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Sl LI CA- SODA- LI ME"GLASS COVPOSI TI.ONS AND THEI R APPLI CATI ONS The giyqﬁ?%nt i
I nvention rel ates to gl ass 5 conpositions which are suitabf r1-0

bei ng converted into a glass ribbon from which panes can be cut, H@8

resi st heat well. These panes can be uset to nake f ire-resistant glazing
or can serve as SUBSILISASSODA-LINME GLASElCOMPOSHTIONSS M FEEIR

el ectrol um nescent 10 screens arﬂprnf&ﬁ hode screens

(field-em ssion displays). The glass initially used to nake substrates of

this type is a glass belonging to the famly of silica- soda-line gl asses
conmonly used to manupggt urgrdkaging dfventiendedréDatoi | dtags gLasst or

vehi cl es, Although this type of glass is,general Ly _salisfactory.l rms of
its chem Bal SPBBPEIELONS] a“?}%‘l’lﬁy 2htt tsﬁé'%&g’ﬁ@ct Egﬁ/n?%ﬁl{l h%%%{v%‘?gésher mal
stabilitysonei{h#®s al efiese SeibbbanEdom behilelsi pades2can be cut,Duandg t he
manuf act ure of, { em S$SLV re o] I ,

substrate is %ﬁ%cf@ﬁl?t geﬁﬁn%'g?'iéf &'}F?téegtg rag%{éarm%%%i%%%r%é ihﬁ?]éﬁded to
stabi | i ze t hefitreenssbatant wHezddod XbSERatRLIHR] 78 x SybeSradesf fPHyers
of different CoUPaREadirX8RPIR dina CRANRLES, (CIOSEISTURINEASeRY! f ace.

ese

In order to fIx t ayers, the thickpesses of which ar Lt IS
necessar ¥0 f¥FrecRBe aégbst?%}é‘ca?%"ge be BCHeHRd (ﬁéﬁt%ﬁfﬁ*%?ﬁ?ﬁs in
excess of abseiays] C Al t hough  the coefficient of expansion of the
silica-soda-linme glasg, 30 _.which j.s.. i he i t ude
as that of the corrpou@ﬁ? g&ﬁ@?i pé&%é%aﬁ&s 1gsuér)(% aécg, mlg.? ge ;ﬁ%a‘q{ﬁ%&g Ity is
i nsufficient ginilsitybe hecasgiapst bedlongdngt ton the danilye eS| abligding t he

heat treal Terlssdl fhdeh1 bl el Wilindiy deh0s TBE! flnutdicture glaziilg
gl asses use or rmandfacturing I ré- resistant gl azi QS gener allllgﬁbel ong

to the bdbosiintenrdeqd| 585 PHALA}RIFHETe MPLLLs FERIGHSAr AFRQuUIR D4R
ther nal ShOC&?‘é‘éYoiVeblasér esgg&gé@hurctsarca&tfabitm iy aerdeovef its
or . a

coefficient chemlcgfpgggbgiity,T% anarzjfﬂand the defects which it
hag, its thermal stability . sometimes leaves something
to be desired. '

20 During the manufacturxe of the ewmissive screens
of the plasma screen type, the substrate is subjected
to a number of heat treatments which are intended to
stabilize the dimensions of the said substrate and fix
a series of layers of different compounds, for example

25 enamels, deposited on its surface. In order to f£fix
these layers, the thicknesses of which may vary, it is
necessary for the substrate to be heated to -
temperatures in excess of 550°C, Although the
coefficient of expansion of the silica-soda-lime glass

30 which is used is of the same order of magnitude as that
of the compounds deposited on its surface, its thermal
stability is insufficient and it is necessary to place
it on a rectified slab during the heat treatments in
order to pravent any deformation.

35 The glasses wused for manufacturing fire-
resistant glazing generally belong to the borosgilicate
glase family. These glasses, which zresist heat and
thermal shock very well, are generally characterized by
a low coefficient of expansion. The latter
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-2- characteristic makes it inpossible for high stresses to be devel oped in
t hese gl asses by thermal toughening, which limts the extent to which their
mechani cal strength can be increased in this way. 5 New

famlies of gl ass conp05|t|ons hae therefore been devel oped and

described in [1 Y e a I n
particul ar ﬁﬁg%%ggfe?? %g q“ 5‘053| %@ él(r?r%lgeug %eéll)a%g‘ggc%?g@ gst rates
havi ng substhﬁt |d;ﬁ‘?‘§'1¢mﬁ@leﬂ@r neleéds 80asees nQYhGétemaéat mhewgbendnghe order

of "550 to 60QhepH] Cﬁaﬁtﬁapemae ekEéﬁEghtBhe&ﬁEht OpABeRI NHecRbnxhibi ting
stress |l evels conparabl e th those qbt ai nﬁé wth standard silica-soda-Iline

gl ass. One fﬁﬁFP?Qﬁﬁl R ?%&PFF@&ISE P §Rf ¥§¥us 15 for a plasma
screen gppli catlon Nd@scrfamillies tde afgqratymnt compdspatens i shakat which

uses little umi , ig ey, co gerr]
and very speg#‘? FEaI %% % (é#‘%ﬁi%& oxgﬁg errf.t?'sll?e%lf nc rlg,ldl ﬁégﬁé?l um

oxi de BaO. 2@—96/11887,H0anerder| o apvqmomemhhasehab:awhacks,/,et inbeen
explained, = pLrRag,18geny fGud that Tnakén ALS YBBoiAL o nfﬁﬁ gkeaygr panes

subj ected to customary treatnent c I.n excess 500[err] C, can
devel op opt i RanegeP&cFARALTATeE 11";%rﬁ"r}‘l-’tﬂ9&?tla13éf R0 dREPEBREONDY

| ocal I250 coa@fghgomat &.&@a&:ht&iitsd?‘fem (l?tl’dézstofi;BfM wsmwgtk:] ihas f
optica ra i on t he product i on ef ficleng ect o
t he present ﬁﬁ’?bn \ﬁé’g e (g’fgémia& ad® Cl'érﬁntgﬁe r%aso %h?‘%?‘gi"ﬂg]
appear ance 3@treést héevedst i compdgfabdies aridh o thase decbtpinedd widbs
conmposi ti onsg EQH&Q!:@ E%li%@%ﬁhﬁglﬁﬂés ghppation, while retaining the

properties mentione ove fvent Pon rél ates ,L0,3 gl ass conposi tion
i ntended for the man@P&ctipmily whiFhaliy Peabieularly "advantageous

15. for a plasma screen application described in the
' aforementioned patent is that which uses little or no
alumina Al,0,, a high level of zirconia ZrO, and very
specific alkaline-earth metal oxide contents, including .
barium oxide BaO. _

20 However, in a way which has not yet been
explained, it has been found that, in some cases,
substrates or panes subjected to customary treatment
cycles, in excess of 500°C, can develop optical defects
which, in particular, are manifested by local

25 colorations, and these defects persist after washing.
This optical degradation impairs the production
efficiency. _

The object of the present invention was
therefore to ascertain the reasons for the appearance

30 of these optical defects and to provide improved glass
compositions capable of remedying this situation, while
retaining the properties mentioned above.

The invention relates to a glass composition .
intended for the wanufacture of thermally stable

35 substrates ox panes, which comprises the following
constituents in the following proportions by weight,
according to a first variant:
8iQ, §5 - 70%, notably 55-60%

Al,0, 0 - 5%, (oxr even 0-6%)



35 substrates or panes, which conprises the follow ng constituents
in the follow ng proportions by weight, according to a first variant:.

Sigerr] 55 - 70% notably 55-60% Al [err] err] 0 - 5%
(or even 0-6% 3- Zree 5 -10% Blerr]Jerr] 0- 3%
Na20 220, 6% K[err]O5 - 10% 5 - 11% notably 5-9%5 MO

0 - 6% notably 1*6% CaO 2 - 11% notably 7-11% SrO

4- 12% BaO B3O, 0- 2% S eri¥ greater than 0 and at nost
0.5% 10 The - foll oy nggyg relationships, still in

. Na,O L L
proportions by weight, are also adhered i n the conmposition: Na[err]O +
§ tfhidRet

Klerr]0 [err] I@%notably [err

15% 15 S

even [err] 18%the said conpagiti hay.l
excess of 600[eeér($] C. Accordi (r% toﬂéégﬁ%‘{r}%&rl

t he precedi ng 8thposition aretlef¥2¥nchanged, at identical |evels, apart

10%% £

onprised between 10 and

Mgo MgO + CaO + &rO 6% BafdtadDp1+éR ably > 13% [err] 15% or

s.;_rﬁ'fg point which is in
ant,

fromtwo oxidegpzirconia andgal wgna. In this variant, the percentage

| evel s of these two conponents are: 2 Al[err rr
5 ! 18% ZrCIerSSﬂS ™ 5’@3@5 é??é]c%rﬁﬂ%ﬁq d&%sté!:guﬁli ]ng to the

the constituents 20 of

second vagpant have a Mie ai n fipdilowing exceedablohdhips580[ estiX] andireven

in excess of %ngépeéféi%ns by weight, are also adhered to in the
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composition:

Na,0 + K,0 2 8%, notably 2 10%, for instance
comprised between 10 and 15%

MgO + Ca0 + SrO + BaO® > 10%, notably > 13%, 2
15% or even 2 18%
the said composition having a strain point which is in
excess of 600°C. '

According to a second variant, the constituents
of the preceding composition are left unchanged, at
identical levels, apart from twoc oxides, zirconia and
alumina. '

In this variant, the percentage levels of these
two components are:

Al,0, 5 - 10%

Zroz . 0 - 5%‘
the compositions according to the second variant have a
strain point in excess of 570 - 580°C, and even in

excess of 600°C.

With compositions of this type, the substrates
or panes can undergc the heat treatments needed €£for
their application, for example as plasma screens,
without optical degradation. Firstly, the inventors
succeeded in identifyiné'_..what generated the defects:
during the bheat treatments, the substrates rest on
supports, in particular on rollers, blocks or
continuous surfaces. They observed that, under the
effect of heat, there was a possibility of crystals

developing, more particularly starting from regions



30 : Wth conpositions of this type, the substrates or panes can
undergo the heat treatnents needed for -their application, for exanple as
pl asma screens, w thout optical degradation. Firstly, the inventors

succeeded in identifying what generated4hre defects 35 during the heat

treatments, he substrates , rest upport i cul ar n
rollers,  bY3ckS Sh%‘?\tl nddls SBPF'QE %F%‘bser\’%g"{eheﬁ uﬁ'g%r t he
ef fect of hepanesfisubstaataspoasdbi I:he;zrof suppsraBs dBhekepi qusnaﬂ.e
particularly ng 1%\%[ t her IS '

cont act é/%%frlli& ﬁje panéﬁ%éagstra!%es an xeatthel @sﬁ%%%rt?“%??e
crystals | ochW?réﬁveYteﬁééé‘l paRd/ saeBeigkes P&'%Raé-ﬂdﬁ ngP¥ owRPEE el | ow
and consisst gjiprhpal |B(aQC5 baghem Sar Hith phaichiBgSOEeon] ‘Bad hawar it

com ng from Ba nd the .sul phat e ra he surface_,of th | ass,
crystal | i zi ng4+R gﬁ CRaSBE r#é‘rngcer"-t‘g Heﬁndﬁ“?%ﬁge AFH rstfh%ppggggﬁ’ f or

sol ving t h| scpysbhénru.zdmgd inzwoe Basoy tnderni terteisutphditiona.t he gl ass.
However , it I Y, u y the
raw materi aI s of the‘k‘g?a'térs% \(%s'cq% %Erofssc%%;iﬂggf assié a?i‘{}%ig o8 l are
general |y ofhavie beesr tef omhirehe ﬁ@lPhblﬁ‘séilﬂF@@ & eppﬁﬁ%ﬁféi/ OHOHS?V&rr:efl ni ng
agent aRg/ or; Py ;$Ul PImss€oRLFRPed drbddift adsDaBhe L&%yn netEbduced

The ube of ey fer %«‘?‘ir%a}af@eﬁait  Ghribé etBRe ?if‘;tq'n%t By SECthRee of
sul phur woul glassai lat pletebst whiclexdrea geneh:allyFu:ﬁf hemamraa;dert &
presence of il bol ShciataaRE TP o S8R 4 OedBinlal el 70
control the andéorobmanlphumecgmhaénednlpartthec@fdnowh%%pbesomna very
low | evel orjg¥8PplratbanaBa@atgpds} SidspdrkAcngxlasstné heuptakl emis
of the forming tool. The use of raw materials which are
pure enough to leave the glass free of sulphur would
entail prohibitive extrxa costs. Furthermore, the
presence of sulphur in the glass may make it easier to
20 refine during forming.
The approach adopted in the c¢ontext of the
invention was to control the level of BaO in the glass,
in particulaxr to keep it teo a very low level or even 0.
If no Ba0 at all is used in the glass, the problem is
25 greatly resolved. However, as will be explained below,
barium oxide is an alkaline-earth metal oxide which wmay
be advantageous with a view to giving the glass
specific properties. It may therefore be expedient to
keep up to 1 or 2% of Ba0 in the glass, even though
30 this may make it necessary to slightly modify the
conditions of the heat treatments in order to suppress
the formation of BaSQO, crystals which, even in trace
quantities, prove to have a very detrimental effect on
the optical quality. This may, in particular, involve
35 adding a suitable washing step after one or more of the
heat treatments.
It is to be emphasized that this suppression of
the optical defects due to the formation of BaSQo,
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25 greatly resolved. However, as will be expl ained bel ow, bariumoxide is
an al kaline-earth netal oxide which may be advantageous with a view to
giving the glass specific properties. It may therefore be expedient to keep
up to 1 or 2% of BaOin the glass, even_.tgough 30 this nay make it
necessary to slightly nodify the conditions of the heat treatnents in
order to suppceyguaﬂsf:nrmmtoachieBaQCFerﬁhen4§ﬂnﬂmﬁmanﬁ,theeth¢rtrace

guantities, p g effect on the optical quality.
" pRR R e e e e

Thi s may, a sui tabl e washing step after
one or nore of the hefhug edtmeh® s gemenadlyo BECERBREs HRAt t Baqshi S0

Suppre|55| on Ou&g@rfoptld@dhﬂﬂ?%s du%cbﬁst%f;e b&hﬁ&ﬁ.b&li- of B&Sﬁne(r}r] a
crystas I E’fﬁ Leved. t,0 t etr ttr gspeﬁrtleét esire
for the gl Ser 48 i nsPEPE gggg t’g gI ass°no Tongsr
exhi bits Vv pedats whimlhacomurespohdéoWo aavsscoaatuctc@rlthecorder
terrper ature r err. 4 150 | C rr 0

f’% 1o B erp]ﬁﬁﬁ ApPexgfllrd CPLT I ERBEOESEC dn

vi scosity of e order poi se. nper at ur e
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definiti o hafEBELIH Sooffit FR=B ’6‘?’"6 &r AT G e P&t uFE®uhi ch
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achi eve strain_poin are ar abl 0ose O tal ned
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constitu s AFSOYRARES tlo[ t lnvention achieve strain point va

which are fully comparable with those obtained with

other compositions which were designed for the

manufacture of plasma screens and use significant

quantities of BaO, such as the ones deascribed in the
20 aforementioned patent WO-56/11887.

This combination of constituents also makes it
possible to obtain glasses whose coefficient of
expansion is still of the same order of magnitude as
that of a traditional silica-soda-lime glass, that is

25 to say coefficients, measured in known fashion by
differences in expansion at temperatures of between 25
and 300°C, which are genexally between 80 and
30.10°7eC™, in particular between 82 and 86.10° °C™*

The glasses according to the invention hawve the

30 advantage of being well-suited to the melting
techniques associated with the process of floating
glass on a molten metal bath. Indeed, it is found that
these glasses lead to wvery 1little corrosion of the
refractory materials, of the AZS type (alumina-

35 zirconia-silica) which are conventionally used in this
type of furnace. These glasses thus optimize the
operating time of the furnacs.

The glasses accorxrding to the invention also
have the advantage that they can be melted and '




possible to obtain glasses whose coefficient of expansion is still of
the sanme order of magnitude as that of a traditional silica-soda-Iline
glass, that is 25 to say ceefficients, neasured in known fashion by
di fferences in expansion at tenperatures ef-between 25 and 300[err]C,
which are generally between 80 and 90.10[err][err] Clerr],  in .
particul ar beGREBIeIERGNNES. 20p4ASF] &ibbcreral . LATHRSHRENERS S06LdItRYy to
the invention s t BRopRedrdrapt agee wahurBetige Wk -$Uidefrentli®nal he

mel ting techni ques assogiated wi.th the process of floating glass on a
nol t en net al ﬁgtkir‘?ﬁcq—rﬁfﬁiacf,alli"fe i€4%md that these gl asses lead to very
little corrosion of thehusfractbey mgeteraldy davd he aAZSliiguhaius

o furnace THoNFRAnd | £R) k" a8l “pale TTr0008, | Y S C Rttt 10T
The gl asses absgwhary 1550He andedli’Of Gl sandhayeachhe wReeriRpe Lt Hat
they can  bepdiRid,edcofPéspondfngCeBVaAdL D O 8.3,9/A55a! RRgardture
tenperatures ¢l ose to_those adopted for the manufacture of a Conventional
si i ca- soda- | Maesagt &35, 3FhIE35E AHG)°Cog e BTy CulRg ePetyeen) ddbidffe 5
temperature Thexd] af2eg°@wst gHEg errliguidupart temparabareeen viluderr] C
309 LTOLEY ] ConB iRl Sl SERS' bhedbaBEL S UACSPOEL "olf B0 1 -
1160[ er r] C andndustadaddiy] C. “acqeptable | dignperatureper aThese Talgias 10
denonstrate tBanpe@irdd fimdl et aBERE! petabR o)1l 1d¥USA M tRL! Yrt
"acceptabl e" tenperatures. These T[err] .tenperatures indicate to the person
Skilled in thEPs (CATRPTRHERS! peYEs iR VHECOPLEYsiYS $9°t 46 ow
for the form ggrotheh€oghdny tof heC glusad taubea Parried out. In their
af orenentjoned Trerr] gnd, JLetr] a¥akUReh@0053a 1A, CHRPSII QNS 3850 N9
ranges, the compositions according to the invention
advantageously have a “working interval” defined by the
differance Tiog,s-Tiiq (COrresponding to the temperature
region in which wmelting and forming of the glass can be
20 performed) which is poéitive, and in particular at
least 10°C to 30°C. These intervals, which could seenm
“narrow” for standard silica-socda-lime glasses intended
for manufacturing glazing, are here sufficient to
ensure high-quality forming without adopting
25 excesgively extreme conditions for ©operating the
furnace. They are in £fact quite specialized glasses,
for applications of the high value-added high-
technology type, such as plasma screens where very
precise control and tailoring of the operation of the
30 furnace may be regardedf as “allowable”: “accessible”
working intervals are 'kept to without disruption or '
risks for the furnace.
The compositions as modified according to the
invention make it possible to maintain the high
35 insulating power, in terms of electricity, of the
glass. Thus, the glasses according to the invention
generally have a resistivity' p in ohm.em corresponding,
at 250°C, to a log p with a value of at least 9, in
particular between 9 and 11l: although the invention has



advant ageously have a "working interval" defined by the difference
T[err]-T[err] (corresponding to the tenperature region in which nelting
and formng of the glass can be 20 perfornmed) which is positive, and in
particular at least 10[err]Cto 30[errkC7 TFhese intervals, which could
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has -710r ecbs:e:di@mgye&felammt 3d7t r g tdpvgl as&éﬂwra@@ wakah V!.aé
however, advant ageous | n %I cul ar eI ectsical % ecagse it

hi ghly insul at’ﬁg tehll% c&%r & CF'I F1asS 1 ghhER: & or?dé??sjaatred f or
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particular, the weight of the glass is problematic, and
anything which may contribute to making it more
lightweight is very 'advantageous, given that
televisions using these screens are intended to be

20 wall-mounted.

The  preferred Jevels of each of the
constituents in the glasses according to the invention -
will now be gpecified and justified. Specifically, the
absence or reduction in the level of Ba0 had to be

25 compensated for by the presence, or increased-presence,
of other oxides whose combined effects allow them to
“replace” BaO as regards its essential properties.

The choice of the invention was to Kkeep

approximately the same sum of the levels of the

30 alkaline-earth metal oxides as in glass-making
compositions which use more than 2% of Bao, for'example
by using a significant level of 8Sr0 which ig the
closest alkaline-earth metal oxide to Ba0 in chemical
terms, and which therefore has a very similar effect on

35 the properties of the glass, in particular in terms of
strain point, coefficient of expansion and meltability.
Nevertheless, a maximum threshold for 8rO needs to be
provided, at 10%, for xeasons of cost and the risk of
devitrification.
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cofrposition but contains at least 6 to 7% of BaO has a density of at | east
3. This is not an arbitrary characteristic: when the intention is to apply

these 15 glasses as plasma screens for television sets, in
particul ar, the weight of the glass i's orfbl emati c, and anyt hi ng mhich'nay
contribute to making f nore |i ve van ous
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justified. Specitica the absence or eﬁilonlnthelev a0 had
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oxi des vvlhgse Qﬁﬂbhaeglafsfseaf ﬂldi(z#dtzhhtynh doenyeplmas eBanasmssardnei ts |
essential properties chai ce of t.he inventi a |matey
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in glass-ménag banposindonsend chouseanse e prmma)f wBa® bO&r thenpl e

by USing a si gorkpceBly’ Sitlesiald Qaf"h'tﬁ% Rudifed! 02681 ol Hild NeeRgE! h

netal oxide to emcal terns ore has a, ver

sinilar effeckadd B8y theadreperhpdzs sembiaeg) ﬁé’stﬁ; Gian oknj F\ﬁ?er ns
of strai Ropoi pbrmceef bi giepkiak ﬁﬁﬂaﬂisﬁndéﬂ'ﬁltmkf’y&hgl l:hké gliagert hel ess, a

maxi mum t hreshol d for _BrO ne vi ded, at 10(V reason of cost
and the risk of devi tFEf |rcf"'a“ﬁaglrsfCi aPS°8 ian a§e°éﬁsso l‘%" to

seek to "conpemsahes é.sasesrﬂtaa?l:lr;e-flwaﬂa‘ﬁdmyléa(censoréley' h:oghninmaﬁ.zeof CaO
or VRO The 'epgonie ! e bivefagkgge VBEN LHCT AN Wie PEESCRRExRL
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18 glass in a maecanichal point of view, Avo:l.dlng the'
¢« thermal breakage » is notably an esgsential objective
for the glasses used in fire-resistant glazing.

Preferably, the sum of the contents in weight
percentages of MgO + Ca0 + SrO + BaO is of at least

20 10%, notably comprised between 10 and 25%, or 15 and
25% or even 18 to 24%

According to the invention, the tendency is
therefore to compensate only “partially” for BaO by
other alkaline-earth metal oxides, and provision is

25 preferably made for combined increase of othexr agents
with a flux effect in the glass as well, more
particularly alkali metal oxides, and K,0 in preference
to Na,0. The reason for this is that, although the two
types of alkali metal oxides Na,0 and K,0 are necessary,

30 mnevertheless, if it ig desgired to increase the overall
content, it is preferable to favour an increase in K,0,
which has the advantage of fluidizing without lowering
the strain point, and is therefore not too detrimental
in terms of the hardness properties of the glass after

35 forming. A ratic between the K,0/Na,0 percentages by
weight of at least 1.5, and in particular of about 2,
is thus advantageously preferably provided.

There is also a tendency, in the scope of the
invention, to use xelatively high Si0, levels for this



one hand, may tend to cause premature wear of the refractory materials of
the furnace, and on the other hand nay lead to their conbi ned
crystallization in the 10 formof a diopside and risk devitrifying the
glass. It reveal ed al so advant ageous to-d€crease the contents in

al cal i ne-heartf oxide in_orderto nmpip e Jlil~Ssk break (Lhe
gl ass due to t‘f‘@?rap%t rggﬁsr%nt%l?lsd%gaggég}l%gors d‘(gsz %(J)'tg‘ fyts 0 aﬁgnéggﬁeﬁ%é%isl e
the 15 gl ass robea imecehecigdlasspoi hevebs vifevat ALERSNS5T hdyt Heehght
breakage is @éﬁé&ybaeee%sgeiﬂ Q0heel | 481 0T vhNGeal 2nsey r&%’aiﬂed.

fire-resistant glazing, Preferably, the sumof the contents in weight
per cent ages ofN@pertheless, 5 LERRPRALLE JRAXLHIF de"ﬁ%%s%‘t‘:’a‘ﬁl yoe
Corm[1 i sed Bet Vp@dsvi@eﬁnd ﬁﬁ;/pa&tik{ﬁla&ﬁ 20%60%, everabSet OaBé%l Aerds di ng
to the invention, . t t endency,.. i,.s therefore to _conmpensate qn .
"partially for"BhE-BY erv%‘?]ﬁ%’ﬁﬁ%awéggﬁﬁ?alteﬁsdeg? %ﬁg‘lﬁ‘l’:ﬁi@'%ﬂ is
25 preferabl yremperédturesniwhicl amer expensfivet har tagmst ofvigrnexgy | amd
effect in the : e rijgular I [ [ : d
Klerr]Oin pr e%é?ée%cg%t\g% 28%2%he6?e%§%n|:%oﬂrr )étc%iéﬂ smﬁ%ﬁag%t %%151 %ﬁ?he
two types of ofyEPaceet 5piderdy RiEerkgwelandf KFéLire dhexedaes Mmakeso
nev]gerthg: Qats, j%& idodsilsiesi e E:@nit&%b&@&f toe mﬁitﬁéinfﬂ@t &ﬂiﬁfiéiéﬁtf
preferable to our,an increase in KLerr i.C as advantage o
f1ui di zi ng wi t‘ﬁ%’\é‘ig%%eﬁ’nd‘"}ﬁee skﬁ&?&lngoi ?\A’g“r?dfdr’ées[%erh%?’&ie A6 ke
detrinental i mglassess obft khchdrdesdsiow aierievelsf compaghbis dfct erhQde
formng. A rg,_gf (ﬁ?fgég\ggr\r,}_m é&i@rr] Q' Na[ err] O percentages by wei ght of at
| ular o

| east 1.5, an partic ~about 2, is thus advantageously preferably
provi ded. There is al sthe takuBABR, AdPhe dBopORSLANF i nvEhRti 88 t¥s use

rel ativel yshi gxc¥{&ed pVets fHrpilEsrabléy R Kadbagt i 3ol RarUse
Silerr] Pyl el che! il "oelciy ESYELY loflobfist R DY
wei ght =
respect to the refractory materials of the furnace, and
the viscosity of the glass starts to increase too
significantly at high temperature. Its presence at low
20 levels may present advantages, in particular by
increasing the chemical stability of the glass.

Zirconia Zx0, fulfils a stabilizing role. This
oxide to some extent increases the chemical stability
of the glass and promotes the increase in the strain

25 ©point. Too high a percentage of ZrO, tends to make the
melting difficult. Although this oxide is diffiecult to
melt, it has the advantage that, compared to other
oxides such as silica or alumina, it only wmoderately
increases the viscosity of the glasses according to the

30 invention at high temperatures. This makes it possible
to avoid introducing into these glasses oxides such as
B,Os, one of the effects of which is teo reduce the
viscogsity of the glass, or to avoid excessgively
increasing the level of the alkali metal oxides which

35 have the same effect.

Indeed, alumina and zirconia fulfil essentially
similar roles, and it ia therefore possible to provide .
sums of the Al,0, + 2r0, levels in excess of 8%, in



-

contribute to high strain point val ues being obtained. Nevertheless, a
reasonabl e maxi nrum | evel should be 5 provided, in particular at 60%
because above this, nelting the vitrifiable m xture tends to require high
tenperatures which are expensive in ternsOof- energy and speed up the wear
he_l evel of .silica

of the refractory materials of the furn : tailorin

t her ef ore nmak&$ c“}]tarpcaﬁes?'iﬁeen f oaré%nﬁ‘;?bu?ﬁdt gaﬁﬁigﬁ%lﬁf"ﬁi FEERH Y % nt

meltability weprdopdimsiwney t he hardness | evel of the glasses of the

i nvention at |evels cmﬁ@r&tott‘,hosghgf gfféégs \%déltﬁ_ﬁgp e ggyrna
) f o1t 115 ' p [ , 1t

Alferr](err] is optional _ rovi de IS preferable to
keep it at | ownverdlisn.apeilh wai sanekany ddsObet okE0: fawmi y1lewr Ae¥ials with

respect togtheg efihapiHL VEFBhEb 8bs 58f drte HilKc el ov8lat BE Yligeeilsy, Of
the glass starts to incregse too significantl’y at high tenperature. Its
presence at | &&O% 5 [fRH&E MY kiﬁ'&giﬁﬁen'advant ages, in particular by
i ncreasi ng the chem cdlectratiirlg tho d sdeogd assriznt cofi ahdr DAveutiidns a
stabilizing r 4 4Thj xi de e t in se he |__qn§ '

stability of %hg'lg a{s"rgtialndéj ré(??rlostig'gﬁt hé‘i{ecsr]fcrgagzre 1%n ?ﬁﬁe"stral g‘z‘:fz;?er&% nt.
Too high a per@PMCagh dﬂéZra?erCFl}Oﬂ%fhdsWﬂ-EPrrﬁ(el@ﬁe lesedi mef diziricomia

Al t hough {di s £9¥indep | odishi il tat BigBkEk: ldvdiaScfNg1adyan! ageorm Nat to

conpared to other oxides such as silica or, alumna, it only noderately
gs %\exXt
S

|
i ncreases t hel¥scosity ©B1%heSgraRdes VAELH ting T tIRF i n9&nt £&§ at
hi gh t enper at ebexosiitrs pBkPlemt PRdD| arko Syoddisvédoduitgalnmdnzhese

Peduce the vi 855 iy gRdtinrad dradl {0 EuEFEmis sopbapy "tk |
i ncreasi ng t hwelfavsitoaty tmrterials ot aflepiwwon{s!.ckﬂ-rBSpahQQQU1hel ba‘rreand
LR e fetB e char R Bl SRR SR botigh, |
level s in excB@§ter ghpan; psual refractory materials of the “A2
type (alumina-zirconia-silica).
As mentioned above, the oxides Na,0 and K,0 make
it possible to keep the melting point of the glasses
20 according to the invention, and their viscosities at
high temperatures, within: the limits indicated above.
To this end, the sum of the levels of these oxides
remains greater than about 10%, in particular between
10 and 15%. s _ _
25 The alkaline-earth metal oxides introduced into
the glasses according to the invention have the overall
effect of raising the stxain point, which is why the
sum of their contents by weight MgO + Cal0 + Sx0 + BaO _
needs to be greater than 10%, in particular greater
30 than or equal to 18%. This sum is preferxrably kept in
the range 15-25% or 18-24%. Above about 24 to 25%, the
ability of the glasses. to devitrify may become
increased in proportions which are incompatible with a
process for forming the glass by floating on a metal
35 Dbath. .
The boron oxide B,0, is optional. A small
quantity of it may be provided in order to adjust the
viscosity of the glass at high temperature.



- 10 - particular between 9 and 15% and vary their respective proportions.
According to the first wvariant of the invention, with a constant
Alferr]O[err] + ZrJerr] sum low levels 5 of alumna fromO to 5% and

hi gher levels of zirconia, from5 to 10%3nmay be chosen. According to a
second variant of the invention, still with a constant Al [err]q(,arr;l: +

Zr err] sum the reTaespraferradh leseliso diosrcentages by veightof

zirconia 10 Heomft eopibclichenddl OBET diRehiabsabuBddolta iy S LAk In
this second variant, on account of the corrosion problenms which are
associ at ed wi LRVENRGAPRaa%Rd LWEteBRLPYied above, it is preferable to adapt

th? refractory ﬂﬁttﬁlﬁéaiévﬁi dhesiqy gllacg's«efbnabayt beubveenb)WlEndhw&‘s} ng
refractory materials ich, wi tand corresi r o refractory
mat eri al s 2of thé')?sﬂ&%y\f?‘ﬁ£ ‘f%lk%ga’n’as z?’?%g%l'w%%g‘ﬁéﬂsa&n%%?%ﬁed above,

t he oxi des Na[ ers]thanbewg:rof ONagtkdsi prpferbbly bstweep BhandelSfti ng poi nt
of the gl asses 2 o di 1 ?ﬂ_x],_[ hdthaddn V8 S£081 84 eSqat high
t enper at ur es, w’?hﬁﬁgt%gbﬁgm%?squﬁ&ég te$é§)h§vl? To thi% end, the sam of
the | evel s of bekwWeanoi @84 P&mai ns greater than about 10% in particul ar

between 10 and 15%h&5level of Mgdhis FpietdrbBarhdrwadml o oxhdessi nbroduced
into the_gl asses accordi ngwhg the invention have the overall effect of

rai sing tfe sPREFR®PBornAR™wWAi*¢h is why the sum of their contents by weight
MO + CaO + SrO-» Bae rleansl taf b€aQrimt prefanablpdpeiwepar ti candr L9keat er

30 than or egua % l3Saumis preferably kept in the range 15-25%
or 18-24% Abggeiagggrﬁéﬁz% g%hzgéq' the ability of the glasses to devitrify

may become incredstbei Aeyedpf i 8K i BreferabPhY oRpAWEBRe Sniattd alPFocess
for formng tBe gbagsehysf hpatipg,on a nmetal 35 bath. The boron oxide

Blerr] q%rsr] Is—gpttzltlgnilleiref %%E‘Ea'ao is preferably between 0 and 1% or
between 1 and 2%, '
— the level of 80; is usually between 0.005 and 0.15%.

The first variant of the invention, with a low
level of alumina and a high level of zirconia, has

20 preferably: ‘ '
— the level of Al,0, between 1 and 4%
—> the level of Zr0, between 6 and 9%.

The second variant of the invention preferably
has: :

25 —> the level of Al,;0, between 6 and 9%,
~> the level of ZrO, between 1 and 4%.

It may be pointed out that the glasses
according to the invention may be entirely free of BaO,
or with the Ba0 present only as an impurity included in

30 the glass unintentionally and at levels close to 0%. In
this case, there is no longer any risk of forming BaSO,,
and therefore no longer any risk of optical defects due
to the presence of crystals of this type.

There may, however, alsc be 1 to 2% of this

35 substance: these levels remain “acceptable” in so far -
as the formation of BRaSO, during heat treatments
subsequent to the forming are still avoided, or
substantially avoided, but posaibly at the cost of
additional precautions in terms of the conditions under



quantity of it may be provided in order to adjust the viscosity of the
gl ass at high tenperature. The preferred | evels, in percentages by
wei ght, of the constituents of the glasses according to the invention are
|isted below. -> the Ievel of Sigerrp 2 preferably bet ween 57 and 59% 5

-> the |evel [err s preferably between O and_1%-> the | evel of
Na[err]Ois S%Fgr 1'1? 3 %Jﬁ%aga/gn{st HEEE eV BRTHEER] ePPFO ?
preferably bemmgﬂeﬁcmw c&%mm:’e fatitedyl e’ waishions pmdelssdsavel of MO i s
preferably between 0 d 59 . 10, - an 9 > eve f CaO
i s preferably between éif%f% lgé%g\v\gggoé ?fi%?’?r 1n<_% qeve:th SrO
i s preferabl gnveniden 6 aau 10%@?61@@\/%1?68 alhﬁled.Z%tC!LS manufacfcmrq evel
of BaO i prs&srs%@%égem% Qi de eﬂ;&)ﬁgpﬁgpeé 8Pda2Yecatst Bss%‘avel of

SJerr] is usual y t ween 005 and 07 15% rst varlant of,

i nvention, wPPhRETIGHR | gYEPhake g BRENETENI T Hﬁ%qw R ?Pﬁi?@nﬁ&r has 20
preferably enidedvieevescoéers [ eof] O[thie | bRhwpmen Jscﬂmbrﬂ%-el‘fehexbevel of

hos: o5 o BRTaRAAIR GoarEnl BoTkold ¢ilodd, FRELLRIGIE] BRELRIT)Y
Zr err] bet aubstrages mnlbe eraiped gy newbtingt Shelﬁé;ts eheglgkessses

accor di i t ogtRp 'Wﬁ@&&r‘iélﬁﬁs‘a?wﬂﬂd’ obE£1REG BB Slodtidyg! hgeBalO
present only as an | npuri C 3 In 30 the glass“unintenti©onally and

at levels ci §485€0°09R FRICRTS , PPfée is no longer any risk of fornming
BaSO™4, and thereforemy oggar abyor ik aisedt iceal mdahifactugdee Farkhe-

presence of Creé?.t% %tOf gtlg.zs':l.rfél P€.-in particular alsoc obtained by
| cutting a float glass ribbon, or for solar energy

15 conversion systems of the photovoltaic cell type.

The invention will be described in more detail
below with reference to the following non-limiting
examples:

A first series of glasses according to examples

20 1 to ¢ was made in the form of panes obtained by
cutting after forming vitrifiable materials on a tin
bath according to the well-known float process.

A second series of glasses according to examples
5 to 7 was mathematically modelled.

25 A third series according to examples € and 9
illustrate compositions with low amounts in Mg0 and
Cao. '

For each of these examples, the following table
collates the chemical formulations with the contents

30 expressed as percentages by weight, the strain point

- values T, of the glasses, the coefficients of thermal
eXpansion O ys.sgeey OF the glasses in °C™*, the logarithm
log p of thelr resistivities in ohm.cm, their ligquidus
temperatures Tji,, their temperatures at viacosities in

35 poise corresponding respectively to log 1.6 and log 3.5
Tiogr.¢ and T35, their densities d measured at 25°C.
All these temperatures are expressed in degrees
Celsius.



There may, however, also be 1 to 2% of this 35 substance: these |evels
remain "acceptable" in so far as the formation of BaSJ err] during heat
treatments subsequent to the formng are still avoided, or
substantial |y avoided, but possibly at-thé cost of additional precautions
interms of the condl gnsg#%%& be n&x?-ea %a‘&h %ﬁ*fﬁ 1,ﬁzhe% Pgﬁgﬁ;;gents
are carried out, one or nore Suita pT 0CEésses

gl ass conpospreeaa.t mcer desgnifdcantheandy medanrakyle t moem@r ehd¥eyused
to manuf aCturBﬁén i&&*&itcfa%te‘és 1 ohe aEReRBENT 'f@fr&hlfartﬁ%rg c{¥yskabaihased

on barium sul phate, and are in partijicul-ar intended for em ssive screens

of the plasﬁﬁs°scP§enund§F€EPPG thatnckReRe sT+asAS8, BBYJ- EARRBEB
screen typge. Izhpﬁf:.ﬁﬂbst behey adanhaqbtia rachm;emmmmwegéﬁeﬁélgyass 10

metal bath THE9SCHREE S0 e ekd Vo Al taTtie of 507 reFe HnfsfPebi T,

in partlcularoalxofobtaxaeplby dut 8i apdadtl| oat gl ass ribbon, or for solar
energy 15 conversion systenms of the photovoltaic cell type. The invention
will be described in nore detail below with reference to the foll ow ng
non-limting exanples: A first series of glasses according to exanples 20 1
to 4 was nmade in the formof panes obtained by cutting after formng
vitrifiable materials on a tin bath according to the well-known fl oat
process. A second series of glasses according to exanples 5 to 7 was

mat hemati cal |y nodel |l ed. 25 A third series according to exanples 8
and 9 illustrate conpositions with |ow anounts in MyO and CaO. For each of
t hese exanples, the follow ng table



collates the chemcal fornulations with the contents 30 expressed as
percentages by weight, +the strain point values T[err] of the glasses, the
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I nsur nount abl e problem 1t is confirmed, in particular, 10 that the

di fference between the tenperature T[err] and the |iquidus tenperature
T[err] remains |largely positive. Furthermore, sonme sanples of glasses in
the first series were subjected to annealrng processes of the type applied

to gl asses intended to be used as 15 plasma screens and i ntended to
stabilize the gl ass: ﬁ'bﬁéeofdatq‘ﬁanFEQﬁﬂ-Eiﬂt ddadpt Foal HesRass afePr8LREbl e to

Hle Erelsgncle ea‘:bwtah&eﬁlebhe Bahd YEﬁoﬁt cglaés/mpaﬁrmamntaeiwfl nts.
shoul d al so be no rovision, i hcor e
lithium oxi dBaVE; :l}’j%" r}? ?\%scﬁﬁ‘pb‘% i %ﬁ@peirﬁ%ﬁ i é%x:ﬂ’l%sp J‘II?1 ux
agent, preferahl yeatessvabs, 6@%@r,ceht:g@esrby:.%nghty,of lowt V\Eberﬁahnd 3%
in particuylar -°o I Oﬂ&, [ [ t h

gl asses |che:;(@21]rD At éf{éas%}l cgs go%% g‘gngﬁ'ggseesﬂéa rde y g&gg :ﬁ%\%qf

appl i cati ons barive ewidsive screen type but which furthernore elininate
the random OCCU”enceFﬁEtHEE:hS%E d%iu@ﬁ.ﬁ:s uﬁ‘hutf&%th&‘éa' WiRth Gl Xd Bdd Ofnt ype.

| ndeed, the invention has de it 055| le to fin easpns_ for these
unfortunate coPBr gPFBﬁgev\ﬁ W@@E‘u% qnné"hr?eg'tir{ &@a‘%ﬁerﬁ%‘s%@eﬂ% hough
it was far frimsabmoﬂnﬁabmet pB&Bﬂkmrr]ItCI‘iﬁtcﬁrﬁfme&i,l nieo| praxk sS¢ulari he

sul phur nt e e S er i or

elim nat e e tl'{é o? gg%f%%cgf# h&e}‘; twgg‘?%%fgegggn?g alﬁ% terns
of cost, becatﬂse uaqua‘duarraempeaat,ureo'mw nemaingat puaeldr pos t\ﬂ-VEy _

expensi ve conpar ed topai-BRESMoRE] | dohe! BarildBKiory Hhigsgkasses |ens
heavy. QSItlﬁg ntended for the manufacture of
r

thermal |y st a&--’@sguﬁ&rﬁﬁsesw%’?e p&ﬁggecﬁ' aﬁﬁ cFRDeYL 51| RPTOFESEEE Ohpri ses
the fol | ow nti@ndypelicapplied heof @JJa;uemg Anepadedonso bpareughtl: as

15 plasma screens and intended to stabilize the glass:
none of them exhibited optical defects attributable to
the presence of crystals of the BasS0O, type at
glass/support contact points.

It should also be noted that provision may be

20 made to incorporate lithium oxide Li,0 in the
compositions, in particular as a flux agent, preferably
at levels, in percentages: by weight, of between 0 and
3%, in particular 0 and 1%.

In conclusion, the invention has developed

25 glasses which are at least as good as glasses already
described for applications of the emissive screen type
but which furthermore eliminate the random occurrence
of optical defects of the localized coloration type.
Indeed, the invention has made it possible to find the

30 reasons for these unfortunate colorations which occur
during the heat treatments, even though it was far from
obvious that BaSO, crystals were involved since the
sulphur content in the glass is usually very modest.
Reducing or eliminating the level of barxium affords yet

35 other advantages, in terms of cost, because the raw
materials containing barium are fairly expensive
compared to others, and in terms of making the glasgses
less heavy.



Sigerr] 55 - 70% preferably SS-60% Al[err](err] 0 -

5% preferably 1-4% ZrJ err] 5--10 % preferably 6-9% 10
Blerr]Jerr] 0 - 3% preferably 0-1% Na[err] O 2 - 6%
preferably 3-5 % K[err]O0 - 5 -=-1184 preferably 5-9% MygO

0 - 6% preferably 1-6% CaO % 11% preferably 7-11% 15 SrO
4 - 12% preferably 6-10% BaO : 2% preferably 0-1 or 1-2%
SO err] greater than 0% and at nost 0.5% preferably between

0.005 and 0.15% with the rel ationships. : re +. rr] O
[err] 8% in a(;ticul ac%j'al t_°T§%gk)§%§E ig‘&efdgfiof+°%g%{‘§ i%%uﬁla?t%.ré
particul ar [eodf Wissmahlysstablensadiatinateamongpanes; aichagsicterizagkcess
of 600[errd C. 1& that (as3npeaRes WHA fﬂf&%@éné@fﬁﬁ@ﬂt‘éa&wr&eﬁ of

thermal |y stabl e_substrates Or panes, characterized in that 1t conprises
the fol | owi ng fe3AaWinig RECRIFGIRNS AY KF¥F Tt oportions by weight: Sierr]
S5 - 70% prekaogbly 55-60% Ag)-er7dy, préferably -s5H%o0%preferably 1-4% 30

Alferr]Jerr] 5 - % Jar ef er abl -9% Blerr]Jerr] 0
- 3% preferaBry®D- 1% Na[err] 8%, pez-g_ez.ya:b efrrB}ﬁ% preferably 3-5%
Klerr] O ZrO, 5 - 11% Hrefldablpreraaiigos-9% 0 - 6%
preferablyy 1- 8735 CaO 0 - 3% e fehdniRf f 8rably 7-11% SrO

4 - 12% prefefably 6-10% BaO  pre 0 -Wz% oreferably 0-1 or 1-2%
So[err] Na:0 “greater tHar famFeiesiduy @ preferably between

0.005 and 0.186 - 17 - Wit £ hay,ehatdmnaitlys 5-9%

MgO 0 - 6%, preferably 1-6%
Cao 2 - 11%, preferably 7-11%
i5 8ro 4 - 12%, preferably 6-10%
Bao 0 - 2%, preferably 0-1 or 1-2%

S0, greater thah 0% and at most 0.5%,
preferably between 0.005 and 0.15%
with the relationships:

20 Na,0 + K,0 2 8%, in particular 10 to 15%

' Mg0 + Cal + SrO +.Ba0 > 10%, in particular 2 15%,
the said composition having a strain point in excess of
60Q0°C.

2. Glass composition intended for the wmanufacture

25 of thermally stable substrates or panes, characterized .
in that it comprises the following constituents in the
following proportions by v}eight:

sio, 55 - 70%, preferably 55-60%
ZxQ, 0 - 5%, prefexably 1-4%
30 Aal,0, 5 - 10%, preferably 6-9%
B,0, 0 - 3%, preferably 0-1%
Na,0 2 - 6%, preferably 3-5%
R,0 5 - 11%, preferably 5-9%
MgO 0 - 6%, preferably 1-6%
35 ¢Cao 2 - 11%, preferably 7-11%
Sxo 4 - 12%, preferably 6-10%
BalO 0 - 2%, preferably 0-1 or 1-2%

SO, greater than 0% and at most 0,5%,
preferably between 0.005 and 0.15%
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Na[err]O + Klerr]O [err] 8% in particular 10 to 15% MjO + CaO + Sro + BaO
> 10% in particular [err] 15% the said conposition having a strain point
in excess of 5 570[err]C, preferably in excess of 580 or 600[err]C 3.
Oorrposition according to Claim 1 or 13 -characterized in that it

satisfies, vﬂ.{%&?‘fﬁé q@éﬁ}dﬁf‘étﬁfﬁ MO+ Ca0O + SrO+ BaO 10 to 25% in

parti cul ar Conposi tion accordin to one of the

pr ecedi ng cI ai ms, Nafr 4cKefiZ el i dn Bapicndar 3@ ke, in proportions
by weight: Kl[er r] OM¥d &f rd40 [+ersﬂo 1 Ba0 > pav%, dd qsammulaa: 55y,

Conposi ti on ac%ﬁrdl nghto one pf reced| ng. cl ai aracterized | t hat
it satisfies, Yjﬂ’ﬁg A ?’é ﬁﬁg?ﬁl +49 &‘EFP]S % in

particul ar59 t5F0E%% pi:eferab]@rnm)saxaa:ss adt &l myr teP 0. of t he preceding
20 clains, chgracteri @.QP&[ it gagraiﬁgef figi e'@lac:l.fm eransdlon Alerr])
err err

of between 80 “and 90[ Jerr particul ar
86[ err] 10[ er r PiR&Aqerized 1nCGPEGS|3t”r oﬁaﬁéﬁgﬂ-ﬁﬁng iy m%?ti-%splkﬁ’cedl ng

cl ai ms, char agleaigrtad |n that it has a I|qU| dus 25 tenperature T[err], of
at nost 1180[err artic Iar 1170[err].C. .8.

Conposi ti on accordhﬂ? to Sﬁ 5t SERe di n3° ,"thé?a&’FEF%‘feﬂ'airn t hat
It has a M scasit tou 28%.poi se corresporiding to Iog u=35at a terrperature

of 30 at |egst 116(2-_[0%[5@5&1;1&':{1 Q@é%f&fﬁ?otob%%?egﬁel&?@[ |ng C?‘%drrs

1200[err] C. 9. I on accor one pr ec
char act eri zed SR LfMFat |ehﬁ§§c§ere5e§t|w4y Fhag ohbk cmaat izbies ] Ccin
correspondi ng trgpugql@ﬂg Feiddnee of 35 at least 9, in particular

betveen & end L e g B S bASCREA0 dygng of the preceding
in parti cB ar 50f aboutCohposition according to one of the preceding
claims, characterized in that it satisfies, in pro-
portions by weight: '
Al.0, + 2xr0, > 8%, in part:.cular 2 to 15%.
6. Composition according to one of the preceding
20 claims, characterized in that it has a coefficient of
expansion (g s0qec) ©OFf between 80 and 90-107'¢C™®, in
-particizlar 82 to B86+1077oC™,
7. Composition according to one of the preceding
claims, characterized in that it has a liquidus
25 temperature Ty, of at -most 1180°C, in particular
between 1150 and 1170°C.
8. Composition according to one of the preceding
claims, characterized in';that it has a viscosity v in
poise corresponding to log v = 3.5 gt a temperature of
30 at least 1160°C, in particular between 1160°C and
1200°C. :
9. Composition according to one of the preceding -
claime, characterized in that it has a resistivity p in
ohm.cm at 250°C c¢orresponding to log p with a value of
35 at least 2, in particular between 9 and 11.
10. Compoeition according to one of the preceding
claims, characterized in that it has a density at 25°C
of less than 3, in particular of about 2.7, '

R



- 18 - 11. Use of the glass conpositions as defined by any one of the
preceding clainms for the manufacture of substrates essentially free of
cryatal s based on barium sul phate, for an em ssive screen of the plasna
screen, 5 electrolum nescent screen origcol d-cat hode screen type, in
particular starting with a glass sheet cut froma glass ribbon obtained by
floating the §lass onUseneift dhenglasshaompasitions a2 definpedgbysany

c](c)n?psi tions ézf.edf‘tgf P%@yﬁ@ée&ﬁgpng%ggmgl gf@? kHeoO g‘lahﬁl’fau%%xl@naffﬁct ;Jr e
cut froma ol BEGSEFBESR SHPEMAIY ARAR Ty TRPTHADOSA FbI PRALHE: ol
bath. 13. ° slhitphatelh€cy aas enipoivéi sozeen odf ithed plasmy sbreene of
Cha M ot ool phRbe kBl ARRULARLY Gded?! BF BBYGILatHUAL" 4 lln USHET O
in particular starting with a glass sheet cut from a
glass ribbon obtained by floating the glass on a molten
metal bath.
12. Use of the glass compositions as defined by any -
10 one of claims 1 to 9 for the manufacture of Ffire-
resistant glazing, in particular made from a glass pane
or sheet cut from a glass -ribbon obtained by floating
the glass on a molten metal.bath.
13. Use of the glass .éo'mpositions as defined by any
15 one of claims 1 to 9 for the manufacture of solar

energy conversion systems of the photoveltaic cell
type.
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