
EP 0 437 228 B1 The invention concerns glass-ceramic precursor glasses, a
conversion process from articles made of such glasses into articles
consisting of a glass-ceramic having a very low, or even zero thermal
expansion, 5   and glass-ceramic articles obtained from  such galsses,
especially cooktop plates. Glass-ceramic article have  been known for about
30 years since their invention in U.S. Patent No. [err]. Even though the
applications for glass-ceramics are very diverse, they are particularly
useful for the fabrication of cookware. Glass-ceramic are vry much
appreciate  by the customers in part can their visual aspect be varied
almost and chemical properties. For instance, not only 10  make them highly
resistant to acids and infinitely, but in addition, their composition can
be adjusted to frequently and alkali. as well as to confer upon them a high
mechanical resistance, properties has allowed their use as cookwares  than
that of glase  articles of identical shape. Such a combination of in
addition to their use as cookware that can be used up to much higher
temperatures than classical borosilicate glasses. 15        glasss -ceramic
aricles requires three major steps: melting a mixture of raw materials
usually containing a nucleating agent: forming and cooling the glass below
its transformation range; and crytallizing the glass article ("ceramming")
by an appropriate thermal treatment. In general, this last part of the
process is performed in two steps- the glass article is first heated up to
a temperature slightly higher than the transformation range In order to
generate the nuclei. The temperature is 20   then increased so that crystal
growth can occur on the nuclei. On the one hand, crystalline growth  being
enhanced by a temperature Increase, crystallization of the main crystal
phase is usually performed at as high a tWeperatre as possible to minimize
the duration of the thermal treatment and thereby the production costs. On
the other hand, the article has the tendency to deform during ceramming due
to thermal heterogeneities. This deformation is indeed proportional to the
25   size of the ware, and may therefore large in the case of cooktop
plates. It is then necessary to find a compromise between optimizing the
crystal growth rate and minimizing the distortion of the article. In all
case, glass composition must be adjusted so that it ensures rapid
crystgWine growth. Whet u          ric plqw or St a must be foodcated, the
glass composition must also guarantee a glass viscostly compatible with the
rolling techniqMe. The plates or sheeht  then undergo a ceram For an
application as cooktop plates, the transmliopn of the glass-ceramics in the
visible range must be low enough to prevent dazzling of the user by the
underlying heating elements (especially true when halogen lamps are used
but  high enough so that for-safety reasons, the heating -element can be
detected during its use by the eye. In addition, thp Infraredi transmission
must be high to optimize the Finally, the thermal expansion coefficient of
the glass-ceramic must preferably be very low to prevent breakage by
thermal shock. 



The present invention describes glasses having the following
characteristics: (a) a viscosity required for the rolling of plates or
sheets: (b) the ability to be cerammed into transparent glass-ceramics, the
40.   transmissions of which in the visible and infrared ranges can be
adjusted; (c) a very low or zero thermal expansion coefficient and (d) a
mineral distortion during a very short ceram cycle (thermal crystallization
The invention alson gives a process to transform a glass arice of the
invention into a glass-ceramic article by a thermal treatment of short
duration. 45   Another aspect of the invention is to provide glass-ceramic
articles having high transmissions in the visible and infared rangesro
thermal expansion coefficient, in particular heat-resistant plates (for
instance, woodstove windows or fire protecton windows) or cookware. The
invention also concerns articles made of a transparent glass-ceramic,
presenting a low visible transmission and a  high infared transmission, and
a very low or zero thermal expansion coefficient, in 50      particular
cooktop plates. Summary of the invention More precisely, the invention
concerns thermally crystalliZable glasses having a liquldus viscosity
higher than 700 pas characterized by their compositions, expressed in terms
of weight percent of 2    EP 0 437 228 B1 15
[err] A total of about o.1 [err] above compositions of at least one
colorant selected from the group consisting of [err] is present, the sum of
[err] will range about [err] 20  particularly preferred class compositions
consists essentially of [err] The invention concerns also a proess to
transform an article made of such a glass into a glass-ceramic 40  article
characterized by the fact that it comprises the following steps: (a) the
temperature of the glass article is increased at a rate of about 50-80
C/minute up to the nucleation range of the glass (b) the glass article is
retained within the nucleation temperature range for about 15-25 minutes;
(c) the temperature is raised to the crystallization temperature in about
15-30 minutes; within crystallizon temperature range for about 10-25
minutes; and (e) the resulting glass article is rapodly cooled to room
temperature. 



Because of essentially zero thermal expansion demonstrated by the inventive
glass-ceramics, articles prepared in the laboratory could be withdrawn
directly from the heat treating chamber into the ambient enviroment. The
total duration  of the ceram cycle, viz., Steps (a)-(d), is preferably on
the order of one hour.Generally, the nucleation interval extends over about
[err] and the ceram temperature ranges between about [err]. The invention
concerns transparent glass-ceramic articles, the visible and infrared
transmission of which being adjustable, having a linear thermal expansion
coefficient of 0  3 [err] in the [err] temperature range. and being
characterized by the fact that they originate from the above defined
glasses and, therefore, have the same chemical composition. Finally, the
invention concerns cooktop plates  made of the glass-ceramics described
above, which, when produced in industrial conditions, present a distortion
less than 0.1% of their diagonal dimension (the standard size for cooktop
plates is 60 cm x 6  cm). In order to obtain this result, we consider that
the deformation of 30 cm x 30 cm plates  used for the development of this
invention, and experimentally 3    EP 0 437 228 B1 cerammed in a static
furnace following the above-described procedure, must not exceed 2.1 mm.
Preferably these cooktop plates have a chemical composition within the
restricted range described above for the glasses  of the invention. The 30
cm x 30 cm glass plates of these compositions can be experimentallt
cerammed with a distortion less than 1.1 mm. 5      It should be noted that
the speification set for the acceptable distortion of cooktop plates (less
than [err] of the diagonal dimension) does  not rule out the fabrication
from this family of glass-ceramics of other articles for which larger
distortion can be accepted, such as transparent heat-resistant glazing
(woodstove windows, fire protection doors or windows). In addition as
already known  far this glass-ceramic family, ceramming at higher
temperatures than 10 specified above, typically from [err]  leads to the
transformation of the transparent [err]-quartz solid solution crystalime
phase into another silica-derived crystallization, known as [err]-spodumene
solid solution, which  [err] a white [err] aspect to the material. This
transformation of the transparent glass-ceramic can be used for other
applications where, for aesthetic reasons or otherwise, opacity and
whiteness of the material are wished. As example  of such applications, we
can mention microwave oven bottom trays, 15  cooktop plates (for instance
for induction heating) or cookware. It is also possible to give the
normally white [err] glass-ceramic another time by  addition of specific
colorants, such as vanadium oxide, to the base composition of the precursor
glasses. 



Glasses having compositions within the claimed range can be rolled and
cerammed into glass-ceramic plates having the following specifications. The
preqursor glasses have a liquidus viscosity higher than 700 20  or sheets
without devitrification defects. The glass plates can be cerammed into
highly crytallized articles in less than two hours, typically in about one
hour, which exhibit distortions typically less than [err] of the diagonal
dimension of the plates. The resulting glass-ceramic is transparent. This
transparency is due to the nature of the crystals, a solid solution of
fl-quartz, and to their size, normally less than 0.5 micrometers. The
visible transmission (integrated between wavelengths 380 and 25  780 mm,
measured for a thickness of 3 mm) of the gless-ceramic can be adjusted
between about 0.01 and [err] by varying the vanadium oxide content.
Finally, the glass-ceramic has a linear thermal expansion coefficient
between [err] The composition domains defined above for each component of
the glass are critical for obtaining the required proporties. 30     [err]
must be kept above [err] in order to guarantee the low thermal expansion
coefficient of the glass- ceramic. viscosity becomes too low to allow
rolling of plates or sheets without devitfication defects. [err] are
essential components of the P-quartz solid solution crystalline phase. For
this reason, their relative concentrations are critical to obtain the
desired low thermal expansion coefficient. The 35  addition of [err]induces
a lowering of the thermal expansion coefficient, whereas the addition of
[err] increases it. That is the resaon the concentrations of these three
oxides must obey the weight [err], so that the thermal expansion
coefficient of the glass- We have also observed that [err] concentrations
in excess of 2.8 wt% or Li20 concentrations higher 40   than [err] yield
unacceptable value for the thermal expansion. [err] concentration higher
than [err] is needed to keep a glass viscosity compatible with classical
melting techniques. which are particularly important for the product. For
instance, above 1.5 [err], the crystalliztion starts occurring very
suddenly and is difficult to control, resulting in breakage 45   of the
article during ceramming. However, MgO promotes the dissolution of zirconia
during the Initial stes of raw rapgn, a minimum concentration of 0.55% MgO
is considered as being Because of its relatively larger ionic radius,
barium cannot enter the f-quartz lattice, but rather stays in the residual
intergranular glassy phase of the glass-ceramic. BaO Increases the thermal
expansion of the glass ceramic which mug be cwmensated for by an addition
of U2 0 and/or ZnO, and appears to have litl, if any, effect on zirconia
disolution. On the other hand, due to its presence in the intergranular
glass phase [err] continues to lowering the glass viscosity during its
ceramming, having therefore a positive contribution to the minimization. 



In view of these relationships, it is preferred to maintain the barium
oxide content between 0.4 and 1.4 [err]. Further  have cumlative (or
concurrent) effects, their sum should not exceed [errr]. Barium oxide may
be substituted in or totally by strontium oxide. [err]. Their
concentrations are critical for the final crystal size of the [err]- [err]
transparency of the glass-ceramic, since they determine the nuclei 4    EP
0 437 228 B1 density in the glass. We have also found that vanadium, in
combination with TiO2 and ZrO2, contributes to reducing distortion during
ceramming. In consequence, the sum TIO2 + ZrO2 + 5V2Qs must be between 3.8
and [err]. Below [err], the glass-ceramic has an opal aspect which can be
ascribed to an insufficient number of nucei. resulting in the growth of
larger crystals. On the other hand, the dissolution of zirconia becomes The
advantage of using vanadium in the products of the invention lies In the
unique properties that this oxide gives to the final glass-ceramics. As a
matter of fact, it makes It possible to obtain a glass-ceramic having both
a low visible transmission and a high Infrared transmission, a property
combination which is often sought for specific applications, such as plates
for instance. V20s gives the glass-ceramic a [err]rgwn tint in
transmission. Although any addition of this oxide has that, for
applications where coloration is required, a minimum of are pratical
limits. [err], etc., can also be added to 15   tints and/or a lower
infrared transmission are desired. sical fining agents. are not willing
added to the composition, but come from impurities present [err]  two-
oxides remain located in the glassy phase, thereby contributing to the
[err] during its crystallization. They also lead to an increase of the
thermal [err] -ceramic. a restricted domain could be identified for which
It was a thermal treatment lasting less than two hours, and typically about
one hour, plates deformation, and having the required characteristics of
zero [err] with adjustable visible transmission, and high infrared
transmis- [err] cm x 4 mm plates, as measured by the 



[err] Description of Preferred Embodiments 30     The following laboratory
procedures have been used for the development work which led us to the
present invention. The glasses are melted at [err] in large enough quantity
so that 30 cm x 30 cm x 4 mm plates can be rolled being sawn to the
required size, are then cerammed on ceramic grids, according to a thermal
cycle of the following type: 35  rate of 50-80 degrees/minute, up to the
nucleation range, generally location close to the transformation range of
the glass; (2) a temperature increase through the nucleation range [err] In
about 15-25 minutes; (3) a temperature increase  up to tie crytallization
temperature [err] in about 15-30 minutes; (4) a crystallization temperature
hold for 10-25- minutes; and (5) a rapid cooling to room temperature The
exact selection of temparteure and durations within the above intervals can
be made for each composition through routine experimentation. Such a
thermal treatment lasts about one hour from the introduction of the article
into the furnace at room temperature until the end of the
crystalliztlateau. of the invention Is the low distortion exhibited by the
plates or sheets during their ceramming. This deformation was measured
during the laboratory tests. The ceramic grid placed under the plate to be
cerammed was taken as the reference and the deformation reported below is
the mean after ceramming between each of the four corners of the glass-
ceramic plate and the underlying reference ceramic substrate. We consider
that a deformation smaller than 50   21 mm, measured under the laboratory
conditions, is acceptable for the fabrication of large size plates in
industrial conditions. Among the typical specifications of 80 cm x 60 cm
cooktop plates, the distortion must not exceed [err] of the diagonal
dimension. The compositions of the preferred range described above
guarantee that the distortion of 30 cm x 30 [err] plates after ceramming in
the laboratory conditions will not exceed 1.1 mm. The transposition of 55
this low value to industril conditions makes it possible to obtain plates
with very little deformation, thereby improving the production yield.
Thermal expansion was measured with a differential dilatometer between room
temperature and [err]. Optical transmission was measured from 300 to 3000
nm on 3 mm-thick polished samples. For M.O.R. 5   



EP 0 437 228 B1 measurements (modulus of rupture) glns-ceramic disks were
first polished and ten abraded wit a known grit paper before being
fractured in a three-ball axialload bending device. Aesults of experimental
testing are reported in Table 1 and 2. In Table 1 a group of thermally
.crystullizaJle gloss compositions, expressed in weight percentages of 5
component oxides is presented to illustrate various aspects of the present
invention. It should be noted that these glasses can be melted from usual
raw maerlials, introduced as oxides or other compounds which, by [err]
expected amounts. For example, spodumene and rpspectively. The properties
reported in Table 1 have been measured from   -oerwnlcs obtained with a
thermal 10  cycle of the type previously described. The characteristics of
the examples of Table 1 are summarized thereafter. Examples 1 and 4 contain
vanadium and lead to glasses and glass-ceramics having the properties
described above, Examples 1 and 2 being preferred composition.Examples 3
and 4. although their deformation after ceram has not been quantified in
the lab, show, however, the effect of titanium and zirconium oxides on the
transmission of the finalglass-ceramic an addition of [err] and a
simultaneous decrease of the same amount of ZrO2 yields a decrease  nm (for
a thickness of 3 mm) of the glass-ceramic. Example 5 to 7 are typical
compositions from which it is possible to obtain colorless glass-ceramics.
A simple comparison with the previous examples demonstrates the role played
by vanadium In contributing to reduce distortion during ceramming. 20
Table 2 presents a selection of compositions from which glasses were melted
and cerammed according to the above experimental procedure. Because these
compositions are slightly outside the claimed range, they do not yield
glasses and corresponding glasses and corresponding glass-ceramics having
all the specifications of the Invention. Like before, the compositions are
given as weight percents of component oxides. Examples 9 and 12 have too
high alumina contents which lower the liquidus viscosity to values not 25
compatible with the requirements of classical rolling technology. In this
case, the devitrification phase is mullite. Examples 10 and 11 high
magnesia content, leading to an excessive thermal expansion. This effect is
even more important for Example 10 where.the zinc concentration is also
particularly low. A large deformation of the glass-ceramic corresponding to
Example 10 has also been measured. 30 In Example 12 in addition to a high
alumina concentration, the zinic oxide content is very high, which we
believe accounts for the larger measured deformation. The glass-ceramic
obtained from a glass of the composition Example 13 Is very opalized, as a 



consequence of an insufficient [err] which impairs the the efficiency of
nucleation. Example 14 contains both a high  barium oxide concentration and
a low zinc oxide content. The glass- 35   ceramic obtained from this
example is highly distorted.    EP 0 437 228 B1 TABLE 1 2         3
4 [err]    EP 0 437 228B1 TABLE 1 (CONT.) 5          6        7        8
69.05     67.65    68.80    68.70 18.90     18.85    19.10    19.20 [err]
3. 30.     3.45     3.20     3.40 0.90      1.12     1.07      1.05 1.55
1.60     1.50      1.30 0.7.5     0.90     0.76      0.80 2.60      3.10
2.60      2.60 1.75      2.10     1.70      1.43 0.90      0.90     0.85
1.10 0.00     0.00     0.00      0.00 [err]                            0.20
0.15     0.19      0.15 0.10      0.18     0.21      0.25    EP 0 437 228
B1 TABLE 2 6                                  9         10        11
12 



[err] 46 50 55    3 EP 0 437 228 B1 TABLE 2 (CONT.) 13           14 69.50
66.30 19.00        19.65 [err] 45 1- A thermally crystailizable glass
exhibiting a liquidus viscosity greater than 700 Pa.s which can be
thermally crystallized in situ to a transparent glass-ceramic article
demonstrating a linear coefficient of thermal expansion [err] of 0 [err]
containing f-quartz solid solution as the predominant crystal phase and
capable of being crystallized in situ to a plate form exhibiting a
distortion of less  than 0.1%  of its diagonal dimension when subjected to
a very short thermal crystallization treatment, said glass consisting
essentially, expressed in terms of weight percent on the oxide basis, of 55
10    EP 0 437 228 B1 TABLE 2 (CONT.) 5
13            14 [err] 46 1. A thermally crystallizable glass exhibiting a
liquidus viscosity greater than 700 Pa.s which can be therrmaly
crystallized in situ to a transparent glass-ceramic article demonstrating a
linear coefficient of 



50     thermal expansion [err]  containing [err]-quartz solid solution as
the predominant crystal phase, and capable of being crystallized in situ to
a plate form exhibiting a distortion of less than 0.1% of its diagonal
dimension when subjected to a very short thermal crystallization treatment,
said glass consisting essentially, expressed in terms of weight percent on
the oxide basis of 55 10    EP 0437 228 B1 [err] A thermally crystallizable
glass according to claim 1 also containing 0.1-1.0% total of at least one
colorant selected from the group consisting of CoO, Cr2sO, Fe2Oa, MnO2,
NiO, and V205. A thermally crystallizable glass according  to claim  2
containing  0.1-1.0%  V20s wherein [err] A thermally crystallizable glass
according to claim 3 consisting essentially of [err] 5  A transparent
glass-ceramic article demonstrating a linear coefficient of thermal
expansion (20 -7000 C) of [err] containing [err]-guartz solid solution as
the predominant crystal phase, and exhibiting in pltgOrw p ditortion of les
than 0.1% of its diagonal dimension when crystallized in situ by means of a
very short thermal crystallization heat treatment from a thermally
crystallizable glass consisting essentially, expressed in terms of weight
percent on the oxide basis, of [err] 6.  A glass-ceramic article according
to claim 5, which is transparent and wherein the visible transmission
(integrated between wavelengths  380 and 780 nm measured for a thickness of
3 mm) varies between 7, A glass-ceramic according to claim 5 or 6 being in
the form selected from the group consisting of a cooktop plate, a cookware,
a microwave oven bottom tray, a woodstove window, a fire protection door,
and a fire protection window.    EP O 437 228 B1 8. A method for making a
transparent glass-ceramic article demonstrating a linear coefficient of
thermal 



expansion [err]  containing [err]-quartz solid solution as the predominant
crystal phase, and, when in plate form, exhibiting a distortion less than
0.1% of its diagonal dimension consisting essentially of the steps: (a)
melting a batch for a glass consisting essentially, expressed in terms of
weight percent on the oxide basis of [err] (b) cooling said melt to a
temperature below the transformation range thereof and simultaneously 20
forming a glass article of a desired configuration therefrom; (c) raising
the  temperature  of said glass article at a rate of about 50 -80 C/minute
to the temperature range of about [err] (d) retaining said glass article
within the temperature range of about [err] for about 15-25 minutes to
develop nuclei therein; 25       (e) raising the temperature of said
nucleated glass article at a rate sufficient to bring said glass article
within the temperature range of about [err] in about 15-30 minutes; (f)
retaining said nucleated glass article within the temperature range of
about 900 -960 * C for about 10-25 minutes to grow [err] solid solution
crystals on said nuclei; and thereafter (g) rapidly cooling said
crystallized article to room temperature. 30 9. A method of making a
glass-ceramic according to claim 8, but which is white opaque and which
contains [err] solid solution as the predominant crystal phase,
characterized in that the heat treatment is carried to a range of about
[err] 35  10.      A method according to claim 8 or 8, wherein said glass
also contains 0.1-1.0% total of at least one colorant selected from the
group consisting [err] 11., A method according to claim 8 or 9 wherein said
glass contains 0.1-1.0%  [err] wherein 12. A method according to claim 8 or
9 wherein said glass consists essentally of [err] 55 13. A method according
to any of claims 8-12, wherein the total duration of time required to carry
out the processes of paragraphs (b)-(f) will not exceed about two hours. 12
EP 0 437 228 B1 



14. A method  according  to claim 13, wherein said duration of time is
about one hour. 6  1. ThernVfh kristpjlisivrbares Glas, das eine
Liquidus-Viskositit gr6 er ale 700 Pa- s zelgt und das in Mt wu einham~
trgrparenten gleoJramischen Gogenstand kristallisiert werden kann, der
einen Linear- kofflmirtsn *r tflrmischon Av-ohnung (20 *C - 700  C) von 0 t
3 x 10-7/- C zeigt, enthaltend sinO fg.ts Lhng Vfn D-;Qarz as vorherrchende
Kristallphase, und das In situ zu einer Plattenform krW&Ieliol  wprt
IWrin. d14. eoIa Verprrung von weniger ale 0,1 % lhrer diagonalen Abmessung
zeigt, *0 ro  wom sie Oiner 41  kur~,n Doharndling der thermischen
Kristallisation unterworfen wird, wobei das ;1u irn wVqAlJhn, auvpdrlkt Js
Gaw.-% auf Oxid-Basis, besteht aus :       .       i~      0 . |  6.5-70
MgO + BaO + SrO   1,1 -2.3 *            AkgA      1B-19,8
r02    1,0 -2,5 16                       Lj"0    2,5 - 3,8
As2a           - 1,5 Mgo    Q55 -1,S                       SbzOa      0
-1,5 ZnQ     1$2. - U             As2 03  8b0       0,05 - 1.5 11O2     I,
J. 3j9                      Na2  0    - <1,0 O  :O - 1,4
(K20   0 <1,0 $10      0 wl4                  N*O +KO K 0N     - <1,0 Dog
+&O       04 -1,4    2,8 Q20 + 12 ZnO/5,2 MgO       >1,8. 5  2. Thgrmisgh
krist.llines Glas nich Anspruch 1, ebenfalls enthaltend 0,1 bls 1,0 %
insgesamt wenigstens Qirfi5 t.rbgqebenen: Mittels, ausgewihit aus der aus
CoO, Cr20:, Fe2Os, MnO2, NiO und V20s hnd.n  rupp. 3.  T1wfrmph
kriu8aIlin4e GBas nach Anspruch 2, enthaltend 0,1 bis 1,0 % V20s, worin
TiO2 . ZrO2 + 5 $0     V2 Qsw3 i. 6J9Q0A. 4, wrhrmrAJ  krisgtalinej GlWae
naQ h Anspruch 3, im wesentlichen bestehend sus $  .          $ia
4-07Q                        ZrO2    1,8 - 1,9 as   .  :           ^!2A~Qp
115 - 1,8                     MA:0       0 -1.5 UgQ    '.-. -
810        0-1,5 b       O.8-iwQ  .       1      gAtsOa  + lSb20  0,5 - 1,5
*ZO    1,3 - 2,0                       Na2O    0 - <1,0 0            '
BaQ       0-1,4                          K20   0 - <1,0 0 - 1,4
Nt2O + K20    0 - <1,0 4a+O    Q     0,5 -1,4                       V205
0,1 - 0,7 490+ 5t0?   7S0    1,3 - 2,2   liO2 + ZrO2 + 5 V205    4,4- 5,8
1102     2.3 2.7    2.8 L20 + 1,2 ZnO/5,2 MgO     >1,8. 45 



U. Trartsparoptgr lsfcgromivchor Q9genstand, der einen Linearkoeffizienten
der thermischen Ausdehnung (20' C * 7Q9 AC ) von 0 t 3 x 10-7/*C zeigt,
enthaltend sine feste Ldsung von p-Quarz als vorh.rr4chendo Kristlgphase,
und der in Plattenform sine Verzerrung von weniger ale 0,1 % ihrer 4o
dqdiqgon4ln *motng  zioit, wenn or In situ mittels einer sehr kurzen
Wirmebehandlung der thepvigoth'n  ijtgjgn qgp elinem Q31  kristullisoert
wird, das im wesentlichen, ausgedrUckt als 0oS9A out vQ4J41Ai*,'sbetOht;
wav 13    EP 0437228 B1                                c   L   M   S $JOa
5:iQ              MgO  + WaO + SrO   1,1 - 2,3 A.kQu     1 -19,8
ZrO2    1,0- 2,5 .lzQ    2.5 " 3,,                     As203      0 -1,5
MgO  QOa5s1,5                         Sb20e      0.1,5 5   .   Q>    1~ j
A itQ3 + $bz%    0,5 -1,5 TIlg     t flB ^yNa20   0-<1,0 . -  . 8ia0  9  1A
K20   0-4:1,0 ,  .rQ   Q-t4 'P1 a2O + K20   0-- <1,0 0Q+ -)CJ    0,4 1,4
Z90 U2 0 + 1,2 n0/5,2 MgO       >1,8. 6Glpokgrieher Qqiprwtnd nvIc'
Anspruch 5, der transparent ist und bel dem die Durchlfssigkelt im
Sicl1tsaren Q(ntstgnrt vwWchen den Wellenlingen 380 und 780 nm, gemessen
flr eine Dicke von 3 .4     mrmr) livhohn  tws 9,01 un ' 86% vriset. 7.
Glpskerpmiphpr Q emnantd nopah Anspruch 5 odor 6, der in elner Form
vorliegt, die aus der aus einer KfchpIattenw~b~ckiJrtg, I mlchfptgm
Gmvhirr, der 5odenplate esines Mikrowellenherdes, sinern Kamin- fenstqr,
o1ner Ficjrqshbq    r unq einem Feuerschutzfenster bestehenden Gruppe
ausgewAhit Ist. $' 8. YefltqhrSn Wjr Mrutelhjno eines.r nw~aresltn
gokeramischer Gegenstondes, der einen Unearkoeffi- zients 4  thWrrWrM :hn
Ausae nyng (20  0C  700 IC) von 0 t 3 x 10-7/1 C zelgt, eine feste Losung
von  'Qu#  a  vgdyWreohd,9 Kri lphase enthalt und der in Plattenform slne
Verzerrung von wqniqpr fl 9,1 '4 ihfrp siI~ tn Abrnemsung eigt, Im
wesentlichen besehend aus den Schritten Re       (e) -pp $pmgexqi  o:1
dlapAnsstea, der im wesentlichen, ausgedruckt als Gew.-% auf Oxid- 8i.
.9!tv . ~   ~       ~        ~       -                 - .....  >   ..  ..
MUO + BaO + SrO   1,1 -2,3 



-AJ Oa    18 - 1.0,8                     ZrO2   1,0 - 2,5 L2 -    P ,5- 3i8
A20a      0 -1,5 -s gO   Qlj- 1,5                      Sb20      0- 1,5 .,O
ia - 2a.s            As20  + Sb203    0,5 -1,5 TliQ     1,8 - 3,2
N20   0 - <1,0 pop      0 - 1,4                        K20   0 - <1,0 :I8i
.0.  0 1:,4                Nt0 + K20    0-<1,0 Sao + SQ      0!4 - 1,4
ZS lQ, 0 + 1,2 ZnO/5,2 MgO   >1,8; ,   (b) w KWhlgna dr 8ghm*  ouW .ine
Temprsatur unterhalb des Transformationsbereichs dersel- 04        bn un.
glejts  duc   Fqnmri einus Glaj-Qegenstandes mit einer gewUnschten
Konfiguration (c) d; 6,01hpns dOr Tamparetur due Qlss-Gpgenstancies mit
einer Geschwindigkeit von etwa 50-80 - C/vAin 0uf    T ThrnpAretur-8,r.iJh
von etwa 570-800 IC; (d) d   bits do Qts( enstandes innerhalb des
Temperatur-Bereich von etwa 670-800 IC E          hOber etwa l ip   mim,
u(rn i onskeire darin zu entwickeln; (0) de.o grlfOke   der Temperatir tg
Kristullipatlonskelme enthaltenden Glas-Gegenstandes mit ino.r 43iexh in
Vgrvicht, ur dOn Glas-Gegenstand In etwa 15 bis 30 min in den
Tgrnppr~~r~rigrj XQ~n 990  0 C:Wel 990 I C zu bringen; ) 4q bl4Iltvns des.
lasp-0eg nstandes Innerhalb des Temperatur-Berelch von etwa 900 * C bis 980
Ap          WM, Qer  t   19 bi g min. ur Knietalle der feetpn LWsung von
fl-Quarz auf den Kristallisationskei- MWM w*  ta.I n; In. 4nach () "p rgh~n
Abk.Qhjone ckip.s krietsicisisrten Ge!.gAnstandes auf Raumtemperatur. .~~~k
A.dtj~~tjnegntn 0. VqrftW  z-jr MoretlluImg e9ingr (3lpkseamik nach
Anspruch 8, die Jedoch weiB-opak Ist und die eine 10610
D40piQumop9.n-L*Sung Ole vQrhurrechende Krbtiallphase enthilt, dadurch
gekennzelchnet, daB die W/grmo~efl~n4Iw'Ig s otnm 5onoch von etwa 1050 *C
bis 1200 * C fortgeffihrt wird. 14    10, Verfahren nach Anspruch 8 oder 9,
worin das Glas ebenfalls 0,1 bis 1,0 % insgesamt wenigstens elnes
ferbaoebnden MitJOls, ausgswlihit lsU der aus CoO, Cr2Os, Fe203, MnO2, NiO
und V205 bestehenden JorUppq, enth4lt. 5  11. Ve~rFl~hen nh.g~h 4 pru 8
Qcer 9, worin das Glas 0,1 bWs 1,0 % V2%   enthilt, worin To02 + ZrO2 + 5
V2Q06 m    tBigQS%./9 



12 VOerfaihrmn nh Appruh @.er 9, worm da (3lps im wesentlichen besteht aus
1Qp                 O   R. .r  s 'I~z '  '852 . It- f7'0  ZrO2    1,6 - 1,9
'AIQgh    1.5, - 19,8                    As203      0 - 1,5 U2i Q    3,. -
3,6                     Sb20O      0 - 1,5 PMA o8-i1,a5
As2.0  + Sb20.   0,5-1,5 15                    .        n07.0  1,3- 2,0
Na20   O - <1,0 .0Q    0-1,4                           K20   0- <1,0 .0 -
1,4                Na20 + K20    0 - <1,0 Bp.Q + $rO    0,5 - 1,4
V2Qs    0,1 - 0,7 ivlo + tO  + Wr.    1,3 - 22         T102 + ZrO2 + 5 V20s
4,4 - 5,8 > 70o                         TIQ,    2.3 - 2,7    2J U120 + 1,2
ZnO/5,2 MgO      >1,8. fl Verfe pwn nah irgondenon dir Anspraphe 8. bis 12,
worin die Gesamt-Zeitdauer, die zur DurchfUh- rung cpr Verlfgrenwijaelse. (
bbs (f) arrerlich let, otwa 2 h nicht Oberschreitet. 14 Verf..ehn wh
Ansprugh 13., worin die Zeitdsuer etwa 1 h betrlgt. 3s  1, Un wrre
thrmiqqu,rnnt crifailtb, ayant une viscositt au liquidus superieure & 700
Pa.s qui peut Mr. WFmiqu!.9p t gflstlIii h situ en un grticle
vitrocXramique transparent prdsentant un coefficient deo -l4tjgn ti'.vmiqt
lin;aLre(iO-70.0 : C) doe 0   3 x 10-7/ /C, contenant une solution solide
de 4- q43l 1rnme? phug grlatslinp ifldgmmnunte, et capable d'Stre
cristallie I situ en forms d'une pleque prdsritn$t urs .fqrmigi gn vQl l
inmonin .de 0,1% de sa dimension diagonals lorsque soumis a un st,    t
tumm        rioWauIgn twermigQue, ledit verro consistant essentiellement,
en pourcentages -as 65    EP 0 437 228. B1                          lilcl
I#LI    $SIO                                   65-70 )2 03
18-19, 8 e4 i 0                                 2, 5-3,8 Mg0
0,55-1,5 ;nlQ                                  1, 2-2,8 TI?
.                1,8-3, 2 *10  ~ ~   ~    ~    390-1,4 



UV-O  ;)                               0-1,4 UP. +  SrO
0,4-1,4 t50      R OP  + SrQ                   1,1-2,3 rO2
1,0-2,5 :A-  03                                0-1,5 0-1,5 As20 3  +  S}b2
03                     0,5-1,5 n.2O                                   0-  <
1,0 K2a                                      -  <  1,0 ,PO 0+ K2Q0
0-  <  1,0 .2 8U 0 + 1 2ZnO                         > 1,8 Z  Un vtrr. .thr
migem~ent. grltaIiale .sqlon la revendication 1, qul contlent aussi de 0,1
& 1,0% au total d'htj wNgip~ qri uWIQant e5Jhoi de 4sle proupe form4 par
CoO, Cr2Os, Fe203, MnO2, NIO et V205. SQ  $. yIt  vrxe. thvm iq wpnwmt
crifttlisabie selon la revendication 2, qui contient 0,1-1,0% de V2Os, dans
"VoJIl Q  'r   + *Vg0s -  3,8-6%o 46 40.~ ~ ~ ~ ~ ~ ~~~~~1    EP0437228B1
c   L   M   S 4.  ,n ygrre thermiqguoment critalllsabie selon IQ
revendication 3, qui consiste essentlelbement en: SiP2
65-70 A2 O3                                  18, 5-19, 8 4I; 0
3,0-3,6 Mg                                     r 0,8-1, 25 ZnO
1,3-2,0 10 844Q                                   0-1, 4 SrO
0-1,4 TQ  s+  SrrO                           0,5-1,4 15
Mg   +  PaO  +  SrO                    1,3-2,2 T02
2,3-2,7 1, 6-1,9 



ao                          As2 03                                 0-1,5
6b2 03                                 0-1,5 AS203  +  Sb2 03
0,5-1,5 MN42 0                                 0-  < 1,O K2.
0-  <  1,0 Na2O0  + K2 0                          0-  <  1,0 V3Qs:
0,1  -  0,7 Ti02  +  Zr2  +  5V2 Os                4,4-5,8 r2   S       0 +
1,2ZnO              >  1,8 35~~~~~~~~~~~~. 6, ljv  utile on, vytre6rrimswo
tranparente pr~sentant un coefficient de dilatation thermique lin~aire (90
-7Ql' Q) de Q              c:x 1Q-'/--G, Contenant une solution solids de
$-quartz comme phase cristalline pr4mimQnti, Re pr Ant, sQus forms de
plaque, une deformation de mons de 0,1%  de sa 40     dim's, non disWnae
loysq~uv criatalflas in situ par un tres court traitement de
crlstallisation thermique & parlr 'yn vSr9 t rnmiguement vist.aimie
consistant essentiellement, en % en poids sur la base des oxyd0. en: 8O2
65-70 :.45 50 57 17    EP 0 437 228 B311                         J   L   M
S1111111111111111 II ! V  a2 2                             18-19, 8 2,5-3,8
MOQ                                   0,55-1,5 1,2-2,8 7W,-2
1,8-3,2 ZrQ                                   0-1,4 i1
$;0                                   0-1,4 DVQ + SrO
0,4-1,4 MgQ  +  5.O + SrO                     1,1-2,3 



75                        Zr_2                                  1,0-2,5 0%
3                                0-1,5 2tz20
0-1,5 :4       + Sb0 03                     0,5-1,5 v-i
N !0-  < 1,0 0-  < 1,0 N    0  + K20                         0-  <  1,0 2
8t 0 + 1,2ZnO                       > 1,8 so  6. Un aflieId en
vitroctrqrnique solon la revendication 5, qul eat transparent et dans
lequel la transmission de lo lwmiiWr vi;1L, (intgr4oe.ontre les longueurs
d'ondes de 380 a 780 nm et mesurde pour une -aiq r de 3 wtm) vUrie entre
environ 0,01 et 88%. 7. URn Waicte an vitrj*pjrniq* galan to. revendlgation
5 ou 6. qui est soup une forme choisie dens le sq     proupe QnflitUE 69Y
wi plaqu. do cuisson, un ustensile de cuisson, une sole de four &
microondes, unle c qIE    *  emlqrwig u~pQrt; c,4pupo.fou, et une fenetre
coupo-feu 6- PrpoE6 pwr fabrijr ..unrjis an vitr.46ramiqw transparente
prdsentant un coefficient de dilatation pthor'qu. IWOt  (Sl (s79f 4 C). de
0 Qt 3 x 107l C, contenant une solution solide de fl-quartz comme p'w
#le1WInn@ pieJgtntn~rit, 0 p(4;;. n&@flL 4ou; forme do plaque, une
diformatlon de moins de o0,1% i *#   IIn"pg .dipgen. gyl c.mprepnd
ogntielolment les dtapes: a): tinqe uyri gha  pour un verre conpistant
essentiollement, on pourcentages ponddraux sur la 18    e~~
~      ~~~~~~~~~ I IlI~ llliii! 11111 11111 IIu I!II~ EP 0 437 228 SI
,*c   L   N * 8so                                  65-70 A10 3
18-19, 8 IAklzQ                                2,5-3,8 MgQ
0,55-1,5 Zano                                  1,2-2,8 wo
o2                                 - 1,8-3,2 PrQ
0-1,4 SQ                                    0-1,4 8O + SrQ
0,4-1,4 



76                         MgO  + Ba0  + SrO                     1,1-2,3
Zr01                                  1,0-2,5 A~z; 030-1,5 .za
$123                                 0-1,5 A1  03  + 8203
0,5-1,5 0-  < 1,0 25  2 Q                               0-  <  1, 0 Na2Q  +
K2 0                          0-  < 1,0 2, 8Li2 0  +  1Z2ZnO
> 1, 8 30 b) refroidir ctt.t masse fonudue a une tomperature infdrieure a
son intervalle de transformation et 1~#,mer ,impgIlmmnt un brti~l* en verre
de la configuration dsirde b partir de celle-cl; e) 4Wvetion doe io
tom.preuree. ce l'erticle on verre & raison de 50 & 80 C/minute jusqu A la
gamme .$*  mtirn  ,eRp fenvoirQn ,70-800 * C; 35        4) rrpI~ntiSn
ifucIt.,artic~l~e en verre dans I'intervalle de tempdrature d'environ
670400* C pendant 15 & ZS- wiFnq o., Pour y d.6volopper doe germeos QU
noyaux: pl $4tvi        fo tn.p.Wre cludit article en verre nucidd & une
vitosse suffisante pour amener *loi olo o en VOJT fLons ' jontevalleode
tempErature d'environ 900-960 * C en environ 15-30 minutes 40
mafntimn dupitt article en vorro nucle dans l'intervalle de tempErature
d'environ 900-960*C -pension enviton 10   minutoes pour faire .croltro de
cristaux do solution solide de fl-quartz sur ces grm .gu nwpi ; et gnWiOt
g) J *ornte rngi  de r'arclo criutpllieE jusqu'l la temperature ambiante.
oa  9. ProodE do faoricaton d'une vitregdramique selon la revendicatlon 8,
mais qui est blanche et opaque et wi vlritient Un9 oplution. uol e de
B-spodumbne comme phase cristalline prtdominante, caract&rie4 on cq. uoe le
trgytoment thermique out effectud dens l'intervelle d'onvlron 1050-1200 *
C. 19. Prod6  Woton Is rlendic ion 8 ou 9, dens loquel ledit verre contient
aussi 0,1-1% au total d'au moins 0e     tin colorwat elii jgns le groupo
vonstituE de CoO, Cr20s, Fe203, MnO2, NiO et V2Os. I1I ProcOd4 6elon Is
rovendicalOgn 6 ou 9, dane loquel ledit verre contient 0,1-1% de V205 et oO
TiO2 4 ZrOg +2 5WA2S V 3,816,0%.. 56    e
. l 1lilill~~~~~~~~!~    1l 11111 H liJ 11111 lii 



.EP 0 437'220 B1                    ,            c   *   M   S. 12 Proodi
selon la revendiggon 8 ou 9, dans lequel ledit verre consiste
essentiellement en: s01                                  65-70 A   03
18, 5-19, 8 "20                                   3,0-3,6 K90-
0,8-1,25 1,3-2,0 0-1, 4 0-1, 4 BrQ  +  Sr0
0,5-1,4 MqQ  +  300  + SrO                    1,3-2,2 2,3-2,7 Z[02
1,6-1,9 AB 03                                  0-1,5 $b2 03
0-1,5 A*-03  +  Sb203                       0,5-1,5 K2N 0
0-  <  1,0 gO                                   0 %  O- < 1,0 N42:0       2
0                       0        , 0,1 - 0,7 TVQ2 + ZcrO2 +  25
4,4-5,8 2 8LiO  +  1,2ZnO                    >  1, 1s, pwqCW  eeoin ruweq
tuic onquo dce revendication 8 a 12, dans lequel la dur6e totale pour
effectuer les 4tapw ~~r~gira   b)-f) ne d6pasee pas environ 2 heures. 14.
Pro    V~pin t a 1. r9yeondirJ   13, dgans. Isquel ladite durde est
d'environ 1 heure. ~p. 20    


