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*The present .invention describes gl asses -having the follow ng -
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. Thg my,gn_;qn ggngams alsp a proeess to transform an article made of such a glass into a glass-ceramic
Nt 4o 'arm!e gharacterized by the fact that it comprises the following steps:
... {@) the lemperajure of the glass article is increased at a rate of about 50-80°C/minute up to the
;f - nucleation range. of the glags:
" o) the glags ariigle is ‘rgtained within the nucleation temperature range for about 15-25 minutes;
o) the tgmgg;gmra is raised to the crystaliization temperature in about 15-30 minutes;
C e T {d) th e angLQ s retalnsg wi.'lhln crystalllzatlon temperature range for about 10-25 minutes; and

i e -Qm i, ﬁaw&uy. the nuc.leaUm intarval extends over about 870° 800 C and the ceram temperature _
faﬂges mﬂ about 800 *+980 *C. The invention concerns transparent glass-ceramic articles, the visible
ang i Arangmissions of which heing adjustabls, having a linear thermal expansion coefficient of 0 + 3
X 107/*G In the 20-7G0°C- ternparature range, and being chgracterized by the fact that they: originate from

tm aboverdofingd glassas and, therefore, have the same chemical composition.

B8 Finglly, the invention gongerns cookiop plates made of the glass-ceramics described above, which,
s Wbﬁﬂ'- neiiogd in indystrial gonditions, prasent a distortion Iess than 0.1% of their diagonal dimension. (the
Wﬂ &Zﬁ or gooltop plates is 60 om x 60 cm). In order to obtain this result, we consider that the
damrmgmn of 30 cm x 3D em pla}.es uged for the development of this invention, and experimentally
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col ora : i dfA RE%9R R conentretias 19h Yiesec iep sides pwstofbey Rhe weight ur Sor
gl assesaionship (&BLI@O % 1 ZZnan‘z,’MgQ > '1.8, so that the thermal expansion cosfficient of the glass-

“ceramic will bo. 0+ 3 x 1077/,
v{ _ We havg g!g,o ng*grvggl thgt Zn0 congentrations in excess of 2.8 wt% or Li2O concentrations higher
4 thaa 343 wi% yigld ungcegptable valyes for the thermal expansion.
A Li>© gongentration h;gher than 2.5% is needed to keep a glass viscosity compatible with classical
melting techniques.
MgO h@g atiditional prgpgrtigs which are particularly important for the product. For instance, above 1.5
wi%e Mg@ the- grystalization starts occurding very suddenly and is difficult to control, resulting in breakage
« of thg arigle during gergmming. However, MgOQ promotes the dissolution of zirconla during the initial stages
of maw mg];gg@l mglmg For this rgg,ggn 8 minimum concentration of 0.55% MgO is considered as being

_ : of its r,glg;wgly large ionic radius, barium cannot enter the g-quartz lattice, but rather stays in

. the rgglgggl lr’stgrgra,nylgr glassy phage of the glass-ceramic. BaO increases the thermal expansion of the

" 8O glasgamra,m]c which mysl be compensated for by an addition of Li.O and/or ZnO, and appears to have

liitle, i any, effect on zirgonia disgolytiori. On the. other hand, due to its presence in the intergranular glass

phase. BaQ coniribytes to lowering the glass viscosity during its. cerammlng. having therefore a positive

contribution 10 the minimization of deformation.

_ !ﬂ vigw of these relationghigs, it is preferred to maintain the barium oxide content bstween 0.4 and 1.4

65 wi%h. Euﬂtaﬁrmq&:e, becalige MgQ ang ggo have cumuylative (or concurrent) effects, their sum should not
oxcend 2.3%. Barium gxigh-may be subsiituted in part or totally by strontium oxide.

192 ‘and 240, gre nudlegtion agents. Their concantrations are critical for the final crystal size of the g-

quartz phase. and thérglore. for the trgnsparency of the glass-ceramic, since they determine the nuclei
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G~asses- having conpositions within the clainmed range can be rolled and _
cerammed into gl ass-ceram ¢ plates having the foll ow ng specifications. The
preqursor gl asses have:a |i qui dus gpicssraze\sihi gher than 700 20 or sheets
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highly crytallized articles in less than two hours, typically in about one
tn\sh whi dehsignimbepiessdi st ortions typically |ess t han [err] of the diagonal
si on_oMWet hreve sisqtfound tistevapasivm. fn Aemigiiatiens withe TiQeriaid 2602 (camiutes dptreduding s
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a | ower i rigy%er awiteaiarler Thase tuepdides smaiodeceler] dt thatglassyhehassm sherdbip canfikiutingote tsf
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OX|?(es”mP§?”‘®'B'b9@fﬁﬁ'é“t\%ﬂ‘%ﬂ'9§5 ’P'f"']° so that the thermal expansion
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mel ti ng g anah il a Iy ot t ant ?he uct
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article diTTHg el _ I\/gO pronotes the dissolution of zirconia

duri ngsot he ‘h@ @lﬁng%@&tg@f procuiure& RAA , bedn ﬁéeBlfémﬁa aéveiepiidnt %ﬂk%:cﬁfleoouéé%d\/go

IS consi W@@@bﬁl ng Because of its relatively larger ionic radius,

bari um canntie ghsbesrard inaltell 11880 tCinlldgd eroagh ddbrtity sOHREB0 &rh R'B6 cink 4 k@ pla®S icatlial

i ntergrarksl lady Thess \platesaater béing bavnglodbes regaired ndize, arBaiion| cecampmeamh dekegnid bédsyal

expansi oragesding e adiermal oysisrohthe doliowingtipsrug be cwnensated for by an addition

of 2 & anéw)@rtﬁmmwan@f._ e*a$ satq of $Paﬁﬂedq9T°P$’m'"Wv ¥nip, thes Ycisgtionoangei generliva

di sol uti on? “@F’?“Pjﬁé% H Epnsigapagor of the pliese: pr esence in the intergranul ar

gl ass phas: ; R0 '%FQ’W&%@’QH@‘ ‘P?JW?P?W@ "F‘H%(s "3R0S Clin abayt1525 reiaiashg it s

cer ammi ng, ‘A aeMRgrauRncase u g e soysialiization.ismperdtyp (08,860° &) PH@%%?Q’H"E‘&?’% on.

L jon tgmwgtyrg hald for 10-25 minytes; and
i L _ - gogling to-room temperature.
Th@ Q&%@t sale,gtlgp of tgmpgrgture and durations within the above intervals can be made for each
compasition through royting experimentation.
_ S;th - thqrmgl treatment lasts about one hour from the introduction of the article into the furnace at
rRge. temperature until the end of the crystallization plateau.

i 48 - A mamfulgr!y rmp@r@nt fgature of the invention- is the low distortion exhibited by the plates or sheets
q.gﬂmg m@;r garamming.- Thig. dsmrm;tlon was measured during the laboratory tests. The ceramic grid
p&aggd undgr the plate to be- ggrg,mmg_d 'was taken as the reference and the deformation reported below is
’;hp mggn vglyg of: the §gggmg ‘meagured after ceramming between each of the four corners of the glass-

.;g Bl@,te ang tha yng,erlymg refgrence ceramic subsirate. We consider that a deformation smaller than

1. Timp, me@ureg ungar the- Iapqrg,tory ‘conglitions, is acceptable for the fabrication of large size plates in

:m;duatrl,gj gonditiong. Ammg the. typical spec:f‘catlons of 80 cm x 80 cm .cooktop plates, the distortion must
"Qt oxceed 0.1% of the. dlagonal dimension.

.. The gompositions of the preferred range described above guarantee that the distortion of 30 cm x 30
om x 4.mm plates gmer -gergmming in the-labaratory conditions will not exceed 1.1 mm. The transposition of

65 this Igw velue fo mdusirlal condiﬂon; makes it possible to obtain plates with very little deformation, thereby

‘zmprcwmg the-production yield.
Th@rmgl oxpansion was measured with a differential dilatometer between room temperature and 700°C.
Optical {rgnsmigsion was measured from 300 to. 3000 nm on 3 mm-thick polished samples. For M.O.R.
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In view of these relationships, it is preferred to maintain the barium
oxi de content between 0.4 and 1.4 [err]. Further have cunlative (or
concurrent) effects, tHeir .sum sEmoladz egd Bgxceed [errr]. Bari um oxi de may
be substituted in or totally by strontium oxide. [err]. Their
concentralons are critical for the final crystal size of the [err]- [err]
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%ﬁ” R B0 f Frdich glasses werg metiest ant berammel accordinge
- °3F‘§‘E?“\°‘é’aﬂ° plightlyrputside thesclaimest randee
“*P!BE |aE| “‘Be"p?"dﬁSﬂPF# pfdep invantionhi ch

. rcen
and typically about
: (‘" P §"ts P;’i, J.°r' 'd ﬁ?‘?ﬁ'&vé? Vaygsct of
_ e r nsm s VitEficptio @pese is
trans m s- E){@&Jm 10 @Jﬂﬁﬁhﬁ&la&bﬁhiﬁﬁ meﬁrﬁsm Ei&uw td n?excessive thermal expansion.
_ This effect is: oven.mare important for’ Example 10 where.the zinc congentration is also particularly low. A
IQI’QQ qﬁfg;mg.ygn of ihg g[ggs-cgranyg ggrraspondmg to Example 10 has also been measured.
¥ In"Example 12, In- addition 192 high alumina gongentration, the zinc oxide content is very high, which
we halieve accounts. fszr m_ large measured deformation.

W -Q%%Sn Obtained from & glass of the composition Example 13 is very opalized, as a

Tigg ‘gonfent, which impairs the efficiency of nucleation.

_ £9 “hoth s high barium oxide concentration and a low zinc oxide content. The glass-
% c@f@m@ legem@s;l frqm ﬂms gxamp,lg is"highly dlslorted ¢

A



[érr]‘ Descrispti on of Preferred Enbodi nents 30 The follow ng |aboratory
procedures have been used for the devel opnment work which led us to the
present invention. The'gl asses argpigeddregdgdy [err] in | arge enough quantity
so that 30 cmx 30 cmx 4 nmplates can be rolled being sawn to the
required size, are then cerammed on ceramc grids, according to a thernal
cycle of the following type: 35 rate of 50-80 degrees/minute, up to the
nucleation range, generally |ocationZABI® X o the transformation range of
the glass; (2) a tenperature increase through the nucleation range [err] In
about. 15-25 mnutes; (3) a tenperature increase_up to tie crytallization
tenperature [err] in about 15-30 m nutdes; (4) agcrystallﬁzati on t.érrperature
hol d for 1(;—;@% ‘m nutes; and (5) a remiak cool 683 400 r 068, EBNperagLUs® The
exact seleghi@n of tenparteure and duy.afd ons Wist Rixn t hesahpve i ngegyal s can
be made f.o_(rAjtJT@aé'h conposition thr OUQ%L%'%%T ne g)?ﬁgroi men gfpgn. Sg%hég

t her mad tr&-&tzﬁent lasts about .one ho@+4% omt hd-é4dtrodudt®dn of 3hSarticle
into the:fwg@ace at roomtenperatureuntg | theigpd of theio 1.10
crystalliz{lateau. of the invention IIZ 2he | ow dngt orti gn;%hi bited by the
pl ates or &h®¥ets during their ceramm- (ft This def8rmati dn’das nehsit ed
during theBa@boratory tests.” The cer®#d grid @.85ed un@e80the pdad® to be

ceramfed. wagot.aken as the reference anggd he dehoggati onyrggortedybgd ow is
the nmean aff ':Ej.._ce_-r-amﬁ ng between each of the fqur _corners_of the gl ass-
cerani ¢ pl &F®2and the underlying reférdice cerdnPé substr@fe. welc¥hsider

that a def'@sg@tion smaller than 50 2Bomm neas8sed undesot he |@bgo at ory
condi tj onsy ksTacceptabl e for the fabyiigation gf 1harge gi pl at £s,4 N

i st i alvé Adi ti ons: Anpng the typilbr"cfe{'l%aspeci Pi'éZti onsab?680 cm€33<2660 cm
cookt op pl ¥8e®, the distortion nust Mot2exceed%:8Pr] of Othe di agdnkd

di mensi on. gIhe conposi-tions of the pmeafadrred reangs descolped aboye20

guar ant ee. f,Aat . the di stortion of 30 gmex 30 [errk plate ter c réad*rm' ng in
t he I;.gg)p_,r_:,a{? *ng%l tions w:ll -not _e;IC' d 1.1 ?‘ffnLoThe t?é posi tTon of 55
this | ow vAERBLL g0 hlieddnd) conditiole Ofakes i B-pbssi bl -9 obtal Pdl ates
wth very litthes4 ) ma't_ ion, thereby inproving the production yield.

- Ther mal - expi@s
t enper at ur-g,af
nm on3B Mk

AL 5f;d with g.@isfferensi.ab di | agogget er bgfageen room
fcal transm ssion was neasured from 300 to 3000

XPANSION (x1077) ~1.80 »1.90  -0.30 0.00
"o 0.24 0.36 0.41 0.22
1000 mo 0.64 1 0.71 0.75 0.66
| a1 B 0.78 0.80 0.80 0.80
UE M.Q.R. (MPa). 62.00 70.00 - -
DEFQRMATION (mm) 0.70 1.05 - -
;. B8



- EP 0 ‘437 228 Bl nmeasurenents (nodul us of "rupture) glns-ceram-c disks were
first polished and ten abraded wit a known grit paper before being
fractured in a three-ball axial gpedspezgiBng devi ce. Aesults of experinental
testing are‘reported in Table 1 and 2. In Table 1 a group of thermally
.crystullizaldle gloss conpositions, expressed in weight percentages of 5
corrponent OXI des is presented to illustrate varl ous aspects of the present
i mwention. |t should be noted tH B ' s can be nelted from usual
raw maerlials, introduced as oxides or ot her conpounds which, by [err]
expected amounts. For exanple, spodunene and rpspectivel The properties
repofted in Table 1 have been measur & from gerwnl Cs zbt ai ned th a
t her nmal sq‘g cycle of the type previggugy des®7J8sl. Thes Bmractési®oics of

t he exanpl, £€0of Table 1 are summrl here contain
vanadi u -' 2t¥3l ead to gl asses and gI er amalcésedr"?aw ngﬂ)‘ﬁeeospr o;ajgjtfl

desc i bem' iove, Exanples 1 and 2 ba r&p pr ef er¥etb conpadiald on. BEGML es 3
and ﬁ ak@%ough their deformation afd g/ ceramshags, not begpy quantj faed in
the |ab ow, however, the effect of titaniumand zircon um oxi des on the

transni s@h of the final gl ass-cerafi-®%n addik+i&h of [%r}J and k-3

si mul tan% decrease of the same angpuwy of Zrdeyiel dg a;gjecrea@ego nm (for
athﬂsckness of 3 mm of the gl ass-cer . Exgmple 5 to 7 are ty.

Conmposi t@é@g fromwhich it is possi A ggt o] obt% 1 &ol or I7e'sss0 o] asszo'cé(?am CS.

Q si npl 3 %parl son. W|bt h the pr ev:joqs.'xs(arrpl e deonst raiEs the 1043 pI ayed
y vanadiumgl n contributing to reduce 4} storti urin

Table 2 ﬁﬁegents a selection of con&gﬂl ons f(f}rﬁjwhl cﬁog assesngﬁelr mel t ed

‘and ®er aped according to the above GoxXiseri rrentQa-IOCbr ocedw® Becds®0t hese
co oslt"n are slightly outside the 5 ai rreddg_ , theynglo notgyiel d

gl asses aftd correspondl ng gl asses and COorrespon ng gl ass- ceram cs_havi ng
al | the ¥p€cifications of the | nventd-d® Li ke bdre, thetlconpoB¢ddns are
gi ven as%@' g.h@é rcents of conponent, gxxi des. 2Ex16mpl es P,@nd 12 hagmse too

hi gh al uga _.n_ . Contents whi-ch | ower. tt}caj qui dus SCOSI t%_é?no val ot 25
corrpatlb Sl > e deglBQ)onent s of ssi cal ]1' %lng t ol ogyzeq this
case, the de, }‘.‘.t‘ .,'-atl on phase is nullite. Exanples 10 and 11 high

-magnesi aTgQqt enZpoleadisv 00 an excdsdidve therSud0 expankidh. This.®Ffect is
eV ENggDI Lo vbr FRGY ti& &%P -=xdnpl e 10 where.the zinc concentration is also
particul @ F e G Winr de deformati o dU t he glg'bsos cerﬁmd@ cor rgsggdi ng to
‘Exanpl e ' 'Iso é&n measured. 30 In Exanple 12 in a |t|ontoah|gh

al um na MBEM: @M’Mﬁlﬂh’e (%18 ¢ Joxild@%ont entl QP ver yhidth, wit&iAe
bel i eve g?,g(ﬂ%t % .the larger neasured deformation. The gl ass-ceram c

obt asned om a gl ass of - the corrp03|ot |809n Exarrpol e8913 l's 0veer opald e,ld as a
w@a m | . 0.86 0.86 0.81 0.41
. zqggw S . 0.84 0.85 0.83 0.76
~ ©  w,Q.R, (MPa) 63.00  62.00  68.00  60.00
DEFORMATION (mm) 1.70 1.80 1.80 - 2.00
ﬁ"
a0
fi5



-‘eonsequencg of an insufficient [err] which inpairs'the'fhe eTfiCiénéy of

nucl eati on.
a | ow zinc oxide content.
exanple is highly distorted.

90

4 [err] EP 0 437 228B1 TABLE 1 (CONT.) 5
69.-05 67.65 68.80  68.70 18.90 18. 85
3\.80. = 3.45 3. 20 3.40 0. 9DABLE 21.12
1. 60 1.50 1.30.0.7.5 0. 90 0.76
2. 60 2.60 1.75 2.10 1.70 1.43 0.
1.10 6.00 0. 00 0. 00 0.00 2err] 10
0.15 O -5@2 0.15 0.10 0.68.40 0.268.60
?% TABLE 2.8 o 1,0 | 20.10 19.05
S ¢ 3.30 2.75
coMgQ | 1.00 1.95
- 'ZmQ | 1.60 1.02
. BaQ - 0.85 0.75
L TiQ, 2.50 2.55
'3;§Qé | 1.75 1.60
: A§2Q3 | - 0.80 1.08
cw . V9 0.25 0.25
om Y8 |
. Ma,0 0.20 0.13
k0 0.25 0.25
. MgQ +'BaQ 1.85 2.70
- ® "“tz-sfizo £ L.220) 2.15 0.88
_m@z + 750, * 59,95 5.25 5.40
. . MULLITE LIQUIDUS .
¥ VISCOSITY (Pa.s) 500 >1000
 THEBMAL EXPANSION (x1077) 0.00 7.50
“Transmission:
% 700 am K - 0.07
1000 mm - - -
2000 np - -
Vol M-O.R, (MPa) - 62.00
- PEFQRMATIQN (mm) - 2.50
;46
-

Exanpl e 14 contains both a high barium oxide concentration and
The gl ps9-433228 B¢eram c obtained fromthis
EP 0 437 228 Bl TABLE 1 2

3
6 7 8
19.10  19.20 [err]
1.07 1.05 1.55
0.80 2.60 3. 10
1,090 120.88'20
0.6/5.96 EP @4V 228
id%o  21.Xb
3.50 3.25
1.60 0.75
1.50 3.40
0.80 0.75
2.56 2.55
" 1.80 1.65
0.85 0.85
0.25 0.25
0.15 0.20
0.23 0.25
2.40 1.50
1.39 3.38
5.61 5.45
900 400
6.90  -2.30
0.08 0.19
0.42 0.59
0.79 0.79
45.00  57.00
2.20 3.30



" [err] .46 50 55 3 EP 0 437 228 Bl TABLE 2 (CONT.) 13 ° : 14 69.50
66. 30 19.00 19.65 ferr] 45 1- Athermally crystailizable glass
exhibiting a |iquidus’viscosityeps ast 248 8han 700 Pa.s which can be
thermally crystallized in situ to a transparent glass-ceramc article
denonstrating a linear coefficient of thermal expansion [err] of O [err]
containing f-quartz solid solution as the ) rystal phase and
capdbl e of being crystallized in situ to-Aptate xhibiting a '
distortion of less than-0.1% of its diagonal dinension when subjected to
a very short thermal crystallization treatmenf3 said g{ass consisting
esséntial ly, expressed in terms of weight pertent on tffe oxide basis, of 55
10 EP 0 437 2831 TABLE 2 (CONT.) 5 69.50 66.30

13 _ 143,'_[1e__r'§i 46 1. Athermally crigi@d | i zapheggl ass exhibiting a
| i qui dus vi-scosity, «qreater than 700 Pa.s which can be_therrmaly

crysyj allized in §1j( 'to a transparent gl ass-te4Ani C a3t?8l e denonstrati ng a
| i near coeff.ici 'eu_vgggpf : 1.10 1.00

Zno 1.55 0.85
.. Bao _ | 0.80 1.75
0 S Tio, 1.50 1.30
| - 2ro : 1.80 3.05
AS,0, 0.85 1.72
- v2¢5 0.20 0.00
W 27
 Nay0 0.20 0.35
Ky0 0.25 0.17
. - MgQ + Ba0O _ _ 1.90 2.75
- £2.8L1,0 + 1.22n0) 1.92 2.26
S TR
C 0 Ti0y # 2ro, 4 5V,0, 4.30 4.35
30 - MULLITE LIQUIPUS _
S VISCOSITY (Pa.s) >1000 700
THERMAL EXPANSTON (x1077) 0.50  0.00
| - Transmissien:
¥ 700 mm - 0.88
1000 mym | - 0.85
. 2000 mm - 0.85
© DEFORMATION (mm) - 3.80
45

Claims

1. A thermally crystallizable glass exhibiting a liquidus viscosity greater than 700 Pa.s which can be
thermally erystallizad in situ to a tansparent glass-ceramic article demonstrating a linear coefficient of

17 thgrmal “expangion (20°:700°C) of 0 £ 3 x 10°7/°C, containing A-quartz solid soiution as the
predominant crystal phase, and capable of being crystallized in situ to a plate form exhibiting a
digtotion of lags than 0.1% of its diagonal dimension when subjected to a very short thermal
grystallizetion tregiment, said glass consisting essentially, expressed in terms of weight percent on the

10



50 |, t hermal expansion [err] contalnlng [err]-quartz SEM as
t he -predom nant crystal phase, and capabl e of being cryst ,Imgmm,l‘ai””mo
a plate formexhibitingra distortion of less than 0.1% of [tsc¢dia ALK

di mensi on when subj ected t¢-aEp®r487228B1 thermal crystallization treatnent,
sai d glass consisting essentially, expressed in terns of weight percent on
t he oxi de basis of 55 10 EP 0437 228 Bl [err] Athermally crystallizable
gtass according to claim1 al so cont ai Wt al of at |east one
col orant selected fromthe group. consi : 2sO Fe2Ca, MQ2,
"Ni O, and V205. A thermally crystallizable glass according to claim 2
contal ning 0.1-1.0% V20s wherein [err] A hermall y%_ystal | i zabl e gl ass
actcor di ng to cl aim 3 consisting essenti al éé’r-m [err%q A transparent

gl ass-ceranic |l e denonstrating a |in® 3Qeffi&8eM of therm

expansi on (20 ﬂp?@ C) of [err] containinge.@o]-gumtgssolid solutiaon as

t he predom nant c ital phase, and exhi bitin |n pl Tg%%d:/ p ditortion of |es
than 0.1%of it ‘agonal di mensi on when c aI iz situ by neans of a
very short therM@® crystallization heat trdati®ent frioo® thermally
crystallizable ﬂéss consi sting essentiall: ¥, 5®%Pr es$ch5 n terms of weight
percent on the oxide basis, of [err] 6. A grass-ceram™ article according
to claim5, whiB3Pis transparent and wherePn80he vi Jidl% transni ssion
(imtegrated betppen wavel engths 380 and 7§Qsam neagurggl for a thickness of
3 mMm) varies b en 7, A glass-ceramc ac orglng tq cIa|n15 or 6 being in
the form sel ect 3romthe group consisti ng 8P a cockt p_I ate, a cookwar e,
a mcrowave Oovexs tomtray, a woodst ove oi.8gow, aif,ixze protection door,

rand a fire protg n W ndow. EP O 437 823081 8. 0A thod for making a
“t Manspar ent glaéé %eranlc article denDnstratlng a ‘Ii'near coefficient of
t her mal _ - 20 0.35
_ZQ - 0.25. 0.17
- Mg0Q + BaO ' . 1.90 2.75
(2. 8Li + . .
(522 Mgé .22n0) 1 92 2.26
' Il@z + z;:(’J2 + 5v 29¢ 4.30 _ 4.35
” '~ MULLITE LIQUIDUS :
VISCQSITY (Pa.s) >1000 700
THERMAL EXPANSION (x10 7) 0.50 0.00
~ Transmission:
w o 700 nm - 0.88
1000 nm - 0.85
2000 nm - 0.85
w0 M.O.R. (MPa) - -
DEFORMATION (mm) - 3.80
45
Clalms

1. A thermally crystallizable 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
50 thermal expansion (20°-700°C) of 0 £ 3 x 10~7/°C, containing S-quartz solid solution as the
predaminant crystal phase, and capable of being crystallized in situ to a plate form exhibiting a
digtortion of legs than 0.1% of its diagonal dimension when subjected to a very short thermal
crystallization treatment, said glass consrstmg ossentially, expressed in terms of weight percent on the
oxide basis, of
55

10



’ ‘e'xpa'n’si on [err] containi 'ng [err]-quartz solid solution as nant
crystal phase, and, when ien plate form exhibiting a dist OU ilr H"l
0.1% of its diagonal dinmension cepy d7izzgmAssentially of t

melting a batch for a glass consisting essentially, expressed in terms of
wei ght percent on the oxide basis of [err] (b) cooling said nelt to a

t enper at ure bel ow t h& (oo ansy 1107 giel ON” T aNOK HRBLEPEANG 524l t aneously 20
,2@sof q4 dgsigleetl conflauratlg@z thergdg qm (c) raising
the tenperature of gaid gllagsggticle at. a rapgopf|alypis 150 -80 T minute
to the tenperature Yamge of |agpptis [err] (d) retgpo,ng gl jgl ass article
withifi the t enper at Yirzaor angq af2-zdolit [ er r he,ok s@iogu| ol5t23 mnutes to
devel op nucl ei ther¢img: 25 1834 e] raising theNizerrPeU-atmre of said
nucl eated gl ass arti cBae at raeed stfficient to brkiOng Gedal |gl ass article
within the tenperat of-bolit [err] iNe:bIROX | IB<BD (M nutes; (f)
retaiping said nucl i 4s D44 | ¢128LiD ¢ hRZnOVERMgOe rpe¥ 68 Yr e range of
about 900 -960 * C ™7 &boul 1025 1 Nutes. tb"’g’?’éﬁv[er’r[ Solid solution
crystals on said nuclei; and thereafter (g) rapidly cooling said
cryst al | 3,7 adnginbliyClrfitdiiRapied §iBst ERMGRIo idim 138509continiig 10AOC090 fordTBK uneasa_one
gl ass- cer apbigiard eaaldd! #agh thedgrgpdonBisting d91¢HO VdH B[ 1Fe, Os, WNOL NiGRAG WD aNd  Whi ch
contaisns [err] solid solution as the predoni nant crystal phase,

char act edi Aedhgrmally horystdilzabld egidsst aecatdimgnto ickint a2 r coatdinihg 6.11108606/20§f  WiHbeait
-[err] 35 T@e*2r0:+B¥eQret R8GO%ccoOrding to claim8 or 8, wherein said glass
al so contains 0.1-1.0%total of at |east one colorant selected fromthe
group cdhsPdharmally pusializable glassmcendingdel clalmcdogondisling essendibliiom 8 or 9 wherein said
"ghags#®contains 0.1-1. 0% wherein 12. A nethod according to claim8 or

9 wherein said gl ggm.consi sts [esgemtally of [err] 2p,18.16N¢Ht hod according
to any of clainms B-Ak®, whereir] tggeigigolal durati onagio,t | mp-re&quired to carry
out the processes ng!:aparagrapljs oA3s (1) will not emoeed abbnsit] two hours. 12

EP O é37 228 Bl | MgoO 0.8-1.25 As203 +8b,03 0.5-1.5

f ZnQ 1320 © NaO | 0<10"

Ba® 1 o014 K0 | 0-<1.0

] S0 | 014 NaO+K:0 | 0-<1.0

| BaO+$Q - 1 0514 V205 | 0.1-0.7

o '. r;MgQ*Bgmsro 1322 Ti0p + Zr0; +5V20s | 4.4-58

.'-Tle 2327 | 28Li20+1.22n0/5.2MgO >1.8

8 A l;r"qcnmﬁfent glass-@grgmlg artlple demonstrating a linear coefficient of thermal expansion (20 *-700°C)
% HOs3Ix 112*?/'52‘ gnn;ginjng 8-Quariz sclid solution as the predominant crystal phase, and exhibiting
in plgte tgrm a digtortion of (ess than 0.1% of its diagonal dimension when crystallized in situ by means
of '@ yery short thﬁrmal grystallization heat treatment from a thermally crystallizable ‘glass consisting
' mntlgjly emrgssgg in terms of weight percerit on the oxide basis, of

“ 65-70 - MgO+BaO+SrO 1123

; _ 18-19.8 ZrOp 1.0-25

-l,qg_t:) 25-38 As20s 0-15

{ MgQ 0:55-1.5 Sb203 0-1.5

45 | 4nQ 1.2-2.8 As203 +8b203 0515

o TiO2 1.8-3.2 Naz0 | 0-<1.0

Ba0 0-1.4 K20 | 0-<1.0

| 8&Q 0-1.4 Na;0+K:0 | 0-<1.0

{ BEO+0 | 0414 | 28LL0+12200%62Mg0 | >18
8. . A glaaa:geranus a,rtlcle according to claim 5, which is transparent and wherein the visible fransmission
(mﬁgraiggl hetween wavelengths 380 and 780 nm measured for a thickness of 3 mm) varies between

| ahout 0.01-88%.

* 'A glass-ceramic according to clalm 5 or 6 being in the form selected from the group consisting of a
cogktop plate, a cookware, a microwave oven bottom tray, a woodstove wmdow, a fire protection door,
and g fire protection window.

11



*14. ‘A mmethod according to claimi13, wherein said durati | o]
about one hour. 6 1. ThernVfh kristpjlisivrbares d as, Eﬂﬂwmﬂmuiﬂm”",
Li qui dus- Vi skositit gr6 er ale gP@® 4f3r228p4€! gt und das in

trgrparenten gl eoJram schen Gogenstand kristallisiert werden kann, der

ei nen Linear- kofflmrtsn *r tflrm schon Av-ohnung (20 *C - 700 C) von 0 t
3 x 10-%// A ridthodifgtmaking taHeheparect glassrCrénjc adiclé dergonsffatingDa Jing@ar coetlisient of thenmat hende
Kr t=t al | phepgesion (BQF -TORSC) of G ik t3x 2Qr7 £iCn eontaPingt A-quafto solid lsoMBIncdsi thd predguminant

| Win. dlgysidehaee\asdorhen inplaiefermvehigjing adistoripn lessghampate o itsdisgeatl imengieressung
zei gt, *O0consstingopgent GitWeA%1  kur ~, n Dohar ndl | ng der therm schen

Krisfal | i sale) Belingra aiahder & elassi cepristng eneentipllycexpregseg FhiefecRh eI, PeLcat A&t Js

Gaw. - % auf é?%gﬁs ‘besteht aus : i~ 0. | 6.5-70
MO + BaO + SrO - L“;mz_a_,;r ____AknA 1B-19.8

r02 1,0 -2,5 16|80 " 8570 MG 4 Ba0 +SiD, b 1:1-23

As2a, - - 1] 3:Rgo | Q@ses8l| S Zro; | 1.0-25 | SbzOa 0
-1, 5 ZnQ 0 1%2. R0 . 2538 NAs2 03 8b0 As20, 0005 { 1.5 11Q2 I,
J. 3j9 | MgQ NHAS5 0 - <1,0 G»%0p | DB

(K200 0 <1,0 $10 | @Q 0 wi|41228 | Asz20z +§P200 +KOS5K -\ - <1, 0 Dog
+&0 04.-1,4 | M2 8 Ao 1¥H2 PnO'5,2 MgO MN&O | D<iP |5 2 Thgrni sgh
krisfs |lines das hi®ef Anspruc?h”l ebenfalls ent%Q1ht?Of1 bls 1,0 %

I nsgesant weni gste--. rfi%t 'ﬁbq %@EQ _ % LPSE(‘%\A hit aus der aus
.CoO, Cr20:, Fe20s, L[ HaLihia Ve kY e Cas .--.".5. WM r ph

kriu8alli n4e GBas nach Anspruch 2, enthaltend O, 1 bis 1,0 % V20s, worin
TiR . Zr OAohgdplirROsaid melMe aQemBerature BSIOQIHN. transformation rangd thekaof sgtskhultamousa] Wae
naQ # Ans prigweiings gliseratigle ofra dasiced sprfigedtion thereliosius $ $i a

4-07 {c) rgising the  temperature of sgip glass Brtgle._ at]_a gatggaf about 50 -80° C/minute to thep A~
115 - 1,8 lemperaturg range of about 670 3P0 (&

810 (6 ng said glass @ ]Nm the temperature_l_range of % gaa -sog ¢ %zgput [Vig gﬁ
*70 1. 3 ™ingesjo develpp nycle therem, Na20

T T Ae), valging cle aba rate t to T“ﬂ said glass
Elta(ZDO N KZOOQ'"‘ s ~C jn about 15<33 Bqes.

£) retaini ¥ ure r. f abo %50 C for al}fytz
0,1 - 0,7 43ds 2}" et
.1102 2. &) sl 4a
a e

9: A meihod of makmg a glass-eeramuc according to claim 8, but which is white opaque and which
containg g=gpodumene solid sglution as the predominant crystal phase, characterized in that the heat
ﬂeatmwt'sﬁam@ﬁmarangwfw 1080-1200°C.

35 10 A me;hqd ggggrgmg tp clalm 8 or 9, wherein gaid glass also contains 0.1-1.0% total of at least one
Gﬂ'@‘aﬁl mmg from the group censisting of Co0, Cr20s, Fez03, MnOz, NIO, and V20s.

1. A mgthed ggggrﬂgg 10 qlalm 8 or 9, wherein said glass contains 0.1-1.0% V.0s wherein
TiQe # 700z # 5% Qs 7 3.58.0%.

Nt 40 ' .
12, A mathpd mrdm,grig claim & or 9, wherein said glass consists essentially of
| 80, 65-70 Zr0, | 1.6-19
“ - ALD, 18.5-19.8 ' Asz04 0-1.5
i leQ -} 30-36 .8b203 0-1.5
MgQ 0.8-1.25 As203 +8bz03 | 0.5-15
no 13-20 _ Na;O | 0-<1.0
BaQ 014 | : - KO | 0<10
, . | s - 014 | Na20+K,0 | 0-<1.0
50 _ | BaQ+&0 0514 | V205 | 0.1-0.7
o MgO+BEQ+SrQ | 1322 | = TQ2+Zr0:+6v05 | 4458 |
Tife ' 2327 | 28LiQ+1.2Zn0/5.2Mg0 >1.8

T — T T

T S
13. A melhod agcording 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.
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*Ur Trartsparoptgr |sfcgrom vchor Q99enstand der einen Linearkoeffizienten
der therm schen Ausdehnung (20' C* 7Q@ AC) von Ot 3 X -
enthal tend sine feste Ldsung v.on gp Q43T 22808% Vor h. rr4chenﬂmmnﬂ”1nu m””"'
und der in Plattenform sine Verzerrung von weniger ale 0,1 % ithrér

dqdi qgond4l n *notng zioit, wenn or In situ mttels einer sehr kurzen

W r.irebehadsob mn@odjmwn@magmmwmreim paidfuptionef ¥melis apeyhomBhour.kr i st ul | i soert
wi e, das i mwesentlichen, ausgedrUckt als 00S9A out vQMJ41Ai * 'sbet Oht;
wav 13 Psleplensiches B1 ' c |v| S $J0a
5:1Q 0  + VWO + SrO, %J

Zrcp 8 1 OThegmggh kFu’g s;arba?s Egalas, gas eine Liqundus-Vlskosuwt gr8Ber als 7 s zeigt ung) d
MyO QOa5s srgl 70 einem 1r@r parenten _glaskgramlschen and krlstallcfle_[t ann, der sinen Lmafr- :
AitQB + $b }!iaom?q‘?r tj-pfr_ chan Aus ? E) vond)i 10-7/-0 zen% Iterg 1A

Sl Kl
K20 0- 4: age M{ e;)ner
arj%?;%m : al;r% ﬁgatl Fr mef ﬁggef das

790 W2,0 + "’5'75*&

Anspr uch 5, ﬁ%e,pn Jzefgé@;lﬁ Iau-,ckg;gig, SSI g el

Si cl 1t saren ntstgnrt vV n Wel | enl | ngen 380 und 780 nm gerressen
flr eine ; =9 riset. 7

d psker pmi phpr Q uch 5 %Qﬂ)l* B@b'g ?o | ] Form
vorliegt, die aus |der - T K chpl at t enw~b~cki ~chf pt gm
Gwhirr, der 5odenpl at eM g | ' pwel | enher des - fenstqr,
olner Fi cjrgshbg | r. s urschutzf bz %_n' G uppe
ausgewAhit Ist. $" h{:g "’ M ut el hj 710 e SVegy ¢sl tn

goker ami scher Geg 66, | de€g . p'; ngn Unear koeffi- giemte. o thWrWM : hn
Ausage aPnyng (20 0¢ .70 -,):VO@,_ Jet {3 x 10-7/ Indoze &l & fleste Losung
von 'Qu# a vgd %@hcgr@ KI‘Q4l-phaQ33|[§2td‘la|1§23ﬁoﬁzwol t fenf orm sl ne
Verzerrung von wqrieesief=reg=t G 3 N ¥ o v A e Mot i 0 rgt, Im
wesent | i chen besehend aus den Schrltten Re (e) -pp $prrgexq| o:1
dlgﬁfA%StZ-eaThegﬁégh kﬁgt%ﬁgse Qfaé h&h‘ EARSprtﬁuﬁge%gﬁleg lg‘:thﬁ!el?d ﬁ Y)\{s 1 é) 2% wen%éténs
MJO + BaO +el 105 arb jen é\/h%els, ausgewﬁhlt aus der aus CoO, GrzOs, Fez0s, Mﬁoz N| und Vz0s

bextol J"d9 pg '

_ _ Thgmusgh kr|§tallmes Glas nach Anspruch 2, enthaltend 0,1 bis 1,0 % V205, worin TiO2 + ZrO; + 5
30 V205 = 3.8 bis 6.0 %.

4, ﬂ!h_g_nmi_ggh- krigtallines Glas nach Anspm¢h 3, i'n_n wesentlichen bestehend aus

e L I o e p Lo (e o

- 80z | 65-70 | . Z0; | 18-19

AQs 1%5 198 | As20s 0-15

O I 30-38 - Sby0s 0-15

MgQ | 08-125 | As203 + Sb20; | 05-15

K S . g | 13-20 Na:O | 0-<1,0
(T R B , Bal 0-14 K0 | 0-<1,0
' $0 0-1,4 Na:O + KO | 0-<1,0

] - BaO+80O | 05-14 V205 | 0,1-07

MgQ + BaQ + S0 | 13-22 TiOz + ZrO2 + 5V20s | 44-58

Tz | 23-27 | 28L20 + 1,2 Zn0/52 MgO >1,8.

8, Trangparenter glaskeramigcher Gegenstand, der einen Linearkoeffizienten der thermischen Ausdehnung
(0 °C - 700 *C) von 0 £ 3 x 1077/°C zZeigt, enthaltend eine feste L8sung von g-Quarz als
vorhgrrschende Krigtallphase, und der in Plattenform eine Vierzerrung von weniger als 0,1 % ihrer
- 50 diagonalen Abmesgung zeigt, wenn er In situ mittels einer sehr kurzen Wérmebehandlung der
thetmischen Kristallisation -qus einem Gias krlstallisuart wurd, das im wesentlichen, ausgedriickt als

Gaw.e% auf Quid-Basis, besteht aus .
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Gooe 0015 %%0 qjas A ll 0 zﬁﬂllllllllllclilll ﬂﬂIITIIE

ia - 2a.s As20 + SbEPPazrRe®1-1,5 T

N20 0 - <1,0 pop 0-1,4 ' K2 0 - <1 0 :18i
.0. 0 1:,4 NtO+K20 0<1OSaO+SQ 0!4-14
ZS,T'Q, 0+ 1,2 ZFT S 20 T oy " v

m  ouW.ine
ﬁg bn un.

Tetprsatur unterhal b 4 At i
glejts duc - Fghnri §j | Bgenstandes m tasphNer gey\ynschten
Konfiguration (c) d; Qe '@r Tanpar et ur duegpbdSS- Cﬁ)geslﬂt ancies mt

ei nef Geschvm-'ndi";kei't-_”' e&m/agﬁo -180 - C/ VA%, 0. thbzoa |ToghtegAretur-8,r.iJh
von etwa 570-800{|C, (i) | b des -
Tenper at ur - Ber ei | ip m m
u(rn i onskeire : Tenperatir tg
Kri sgul I'i patlons. ) ' m@mm@ m P1.Bno r 43iexh in
Vgrvicht, ur. dOn T ae T egensrand Tn efwa 1b b s 30 mn 1n_den

Tgr nppr~~r~rigrj XQ-n 990 O C Wel 990 | C zu bringen; ) 4q bl4l1tvns des.

| asp- Oeg) &%@%ﬁ%ﬁé@a '_ .nQ@hdﬂnaéﬁansI@Bme i WensafhEIbGiAd %6 ek DR PR ssighbit i S 980
Ap Sicht Bén WelldhiBngeh! Be0<Gidc?e0  rinf; glRéssérCrl Bife DIk IR® 3/0N
fl-Quarz mzﬁhemmmaﬂdmt%m&kel MAM w ta.l n; In. 4nach () "p rgh~n
Abk. Qhj one ckip.s krietsicisisrten Ge!.gAnstandes auf Rauntenperatur. .~~~k
A dt | ~~1.| fiagiwtamisther Bagdnstiid mach AnsivocreS bdeu 8, rdgr ie Sinarcffornt SdriEigs dia auskden asteiner

~ Anspruch &ochglattenPbduibingykopiestarafesthit. denBoddnnistte pines Mil@¥@lenherdes, sinem Kamin-

D40pi Quno feoster. einesheygrschuiztlly ancheinameitserpchutziengtar bestahpridar Bruppe dysgewdhidstdur ch
geke??nzel chnet, daB die Wagrno~efl~n4lw g s otnm 5onoch von etwa 1050 *C
bi 120 Vetahren reiiergioling olgas tanspagnion. G'Nefﬂmhﬁ?@hﬂ?ﬁ‘a%dﬂ P kisparigeliiver o,
worin das z’@‘%ﬁﬂ%@#@%g@"wggl F'f"% 700 1R %’S%ﬁf’ ’V\lapr'f %gtz@ﬂ‘s"'@ fasie Losung

<0 o ol o4

lo'

';E&ME‘ Ni O
und y205 BEERCAEAQCH FOF RPN rg e : prete
Qoer ®9, vior FhRIE RS 6 B s@/dwwm" 'f"r'ﬁ"l i A
VZQ:)G m PR SRl ST
M@0 + BaQ + SrO | 1,1-23
- - ZrO; 10-25
¥ As20, 0-15
Sh2 03 0-15
As20s + Sb20s | 05-15
Na,O | 0-<1,0
KO | 0-<1,0
® . Na:0 + KO | 0-<1,0 |
: ] 2.,8 leo + 1,2 Znols.z MgO >1.,8;
O - (b) des KUhlgng der Schmelze auf ging Temperatur unterhalb des Transformationsbereichs dersel-
~ 4 ben ung gls;glz,;g!ﬂg d@g Formens gings ‘Glag-Gegenstandes mit einer gewlinschien Konfiguration

aug dorselban: -
(c) des Erhiihgns der Tﬁmparatur des Glas-Gegenstandes mit einer Geschwindigkeit von etwa 50-80
* G/min auf den Temperatur-Bereich von etws 670-800 *C; _

(d) des Maltens des Glas-Gégenstandes innerhalb des Temperatur-Bereich von etwa 670-800 G
& Uber etwa 13 k,gj§ 2§ min, ym Kyisigllisafionskeime darin zu entwickeln;

(8) des Erl'rﬁh@s der. Temperatyr des Krigtallisationskeime enthaltenden GIas—Gegenstandes mit

eingi %schwgtgm, die augreicht, um den Glas-Gegenstand in etwa 15 bis 30 min in den

Yemperaturbereich von QQQ *G bis 960 *C 2y bringen;

(" des Haltens des ﬁlas-Geggnsiandes innerhalb des- Temperatur-Bereich von etwa 200 *C bis 960
B * G {luer etwa’ 10 l;glg 25 min, um Kristalle der festen L8sung von 8-Quarz auf den Kristallisationskei-

‘mgn waghsen zu lagsen; und danach

-(g) des ragghgn Aj;zkl}hlgns des: kristalhsnerten Gegensbendes auf Raumtemperatur.

9. Varfghrgn 2ur ngstgllung einar quskeramvk nach Anspruch 8, die jedoch weiB-opak ist und die eine

5 feste p«Spodumen-Lisung -als vorherrschende Kristaliphase enthiilt, dadurch gekennzeichnet, das die
W§fmab@haﬂd]ung ;u ein,gm agrmsh von etwa 1050 * C his 1200 ° C fortgeflihrt wird.
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"1Z VCerfai hrrm nh Appruh @er 9, wor m da: (3l ps i mwesentlichen besteht aus

Tan e s L e U, SRR

3,6 Sb200 0- 1,5 PMA 08-i1, a5

As2.0 + Sb20. 0,5-1,5 15 n07.0 1,3- 2,0
Na20 O 10- ¥erfajyen gggh Ansqgucg 8/pder 9, worin das Glas ebentalls 01 bis 1,0 % K&f®samtvenigstgnd einés -

1, a1~ farbgebendenm]gﬂs .auqqg@hlt augOder aug|Co@, ngQFce(gr 02, N©® Whd V2Qs bpstehenden
V2Qs o 1@reep it o + 1O+ W. 1, 3 - 22 T102 + Zr2 + 5 V20s

4,4 - Vl%% 2J Ul20 + 1,2
ZnQl' 5, 2 n?do o 9"91‘; é‘"»%@'\!?h\?ékﬂ?'@ Sl qﬁ&ﬁ'afPbb'ﬁdé’n/oMzQﬂﬁnmﬁlhyﬁﬁ"abﬂwslr%r*é 12,
worin die GoeHnt? stemﬁ)aél‘er di e zur DurchfUnh- rung cpr Verlfgrenw jael se. (

bbs (f) erschr et. 14 Verf..ehn wh
Ansprugha]‘rJzB“?&J‘ﬁ\/\éh #ﬁ(ﬁ' %Wlﬂé"s ‘?’Qﬂgpﬁa ?Ls'ﬂ' %@?@Fﬁﬁ" fs‘é'ta‘f Un wre

t hr m. AU, T NNT * C Itmetmebr i et b2 £-0.8 ~superieyre & 700
Pa.s qui peut M. V\Fm qul"- E s = S i h situ en uangft tBe19 |
vi trocXram que transpar erhelsr Js®H-288 Lin coeffici entAulo || Q+jignj ti' . vmiqt
lin;aLre(iO-70.¢ : C) doe W% ;33;9 P97 /C, contenarﬁbzgsne s@F&bi pn sol i de
de 4- 43l 1rnme? phug grl'gq- Ifi ﬁ’pg 2P dlgnmmunt eA%28r +c3haQp| fO& &6
cristaislie | sifu en forns=l Izé:qu prdsritn$t ur 0fqr°r?1<%-FJ gn vQ |

i nmonin . de 0, 1% de sa dir ilon q‘go al s Iorsqlﬁeos‘(j%? § b'g t
ERTI-
50 [F83c

"-—

t unm rioYaulgn duerdldg le ~ verro cond b | enment,
en pour cent ages |-ggo @5&5@ + B/ %28 Blyio, + z 44-58 il cl
| #LI $sio - TiQ: | 23-2 28 Li20 + 1, B ">18.

18\;9 08 04 | ( wmmm—————————————————np GG o

0,55-1,5 nIQ ' - 1, 2-2,8 TI?

| 390- 1, 4
13. Varfghren né,cg ir Qng[einem ggr Anspr(lche 8 bis 12 worin die. Gesamt-Zeitdauer, die zur Durchftih-
rung der Vertahxengwelse_n (b)- bis (f) erforderlich ist, etwa 2 h nicht Uiberschreitet.
26
14. Verfahfen nach Ansprggh 13 worm due thdauar otwa 1 h betréigt.

Bavmtmg

a0 1, Un'yere thgxmigmmgnt cnstalllsatzl.e ayant une viscosité au liquidus supérieure & 700 Pa.s qui psut

étre mgrmuquemgnt leatalllgé iin srtu en un grticle vitrocéramique transparent présentant un coefficient

de d,llatatlgn thgrquge Imﬁalre (20 -700+C) de O + 3 x 10~7/°C, contenant une solution solide de 8-

quarlz camme phase. grigtgumg mé@gmmante ot capable d'étre cristallisé in situ en forme d'une plaque

présentgnt une qéfgmﬂgn Qu vgile de moains de 0,1% de sa dimension duagonale lorsque soumis & un

96 frdg oourt traitemignt de Qﬂ,g:e!hgatngn thermique, ledit verre consistant essentiellement, en pourcentages
Rongéraux sy g Qm dos wcydas. en :

66
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‘W-0 ;) © 0-1,4 UP. + SrO°

0,4-1,4 t50 ROP + StQ " 1,1-2,3 02 u u,

1,0-2,5 : A~ 03 ’ . EP 0 437 228 B1 0-1,5 O- ,M y, ""l""ﬂjﬂﬂ"

03 0,5-1,5 n. 20

1,0 K2a - < 1,0 ,PO 0+ K2QO

0- s 0.28U0+ 172 8 Z Un vtrr. .thr
Bﬁrent gritaliale g?of] | a revend| cation 1, qu? 7%nt | ent aussi de 0,1

& 1 0% au total d'htj \M\ﬁs}pas gri uW Qant e5Jhoi delaﬂssl% ®roupe formd par

CoO Cr2Cs, Fe203, MQ2, j\g@ et V205. SQ $. ylIt (eF; éhvm I g wpnwnt
cri ftfl i sabl e selon |l a rﬁv§nd| cation 2, qui conti erft 1-1, 0% de V20s, dans
"VoJIl Q 'r + *\Vg0Os - 8-6% 46 40.~ ~ ~ ~ ~ 55-1-83 EP0437228B1

C L M S 4. ,n ygrgmQtherm qguonent critall Ilsapze gelon 1Q

revendi cation 3, qU| co te essentlelbenent en Sip2°
65- 7G,A2 OB "6, Er3.241; 0

3,0-3,6 My Bao - r 0-8-% 25 ZnO
1,3-2,0 10 844Q " sro 0.1, 4 SrO
01,4 TQ s+ Sro PO 0,5- 2748
+ PaO + SrO ReQ # Sro 1,3-2,2 T0Q,4-1,4
2,3-267 1, 6-1,9 Mo + BaQ + Sro 1,1-2,3
&x0; | 1,0-2,5
- A5,0, 0-1,5
. UL 0-1,5
hd . As,0, + Sb,0, 0,5-1,5
Na,0 0- < 1,0
5 Kzo C 0- <« 1,0
. ' N%O + K o 0- < 1,0
_28L10+122n0 > 1,8

. % Un verre thgrm-ggqmant grlstalligagle salon la revendication 1, qui oontient aussi de 0,1 & 1,0% au total
d'ay moins uﬂ cgglg:ant choisl dans le groupe formé par GoO, Cr203, Fez0z, MnO2, NIiO ot V20s.

% 3 Unm vere thgnmlqug___,j_. grlstglhsable selon la revendication 2, qui contient 0,1-1,0% de V.0Os, dans

laquel TiQ; * zrﬁz * 5\[305 = 3,6-6%.
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" ab

A2 03 0-1,5 AS203 + b ," I”"l"l"ﬂ m”“m

- 6b2 03 .

0,5-1,5 M\#42 0 ‘ . EP 0 437 228 Bt 0- < 1,0KZ

0- < 1,0 N2 + K2 O 0- < 1,0 V3Qs:

0,1 - 0,7 Ti02 + Zr2 .5V2 Cs 4,4-5,8 r2 S 0 +

1,2ZnO 4 Unveme thermiguament snswsablmmlamndica@m 3 iy congisteessentisllomept #ra61 1 i MEWO
’én‘fparente pr~sentant un coefficient de dilatation therm que lin~aire (90

$-quartz conmme phase CI‘I_
pl aqué, une deformation

-7Q| Q de Q | S;L
2’,;ganne prdm mnti, Re pr Ant

@, x 1Q'/--G Contenant ggiezgol ution solids de
sQus forns de

s de 0. 1% de sa 40 18, %388 non di sWae

| oysg~uv criatalflas in sn;ltzLOpar un tres court traigd,@ugite de
cristallisation thermqu parlr "yn vSr9 t rnmg st.aime
consi stant essenti el | erre%ld% en %en poids sur la bg’sg{}vé,%xydo. en: 82

0,4-148 MDQ + 5.0+ Sr

- 30

8

f0

65-70,, .45 50 57 17 ERERD 437 228 B311l 1,3-2,0 J L M
'S1111411111111111 11 ! Vpgp 2 18-19, 8 2,5-3,8
MOQ 0,55-1,5 1,29 847vv

1,8-3,2 ZrQ. 80 114

$,0

01@-
Srg,l,sro 014DVQ+§§14
MQO*B§O+SI‘0 1,3-2,2

2

' Ti0, _ | :3-2,7
| Zro, 1,6-1,9
As, 0, 0-1,5
8b, 0, 0-1,5
A, 0, + Sb,0, 0,5-1,5
Na, 0 0- < 1,0
K,0 0- < 1,0
Na,0 + K, O 0- < 1,0
V0 0,1 - 0,7
Ti0, + 2r0, + 5V,0, -  4,4-5,8
ZEBLiZQ + 1,22n0 > 1,8

ey

l}n artugl,e en vg;rqgérgquug trangparente présentant un coefficient de dilatation thermique linéaire
(20°-700° C) de Q £ 3 x 1077/°C, contenant une solution solide de g-quartz comme phase cristalline
Wédgmlngntg, ot piésentant, sous forme . de plaque, une déformation de moins de 0,1% de sa
dirension dua,gpn,gje lorsque -cristaliiss in situ par un trds court traitement de cristallisation thermique &
partir J'un verte: th@rmlgg@mgnt cristallisable consistant essentiellement, en % en poids sur la base des

oxydes.en :
$i0, | 65-70
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75 - - Zr 2 o ﬁ ﬁ i%)
51,5 4 F 0 03 . eposmresmn 0,515 v-i |||I|II|I|II|IIII" TN
N ! |

) . EP 0 437 228 B1

l0- <1,00- < 1,0 N 0 + K20 < ,02
8 0 + 1,2zZn0O > 1,8 so 6. Un aflleld en
V|troctrqrn|que sol on | tgvendlcatlon 5 qul eapgtngngparent et dans

Iehﬂél | a transn135|onﬁ& "o lwmiW vi;l1L, (|ntg é g gntre | es | ongueurs
d' ondes de 380 a 780 nf*ef nesurde pour une -aig“r wnm vUie entre
environ 0,01 et 88% 7MgORn Waicte an vitrj*pjrnDg55¢a,8n to. revendl gation
5 ou®6. qui est soup u%ﬁgforne choisie dens le s§ 5_o groupe OnflitUE 69Y
wi plaqu. do cuisson, uUn ustensile de cuisson, uné sofe de four &

m croondes, unle ¢ qIETiQ, em grwig u~pQt: c,4p8p8,Rou, et une fenetre
coupo-feu 6 PrpoE6 pwgghabrijr ..unrjis an vitr 4§raniqm1transparente
prdsgntant un coeff|C|§ h de dllatatlon pt hor' qu (SI (s79f 4 O . de
0-Q 3 x 1071 C conteR&Rt une sol ution solide d@" 4r4quartz come p'w

#1 eIW nn@ pi eJgt nt n~r i BpoO+p&4D; . n&@ | L 4ou; foopa-"pdpl aque, une

di formatl on de nmoins d 0,1%:.i, *# In"pg .dip gyl c.nprepnd
ogntiel ol ment |es dtap@ga'ﬁ)éapiﬁq§ ri gha poﬁ u%’%erre conpi st ant
essentiol | enent, on poBgOgnt ages ponddraux sur 1R 082,5 e~~

~ e o5 I I|||I 11111 111211 1lu 6!i|~ EP 0 437 228 S

*¢ L N* 8so As; O, 63-70 AL0 3
18-19, 8 | Akl zQ sbz D51 358 MQ
0,55-1,5 Zano 2. 8. W0
O, .A;-;Q,Q;j 50:9_ 1 5.3 2 pr 252 85w0
0-I74 SQ . Ng, @ 0-1,%80 %, @I‘Q
0,4-1,4 K0 0- < 1,0

- Ng,Q + K,0 ‘ 0- < 1,0

% 8Li, 0 + 1,2Zn0O > 1,8

nﬁuma%wiﬁgahwmuw

3¢ 6. Un article en vitrocéramique sglon la revendication 5, qui est transparent et dans lequel la transmission
de la lymidie visible (mtégrée entre les longueurs d'ondes de 380 & 780 nm et mesurée pour une
épaisseyr de 3 ram) varie entre -environ 0, 01 et 88%.

7. Un aricle en vmméramtqua salgn 1a ravendication 5 ou 6, qui est sous une forme choisie dans le
36 gmupe congtitué par une. plagus de cuisson, un ustensile de cuisson, une sole de four & microondes,

unp glac.e de chaminé@, ung ggrt,e coupenfeu. et une fenétre coupe-feu

8 Brmédé pouyr tab,rigggr un. grtlgje en vitrocéramique transparente présentant un coefficient de dilatation

\J _ thermique lindalke (20*7004C) de Q ¢ 3 x 1077/*.C, contenant une solution solide de g-quariz comme

& phase sristalling B;gggmmgme, of présentant, sous forme de plaque, une déformation de moins de
0,1% desg gjmmign dlgggnaﬁ. ql,u cqmprend assentiellement les étapes :

a) fgnclre ung Qhapge BOUr Un vorre consistant. essentiellement, en pourcentages pondéraux sur la

base dos oxydes. en :
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Zro1 MO0 %% aroso 15 WU NN
+ 8203 * C L M S *

$123 | | . EP043rd2Bfl 03 ,.

0,5-1,50- - <1,025 2Q . 0- < 1, 0 Na2Q +
K2 0 0- <1,02, 8Li2 0 + 1z2zn0O

> 1, 8 30 b) refroidir c masse fonudue a une tnggbature infdrieure a
somintervalle de transforndtion et 1~# mer ,inpgllmmt un brti~l* en verre

de la configuration dsir@d;®spartir de celle-cl; e}82¥Pe8i on doe io
tompreuree. ce |'erticlgqom verre & raison de 50 & 8§Q3Cgmi nute jusqu A la
gamre ¢ $* ntirn |, eRp .fé'rji“'éc')ir@ , 70-800 * C, 35 ! "4) rrpl~ntiSn
ifuclt.,artic~l ~e en verM@®™ans |'intervalle de te@p8Patude d' environ
670400* C pendant 15 & Z hd"" Fng o., Pour y d.6vol gppep goe gernmeos QU
noyaux: pl $4tvi To'tn.p.We cludit article_en verre nucidd & une
vitossg suffisante pour TAaer *10i olo o en vaIT 18nd.2 j ont eval |. eode
tenpErature d' environ 908860 * C en environ 15-30pningtes 40

maf ntim dupitt article gn vorro nucle dans |'i nteévgl ,e de tenpErature

d' environ 900-960*C - pen *8h enviton 10 m nut oes” p uf faire .croltro de
cristaux do solution sol Bf@ deSikld- quartz sur ces g@pd=-fudnwpi ; et gnWQr

g) J wernte rngi de r' aggho Chi | I jusqu' |l | e rature ambi ant e.
oa 9. ProodE do faori ca&é? 5 Eﬁg 51 tsrxggdr am que sgf(i)nﬁPg revendi catl on 8,
mais qui est blanche et &58jue et wi viritient Un9leBtrdtPon. uol e de

B- spodunbne comme phase ggi gtal | ine prtdom nante, gagagt&ied4 on cq. uoe le
trgytonent .t herm que out. effédctud dens |'intervell grgnvl ron 1050-1200 *
C. 19#Prod6 Wton Is r'ﬁﬁ?m&?—éc ion 8 ou 9, dens Io(g“ﬂ t“ledit verre contient
aussi 0,1-1%au total d' agzagl Rsgheo, tin colorvej5eli6 jgns | e groupo
vonstituE de CoQ, Cr20s,. g‘?ﬁ 3, Mi2, N Oet V2Gs.511] PrgcQd4 Gelon Is
rovendi cal Ogn 6 ou 9, dalr%, oquel ledit verre contTent 0;1-1% de V205 et 00O

TiO2 4 7r0g +2 5WA2S V 3K8®6,0%. 56 e ~0-<1,0
| I L)~ '~ ndloldlkloH 119 11111 1ii oo ¢ 1,0
2,864,0 + > 1.8

b) refroidir cette masse fondue 3 une température inférieure & son intervalle de transformation et
former simpltandment un griicle en verre de la configuration désirée & partir de celle-ci ;
c) élévation de la tempdrature de I'article en verre  raison de 50 2 80 * C/minute jusqu'a la gamme
o do températures: denvirgn 670-800°C ;
a5 g} maintien dudit.article en verre dans I'intervalle de température d'environ 670-800°C pendant 15 &
-+ 2§ minytes pour y développer des germes ou noyaux ; '
o) élévation de la température didit article en verre nucléé & une vitesse sutfisanie pour amener
lggit article en verre gars I" intarvallede température d'environ 900-860 ° C en environ 15-30 minutes

Loy TaL . o

~ 40 ~ ). maintien dudit article en- verre nucléé dans I'intervalle de température d'environ 900-960°C
 pondant- énviron 10-25 minytes pour faire croftre des cristaux de solution solide de 8-quariz sur ces
germes Qu noyaux ; of ensuile
@) wfrgidisgement ragide de I'article cristallisé jusqu'a la température ambiants.

-4 9. ProcSdé de fabrication d'ung vitrocéramique selon la revendication 8, mais qui est blanche et opaque
et qui contionf une splution solide de S-spoduméne comme phase cristalline prédominante, caractérisé
an ce que le traiternent thermique est effectué dans l'intervalle d'environ 1050-1200°C.

10. Procédé selom la rgvendication 8 ou 9, dans lequel ledit verre contient aussi 0,1-1% au total d'au moins
] un.colotant choigi dans le groupe constitué de Co0, Crz03, Fe:03, MnO2, NiO et V20s.

11, Procédé selon la revendication 8 ou 8, dans lequel ledit verre contient 0,1-1% de V205 et ol TiO2 +
Qe+ V205 = 3,8-6,0%.

19



sgrog ﬁ?rtza\z/gngllggon 8 ou- 9 dans quuel .I edit v.erre consi: s”!ﬂlllmmﬂ ﬁ)mm“l |

essentiell enent en: sO1 ., EP0437228 Bt .

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, A2)\Brgradé sel@Ulg revandigatipn 8 ou 9, dans lequel ledit verre cansigle gsspntipllemept o : 7[ 02

1,6/19ABOS _ 0-1,5 $b2 03
0-1,5 A*-03 + Sb203 g4p 0, 5- 355'752N 0
0- < 1,0 gO g* % O < 1, o NMZ 0 2
o ¢ Alg©, , 0,1- 0,7 Tvc&3+5z&P@§ +
4,4-5,8 2 8LiO + 1,273 > 3 013, 6pwWqCW ee0| n ruweq
tui c onquo dce revendi P‘a jon 8 a 12, dans | equel g 2 ?ge total e pour
effectuer |es 4tapw ~~t9Yi ra b) - f) ne d6pasee Ba nvi'ron 2 heures. 14.
Pro V~pint a 1. rogaondirJ 13, dgans. |squk|}3+3adDte durde est
10
d environ 1 heure. ~p. E%B 0-1 4
§£Q-- 0-1,4
BxO + Sr0 0,5-1,4
" MgQ + BaO + Sro0 1,3-2,2
TiQ, - 2,3-2,7
Zxo, 1,6-1,9
U As, 0, | 0-1,5
$bh, 0, 0-1,5
As_?:(); + 8b, 0, 0,5-1,5
® ' Na, O 0- < 1,0
K, 0 0- < 1,0
* o Na,0 + K,0 0- < 1,0
' - N, 04 0,1 -0,7
T40, * Zr0, + 8V, 0, 4,4-5,8
35 > 1,8

 2,8Li, 0 + 1,2Zn0

— @ 13 Hrggégé selgn Fune queiconque des revendication 8 & 12, dans quuel la durée totale. pour effectuer les
éigpgg gpératpnrﬁ b)-). ne dépaﬁse pas environ 2 heures,

14. Procéglé gg!_gn; la ngvgnglg;mgp 1,.3, glg_ns. lequel ladite durée est d'environ 1 heure.
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