
EP 0 436 806 B1 Description Background of the Invention 5     This
invention relates to the fabrication of opaque glass-ceramic articles
exhibiting an integral beige tint which are eminently useful as culinary
ware. As is well-recognized in the art, glass-ceramic articles are produced
through the controlled crystalliza- tion of precursor glass articles, the
process of manufacture normally consisting of three basic steps first, a
glass forming batch typically containing a nucleating agent is melted;
second, that melt is cooled to a 10  temperature below the transformation
range thereof and simultaneously shaped into a glass body of a desired
configuration; and third, that glass body is exposed to a heat treatment
designed to effect the in situ growth of crystals within the glass body.
(As is commonly used in the art, the transformation range is defined as the
temperature at which a molten material is transformed into an amorphous
mass, that temperature being deemed to reside in the vicinity of the
annealing point of a glass.) 15     Quite frequently, the thermally-induced
crystallization in situ will be carried out in two general steps: first,
the precursor glass body will be heated to a temperature slightly above the
transformation range for a period of time sufficient to generate nuclei
therein; and second, the nucleated glass is heated to a temperature
approaching, and often surpassing, the softening point of the glass to
cause the growth of crystals on the nuclei. This two-stage heat treatment
commonly yields glass-ceramic articles containing 20  higher levels of
crystallization with more uniformly-sized, fine-grained crystals. It will
be appreciated that, as the temperature of the nucleated precursor glass
article approaches the softening point of the glass, the rate at which the
temperature is raised must be regulated to allow time for the sufficient
growth of crystallization to resist thermal deformation of the body. Thus,
the crystals developed during the heat treatment process are most usually
more refractory than the precursor glass, and thereby can provide a 25
structure demonstrating resistance to thermal deformation at temperatures
higher than those at which the precursor glass can be subjected. Also,
because the crystal forming components will have been removed therefrom,
the small percentage of residual glass remaining in the glass-ceramic
(customarily less than 50% by volume and frequently less than 10% by
volume) will have a very different composition from that of the precursor
glass, and most often that residual glass will manifest a higher softening
point than that of the so  precursor glass. The development of a high
concentration of crystals within a glass-ceramic body has a further
advantage vis-a-vis the precursor glass body in dramatically enhancing the
mechanical strength thereof, usually by a factor of at least two and
frequently as much as three times that of the precursor glass. That
significant improvement in mechanical strength, coupled with their
substantially higher use temperatures 35  and their intrinsic
"porcelain-like" appearance, have led to the widespread use of
glass-ceramic articles as culinary ware. Generally, in the absence of added
colorants, opaque glass-ceramic articles display a white appear- ance. For
example Coming Code 9608 glass-ceramic, marketed by Corning incorporated,
Coming, New York for over 30 years under the trademark CORNING WARE[err]
exhibits a creamy white appearance. Having 40  a composition included
within U.S. Patent No. 3,157,522, that opaque glass-ceramic contains a
crystallinity in excess of 90% by volume wherein beta-spodumene solid
solution constitutes the predominant crystal phase with a minor amount of
spinal and rutile also being present. Corning Code 9608 has the following
approximate analysis, expressed in terms of weight percent on the oxide
basis: 45                          [err]    69.5   ZnO      1.0   F
0.03 [err]   17.7  [err]     4.7  [err]   0.05 [err]     2.7   ZrO2    0.2
B203    0.07 MgO      2.6   [err]   0.6   MnO2    0.03. so As might well be
expected, colorants known in the glass art have been incorporated into
precursor glass compositions which have subsequently been crystallized in
situ to glass-ceramic articles. U.S. Patent No. 4,461,839 (Rittler) and
U.S. Patent No. 4,786,617 (Andrieu et al) are recent illustrations of that
practice. The former patent discloses the manufacture of opaque
glass-ceramic articles containing [err]-spodumene 55 solid solution as the
predominant crystal phase, which can display colors ranging from gray to
brown to 



almond to beige to yellow to blue, that are prepared from precursor glass
articles having base compositions essentially free from MgO and consist
essentially, in weight percent, of:    EP 0 436 806 B1 [err]    63.5 -69
BaO       0 - 5 [err]    15- 25   [err]        2 - 3 [err]    2.5 - 4
[err]    0.5 - 2.5 [err]    0.1 - 0.6   [err]    0.4 - 0.8 [err]     0.1 -
0.6  [err]   0.05 - 0.1 ZnO       0 - 2. The desired colors are obtained
through the use of a "color package" containing about 0.5-3% [err] and up
10  to 0.15% [err] with 0.3-3% total of at least two oxides in the
indicated proportion selected from the group of up to 0.3% [err] up to 3%
[err] up to 2% CaO, up to 1% NiO up to 1% W03, and up to 1.5% SnO2. The
total [err] content in the glass will range > 2.5-6% and that of the [err]
content will range 0.05-0.2%. The latter patent describes the fabrication
of opaque glass-ceramic articles containing potassium fluorrlchterite
and/or a related fluormica as the predominant crystal phase(s) from
precursor glass composi- 15  tions essentially free from [err] and which
consist essentially, in weight percent, of: [err]     61 - 70   [err]
2.5 - 5.5 [err]   2.75 - 7    [err]    <6.8 20            .             MgO
1.1 - 16   F           2 - 3.25 [err]          CaO    4.75 - 9    BaO
0 - 3.5 [err]    0.5 - 3    [err]          0 - 2.5. The text of the patent
noted that it was possible to incorporate such conventional glass colorants
as [err] 25  [err] CaO, [err] CuO,   and [err] into the base precursor
glass composition in amounts typically less than 1% total. Nevertheless,
only the use of [err] to impart a yellow tint to the glass-ceramic was
expressly mentioned. Coming Incorporated currently markets a line of opal
glass tableware under the trademark CORNER- STONE[err]. That product has a
composition included in U. S. Patent No. 4,331,769 (Danielson et al.) and
30  exhibits a beige tint defined within the polygon bounded by Points
ABCDEFA depicted in the appended drawing, which polygon encompasses a plot
of the x and y chromaticity coordinates (illuminant C). The visual
appearance of the product is described here in accordance with the standard
CIE system utilizing chromaticity coordinates x and y and the tristimulus
value Y. Thus, the values are measured under standard conditions, i.e.,
Illuminant C with a Hunter Colorimeter and represent the light that
diffusely reflects off 35  opaque surfaces. Because the values obtained are
readily reproducible, they are commonly employed to facilitate comparisons
and to delimit specifications. The tint is imparted to the CORNERSTONER
tableware through the incorporation of N10 into the base glass
compositions. The research leading to the present invention had as its goal
the development of an opaque glass-ceramic body demonstrating properties
suitable for use as cookware which would exhibit a 40  hue close to and
compatible with that of CORNERSTONE[err] tableware, thereby offering to the
consumer market a complete line of dinnerware and cookware of approximately
the same tint. Because the glass- ceramics were destined for use as
culinary ware, the chemical and physical properties recognized in the art
as being necessary in such articles would likewise be required in the
tinted articles. For example, the tinted articles would exhibit low linear
coefficients of thermal expansion, viz., < 15 and preferably < 13 x [err]
45 over the temperature range of [err] and good resistance to the chemical
attack of food products. Summary of the Invention In view of the fact that
Coming Code 9608 was known to manifest the chemical and physical properties
50 to perform well as cookware, additions of known coloring agents, both
individually and in various combinations, were made to the base precursor
or glass composition therefor in attempts to substantially duplicate the
hue of CORNERSTONER tableware. As a result of those testing experiments, we
discovered a very narrow range of precursor base glass compositions
containing about 1.5-2.75% CeO2 as the colorant 



which could be heat treated to form opaque glass-ceramic articles
demonstrating the chemical and physical 65  properties required in
glass-ceramics devised for use as culinary ware, and which also display a
beige tint close to and compatible with that of CORNERSTONE[err] tableware.
(The incorporation of NiO in the precursor base glass composition of Coming
Code 9608 imparts a blue coloration to the glass-ceramic.) Those glass
compositions consist essentially, expressed in terms of weight percent on
the oxide basis, of 3    EP 0 436 806 B1 [err]     66-70    [err]
3.5-5.5 [err]   16.5-19.5   [err]    1.5-2.75 [err]       2-4      [err]
0-1.5 MgO       1-5      F         0-1.2 ZnO      0.5-2     ZrO2      0-2.5
[err]      0.1 In like manner to conventional glass-ceramics known to the
art, the products of the present invention 10 are prepared in accordance
with the following three general steps: (a) a batch for a glass having a
composition within the above ranges is melted; (b) that melt is cooled to a
temperature below the transformation range thereof and simultaneously a
glass body of a desired configuration is shaped therefrom; and (c) the
glass body is heat treated in a manner to effect the crystallization in
situ thereof. 15     To assure the development of a highly crystalline
article wherein the crystals are uniformly fine-grained, the precursor
glass body will be nucleated via exposure for a sufficient period of time
to a temperature within the range of about [err] and thereafter will be
crystallized via exposure for a sufficient period of time to a temperature
within the range of about 1025 [err] Whereas an express dwell period within
either of those temperature ranges may be used as a matter of convenience,
such is not required. It Is only 20  necessary that the glass article be
within those ranges for a sufficient length of time to accomplish the
purpose therefor As can be appreciated, the time required is dependent in
some measure upon the thickness of the glass articles being heat treated to
assure temperature equilibration throughout the body thereof. The inventive
glass-ceramics are very highly crystalline, i.e., greater than 75% by
volume crystalline 25  and, more desirably, greater than 90% by volume
crystalline. The crystals, themselves, are quite uniformly fine-grained,
with diameters of less than 1 micron. [err]-spodumene solid solution (s.s.)
constitutes by far the predominant crystal phase with minor levels of
spinel and rutile. The cerium-containing minerals loparite [err] and
perrierite [err] have also been identified via x-ray diffractometry as
being present in small amounts. 30    In summary, to achieve the beige tint
displayed by CORNERSTONER dinnerware, the above-recited composition
intervals for the inventive glass-ceramics must be very closely observed.
Moreover, care must also be observed in the crystallization heat treatment
applied to the inventive precursor glass articles, as will be illustrated
hereinafter. 35  Brief Description of the Drawing The drawing depicts two
polygons encompassing plots of reflectance chromaticity coordinates x and y
(illuminant C) measured  on CORNERSTONER tableware and articles of the
present invention. 40  Description of Preferred Embodiments Table I below
lists several precursor glass compositions, expressed in terms of parts by
weight on the oxide basis as calculated from the batch, capable of being
crystallized in situ to yield opaque glass-ceramic articles, which
compositions illustrate the composition parameters of the present
invention. Inasmuch as the 45  sum of the individual components closely
approximates 100, for all practical purposes the values recorded may be
deemed to represent weight percent. Because it is not known with which
cation(s) the fluoride is combined, and the amount present to act as a
melting aid and as a strengthening agent as disclosed in U. S. Patent No.
3,148,994 is small, it is merely reported as fluoride in accordance with
conventional glass 



analysis practice [err] was not intentionally included in the composition
but is present therein as an 50  impurity from the batch materials,
particularly in the sand comprising the source of [err] Because of its
severe adverse effect upon color, [err] will preferably be essentially
absent from the compositions and should be held below 0.05% by weight. The
actual ingredients employed in preparing the glass forming batch may
comprise any materials, either the oxides or other compounds, which, when
melted together, will be converted into the desired oxide in the proper
proportions. For example, petalite may be used to supply 55 [err]  and
[err] Sodium silicofluoride provided the source of fluoride in the two
compositions tabulated below. Arsenic oxide was included to perform its
conventional function as a fining agent. 4    EP 0 436 806 B1 Table I 1
2              3             4            5            6 5   [err]
69.60    69.35    69.10    68.85    68.60   68.35 [err]        17.83
17.83    17.83    17.83    17.83   17.83 [err]           4.70          4.70
4.70          4.70          4.70    4.70 [err]           2.70          2.70
2.70          2.70          2.70    2.70 MgO            2.60          2.60
2.60          2.60          2.60    2.60 ZnO            1.04          1.04
1.04          1.04          1.04    1.04 [err]     0.52               0.52
0.52          0.52          0.52        0.52 [err]           0.37
0.37          0.37          0.37          0.37    0.37 F              0.027
0.027    0.027    0.027    0.027   0.027 [err]         0.033    0.033
0.033    0.033    0.033   0.033 20     [err]           0.50          0.75
1.00          1.2.5         1.50        1.75 7                8
9              10              11 25     [err]            68.10
67.60            67.10          68.20           68.38 [err]           17.83
17.83            17.83          18.80           17.84 [err]
4.70             4.70             4.70            3.70           4.70 30
[err]                2.70             2.70             2.70            2.90
2.70 MgO               2.60             2.60             2.60
2.20           2.60 ZnO               1.04             1.04
1.04            1.04           1.04 35   [err]               0.52
0.52              0.52           0.63           0.63 [err]
0.37             0.37             0.37            0.37           0.37 F
0.027            0.027            0.027           0.03           0.027 40
[err]              -                -                 -              0.10
- [err]             0.033            0.033            0.033           0.048
0.048 [err]              2.00             2.50             3.00
1.80           1.86 The batch ingredients were compounded, ballmilled
together to assist in securing a homogeneous melt, and then discharged into
platinum crucibles. The crucibles were moved into a furnace operating at
about [err] and the batches melted overnight (~ 16 hours). The melts were
stirred slowly, poured and so  squeezed through stainless steel rollers to
produce glass patties having a width of about 10-15 cm, a length of about
25 cm, and a thickness of 1.5 cm, and those patties were annealed at [err].
The annealed patties were cut into shapes suitable for testing purposes. It
will be appreciated that the above glass melting and forming processes
reflect laboratory practice only. Stated in another way, the above glasses
are capable of being melted and formed utilizing 55  commercial, large
scale glass melting and forming equipment, and are not limited to
laboratory activity. Furthermore, although the compositions of Table I were
annealed to room temperature to permit examina- tion of glass quality and
to cut test samples from the patties, that action is not required. It is
only necessary that the batches be heated sufficiently to produce a
homogeneous melt, that melt cooled to a temperature  



EP 0 436 806 B1 below the transformation range thereof to yield an
essentially crystal-free glass, and that glass body then subjected to the
nucleation-crystallization heat treatment to convert it into a
glass-ceramic. Table II reports approximate heat treatment schedules which
were employed with the glass samples of Table I along with the linear
coefficient of thermal expansion (Exp) as measured over the temperature
range 5  of [err] in terms of x 10-7/ C, and the x and y color coordinates
with tristimulus value Y utilizing Illuminant C. Temperatures are listed in
* C and time in hours (hr). Table 11 10 Ex.    Heat Treatment   Exp       x
y       Y 1   25-700 at 1000/hr       0.3212   0.3315   88.22 700-820  at
265/hr 820-850 at 30/hr 15                         850-1100 at 24/hr 1100
for 1 hr 1100-950 at 400/hr 950-25 at 2500/hr 2                       -
0.3253   0.3333   85.04 20                    3                        -
0.3253   0.3342   83.64 4                      11.5  0.3268   0.3353
79.66 5                     11.9  0.3286   0.3376   79.0 6
12.1   0.3306   0.3398   78.46 7                      12.3  0.3335   0.3428
76.77 25                    8                       11.1  0.3336   0.3430
74.58 9     "                12.0  0.3368   0.3462   73.13 10   25-800 at
800/hr   11.5  0.3323   0.3376   63.5 800-830 at 36/hr 830-1070 at 240/hr
30                         1070-1080 at 15/hr 1080-25 at 1050/hr 11
25-700 at 1000/hr    13.1   0.3306   0.3377   77.97 700-800 at 215/hr
800-835 at 30/hr 36                         835-1100 at 230/hr 1100for1 hr
1100-950 at 400/hr 950-25 at 2500/hr As can be seen from Table II, although
no express dwell period within the nucleation range was employed, the rate
of temperature increase through the [err] range was controlled such that
the samples were within that temperature interval for about 1.25 hours.
Longer times within the nucleation range can be used without concern with
the samples to achieve even greater nucleation, but are unnecessary and are
uneconomical from a practical point of view, inasmuch as sufficient
nucleation was generated within that period to assure the extensive growth
of uniformly-sized, very fine-grained crystals. Hence, exposure periods of
about 1-3 hours have been deemed satisfactory. At temperatures below about
1025 C, growth of crystals is quite slow. On the other hand,
crystallization temperatures in excess of about [err] can lead to grain
growth of the crystals and thermal deformation 50 of the body. It will be
appreciated that, with articles of similar physical dimensions, longer
exposure periods to assure the development of a high level of crystallinity
will be required at lower temperatures within the crystallization range
than at temperatures at the upper extreme thereof. Whereas in the heat
treatment schedules listed in Table II the samples remained within the
crystallization range for about 1-1.25 hours, 



longer exposure periods can be utilized without concern, but such longer
periods can be uneconomical from a practical point of view in like manner
to very extended nucleation periods. Accordingly, crystallization heat
treatments of about 1-4 hours have been considered sufficient to achieve
the desired extensive growth of uniformly-sized, very fine-grained
crystals. The x and y coordinates for Examples 5-11 are positioned within
polygon bounded by Points A'B'C'D'E'F'A', which polygon overlaps the plot
of the x and y coordinates encompassed with polygon 6    EP 0 436 806 B1
bounded by Points ABCDEFA and, hence, includes tints not only matching that
of CORNERSTONER tableware, but also hues close to and compatible therewith
As is evident from polygon A'B'C'D'E'F'A', the tints of Examples 1-4,
containing CeO2 concentrations of 0.5%, 0.75%, 1%, and 1.25%, respectively,
fall outside of the desired values, and Example 5, containing 1.5% CeO2, is
at the edge of acceptable color. 5 Accordingly, 1.5% CeO2 has been deemed a
practical minimum limit. At the other extreme, Example 8, containing 2.5%
CeO2 is close to the edge of acceptable color and Example 9, containing 3%
CeO2 is outside of acceptable color. Therefore, 2.75% [err] has been
adjudged an appropriate maximum level, with 1.75-2.25% [err] being the
preferred range. To further illustrate the singular behavior of [err] in
imparting a beige tint close to and compatible with 10  the hue of
CORNERSTONER tableware, [err] was substituted for [err] in amounts of 1.5%,
2.0%, and 2.5%  in the base composition of the CORNERSTONE[err] tableware.
The batches were compounded, ballmilled, melted at [err] poured into 15.24
x 15.24 x 1.27 cm (6" x 6" x 1/2") steel molds, and annealed at [err] in
like manner to the procedure described in Patent No. 4,331,769. The
compositions of those three glasses are recorded below in Table III
expressed in terms of parts by weight on the oxide 15 basis as calculated
from the batch. Because the sum of the individual constituents closely
approximates 100, for all practical purposes the tabulated values may be
deemed to reflect weight percent. Table III 20 12     13      14 [err]
62.9   62.4   61.7 [err]    6.28    6.28    6.31 [err]     3.04    3.04
3.05 25                                B203    4.86    4.86    4.89 CaO
15.2   15.2   15.3 MgO      1.01    1.01    1.01 KaO      3.04    3.04
3.05 F        3.55    3.55    3.56 30                                CeO2
1.50    2.0    2.51 The x andly color coordinates tristimulus values Y
(Illuminant C) for those three glasses were measured as follows: 35
Glass 12:   x = 0.3201, y = 0.3282, Y = 77.0 Glass 13:   x = 0.3213, y =
0.3281, Y = 72.5 Glass 14:   x = 0.3282, y = 0.3342, Y = 67.9 As is
immediately evident, those values fall far outside of polygon
A'B'C'D'E'F'A' and, hence, the hues would not be compatible with the tint
of CORNERSTONE[err] tableware. The more preferred composition intervals
yielding tints not only closely matching that of CORNER- STONE[err]
tableware, but also exhibiting physical and chemical properties rendering
them exceptionally suitable for culinary ware, consist essentially,
expressed in terms of weight percent on the oxide basis, of [err]
.68.02.0    [err]                 4.50.75 45             .
[err]   18.0 1.5    [err]    2.00.25 [err]    2.75[err]0.5    As203
0.750.5 



MgO      2.50.75   F        0.50.48 ZnO      1.0[err]0.25   ZrO2      0-0.5
Na2O    0.50.25. 50 Example 10 is considered to be the most preferred
composition. Claims 55 1. A beige-tinted, opaque glass-ceramic article
containing [err]-spodumene solid solution as the predominant crystal phase
with minor amounts of rutile, spinel, loparite, and perrierite which
exhibits a linear coefficient of thermal expansion [err] less than 15 x
[err] and x and y color coordinates (illuminant C) coming within polygon
bounded by Points A'B'C'D'E'F'A' of the drawing, said glass- 7    EP
0436806 B1 bounded by Points ABCDEFA and, hence, includes tints not only
matching that of CORNERSTONER tableware, but also hues close to and
compatible therewith. As is evident from polygon A'B'C'D'E'F'A', the tints
of Examples 1-4, containing [err] concentrations of 0.5%, 0.75% , 1%, and
1.25%, respectively, fall outside of the desired values, and Example 5,
containing 1.5% CeO2, is at the edge of acceptable color. 5  Accordingly,
1.5% [err] has been deemed a practical minimum limit. At the other extreme,
Example 8, containing 2.5% [err] is close to the edge of acceptable color
and Example 9, containing 3% [err] Is outside of acceptable color.
Therefore, 2.75% [err] has been adjudged an appropriate maximum level, with
1.75-2.25% [err] being the preferred range. To further illustrate the
singular behavior of CeO2 in imparting a beige tint close to and compatible
with 10  the hue of CORNERSTONE[err] tableware, CeO2 was substituted for
[err] in amourits of 1.5%, 2.0%, and 2.5%  In the base composition of the
CORNERSTONER tableware. The batches were compounded, ballmilled, melted at
1550 C, poured into 15.24 x 15.24 x 1.27 cm (6" x 6" x 1/2") steel molds,
and annealed, at [err] in like manner to the procedure described in Patent
No. 4,331,769. The compositions of those three glasses are recorded below
in Table III expressed in terms of parts by weight on the oxide 15  basis
as calculated from the batch. Because the sum of the individual
constituents closely approximates 100, for all practical purposes the
tabulated values may be deemed to reflect weight percent. Table III 20
12      13      14 SiO2    62.9   62.4   61.7 [err]    6.28    6.28    6.31
[err]    3.04    3.04    3.05 25                               [err]
4.86    4.86    4.89 CaO    15.2   15.2   15.3 MgO      1.01    1.01
1.01 KaO      3.04    3.04    3.05 F        3.55    3.55    3.56 30
CeO2    1.50    2.0    2.51 The x and y color coordinates tristimulus
values Y (Illuminant C) for those three glasses were measured as follows:
Glass 12:   x = 0.3201, y = 0.3282, Y = 77.0 Glass 13:   x = 0.3213, y =
0.3281, Y = 72.5 Glass 14:   x = 0.3282, y = 0.3342, Y = 67.9 As is
immediately evident, those values fall far outside of polygon A'BC'D'EF'A'
and, hence, the hues would not be compatible with the tint of
CORNERSTONE[err] tableware. The more preferred composition intervals
yielding tints not only closely matching that of CORNER- STONER tableware,
but also exhibiting physical and chemical properties rendering them
exceptionally suitable for culinary ware, consist essentially, expressed in
terms of weight percent on the oxide basis, of 



[err]    68.0[err]2.0    [err]     4.50.75 45
[err]  8.01.5    [err]       2.00.25 [err]    2.750.5    [err]   0.750.5
MgO     2.50.75   F         0.5t0.48 ZnO      1.00.25   ZrO2      0-0.5
Na2O    0.50.25. 50 Example 10 is considered to be the most preferred
composition. Claims 1. A beige-tinted, opaque glass-ceramic article
containing [err]-spodumene solid solution as the predominant crystal phase
with minor amounts of rutile, spinel, loparite, and perrierite which
exhibits a linear coefficient of thermal expansion [err] less than 15 x
[err] and x and y color coordinates (illuminant C) coming within polygon
bounded by Points A'B'C'D'E'F'A! of the drawing, said glass- 7    ceramic
having a composition consisting essentially, expressed in terms of weight
percent on the oxide basis, of [err]     66-70    [err]    3.5-5.5 5
[err]   16.5-19.5  [err]    1.5-2.75 [err]       2-4      [err]    0-1.5
MgO       1-5      F         0-1.2 ZnO      0.5-2     ZrO2      0-2.5 Na2O
0-1. 2. A glass-ceramic article according to claim 1 consisting
essentially, in weight percent, of 15                           [err]
68.0 + 2.0    [err]     4.5  0.75 [err]   18.0  1.5    [err]     2.0  0.25
[err]    2.75  0.5    [err]   0.75 [err] 0.5 MgO      2.5  0.5   F
0.5  0.48 ZnO      1.0  0.25   ZrO2      0 - 0.5 Na2O     0.5  0.25. 3. A
method for making a beige-tinted, opaque glass-ceramic article containing
[err]-spodumene solid 25    solution as the predominant crystal phase with
minor amounts of rutile, spinel, loparite, and perrierite which exhibits a
linear coefficient of thermal expansion [err]  less than 15 x [err] and x
and y color coordinates (illuminant C) coming within polygon bounded by
Points A'B'C'D'E'F'A' of the drawing, said method comprising the steps of:
(a) melting a batch for a glass consisting essentially, expressed in terms
of weight percent on the 30        oxide basis, of [err]     66-70    [err]
3.5-5.5 [err]   16.5-19.5   [err]    1.5-2.75 35
[err]        2-4     [err]    0-1.5 MgO       1-5      F         0-1.2 ZnO
0.5-2     [err]      0-2.5 Na2O      0-1; 40       (b) cooling said melt to
below the transformation range thereof and simultaneously forming a glass
shape of a desired configuration therefrom; (c) heating said glass shape to
a temperature between about [err] for a sufficient length of time to
generate nuclei therein; (d) heating said glass shape containing nuclei to
a temperature between about [err]  for a 45       sufficient length of time
to grow crystals on said nuclei; and then (e) cooling said crystallized
shape to room temperature. 



4. A method according to claim 3 wherein said time to generate nuclei in
said glass shape ranges about 1-3 hours. so 5. A method according to claim
3 wherein said time to grow crystals on said nuclei ranges about 1-4 hours.
6. A method according to claim 3 wherein said glass consists essentially,
in weight percent, of 55 8    EP 0 436 806 B1 [err]    68.0 [err] 2.0
[err]    4.5 [err] 0.75 [err]   18.0  1.5    CeO2    2.0 [err] 0.25 [err]
2.75 [err] 0.5    [err]   0.75 [err] 0.5 5              .            MgO
2.5 [err] 0.5    F       0.5  0.48 ZnO      1.0  0.25   ZrO2      0 - 0.5
[err]    0.5  025. 70 PatentansprUbhe 1. Beige-gefarbter, opaker
Glaskeramikgegenstand, enthaltend jf-Spodumen-Mischkriatall als die
vorherr- schende Kristallphase mit geringen Mengen an Rutil, Spinell,
Loparit und Perrierit, der einen linearen Warmeausdehnungskoeffizienten
(00-300 *C) von weniger als 15 x 10-71/C aufweist und x- und y- 16
Farbkoordlnaten (Beleuchtungsmittel C) aufweist, die in einem Polygon,
verbunden durch die Punkte AB'C'D'EF'A' der Zeichnung, Hegen, wobei die
Glaskeramik elne Zusammensetzung aufweist, die Im wesentlich'n, ausgedrtckt
in Gew.-%en auf Oxidbasis, besteht aus S102     66-70    TiO2     3,5-5,5
A12 0   16,5-19,5   Ce02    1.5-2,75 UL20      2-4     As2Oa      0-1,5 MgO
1-5      F         0-1,2 ZnO      0,5-2     ZrO2      0-2,5 Na20      0-1
25 2. Glaskeranlikgegenstand nach Anspruch 1, bestehend im wesentlichen,
ausgedrUckt in Gew.-%, aus SiO2    68,0 t 2,0    Ti02    4,5 t 0,75 A1203
18,0  1,5    CeO2    2,0 t 0,25 UzO    2,75  0,5    As2Oa   0,75 t 0,5 MgO
2,5 0,5    F        0,5 t 0,48 ZnO      1,0  0,25   ZrO2      0 - 0,5 Na2O
0,5 0,25. 3  Verfahren zur Hersteilung elnes beige-gefIrbten, opaken
Glaskeramikgegenstandes, enthaltend p0- 40     Spodumenr-Mischkiistall als
die vorherrschende Kristallphase mit geringen Mengen an Rutil, Spinell,
Loparit und Perrierit, der einen linearen Warmeausdehnungskoeffizienten (0I
- 300 IC) von weniger als 15 x 10-7/ * C und x- und y-Farbkoordinaten
(Beleuchtungsmittel C) aufweist, die in einem Polygon, verbunden durch die
Punkte A'B'C'D'E'F'A' der Zeichnung, liegen, wobei das Verfahren die
nachfolgen- den Schritte umfaBt: 45       (a) Schimelzen elnes Ansatzes far
ein Glasi bestehend im wesentlichen, ausgedrUckt in Gew.-%en aut Oxidbasis,
aus Si02     66-70    TiO2     3,5-5,5 ;              Al2 Oa   16,5-19,5
CeO2    1,5-2,75 5U20      2-4      AS203    0-1,5 MgO       1-5      F
0-1,2 ZnO      0,5-2     ZrO2      0-2,5 



Na2O      0-1; 55 (b) AbkOhlen der Schmelze unter ihren
Transformationsbereich und gleichzeitig Bilden elner Glas- form elner
gewinschten Gestaltung hieraus; 9    EP 0 436 806 S1 (c) Erhitzen der
Glasform auf eine Temperatur zwischen etwa 750 - 850  C fOr sine Zeitdauer,
die ausreichend ist, urn darin Kristallisationskeime zu erzeugen; (d)
Erhitzen der Kristallisationskeime enthaltenden Glasform auf eins
Temperatur zwischen etwa 1025 - 11.75 * C f~r eine Zeitdauer, die
ausreichend ist, um auf den Kristallisationskeimen Kristalle 6
wachsen zu lassen, und anschlielend (e) Abklhlen der kristallisierten Form
auf Raumtemperatur. 4. Verfahren nach Anspruch 3, wobei die Zeit, um in der
Glasform Kristallisationskeime zu erzeugen, etwa t - 3 Stunden betragt. 10
5. Verfahren nach Anspruch 3, wobel die Zeit, urn auf den
Kristallisationskeimen Kristalle wachsen zu lessen, etwa 1 - 4 Stunden
betrfgt. 6. Verfahren nach Anspruch 3, wobel des Glas im wesentlichen,
ausgedrUckt in Gew.-%en, besteht aus 16 S102    68.0 + 2.0    T102    4,5 -
0,75 A1208   18,0 + 1,5    CeQ2    2,0 f 0,25 _            U20    2.75+ 0,5
As2Os   0,75 + 0,5 MgO      2,5  0,5    F       0,5 t 0,48 ZnO      1,0
0.25   ZrO2      0 - 0,5 Na2O    0,5 + 0,25. 25  Revendlcations' 1. Article
en vitroc~ramique opaque teintee beige contenant une solution solide de
,B-spodumene comme phase cristalline principals avec de petites quantites
de rutile. de spinelle. de loparite, et de perridrite, qui pr~sente un
coefficient de dilatation thermique lin6aire (do 0 a 300 C) infefieur a 15
x 1 07/ C et 30     des coordonn6es colorim6triques x et y (Illurninant C)
situ6es dans le polygone d6limit6 par les points A'. B'. C', DI, E', F et
A' du dessin, ladite vitrocramique ayant une composition constitute
essentiellement en pourcentages en poids sur la base des oxydes, de: S102
66-70    11o2    3,5-5,5 Al203   16.5-19.5   CeO2    1.5-2,75 Li20      2-4
As202    0-1,5 MgO        1-5     F         0-1.2 ZnO      0.5-2     ZrO2
0-2,5 40  .        Na2O      0-1. 40 2. Article en vitrocramique selon la
revendication 1, constituA essentiellement en pourcentages en poids, de: 45
;          SiO2    68,0 t 2.0    TiO2     4,5 t 0,75 A1203   18,0 + 1,5
CeO2     2,0 t 0,25 U20    2,75 t 0.5    As202   0,75  0,5 MgO      2,5
0,5    F        0,5  0,48 ZnO      1.0 t 0,25   ZrO2      0- 0,5 Na2O
0,5  0,25. 6s  3. Proc~d6 de fabrication d'un article en vitroco6ramique
opaque teint6e beige contenant une solution 



solide de 6,spodumbne comme phase cristalline principale avec de petites
quantit6s de rutile, de spinelle, de loparite, et de perri6rite, qui
pr6sente un coefficient de dilatation thermique lindaire (de 0 a 300 C)
inferieur a 15 x 107/1C et des coordonnees colorlmdtriques x et y
(Illuminant C) situ6es dans 10    EP 0 436 806 B1                  !IcI
I          I le polygone delimite par les points A', B', C', D', E', F' et
A' du dessin, Iedit procede comprenant les 6tapes suivantes: (a) fusion
d'une charge de d6part pour un verre constitue essentiellement en
pourcentageo en poids sur la base des oxydes. de: SiO2     66-70    T102
3,5-5,5 A1203   16,5-19,5  CeO2    1,5-2,75 U20       2-4     As202
0-1,5 MgO       1-5     F           0-1,2 10                            ZnO
0,5-2     ZrO2       0-2,5 Na20      0-1. (b) refroidissement de la masse
fondue en dessous de sa plage de transformation, et fagonnage 15
simultan6 d'une forme en verre de configuration deslree a partir de
celle-cl; (c) chauffage de ladite forme en verre h une temperature comprise
entre 750 et 850 *C, pendant une duiee suisante pour produire une
nucl6ation; (d) Shauffage de ladite forme on verre contenant des noyaux a
une temperature comprise entre 1025 et 1175 * C pendant une duree
suffisante pour faire croltre des cristaux sur lesdits noyaux; et 20
(e) refroidissement de ladite forme cristallisde A la tempdrature amblante.
4. Procede selon la revendication 3, caracteris6 en ce quo ladite duree de
nucl6ation dans ladite forme en verre est comprise entre 1 et 3 heures. 25
5. Proc6de selon la revendication 3, caracterise en co que ladite dur6e de
croissance des crjistaux sur lesdits noyaux est comprise entre 1 et 4
heures. 6. Procede selon la revendication 3, caract~ris6 en ce que ledit
verre comprend essentiellement en pourcentages on poids: 30 SiO2    68,0
2,0   TiO2    4,5 f 0,75 A1203   18;0  1,5   CeO2    2,0 t 0,25 U20    2,75
+ 0,5   As202   0,75  0,5 MgO    2,50,5    F           0,5  0,48 ZnO
1,0t 0,25   ZrO2      0 - 0,5 Na2O   0,5  0,25. 40 45 s0 55    


