configuration desiree; (d) exposer ledit article de verre a une
temp6rature situee dans lintervalle d'environ 750 a 1050C 20     pendant
une p6riode de temps suffisante pour provoquer la g6neration de cristaux de
fluor-richt6rite de potassium et de cristobalite in situ-; puis (d)
refroidir ledit article cristallise jusqu% la temperature amnbiante. 5. Un
proced6 tel que revendiqu6 dans la revendication 4, dans lequel Particle de
verre est d'abord soumis a une temperature situee dans l'intervalle
d'environ 550 a 7000C pendant une p~riode de temps 25  suffisante pour y
developper des noyaux et y provoquer une cristallisation naissante. 6. Un
proced6 tel que revendiqu6 dans la revendication 4 ou la revendication 5,
dans lequel le verre contient 6galement jusqu'a 5 moles pour cent au total
d'oxydes de m6taux compatibles choisis dans le groupe formm par SrO, T102,
B20g, ZrO2 et ZnO. 7. Un proced6 tel que revendique dans l'une quelconque
des revendications 4 a 6, dans lequel le ver- 30  re contient egalement
jusqu'a environ 5% en poids de colorants choisis dans le groupe form6 par
CdO, CoO, Cr203, Fe2Oa, MnO2 NiO, CdS, Er2O3, NdgO3, Se et V205. 35 40 45
50 55 60 65 9    


