10

15

20

25

30

35

PROCESS AND DEVI CE FOR MANUFACTURI NG GLASS AND
PRODUCTS OBTAINED WTH THE AID OF SAID P
invention relates to a process for nanufa MEEB @ﬂ
gl ass, and especially flat glass, and to a

i npl ementing such a process. The invention relate¥
NPROINSEC 238 WHVE EE FORE IMANUFREIUR 1N Gmfsimimg) SARODUCTS

honogeni zi ng nol tend&rﬁfzrd{#c gnl%ﬁpasrpffnmﬂ otary

refining p pressure e su | ect
of the |nvent|on is also novel glass substrates t hat

o?ﬂnggg?n Glureq Ry such g %f §§§ b2 ThenQEatth¥ing

S a maj or preoccup at i | ass
mghekact msesmmlhﬂfl ﬁlar:atglgllsg@ss anh §og@aldqyice for

hﬁzeﬁgxtQQ eéggﬁsgeﬁrgﬁe@@ absence of gaseous and
I ncl usicons (refractorles and unnelted or poorly

nelted batch materials), by perfect chem cal 20
hemegamsichy iamd eyl s qpemfatt mrediaosl f i o s idoadl process

pl.anarity_and | ow _rough ti ;
nﬁ@Fbroﬁ%ﬁh%ﬁgg as flﬁgﬁggebgwgﬁ5|sq§gﬁ£0|alﬁ&ass in
r equitiedlbar applkbtatriyonsefaning aBF@ﬁﬁBFIeuPﬁEHstF?duced

%@e%\é%[}emr'ﬁqéostﬁg e@EpldﬁaEh@n%rﬁfeﬁﬁ%rm ags dIsd hgovel
I"'ectronics fiel Anong the latter ng%é?tlons

t dasgl as¥PSLHIELaL éfé‘a\‘torCPPqLFi"?j PRpSEaCt Ng such a

(b@@%kssnus; neet an extrenely rigorous specification,
eSpecially in ternms of roughness. In this field, poor
glass quality, in particular poor honogeneity, the 30
pne&erqu]aftygasﬁoglsaaﬂdﬁer asoigicbd retestoiatbien of glass

eXGE: %ﬁ:—%%k% gm%iﬁ_ i $1prej ydheikal taigorggatLity,

operation of In the conplete gl ass
wmﬁlua‘cébtli]@Yn@epr@§E§§SS?ﬁe el BRNFPFLEIG5I ﬂg, gaseous and

2%@1&@11 AJ@Q@%% gr(me&g‘a%tteﬁs.e@;adﬂndﬂ aymtheerd rof epborly
nati on with_ope_anot her ice o
&éﬁ%ﬁﬁl(ﬂp%ﬁ?%mnn@aggf%%? Eualltﬁgthgfe:Q%ggpro%hgmgcal
t diontogrente iftar aruht byrpox t apeefedhe sanfkaet ufepsshf (low
S?Hﬁﬁﬁﬁ%ﬁﬁfforag53p|a1§w espeGiedsd-Chs, ikave phwsicular

microroughness, as defined Dbelow), is especially

required for applications in the automobile industry,
and even more so for applications of the glass in the
electronics field. Among the latter applications, the
glass substrates for liquid-crystal displays (LCDs)
must meet an - extremely rigorous specification,
especially in terms of roughness. In this field, poor
glass quality, in particular poor homogeneity, the
presence of géseous and/or solid inclusions and
excessively high roughness, is prejudicial to correct
operation of the ‘displays. In the complete glass
manufacturing process, the melting, refining,
homogenizing and forming steps each play their role in
combination with one another, and the choice of the
combination allowing better quality therefore proves to
be of paramount importance. The manufacturers of
substrates for displays, especially LCDs, have thus
attempted to obtain sufficient qﬁality by employing

RN

*G00002*




10

15

20

25

30

35

attenpted to obtain sufficient quality by enploying

2 particular refining processes, specific form ng
processes of |ow capacity, such as what is called the
"fusion-draw' process by draw ng downwards, or by
addi ng | engt hy and expensi ve polishing steps, intended

5§£9t£@gy§§ t he i gF ggoughResesekst he gipass fircoduckskming

the " Ioat" form ng process. The increase i
hexBgeRerey Ofs kA6 o° g%fﬁ%d BVCPeéﬁiléb T he® ddlled the

mﬁﬁguﬁ@@huagag" Spped&eslslovvbyer drilve ngur dennwarstess &, by
i.ch conbine. al S h oh |n

RUERPSCIRREE (bl SOEtly b £ 928, R Menacd
r ecomeiduicey el mwrwvhgbnﬁsgh Ofi eihp SARES| moduced by

MpRuf act By Logn Costorhiinghe yaréoss. stenseforlncrease in
manufacturing the glass, the 15 refining ste

f hAWAEBREAFYst epS | n2p&Pt i coPERITRd ¢ f|e¥%§%)l?$at the
ghassfaabdrimge iﬁﬁédgnﬂ abkygvelen e tsrirenendedbdesses,

an_applicatjon in e electronic f T
ofjer |0ﬁ°@bﬁ§?$t§ En Femovihg a§fnatﬁé%% %%é%?b Fepain
thesgaﬁeomsntnmhustenssoﬂﬂhaqu@bsts|Z%S apg é@FP@@ble of

Belahesin bug}a' 95:9r wi8edSn therPresence aing whi chiow
uct 'is often restrlctlvely
cmnnpéapéuraﬁa §@ﬁ§t|nes prohi bited. Thus, the quality

rqu|rePents in ternms of refining are thenselves very
strict for nptor vehicle a pI|c i ons .a r
2§nmNHH%CY%€h%usmﬁggﬁsnd§i é%%%?é %? §§S|d%$453 the
alﬁéfm\iag sttrdpet £¢ borftamamamialonst@p f Ftat Eg?lratslé:ql@r in
% (gEC§1£% égafgs kakloted prhstdate-1fPrwhen it
fIa ays suc crystal dIS | ays CIB% .
t he pn§§®d§é oﬁogasééusaPHéF9§F6ﬁ§ |hnmh€%% {fEfCEronics
bei;pg gabl@ 30 t8edh st ¥hb bl iekectir caémopenat een many as

and/ or. . de or ertaln |xels ;g UP, he i, TRge.
Tﬁ@§§l§g§edﬁ & 27N Ar S va??bus %erlnS h%izes
C ob® 1 n1hyljfsrtuzmst he libbleapped "secdsén tHhe garesenes of

?%hg wPuliyeragt matechal 5.-8RdcEr oMkt heroshgagss pgidbevely
controlled and sometimes prohibited. Thus, the quality
requirements in terms of refining are themselves very
strict for motor vehicle applications (especially for
windscreens, which must ensure perfect visibility) and
even stricter for applications of flat glass in the
electronics  field, especially a substrate for flat

3displays such as liquid crystal displays (LCDs), the
presence of gaseous inclusions in which then being able
to disturb the electrical operation and/or deform

certain pixels making up the image.

These gaseous inclusions are of various origins. They
come mainly from the air trapped between the particles
of pulverant materials and from the outgassing due to
certain chemical reactions that take place during the
glass ‘melting step. Carbonate-containing batch
materials (such as for example sodium carbonate,

limestone and dolomite) therefore release large
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certain chem cal reactions that take place during the
gl ass nel.ting step. Carbonate-containing batch
materials (such as for exanple sodi um carbonate,

| i mestone and dolomte) thergfore rel ease |arge 3
quantities of carbon dioxide in gaseous form The

mﬁﬁ%ﬁH%g%?%'uéfonéaﬂgMna|?POQEdguelﬁO giﬁﬁdm@n3ﬁ$mm The
ai n gases di sso r certain condj ,

oFagREUE0 EHERFTEP Br “@Yectaiﬁé’hglﬁ? A0S ok i 188" in
behweﬁn c%xttjaarmjatseers giassoavne cedeai mavatsam actcsndltlons,

ous i nclusions are
t heenasd tefn mmnagﬂawrtfarlmnrvmti@hlqlreypésﬁe%c&ﬁ’e the

aEu?ngégg Rr A4dw1a) tébfiﬁhéguaéﬁdQBrth%dtals). The

aneter. 10 bubbl es (soneti nes, called seeds
tE@ﬁéP@ﬁe é351E§é85é 8EPy BF2BREFentliBw FATes™ %% of

gab@tgh rgsesof  fndabl Qﬁflﬁﬁ% ffhelr}t hewmor esbapsl| ateda rate
own SCOSIt of the b t

TBYBRBRESCTRLL Ry Mt PAPREEne BuBBIas ¢ Siard Ehe Snall
f babblek tlsernkmln@se caﬂﬂeﬁ}e' seddus thEyefige can escape
grﬁﬁ SS§§ t?%% %éf? ai&wrmygkééua THIMMAte of rise of

aracteris ing to increase the rate of
TBubRARE DRV FETSHSBIGS & b ek vess Sy /BF e viscosity

r g@uctng éh&s@e|£ﬁﬁ ofy 0l@sses@ ia% t @osboehes theat may
pat h of the

f GPREEED B&&aﬂwgi Eh ésfhwegl FE‘F ﬁqﬁ’é’%g per %ﬁqer %“.9 a2

carrl ed out: a chemcal conpound injected into the

Chvg%‘%bﬁbb hﬁ?o?%séggeEﬁgte%Qh%E' QN 10FHHBAS, the

Iarge rmed coal escing wth the
smmrno@ulgblae@cat@cms@aﬂ WAing BHEE vyl BT E T pt et yr %e of

Lgu%an%%ﬁﬁf%f tﬁ@"@é/ﬁfhleltshe_l_brlgm cll a SOMPOUNSS EOMPBALYing
re toxic or liable.to ses_t ar
?r%ntt‘aftﬁ 3SEn\IT offre it andll étg}anggﬁpggtt& ST the
\Mbmfbbtllee frowairdg 30eprdcresyhetige ofamieaFpirings et-o

arseni ¢ oxide and..antinony oxide that are sonetinmes

used in conj unction with nitrates (which are sources
oﬁmy@ﬂﬂyt@n§gﬁmgggkﬁrqﬁkplng operation 1s carried out: a

chemical compound injected into the batch materials
produces an intense evolution of gas, the large bubbles
thus formed coalescing with the small bubbles and
carrying them away more rapidly to the surface.
However, the chemical compounds commonly used are toxic
and/or liable to emit gases that are prejudicial to the
environment and/or incompatible with the forming
process. The same applies to arsenic oxide and .antimony
oxide that are sometimes used 1in conjunction with
nitrates (which are sources of polluting gases of the
NO, type), sodium chloride (which gives off HCl) or

sodium sulphate (which gives off sulphur oxides).

Physical refining processes, which are less polluting,
have thus been proposed. In certain cases, a refining
‘operation may be carried out heating the glass to a

high temperature in order to reduce the viscosity of
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NOX type), sodiumchloride (which gives off HCl) or
sodi um sul phate (which gives off sul phur oxides). 35
Physi cal refining processes, which are | ess polluting,
have thus been proposed. In eertain cases, a refining
operation may be carried out heating the glass to a

high tQAPELAL UsEas8 Ofgler drud ediige the vieseesit yfot 4the

the nolten glass and thus, nake_ it easier for the .
bBBbPésst otPi sE1FR t hB gFASs BARRAS I?B%k}er,{l?‘ﬁ?ger' this
Ppeeess sCaiote bearda e @it con nost mgisassebaasest as it
woul d .i nvol ve extrenel i gh. .t r oL, ;

mﬁﬁflgdenf’ﬁv?’?f\éeve??tlé?%%{g’i nrhclrgg{ansJg;eiﬂ_1 légg%%l 333%/ ‘Emliyo? it
copsddpt i enta Pt ocaessevernvol eyt a reHr&HF Pr edBur eENEIIY

SE%BSU&FER%E§gn@?EEeggégri9%@016ﬁﬁ§rtga|r¥@§@éa1U@¥@§sure

it poss , e one_ hand, to increase the size of
t BECBubIA%S ahto BRePhESAHSPHandP PErEREIUrEFE FheMakes
1thﬁﬁﬂﬁﬂﬁﬂéga&ﬂsth§ ooe rufd of tesolitreasewhiheh size of

sonet i esults in_intense foan.,n hat w |

ch ri%’ﬁ?s%{et% ?Hé’eﬁnec%h%f o grrea%a%h%’ t%ig valaErEaste  the
t Qe ssoblleds. Retent Appl icoatsi oroWD 99£35080 uthies which
ffsgﬁl%f&gﬁqg%m rypes of prpcessesnber refdmidg urder 154i11

S
educed pressure. One is a static process and the
OCRBET1RPUgEn R ¢ throciskecthoPé pdrdisandl ytBRe igtume of

Wiiheh tihgopDiass icstmde tzS)p;]bpi@éﬁoxBy wat atoi/BGotdlve  thus
glass it is ossible to_i enent a centri fggal. a

r BFERERG Spr b¥BssHYPER Wi c R Sressur 6°gr adrent 'l a1 necr
diredaiciedn p2@ sperreendineulizr & csttdiei s @erdess axié Bl opsher

bgbbciﬁ‘far&io b§r ESQBYG%EF‘%Y d 'ic(Uﬂarl%‘CQné in which the
centri u_gacf ef T i ng process, but with no vacuum = |
appkised,is smafiso t@i sEPenRl: BH tAREFPdtreht i cakBse PE 1S

2pL32:1028. 25 Ceptiembugala r ebhpknguyaderrdadiicrRl process,

pressure.is a _particularly effegctive pr.ocess, b LIS
i i em‘gﬁﬁgf‘i on® suth = sclgorsaé%elnnt t hé“% & Pdirtétion
apeveesedticoied docuieEntrotAd 1997 35009 Hhhkows ovelbles beo be
di £.ficult. artic , desi ta e
353%0%%9 Sggﬁfﬁgl%hgggécicéhn§? esi 0N Of r{ PEA Pt 8k¥Fining
process, but with no vacuum applied, is also disclosed

in the patent document FR 2 132 028.

Centrifugal refining under reduced pressure 1is a
particularly effective process, but its implementation
such as disclosed in the abovementioned document
WO 99/35099 has proved to be difficult. In particular,
the design of the rotary seal for sealing the device
and having to withstand high temperatures and/or the
corrosive action of the glass, 1is rather complicated.
The use of the device described in Figure 3 of document
WO 99/35099 allows the glass to be rotated under a
partial vacuum, the glass then being returned to
atmospheric pressure while still being pressed against
the internal walls of the lower portion of the rotating
device. This thin-£film configuration, which  is

appreciated for improving the refining operation, does
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30 and having to withstand hi gh tenperatures and/or
the <corrosive action of the glass, is rather
conplicated. The use of the device described in
Figure 3 of docunment WD 99/35099 allows the glass to
be rotated under a partial vacuum the glass then

k%%@g rRtlALRed 19. 35 *LMSPherd Cgbbas HonbgMid st oEl the
being pressed against the internal walls of the |ower
p®k2$dn of the rotating device. This thin-film

configuration, which is appreciated for inproving
the-refi.ni ng operation,_ does : ohovever ebBoke
oB?%iﬁ&ﬁﬁﬁﬁ hd égﬁaR€F%>n hgévgﬁgégg #%e S%jgctggf -
t heppoesént demient | chats ©3 levépsss arkhss aRsvsmsptioned

d&¥£&8a£ﬁ§ta%h'%¥i€£85eé99f%Q0Wﬁﬂﬁﬂ§i@HEQ geraweachksaking
and a process for Using this device, making h$ the
pbt s Ppiss 1{d eprietl UBECRRER| E&RE ldrREs IW5iTr fPBM't A&EC™

standapbnht 0bsr ekEnhnggantlahnemggenelyy . 10 The subj ect

of the invention is a device capable of rotating

about an axis, for the refining and honogeni zation_of
grass,swoygud sbig e ecepeathien i eadetkticrg ecapgble of

t he Lten to_he t ed, @, Vagydm Coapaht ABNt and
aﬁatgﬁlﬁgas%hgﬁézglggg oé??%f 15 6$ifipe, and alsgga

chaweygengzatans f At coAVa§Png tHRIPHETh gPRassteTTmracle

t herEgadar @eeptand rd Orhbe mvatesmg Icmat s neat trEuited, a
devi ce conprises a series, of differgpt el ement s

WHREHUR e CORPABIEEEHE i Ay andoare A5t engguaﬁso g%étlet

apetliete, a arerepl &sl @ icursrgecha oneacei fert lfeonvsiiayg the
glass to treated, a c I

torifrce. he 1 nvention thus
debmpedthastt he advantage when it is inplenented, of

perform ng the nolten glass feed operation and the
operation of placing the said nolt I e £
pEP&?m Qﬂ%ﬁﬁnﬁ?ﬂpﬁgf?ér5htS%E%%ar?geﬁgéﬂﬁﬁFQ?ﬂeélémen S
detiic, ddwiscapaipléf pEngdthe idesiagrd okrehéagfensdartp one
sgal cWethout ?‘fefc%%ttla%g.et hen f &f & NGoPeFE QL PACRhe molten
glass to be treated, a vacuum compartment and at least

one glass outlet orifice.

The invention thus defined has the advantage when it is
implemented, of performing the molten glass feed
operation and the operation of placing the said molten
glass under a partial vacuum in different compartments
of the device, thus simplifying the design of the

rotary seal without affecting the refining performance.

The elements that make up the device according to the
invention preferably have a geometry that is
cylindrical about the rotation axis of the device, it
being ad?antageous for the axis to be substantially

vertical.

The feed receptacle preferably has a larger diameter

than a diameter of the vacuum compartment. It 1is
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The elements that make up the device according to the
i nvention preferably have a geonetry that is
cylindrical about the rotation axis of the device, it
35 bei ng advant ageous for theg axis to be substantially
vertical. The feed receptacle preferably has a | arger

d%)?@?&?ébli/héﬂ ard amteroefat B@lﬁﬁ@h&*umn’pﬂdd&rﬁ:,ng to
r ef er abl inthe formof a s

i nner
A@cgﬂaﬁﬁgef“BOdémfaP 3t t@ﬁbé&leﬁerﬁeceﬂ?@‘ﬁgeo‘ relc p‘-’i £ 8t @
i solveeahedgat @hahowele Meiighit tdfarciehesdmiyghtcaipattanent.

cuum.conp ccordi a

pgg?SFFéa ng Fed §§ﬁ§é5 §ﬂ%%&ﬁﬁ|gﬁﬁa; peratlogﬁg%?ons
i ofl maupemcalbqveOﬁheOp%aaﬁl@@npartt neft 1W%vﬁ€@"’e the
agggadbggpggt&gﬁtlnventlon al so includes a neans of
conveyl ng t [ten glass fromthe feed 10
receptacle to the vacuum conpartnment. In the
eﬁ’ﬁ@did&/&tcei neadh£d idetbeaths enepimcien i albocdiredugtes a

ower elght than t he| Q— Qf tqg syacy

cBﬁﬁHFtn@ VRS ABans T s "Rdvant adeddsl y ?orned
arebepsacmaetbadbalanMNm ashipstrtjrsints  the the amepdiment

hs @z dipe ¢ ?hv'fgedaqga den by sanj gxhabgt whe, a  lower

|ch ol ns e vacuum conpartnment at its | ower end.
|he@abte#@@m et DOl GRE cALt hBSf FEFUWe GPIRAY gL, this

|ﬂ@ﬁh@dJﬁbQ¥§va@@ay@§M§ﬂ?CQBEﬂéHnEﬂI,aﬁheeaeﬁnwﬁﬁingadlal
nmeans i s_pr ferabl formed

east
TEBBS  WFERT) GIOPT ho6 At damt e Bipararertt Ly dgbice an
| eash bpaanoamemi tise upgeictends nshitdle vecfumt hegpartment

ag@y g%&%& aégéat&%n Semﬂb@ﬁﬂ%ﬁﬂoyﬁ K%Q%% the feed

oned are ant ageous made o ati num either
puﬁeeptaclﬁuworloqgltsﬁl mmvtehaﬁhq sV%CFLFWeGO‘FIﬁartment the

péﬁhbgykﬁ? Wdhg hodi Lﬂ?éﬂ%ra@l@er féﬁnécﬂmlbg'veatt Seast one

stre . 25.The eV|c
'ﬁég fé@gbq§ joﬁ??u&' ower zongggﬁagégetc’ at
pﬂeﬁetabhyt @mblmﬂwxnﬂ upp&%ﬂ%mﬁ$e%@aﬂh ivefvatheps away
c2N @”tff%gt kit Lhes] oRE SRdielsWhhiiks WifpRiyed are

advantageously made of platinum, either pure platinum or -

h% feed

platinum that is alloyed in particular with rhodium in

order to improve its mechanical strength.

The device according to the invention preferably
includes a lower zone or cavity, preferably
cylindrical, located beneath the vacuum compartment and
at the lower end of which zone or cavity the or each
glass outlet orifice is located. This lower cavity is

intended to be filled with rotating molten glass.

The or each glass outflow or outlet orifice is
preferably at the lower end of the device, either on or
in the immediate vicinity of the rotation axis, or at a

nonzero distance from the said axis.

A preferred embodiment of the device according to the

invention c¢consists, for reasons of simplicity of
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30 glass outlet orifice is located. This |ower cavity
is intended to be filled with rotating nolten gl ass.
The or each glass outflow or outlet orifice is

preferably at the | ower end of _the device, either on
or 35 in the immediate vicinity of the rotation axis,

E?Eaeloﬂoné%r%(Héﬂfﬁgxﬁﬁrﬁﬂléﬂetﬁél@e@@l&ec%ptacle is
erred enbodi ment of the device according t

.hvéﬁtﬁéna@@r@ sthe  ¥RFUHRaSORBHF S hpl Ftﬁlé‘rs% utlet

oegwﬁ.t@n,beqfnga ey eed | BnWairchint hehéeddmeedeyteact ecimity
d above.the_vacuum conpartment, the glass outl et

I o%atg
oPFf B8 58Fﬁljlf°8czﬁfcéa on or in the i nediate vicinity

of the rotation axis. 5 The constituent materials of

tlfﬁ?de%ér?secb:ﬁ;q?é:l{@' ﬁgttaelagee wvga@ QUb-* & Cheserdasdg to

e to wthstan hi gh tenperatures, an :
t hBehilgivepiéosures FHEBut R a§héP| bgf HHE devi‘kethgtand

agﬁ@”h@?ﬁo%%h%e&ﬁ@%&fs 10 efeadtioy p&tﬁureﬁhe The outer
internal surface, in contact with, th %I ass

pPBE&LabISE f offEd KPS FF at H-ium ‘T‘C?‘ﬁai‘rhtga ?Ou%%/y “made  of
r eélfaababyycelt&mlcs Ttrﬂvenﬁdanmatlh %u:iﬂacma cdat i grpigict with

g‘tl aym. A Lay re% ] o’ taé‘l 1d €5t aMnifg or

en‘peratur I's 1 ns rte e steel shell
15yarnsaﬁnee:qﬂrazt | perREbas eeowﬁréfina{lqn rnghiphgoating of

F@E‘t@.ﬂmm lii ngyks preef siabl ac hed dugeehanicaldgidvant to
ace thanks to a vacuym created between_ the
Eé teel ?hell

ré‘fLBQCtt@r‘%Pes’%aetéw‘res%eFF lé’r?&rttﬁél Fd'F5hi Sea
|&nﬁh&ﬂuprpdu&eduhyco&EéhommnmﬁﬂaRnbmnlng tﬁbﬁﬁ platinum

ski,l l.ed i.n the

| FAPAGCand thie® s ee P}gh ?}éﬂ\’ek\ggggﬁg%ﬁ?or E;E%]?déj fpanks
| aperes it ¢neataddbet wepnt hgediedira chadesSteel "she1l
I Q‘h%ndgget Osa?‘ﬂhvg_ltrﬁ% ro@‘hgmssgél disfor}'@?“ Blroduced by

expansi_on. The term at m' ul

PR ROE SraaPL bR b Cp dt it A edt i im g, 228, by
akleQyethgf ase texaamp| ehwi tdurdodinimgEleett rthal gtesilst ohell,
ar%v%%%%?t%% #%%%nﬁlaggghln+%2§rs'néflabigglﬁﬁmasaﬁg of

S (RS e dev
intermediate oxides intended to solve the problems of

differential expansion. The term "platinum" should be
understood here to mean both pure platinum and platinum

alloyed for example with rhodium.

Electrical resistors are advantageously placed in the
insulation so as to be able to heat the device. The
need for heating may make itself felt at start-up of

the device, or for heating a glass that is too viscous.

The object of the invention is also a glass refining
and homogenizing process employing the device according
to the invention. This process comprises a step of
feeding molten glass into a receptacle of a device
capable of rotating about an axis followed by a step of
conveying the said glass to a compartment of the said
device, in which compartment the said glass 1is

subjected to a subatmospheric pressure.



10

15

20

25

30

35

need for heating may nmake itself -felt at start-up of
30 the device, or for heating a glass that is too
viscous. The object of the invention is also a glass
refining and honpgenizing_-prgocess enploying the

devi ce according to the invention. This process
conprises a step of 35 feeding nDIten glass into a
receptacl e of a device.  capable ati ng_about

axhe PeLrsRe RS S3%p BF f%%%% ﬁa ERe PS5 G ""lwaé’ trom
tehd GIRAiIENEx0E tdie shé d deddviece, Thuns whittie rotatlon

CERRRnBEGR L or SLCEPECTS “PRDHRFTeR gt ace PEBRST

preferably takes place amay from the rotation axis of

LAGed8Yd fan T'c})"i%’ thesrotaiiqnco fegd anderpadia of the

functlons are™p yS|caIIy decoupl ed. 5 The nolten ass
i sotagabheo t hee¥éeBpt acPESHET ¢hREY r ot &t abl S/

gﬁ@ﬁ@é?ﬁb)ﬁ@t é)%@*é%h@"@t l I@|:L|ny:e athe shiet Imeqxr;ﬁsrmﬂree rotates
i,nce aid rec acle rotat I h

dé?FEgr?gthl%%F?t%%gloﬂ e ?ﬁeeiOWhn% gkﬂgléggbhg s',"Ccne
thb&teubj@ﬂﬂﬂthIG'ﬂUhHSOfSUbEﬁCteﬁug&Or{#|nﬁﬁgst of
ugggErﬁggggﬁntkékkﬁlﬁ NDSRAELT CsuPl €SSHL L1 SYi tabh&spRéric

I'Ci pat | ass refining process and
mpewuﬁg tweuéaahieql aber 1BapEEGEBRRG"G0 &Tfirdle 9glass

erpediAeRt pribbe seokhen igbassihgedhet akes place.at a
hei ght a ove the total height of the device, the

nmol ten gl ass then being conveyed under weight and
smekegdingo tohen vACHsin eobpditaent . tThi solémsod ks feed

c egpon ds do h i.n ' e S
g&% <,pepatC cl eél %cgﬁgﬁght oavwégﬁeéggcggﬁwﬁcg%%%neﬁ £he
Adean@eng theammal teRngia8S erfbedl mBRENT| t CREYEYES under

a@\éa%%gegﬂé fQrcddhe mpktenc gt assfaed E@mb@.rﬁ&éhlted This
ut..at a hei ht be w t he 1 ot al

hei.gh
d@W CEIMEGE &2 st FAT I §25F l% t‘”11e|g:ﬁwt 5 fRutee
desisce,a ofeeﬁser&me@uaakyu lm¢1w$dheahevghtt@ﬁath%acuum

ng@%r%Q%%%t where the glass is under vacuum In this

According to an alternative embodiment, it may be
advantageous for the molten glass feed to be carried’
out at a height below the total height of the device,
for example substantially at mid-height of the device,
or else at a height below the height of the compartment
where the glass is under vacuum. In this case, the
glass is then conveyed only by suction into the reduced
pressure compartment. As an advantage of such an
embodiment, it makes it possible, where appropriate, to
adapt the device to the configuration of existing
melting furnaces. For example, when the device for
implementing the process according to the invention has
to be sized so that it is of great height, such a feed
mode means that the glass melting furnace does not have
to be overly raised or the said device does not have to

buried.
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glass is then conveyed only by suction into the
reduced 30 pressure conpartnent. As an advantage of
such an enbodinent, it makes it possible, where
appropriate, to adapt the-devi-ce to the configuration
of existing nelting furnaces. For exanple, when the

deyiCce dey of”Eb%&%@ﬁH%Jiﬁ@ ﬁb@@@ﬁsgﬂauﬁdtﬁgth@t*Etuum
i nvention has 35 to be_sized._.so that

re
hEPYREILBERR atPEEF ROAE Snedls fhétlvhe d} s§gne Cttfn
f yregeeadoes viet dsr&yeort oolre awdrdsy, r&Psedxempihe magey of
deyice daes ngl NAMS,f O3nbULT §crd r IS €B00kne molten
ylng P glass to the vacuum conpartne
tglkessyal ame:rbyawelmme apbliﬁbim’émctqronpla‘b%%‘ﬁfér é&lly?y\?%a for

ogﬁaﬁblgo%gthu%%dﬂﬁr 1XYW e roeattd asechanical

nmetal "I nert wth respect to the nolten 5 glass, such
aBTPREELHRELi num or platinumal |l oyed for exanple with
rhodiumin order to inprove |ts mechani ca

p erties. Wien t.he cony | e
ngpoﬁjm?hgonfﬁydfg%sg?gg%r Iéng%n3§§ §h¥53§Fas the
tgéasstam(mweﬁﬁnabky th@V@EvdcéOWVFdSOWQQHrQRﬁ%9°n axis

?%' 2ot %evrl%%' al, ituhes oanthiderb siiedech Upr&yi Aransbes,
an axi al tube Iocated on the said IOtatIOHREXIS%%g on

oP8Er theTy saEkech&Py AU MR toart hett 3 The
ok hkhes#leyi eetamrd ohheadbs oper abtrdgr paanetézels dahet heacuum

process are thep adjusted .so that t nD I [
aEPWQPF§m§E5kedT35 $ﬁW§nF§0n5ecaésegsﬁe %gggg a%ﬁ?lsthe
| preS'alu&I(rjngg oraneyteE g owar dde tpreocssal at:@betheirs adjusted
S t [ t
SH0] AR R ST e crsSeblelyy oplases e, s 1
ab@cﬁhl@eprté%%ugéaﬁ?ffé’ﬂ“éﬁ@e Het WeeheiRg RUHed towards

Cgm?%tacrr%rlt ttﬁﬂ)% thm% galLa:ﬁﬁec;t&&ﬂ tRCcepime] Bugd e fdbses that
agapted s a e t
tﬁé’%ﬁﬁlet o %I =pile fllogfneﬂo{cl:eéjga hgorfﬁ&%rpOépQégV% the

€l Ng ac uaIIy conveye
sdiedrivac Lam cohpamressur 253 Thee ppneenbgtassni it ggcuum

| RN LaGUUEHEONPRE B ss  feed receptacle are thus
adapted so that the centrifugal forces do not prevent
the molten glass from being actually conveyed into the

said vacuum compartment.

The molten glass injected into the vacuum compartment
is subjected to the combined action of the reduced
pressure and the rotation. The rotation has the effect
of creating a free glass surface of substantially

paraboloidal shape.

The said combined action allows the refining
effectiveness to be considerably increased, which
effectiveness may be expressed in two ways, either in
terms of a reduction 1in the number of gaseous
inclusions for the same output (the output being the
quantity of glass treated per unit time) or in terms of
an increase in output for the same number of residual

gaseous inclusions.
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i s subjected to the conbined action of the reduced

pressure and the rotation. The rotation has the effect

of creating a free glass surface of substantially 30

par abol oi dal shape. The saidijgonbi ned action all ows

the refining effectiveness to be considerably

increased whi ch effectiveness nay be expressed in
ways, either in 35 ter uct.ion |n th

n@ﬁﬁerc%‘f el Olfnc?"?&q%ugfaof fh&EaRE ot puta (ThHe "
OMbREE hel @@stsheleqwtdutyamf tgleasfotImatrey gEfeatrst that

tsléﬂngl‘ﬁaﬁ.ser kiﬁer g%f tvanEQ‘s‘r €a%fe ' Geg%rﬂu%lfr%ﬁ:lgzheallows

Festaual’ 'gaséous incl usi ons
cohblmﬂzawpbftbenﬁmuﬁ&gmglh#bbﬂqm andba ViddHrRsed (the

MBKeImk! JHOSR D! Be1Q 0@5@5955@9 prl %Wtﬁ%n@flfeﬁspressure
that 1 ncrease the effectiveness: cu stIy
aPFEAEIBIEhE o5 e BT HeCexPeEi AgY “DubBres urberk%g their
| paEeaged d(:flié”tﬁlad/&ﬂ\éﬂfﬁ ofhgasabeaiing thenerselses a massive
proporti na ressure cc [ Qlhe rf

ﬁ%ﬁ d?lﬂer%? e thetr Y a %QOF&Q‘\(’:{I splacé %{%ntﬁgéﬂ]géésw
vdussmﬂwbdn dauseshen nadséve pawmdisadden gomemsti oitof of
9%%19&%}16 9as ﬂégv'lﬁu?a}%t]i%xﬁoﬁs%é’&q bRstheedl a3t the

si cal com ng out sol ution has in
B

psllaﬁ‘—leé”ul aﬁfn%eeﬁu BaEged qBELCYhe Ohat epeantﬁlﬁﬁspha}f%vmg
CQHH%EHgo%fe tfeigl a_'Sesflh'ﬂL\hg‘]g sté@delbg@cﬂr&eé hizeref bmi nglmost

ste bec nMes .zero or ero, th ere rev
L SR SeBlERT TS BYY 15 REROTS Ogh, e, by
sebmumgndntCOﬁtaoﬂuWubnrunecoatac5uwhthagqﬂenmaﬁﬂnSuch

the ougéfgﬁ_hﬁgrﬁ r&jcc%ﬁcﬂﬁc gl agg nppufactye i ngne - glass

proce ese ne eat ed bubbl es then coal esce
anfﬁ@t@%pmd@dfdﬁm eFhepecmatly revea rbppeRblepethen

| 2638 c8icze Qfi thi chhaal | OWsargicRat esupdl d®bidd t yetdatde new

| as as_been. obser ed t
g%ﬁ#%ﬁ@%nceﬁgFath AH3Dbl 88°Ts pértlcg1arl ffrows  greater
acoglidriaed rby Hehanaloteat il s sac cloy dhamy l'@@exanoléwiémd that
thal V‘ﬁugﬁeé{?éﬁéé "dynam gecoahescrice” jef f eghre AT 1y

t hese es are subjected to rotation, they nove
accelerated by the rotation, according to an effect

that we may term a "dynamic coalescence" effect. Since
these bubbles are subjected to rotation, they move
axially towards the free (paraboloidal) surface of the
glass in order to be drawn towards the outside of the
glass. It has been observed that the implementation of
this step of the process allowed all the "small"
bubbles, that is to say the bubbles with a diameter of
less than about 0.5 to 1 mm, to be eliminated. The
shear caused by the rotation furthermore prevents foam
from forming. This is because gas generation during the
vacuum step consequently leads to the formation of a
foam, which may prove to be prejudicial to proper
operation of the process owing to the large volume that
it may occupy. The elimination of this foam within the
context of the process according to the invention
therefore proves to be particularly appreciated.

Finally, the application of a wvacuum ¢toO the glass,
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26 axially. towards the free (parabol oidal) surface of
the glass in order to be drawn towards the outside of
the glass. It has been observed that the

i npl enentation of this stepiof-the process all owed
all the "small"- bubbles, that is to say the bubbl es

Wb&lmna ¢AnBiLr e 030 bQSS:atdb'irh bewd Gabebo di smlviedl in

be elim nated. The shear ca b rotatio
fEFFh@rlﬁﬁFetﬁr P8Rt $Yo&th lfod%'/m"i’?g( at p0551b1e to
beeassaecgaplgeneratdnne dtmengetvhé o/fachumogeaplty of the

ﬁ%gse?OVgﬂ{y le%%ﬂéékéCIaﬁoggg'ﬂﬁbﬁ&e% wh OAh Wméﬂhass

preju roper eration of
tbé glesessirowfagt t oreaees apge %Irmﬁ‘(@lﬂ/haﬁ fqqtifgg micro-
l_.gg tlgpe elimnation of this foamw thin the
text of the process according to the invention
t_her efore proves to be particularly appreciated.
Firpal | e dikRerapepl | €ahé ono@f ansacughate the glass, vacuum

| ﬁompﬁé'taﬁtggslli s £ fegt 0 C USI n det}e &?SSS éy\hﬁsgécyglqu,

out® of S0l O
pesgebllelﬂg b@sm;l dtéllealbl §O| rﬂﬂ@sies,t hénﬁe@e%f less than

Eogggghb}é Of pyd toggﬁssresﬂie%cgaengiﬁé' Yt ofhfaglass in
€s Wwthin the mass 5 of Qﬁgrtass in fact creates, an

e)‘éh?er?@fy-%c‘i?‘@ec% eFoofaditat PHRET TRE PedibnREutes,
Pgﬁegfalwe gass i nHhe vaouwmhucespar texesni i Sesbortthan

the order of a.f nd [
tﬁaﬁ‘l§(‘)‘t§(§coﬁ&?ec&ﬁ‘gW vg‘r‘?ﬁ ez%latrthn%%%leugtegon%éé & less
tohaln resi deecends ne Biig heegligkegiden tihe r éfi npﬁgferably

8?ﬁ g% EheSOr§E%oﬁﬁsfigéﬂN'§ NYbeSensgdeBer @it ¥icient

nm nutes, even less than 5 m.nutes, .
e§96@iﬂalf19y geabithan DESRINR e tHAAd B98N 1T ustifgn the
3%u§@@@9dsofTht§ere§é@§ﬂ§ﬁgt|BBthSnQﬁefEéabéQulgﬁﬁéher or

5 d ff
g A T
threfmaﬁrngl rrgfcatﬁsaaemadors seqml\ccalre&ﬂucmd Hj%ftstse*ret haﬁflnlng
E@BcgggglnedFQ¥ qgﬁyegghgnakefbﬁﬂﬁ§alﬁ%lf@?'n%ﬂg total

ocesses or static reduced-pressure refini ng
pP—’@@é@@é@e Forme hef s&he r‘-’é‘ﬁsr‘ﬁ N qbaei EpLiRas sefice is

shorter than the residence time of the glass in a
conventional chemical or static reduced-pressure
refining process. Such a process thus has the advantage
of being able to reconcile a small size of the device
for a high output. A second advantage stemming from the
short residence time, especially in the vacuum
compartment, is that there is less fly-off of volatile
compounds such as for example boron oxide or alkali
metal oxides, and therefore better control of the
chemical composition of the glass, and consequently of
its properties. The short residence time is also very
uniform, or in other words the distribution of the
residence times 1is narrow, resulting in excellent

chemical homogeneity of the glass.

Furthermore, several features of the process according

to the invention allow a very low pressure to be used.
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residence tinme of the glass in the refining device is
shorter than the residence tine of the glass in a
conventional chemical or static reduced-pressure 25
refining process. Such a process thus has the
advantage of being able to reconcile a small size of

therdevigge a1f10r @hdi ghlc@uh put. 1Anseeandcadiant @gepartment

stemm ng fromthe short residence tinme, .es
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accordi n otelnvetlonallw \Y; I SUE £ ;
t8°5‘8a5§§8.nttlZ the (8F3otRg) Ib‘31 e @facﬁﬁéén i s\%tmrﬁ%tse%u$%)lty
omhanorrmaiattmerhiaﬁ t hen deeceohrained t ®ut hethfeviBEOCESS

sE%a%Qh'r HriolDr, OYﬁrthEh%ﬁH¢Eﬁéﬁﬂ%3hémdzﬁpl1catlon

uce suré steps are not simultaneous
nﬁ’@n§9/§|5ﬁ@@ t hEhpr RERESFS RSMGbuSC FhEL i‘lﬂ%entlon

glgﬁ.%%rzrﬁeﬁgeﬁoﬁi rﬁ&ﬁﬁk% ptaCEacrduer\ﬁ:tbyesﬁuths \eefic uliower
men i's therefore t

SEOBP CRRL TS R ar ¢ T e L er cor st Tty ] phifidars
aotr |1r500mderlmxmssealartd1&amcwmwezcotrtpmtWermlllh]@ars The
Seal%@%r%e|99t§§ b@EEEﬁmq éﬁ&%@&éﬁ@aﬂjﬁhﬁfeferably
whi-€ ai ne roc d

h~can be 0 descri b
pméihdms| yhe n EtQTéLEébéﬂﬂélrﬂelrﬁa}lbnéanaﬁpl i T i eFsowpility of

9%/c%§Q%ngTh%eQ&OCQ§$; ageeEduRgst Ohkbhipsi nvent improtausthe
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- AB6 b ae hehedhl 15 oRBPC KLY nbfl | ar & 1625
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orth&E5®utigdt bsws, aandqeuernlea\ﬁ/erretflimnm qﬁallllﬂbar ©or else

T r t vag
o0y R Er ey e FRTRRCS T perat, che

pesissit! i ny offedaCh8vi RSV ePySFEW Br e%’éﬁpgg hEF’Es Yﬁcuum
| BEe th&t by a given factor is to increase the output

by the same factor. The low pressures obtained also
help to achieve a high level of homogeneity of the
glass’ by the micro-agitation effect due to the gas
bubbles that form in the mass of molten glass, the

number of bubbles being greater the lower the pressure.

Another feature of the ©process described in the
application WO 99/35099 is indeed prejudicial to
achieving a low pressure in the wvacuum compartment.
This is the fact that there is atmospheric pressure in
the rotary refiner directly after the glass has passed
through the vacuum compartment, thus two compartments
at different. pressures coexist, with the risks of

leakage that this situation engenders.
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refining quality for the same output, or to increase
20 the output for an equivalent refining quality, or
else to reduce the treatnent tenperatures. In
general, the effect of redugcing the pressure within
the vacuum conpartnment by a given factor is to

i ﬁgEﬁ§ﬁetﬁggc8?ﬁ:Qé& By t%léer?%%'%rftacﬂrﬁfent_ﬁhﬁﬂ Qe molten

pressures obtalned al so 25 help to achieve a_ high .
| .gil,@pso'f F}énog@ﬁ’@ifteﬁa(?flyt he reéqugg)sedby iR sul'ksgcantlally
NhEhespBEktati oprebbeet dugdiee t htegasf flahbl esf t Hats own

formjin the mass of .mo|ten_gl as nu ;
bﬁﬁbﬁbg'beY’Hécér egigg?ckhel?O\A%‘?é%%}égg%%ssurg‘g.l%% with 2
Anehhei thgalluferce elifeprocsds ddems bdwn Fiawing out of
agﬂgl GRLLQRMO HU BRI bgatadegd rprrli el Girdlp .t Orhis step
achieving a I'ow pressure in the vacuum conpart nent .
TREs ke t PEOFEEE t hat WWFEHET sOuf nodphEPEc {1 ESsuP8 Fn ©F

tSESErEQWr% ﬁ%fé&e&bﬁ} reetl yopfiedrideel gl assilgs pabsested
rough _the vacuum conpartpent, thus_t

cBﬁBSF‘FE‘ean‘e aYaSPFPerS%pﬁFgﬁgﬁFes g(ﬁJ%x;Aés) SRR tfees
r bak3eaf ortichkagebehay tlticmtsid vat i cheengoraierend1®t the
\Ns([ahldn tzlaﬁeco%ge)(tcaq/fit € RY&SEH 'fﬁ’@nté&%ef@e_of this
mol'ten “glass 1s preferably returned to substantially |,
apmeéghizedc suhessmeatundatis htOERT eERVAEYi i€ duintled “with

vwebght i nyhineh ceff @aladss aiiconaddnt il Widh thd shear
centrlfugal force effect, the glass then flow ng out
OTOVERENT 5t ATH % i CEOt Gnei RS BRI ndPSr SRS THIS the
stiep foehithe qfr adessglsscar Thed euepi wft Hdid owercehealso
or avi pr e lindrj avi p

oBreSRrably DAEEARaS BY I EhEEnaER s (iOGARE step
ogalreti edr iolitc @rbdihty d1esm &b fare Heo oS erfeRlof 1% he© say

- sabd zongLof caviiye Wi tthe cenkext oF tHisSgressively

preferred enbodi t, this | [ i.s filled w
e R e s hOHEraER L IR co

sheanniffevenrenespgenenatedcorocapspdéhgecutar ther efgeming

. I’tl.e'r;n %r%%ull“%i.f o&‘e. te¥%g%s£ h%nag)ll AS%he Thib% SE?EeQElfyheformed

|
process al'so’ pr y corresponds to a therma
coaghousninRFsing thaprpld fewdsiF thk §h&sSPETgIEe means.

f ohel RGvahialgd St Ot $8Y embodiment lies in the fact that
any fly-off of volatile materials, such as boron oxide,
is avoided, thereby helping to increase the.homogeneity
of the glass paste and the microroughness of the final
glass substrate. This 1is because the inventors have
observed that the surface modifications of the chemical
composition of the glass before the forming step would
cause an increase in the microroughness of the glass

substrate produced.

The outflow of molten glass from the rotatable device
preferably takes place via one or more outflow orifices
located at the lower end of the rotatable device. This
takes place only when the pressure of the molten glass
is at atmospheric pressure or higher. If this is not
the case, the glass cannot flow out, and there is a

risk on the contrary of air getting into the rotary
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to a step during which the glass is progressively
heated within the device according to the invention to
20 a uniformtenperature corresponding to the forning
tenperature. The glass may-thgn-be directly forned

wi t hout passing through feeders of the form ng neans.

Tﬁgv?ﬁ¥a”H§&§ of i s gpbodi, e rddRsed N t Reukactctd@ting
any fly-off of vo atlfe materials, such as boron
oxhdesizsbile ga6EQEd, 1PREHERY Rel ping to increase the

h?rm%eneityI of the glass paste and the m croroughness
of the fjna ass_subpstrate. This i a h ;
i iert ogjsr%%vg‘%iﬁé"@?{} d ttﬁlgt r?ch]g:eslbr %%gg 385 %ut via
madi f boaflons ofifheechbniazdd conpesi tilon bhet hgmmediate
?%%%inQ%QQQ% HH%ETP&@APQOﬁtQQiED%kdEﬂ%‘%%%%%éﬁle device.

Crease-in'the mcroroughness of the glass substrate
pEoduddds Trasut f |09 of "ABFERN §LESS frism B Pack  to

L%h@‘é%gklﬁig@iiyc_eaftr%ﬁ%%ﬂ:: yptralégarel anel Wi Byonmeoreffect
re outflow orifices ocat.ed at_.the. | ower
t Ré FotatyB é“’ed&ﬂtce.Hof'fﬁVsert'a%e}élsplea%%O%ln ¥ m%%@%jhlgéve a
paessiaekal dwimgots enhgl asssiity abf athesghasisc which is
pressure or _highes. ILf this.ig.no t CaRBH1 e :
gﬁgggngango? 9?8‘\% ’outt,hean'éﬁ%fl grte %)g aa?eri sk olr?ét"hgl_uSt be
c eppraxymagtediyr 4g@etir®§ i nto the rotary 14 device via
the outflow orifices, thus creating undesirable
aseous inclusions, In a first_enbodi msnteLthSge nol t en

g |
gThes fIRVRIERES vi 82V6 aF KT TOW or PFYVE pecond

a
?I’emib?odtilﬁ@nitrmﬁ‘id‘i atieiclvi chai ploknt lgé aset aﬂmaﬁ@o‘gia at
R L By S TR L 1 AL hSsEance
oiflrprbytiteretheton afciist sobwahfe igiHet Adwe\EF Y1 ¢hi sThus,
ge@%%:mt%s ?%ggw:ﬁ].gggg cﬁlv\%logﬁr i%\d\@acckévzpé‘\é NG st Gsddected not
oS ! RGBS 200 22 I (0P ene
The dsav entoetas ety evolver efior,e tevel eped atsecthd pEessure
I, LR WD ghits Lottt co
ditéteaneguare of the product of the angular velocity of
rotation multiplied by the distance of the glass from
the rotation axis. By increasing the distance between
the axis and the outlet orifice and increasing the
angular velocity of rotation it is then possible to
significantly reduce the height of the device. However,
it does make the practical construction of the device
more complex. Furthermore, the glass flowing out away
from the axis is subjected to a tangential linear
velocity equal to the product of the distance between
the axis and the outlet orifice multiplied by the
angular velocity of rotation. If this velocity is too
‘high, it has been observed that new gaseous inclusions
are created by the incorporation of air when the glass

jet encounters the glass bath conveyed towards the

forming step.
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fromthe rotation axis of the rotatable device. Thus,
the glass flowi ng out of the device is subjected not
only to the pressure resulting fromthe height of the
20 gl ass | ocated above it,-bus also to the pressure
resulting fromthe rotation whi ch is proportional to

tli‘ﬁesql&ranQﬂ‘nté‘@e@cﬂ()@@Cttl'ﬁ d@\elmgﬁbar ivellenient iofg  the
rotation nultip ed by the glstance the as éf@P&bl
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25etheeaxu$GanaincﬁhSO@utdee‘bl@rtlibincse raw TADREASI rB@L:q*re 150

?rt¥8|00|tékoa Bﬁkgtlgﬂu%t ?iﬁﬁﬁ@ RESS| RbRodénizing

|canPFy reduce e~ devi ce.
He@éeetlvenESéoe§ ek Hélsmfefcltqlt%}t COTRR riRt3 o PlaYs

the eyidsdi UL £0M0I &p Fur ther e bbecﬂitq:&ﬁztlng the
flowng out away 30 fromthe axis

tgﬁ@éﬁtﬁaomIqﬂﬁurOQQﬁ%ﬁﬁthghﬁﬁr Fglghés %(ﬁﬁﬁse it has

t Beed fdw%@:ﬁvéxe}q ween the a;nearansitréwesesjt lestpegriieficesl by
tiplie t an | ar

Thre B g a8 6 e EFeRel sl R, thayesse

nehegasbens cadcl mnmger@ﬁtafre%ﬁ'edﬂeﬁ tylage much more

'%%%B‘e %'12 ofngi " when thendass at@in eneaEdt elan  be
gl ass bath convey ed towards, the fqrmn

1§Ch¥ﬁéfefiot}aft’| Waéﬁeea EofmeHpRfssA ke aﬁ&Fﬁtﬁglseneg?rf"ﬁﬁlmes
t ba11REOCEESrB6£9! dimgy e ridterd Nventheare f scjukef efdelor  on

bet ween 150. and 500 evoI i ons. pe e. Bel 50
g § E$ ORI REr nﬁ:L eserre\{‘ecgl %S%ggghoﬁggﬁ\gf% g oY
SSGEEECEDMBEEEBAS$Qﬁm@nmansﬁ€SF€deﬁy arheraprenapion of

Pl.ays bﬂbB?gEgeQE ALY éf%é%ﬁ%’té%‘:%e s8R ielide of small
outputting ass Tromthe rotating devjce. This

 TacAbIe PULRASS e P BRI édiAthaATS IR ShE4rable to be
stkessRedexpaebenced byladde glass owsiong tevbhetions per

rotation c Sld rabl ea 1Q0_th ;
B DsRe £ o (ERERiPAedtYoash (2ol MEnfIERLEBL scale is
thewemgemnzmcrr@rsqct]at F@Jantbe agpsivieaead iigpnadearpagns of

meghan ¢ @Lg'éﬁéé)é Souspiel i MBfeaakbhbeEaStid r @h8. case in
Furt her nor e, beneficial effect on "the refinin

A6 CBOSAIS, GEP Bk GhaBF CAEYE Vdfy oritices [508:48 away

from the rotation axis, the rotation speed is even
preferably less than 200 revolutions per minute and
advantageously between 160 and 180 revolutions per

minute.

The mean temperature to which the glass is exposed
during the refining and homogenizing process according
to the invention is preferably between 1 250 and
1 650°C, preferably between 1 300 and 1 500°C and
advantageously between 1 300 and 1 400°C, in particular
for a soda-lime-silica glass, which often requires
temperatures of around 1 500°C when it has to be.
refined in a conventional manner. For an aluminoboro-
silicate glass containing no alkali metals, such as
that wused for electronic applications (especially
substrates for LCD displays), and usually refined at

above 1 600°C, the refining temperature according to
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.15 shear stresses, being manifested by a
fragnentation of -the bubbles still present as a

mul titude of small invisible bubbles or bubbles that
are easily able to be resorped-into the glass. Above
500 revolutions per mnute, the feasibility on an

| pelustpi8bessal &fi scrid @ﬁ‘\@% t CQBIF?EQ@:LS)Qd iEorptéerably
abovenenti oned reasons of ! 5§% % glass out put
ht

| PREXPSBpect 1M The ET€e i & ot TR Gt asd © is
f b@we\ramer i f seesctbgat Exomwehhe f eoerglye sbeatpomant, to

axERigthG ot a1Lag speed iigeeéeggegr%fsereeiy deeSgosbepLe.

S per mnute an advant ageousl
b@hﬂeepnchwsan@cmdle\gol oei g péflveﬁ”FFiQPe qfife FBanfact

?R%Cvattlﬂee f@fﬂ‘ﬂir&!ﬂ tbepglassres @6p%%9drecﬂwédlgc<biﬂ§ared

ni ng and honogeni zi ng process accordin to the

|WVéﬁti0%h¢@1%?efeﬁ&ﬁ%ﬁ%ﬂﬁm&@ﬁofeﬁgﬁsand'ﬁh%SO@ ass = is
prakteeabhy bprueenah130. foandubfffedinto any reheating

advant ageousl y bet 0]0] 1 OOC
e e e MR

ten:peirdiiimigesoofthazr cmvent is®0C V\,hen it has to be 35
refined in a conventional manner. For an al um nobor o-

silicate glass containing no alkali netals, such as
t FRe usaPIRt el €€t r ot apPVERAEPBNs (spdlfgl |y Jlass

Suile%hrf&ic%glgfé@l@t h@@o@:‘e%@ aysht andcusdakl yareftefiediay and
ove rerinin npe at accor 0
BB PO0gss SHER: nECHPeSIRE | Fdent 60 FavarBreh oy This
betwedact 400G ambcbs&%@ﬁ@pmrsaﬁmergﬂaw melting step, a
Péc Tfﬁéﬂ e ’a St HotldgenfizQH Ptal's%e ardy tsflte@ln@p(f'c;i'liTvlntgo step.

ass at’ tenperatures as |ow as possible. 5
The process according to the invention does in fact

ahﬁl@zwgtﬂ&% o iy derperaidiresricudestesuices chappredess

ni;ng processes Th asgs
CRGFEFRETor e of AB1 Y WO StB] STISE (57 Ay Gty pgeleins
opEeat.i cthalutény i"mllerrem"atsmubi bﬁeu@id@(;’es@Ole:O mean

aceQr di tQost fb‘&lVeceri\%}tﬂbe subiget b thR effect of
invention is also a g ass
temperature, a mix of generally pulverant Dbatch

materials into a mass of 1liquid glass. This melting
step is preferably carried out at a temperature not
greatly above the refining temperature, especially not
more than 50°C above, or even at, the refining
temperature. This melting operation may be carried out
using glass furnaces provided with overhead burners
that heat the mass of glass by radiation and/or with
electrodes submerged in the glass, which heat the mass
of glass by Joule heating. It is preferably carried out
using a furnace having one or more submerged burners
for several reasons, which will be explained in detail
below. Within the context of the invention, the term
"submerged burners" is understood to mean burners
configured in such a way that the "flames" that they
generate or the combustion gases emanating from these:
flames develop within the very mass of materials

undergoing conversion. In general, the burners are
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manuf acturi ng process that includes a refining and
honogeni zi ng step according to the invention. This 15
manuf act uri ng process conprises a glass nelting step,
a refining and honogeni zi ngistep and then a form ng
step. The glass subjected to the various steps of the

g@gs%%a accgeding He tﬂ%dmthhorbxcoer@s efﬂt@fﬂda Prightly
ting 20 step. The term "nelt]

" sh
URE¥PSTo S 6 HiEara ife & duSHPTore ‘%o‘?ﬁ%rﬁ?’u@tor used.
t h!’ﬂ@kso%@r&ben@f fﬁincﬁifpld emfer at resnecan wioh submerged

ner al ul verant_ bat mat er.i al f

aap&ré:l JS w ass lst 8%?;5% gr (t}e{?’(ﬁ’ %ﬁaé) has in
C@alrlteduaan: abeanteiqmmihﬁde hot 5 gP@éleWSab‘&QeWh%SO”
r%fn'dm e B%VE%%@HWE‘ teS@SEls"ilEHé noh  ARNSih§anc&Rbustion

ove, oOr even at the refining tenperature. This
meiEieR§ loperatiion they e AT i B okt 12k rf&abﬁjs%ls to be
f%n@fé];as lnzsyavaelgecvx%hb Ct\kférheg}dlburlﬁer@ném beat dfhethe
mass of _gl ass radi ation _.and/ o I
sUBErGed PASt %y%ﬁ‘ as¥, &Hfigﬁ ﬁggt (2 %3133 %&f&d‘ﬂ%% (in
bgeju@uﬂae heati rg.  bkygenpr efier altvlt1§|rrlealsr|Bl“la<fé)€tltt1 b@éloﬁg the
e\'rreliacgfhaé/ﬁ@grr%ﬁ.eteg{ ﬂ?%g Su@ﬂgrgﬁ%%ﬂéﬁswﬂt‘ﬁﬁn the
séveral reasons W be explained in detail
Qil@ﬁs Veathn (Ihd ScohyeRt o Fﬁlém?ﬁg%ﬁt iCGOUYST Yer rRUSES

38 ntewRrer gedvRURN&Es" sits ringgr Sbeodthe neatebuaber sbeing

- conf d h f hat
A B

flaarmﬁelcteuﬁj oppmdfm@ t he veeytiesdasflymatsritdd to the
1340009 BO0LELY! OBuclagRECI ). dNE BUAGKS Al Cas  the

0-as of to exten
Illngmnlsya bepondctheesi det warisgor ahoWs oorthst t Hee  of

\Cv. %t%ﬁrxp%a:at&%%sd s%ﬁum%a%em méwtmaaq 0fhded UERBTOyed in
ur ners (0] | SS S
O S TETo s Pt [ e LRE BARLS ALSMIng o
pabhentissVADtAr35609 t st W 99ISY59dt &t towsfemperature,
c h
SRR P TPURE FR BUETLY K PRI i ing e
f beifoien gdwer & lafs olfSthJenJ%tt%ﬁm ige’ type oFotatlonal

hydrraganly and;ftdhe oxididmdrd) it has been observed that
a melting step carried out at low temperature generates
a larger amount of gas dissolved within the mass of
glass, thereby further increasing the pressure needed
to physically make the gases come out of solution, this
being identified as one of the origins of the
effectiveness of the process according to the
invention. Glass melted at low temperature therefore
has the advantage of not requiring too low a pressure
while the glass 1is passing through the vacuum
compartment in order to ensure that the gas comes out
of solution effectively. The glass may also Dbe
advantageously melted by a melting process employing
submerged electrodes, the said process alsc allowing

melting at relatively low temperatures.
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10 general air or oxygen) via burners placed bel ow the

| evel of the nolten mass, and therefore within the

glass bath. This type of submerged conbustion causes

i ntense convective stirring o the materials being

mel ted, thereby nmeking the nelting process rapid. Such
1§Pé_ Mebhiclg PLAGess | Sdraddculald v hdpthifed heoy the
refining process according to the invention as tr‘:el1 b
i REGREEScoMFEEME%St i 791 ngPal | SR CPRECHse §FY en D€
t egpeegbdr esisi geictieeantty Itower fotming hose iewp| eyptoyed,
[ canventi on rocesses. .. 5 e_prac
a385r'?ﬁ?%%ﬁ2g£?ﬁeﬁ%§§§ni¥éﬁ{§§§%€e ? gg%?%ﬁﬁ out et r
| ew tiombierattat eabovher el ti sishs oo veeBreberabhd| tiey the
9%@%&1&%‘)‘!&&%& aR, hef oeg Bheeakass akcs vy ealedkd 6O the
the rotational refining device, Furthernore, it has

bEes 16B88r vedst haonogsiEiZ iy H9h ar rASP T %t Fow Ehe
t gppenhativhe densidliesand Fdedlegerf@nounphveliggs the glass

di ssol.ved wi t hin. i gl .
27 ool g OTIa T eSS 0 nBsdca S BRTHEESaF i PFRess

gasesrdamg outoof ot utilgwenthion béhegefesat i fpeafasably

3690 akke 251 HRHH, LQ@oi&iﬁgc%ﬁ&en§§%i8fftQ& volatile

0
process according to the 30 invention. ass nelted a&
| BateaipdratRifre Ukttt br 80 HAE tHRIMAIRART BYeCbf Wit 91@sS

I geldl AN HOO0pT O @ PERSEEr & siffislteattlee IGhaissy iss very low

paSS|n% t hrough the vacuum conpartnment in order to

eASGre Y& 'gas comes out  of solution

effectively. The glass nay al so be 35 advantageously

TRhECd Y 3 [T (hBHoREACEEs BEPLOKERD pySUNET 86flining and

el'ectrodes, the sal d proceSs also allowing nelting at

r Slomeigealiy ingw PEPPR? At Gee9rdings toyhshepiEitgigssmakes

{E.ft' hﬁgsétmgleor@&eratiﬁs%r%)é t %thpr@%@S&%C@Edi agitators,
e invention, en be canve via fee -

| Romeainte Wn Y dEn e, CONRIGHY ShePighirl8ruring

helrcewsse or fibres. However, 5 as indicated above, it

is clearly preferable for the formng device to be

fed directly at the outlet of the refining and
h&sg R zming deli EtahcEdrgrngayo eist, for example, of

a floating step, in which the glass floats on molten
tin using the float process, a drawing step, using the
Fourcault or Pittsburgh processes, these being well
known to those skilled in the art, a rolling step using
casting rollers, or else a forming step using downward
extension and drawing of the "down-draw" or "fusion-
draw" type. The forming of fibres may be carried out by
a process in which streams of molten glass are
mechanically attenuated, the said streams flowing out
of orifices based in the base of a bushing heated by

Joule heating, or an "internal" centrifugal process
making use of spinners rotating at high speed, the said
spinners being perforated with orifices, followed by a

fibre attenuation step by the injection of hot gas.

Within the context of forming using the float process,

it has proved to be particularly advantageous, again
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invention, wthout any feeder for conveying the glass

to the form ng step. The gl ass manufacturing process

10 . according to the invention therefore preferably

i ncludes no feeder, avoidingiany fly-off of volatile
materials prejudicial to the honogeneity of the glass
apdrt @ Hhes pkodugt | Dipedvingubaer ater fead ngualveyy dfowthe
nlcrorou hness. Th er [ honogenei t [
bgLleRE r &P Hffg & a%& a%oﬁﬁﬁy qf%&”‘%}oghgé{é%éggg ﬁgﬁ?%ted

theltenegﬂasm Medeesno | stposendte poidbspende waleaifey of
E l%%ls %%]é){ﬁn% gggma!ﬂmr?or‘f@l bed ;§td rﬁ@fﬁts, so as to

r'ou nu

out t acturin 20 process. The f orn1qg n
oprfaVantgriaygtmh@@ﬁgpélt 1f@r SHEmTE Let 19D ARkt I hgh't

sbep, ciys v £h rirha gtass ofdseat srorgraddien 1hi rpatStI\@ular,
the_fl oat process, a dr? tep, u3|n% the o the
FBBFE@GItmﬁFa#Vttgﬁﬁ?ﬁﬁ E&oc%%ges 1¥hes j%%lng me??

knaweallQathose sskidhad in tbasantptasr@Imqu}ngegﬁception

usi casthng r I r el f Py Med at
Rﬁ%ﬁF E eﬁgﬁbﬁghﬁﬁ'g;a :ﬁ§'f% é%éﬁégkﬁgﬁgdﬂggﬁ or &

thgsen fld:radw peypes The tle ndAgssf Fhar eYOHAY b@ve Dbeen

?rcfilt_el.@ng':r}  B%i3Q 2 iRf QGRS aidbri GAE Siffadsi®h. NPlé&bing
ass are “nechani cally attenuate t he said stre

T BRI Ag288t Orof GIPELSAE S P11 babd ofig S2id bath
bushingg '&tﬂaézedokﬂf dowth et heath | F, oiie arf 'dant einatdllation

centrlfu proces nakln rs t
af iR gt e d, - eRe saldz’u—:%Sgielé'%(r:{linerlcs),éﬁgfg‘grﬁ %gﬁg%a #8981b1y
wreheetiihigcest , f@hM@Me@rﬁveatSfﬂ%K% BI@%@@%@léﬁfs$6§9nant

éltagg b@lﬁgs' Q'Plagf cboh 9asuseWsliia ke 1eenbext tef grow.
formng using the float process, it has proved to be

particul arly advant ageous, again 19 for the sake of
| MpEOiGddie Sadptendluadi tieofinveatignasiss dwitmela for

f t t t [ f L eat I S
hgg%noféfnaﬂlﬁ Lon }{bﬁ(@eclﬂhé h'%el %gl t@%s@h&@ﬂn a;%.g very
bemgtzeveréetm ofcamMECSdiiAns - sélds thes %?fé%ﬁ%tlons
deVielbinte@abedBul hre. ckip@chieliean Qe radatagewt by weight.

These glass compositions may be of the soda-lime-silica
type. The term "soda-lime-silica" is used here within
the broad. sense and relates to any glass composition
consisting of a glass matrix comprising the following

constituents (in percentages by weight) :

Si0; 64 — 75%
21,0, 0 - 5%
B,0 0 - 5%
Ca0 5 - 15%
MgoO 0 - 10%
Na,O0 10 - 18%
K,0 0 - 5%
Bao 0 - 5%.

Apart from these standard glasses of the soda-lime-

silica type, the process according to the invention is
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of crystals fromthe mass of glass) . In particular,
nmolten netal, generally tin, is injected into the
installation so that it constitutes a noving reception
zone for the nolten glass.-Ipois preferably injected

at 10 those float points in the glass that would have
b?ﬁ%ti%h%ir%}afbér{éﬁ i1l NedPecpbsenee raktiufjeecifi ovarious
Ffoating thé glass_on a noving bath of nolten tin,

t R¥PESi @fhaPRCIHei Ad3C8KER of f downstream of the fl oat

i nst al l-agilasseandthhen neiaj ezt etbvat Needst copsensanand a
after possibly 15 re ' i t r.evel e
PFElERagea s txant COnreRE By S e A sgides
sekpgciindllysi cTED t 0 ghow, PFRBRIpr ERSS tAGEOVE ngfim  the
tRe haught i @R hdpsyhtabl g fo&rnd hef efdidi ngodRd of batch
honogeni zi ng of glass having a very 20 great variety. 1
offag&miadist i b, A9 E%Féﬂ%rﬁ%’ﬁ%% a%rﬁg%n?@a%%%wa
ame 1@%PLEeSEefpe Pa PEEEENtAPES roy anktivgllly. hThésecqgl asdt by

conposi ti.ons _may be of the.soda-linme-silic . e
L BPR RS8R EP T RS | s TSsd NP L vsﬁotljhi%xi‘g%g?ﬁe vE'®che
bylags senspoandipekbatéssevibey diras®atemposFRidn765 569,

c 1 frge gl | XA d SHRY hhiRid 0l | eubpgssed
c%%?%pi t Sg% S l?en Egﬁgg%yﬁe? by-vveéi gtﬁt): Si Q2 63r 3-%7505@8@

ALPOPegcemsages) IR @3 iFNt/506 CaO 5 - 15% MO 0 - 10%
Na20 1@i0,18% K2Q 0 - 5%.3% BaO 0 - 5% Apart from
these standard gl asses of the soda-linme- silica type,
the prédeSs accor |ng_t§”ﬁﬁe invention is - 20

parti ciaaol y benéfli.di al f3or3% he manuf acture of various
types of yspecial gl asses: ¢» glasses that have a | ow
Na20 cortent and a rel atively high content of

al kal i f@Qearth oxidés,- W¥%specially CaQ this being
advant ageous fromsthe - 4.5

Fe,0;3 0.1 - 1%

or else compositions of the type (expressed in

percentages by weight):

S10, 66 - 72%, especially 68 - 70%
Al,0; 0 - 2%

Fe,04 0 - 1%

CaO 15 - 22%

MgO 0 - 6, especially 3 - 6%
Na,0 4 - 9, especially 5 - 6%

K,0 0 - 2, especially 0 - 1%

SO, traces;

- glasses having a high silica content, these
being advantageous from the economic standpoint, and
with a relatively low density, the composition ranges
of which, again expressed in percentages by weight, are

the following:

Si0, 72 to 80%
CaO + MgO + BaO 0.3 to 14%
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econoni ¢ standpoint in terns of the cost of batch
materials, but are rather corrosive at the

conventional nelting tenperatures and relatively hard

to nmelt by conventional proggsses. These may for

exanpl e be the 10 gl ass conpositions described in

Pat ent \ERy2 765 369, Gogprising the follow ng amounts

of oxideS (expressed in percentages _by weight): Si02

72 - 7A13%LiATEGR 10 oxifes08 1 5 NE2G11.1 - 13. 3% K20

0 -1 2196 Ca0O 6.2 tcl@% MO 3.5 - 4.50 Fe203 0.1

- 10 %O or el se orrpos2i°/ti ons of the type (expressed

in pe g 8ht ages bf? Wl ght): Si02 66 - 72% especially

68 - 70%O0A1203 00 t20-3¢% 25 Fe203 0 - 106 CaO 15 -

22% I\/ggog) - @,Ssg ecirglln3 - 6% Na20 4 - 9,

especi ally EP%6% K20 0 - 2, especially 0 - 1% 30

S8 tr&e&e;, - gl adses WAVIPRY a high silica content,

these abgl RPpEBRNIHeMISOoIrON theidepnaich as oxides of
st andpoj.nt, angj with a relatively |ow density, the
corrposiNlli'oﬁrr'a gfes%‘of whi ch, again expressed in
percentages by weight, are the following: Si02 72 to
8%%%%?96&4\’919&1 QQ, 340 JA%s12di 1e NRRQAda19 dH% the
Al'kal1 metal oxides I1 to 18.50 Al2G3 0 . 2 to 2% |, .
process according to the invention occasions, 1t 1s

especially suitable for glasses containing boron.

Because of its capability of refining and homogenizing

viscous glasses (at lower temperature), it i1is also
suitable for glasses with a zero or almost zero content
of alkali metal oxides, especially with a view to
applications as reinforcement fibres or for fire-
resistant glazing or else for substrates used in the
electronics industry. Within the context of the glass
being used as substrate for 1ligquid crystal displays
(LCDs), particularly suitable compositions comprise the
following elements: |

Si0, 58 - 76%

B,0; 3 - 18%, especially 5 - 16%

Al,0, - 22%

MgO

CaO

SrO

BaOo

o O KB O
|
[

and more particularly:

Si0, 58 — 70%

B,0s5 - 3 - 15%

Al,0, 12 - 22%, especially 10 - 20%
MgO 0 - 8%, especially 0 - 2%
CaO 2 - 12%, especially 4 - 12%
Sro 0 - 3%

BaO < 0.5%.
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B2AB O to 2% 5 Fe2@3 0 to 3% SO8 possible traces

coke 0 - 600 ppm and optionally col ouring oxides, such

as oxides of N, C, Co, etc. 10 Gven the little
fly-off of volatile material sothat the process

according to the invention occasions, it is

especially suitable for gl asses containing boron.

Because of its capability of refining and hanoge n n9
18heisec SRNRASISSEN 2Py QWeKPRBApEFat R 1 G1En ess
Sth.ﬁm:%ﬁOflcha@SleSarYutB & A% Opoﬂhtfmaboz’zer cssooc. The

tent  of alkalje e 1)
BORERo EoG0 1A0HY ot 1as MPaiNT OHEGER(C 1117 i) oreple of

fthes fesiidtyantt gllaziseg.or el se for substrates used in
the 20 electronics industry. Wthin the context of the

gl ass being used as substrate for liquid crystal

dPspl pysfefteds) r%ﬁﬁ%lcaﬁarl§O§®?@abﬂé’coﬁ§85|tF%ksOW1n9

cgggbbggtgg% Belde@wi ng el ements: Si QG2 58 - 76% 25
B203"3 - 18% especially 5 - 16 *1 A1203 4 - 22% MyO
0 - 8%’31@30 1 - £P% §r°® 0 - 5%30 BaO O - 3% and
nmore papdicul arlye -Si1GE,5&spetQ%l1B208 3 -13E5% 35

A1203 éﬁ?y322@b gipec %Ily %%9cf§¥g 95% td %M°

especi 9 especially 4 - 12%
SrO 0 Mg®8% BaO < @_5@5232 especially close to O

Ca0 7 - 12%, especially 7 - 9%
SrO + BaO 0 - 1%, especially close to 0.

Among glasses containing boron, glasses possessing low
expansion coefficients and glasses useful for
applications as fire-resistant glazing, the glasses
with the following compositions are particularly
suitable to be refined and homogenized wusing the

process according to the invention:

Si0, 78 - 86%
B,05 8 - 15%
Al,0, 0.9 - 5%
MgO 0 - 2%
Cca0 0 - 1.5%
Na,O0 0 - 3%
K,0 0 - 7%

An example of this type of composition is the glass

Pyrex® sold by Corning Inc.

Among the other volatile species are lithium and zinc,
which appear in glass - compositions capable of
undergoing a controlled crystallization treatment in
order to produce glass-ceramics with an expansion
coefficient close to 0, especially those suitable for

being used as hobs. Some of these compositions comprise
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These conpositions have expansi on coefficients of |ess
than 35 x 10-70C-1 and a strain point above 650C. The

gl ass Eagl e 2000(r) sold by Corning Inc. is an exanple
of 5 this famly of glassesz3A-preferred range is
formed by the following conposition ranges: SiQ2 60 -
70%:10 B2(R-Ping 13¥xigspecCi aldy dde- KL 1AKZE3 18onmtents
16% especi al | é close to 14% Ngo % 2% especially
cPEBESFESE 1€a eF CENEIGES DY ¥R 7 - 9% SrO + BaO 0

- 1% edpeciallyecl esgoto 0. 15 Anpng gl asses

cont ai Qi,ng boron, -gl_.assgs possessing | ow expansion

coef fi cy_énis and gl asses useful for applications as
fire-résk@tant gl &ing?i%the glasses wth the

fol | ow conposi tj ans »are particularly 20 suitable to
be refined and honpgeni zed using the process

accordi?®® to the inventd*on: SiO2 78 - 86% B2CB3 8 -
15;/0O Ar3@3 0 . 9 2 50-6%25 MO O - 2% CaO 0 - 1.5%

Na 0.- 306 K200 - 7% 30 An exanple of this type

of con&&&zti on is%he él"a’ss Pyrex(r) sold by Corning
Inc. Among the other volatile species are lithiumand
zi c,disv\hlcqg%paqgr i b9l aRSs€oNPOSi thonssgapakl e glasses
_3 undergoi ng a controll ed ,cr%st al li zat'ﬁ;n treat nent .

i meardenad DO s EerST Ca= TPl b cNpang: BRoenic
g@ﬁfféﬁtﬁgén§2| qagl tond, caspecd@l byasbostosuglabbeckoamics
ei ng us as hobs. [ e i_tiQns :
c&%’?i s$12593 HPfhe fl‘b%rﬁI ovmgﬁapg%?de%?lﬂ%%?tahg%pol 1owi ng" 79
caniletisie, or even using a sulphate. By employing the
refining process according to the invention it is
possible to dispense with the use of such chemical
compounds harmful to the environment, while still
obtaining excellent refining gquality. Advantageously,
the process according to the invention therefore makes
it possible to obtain a glass containing no refining
agents such as sulphates, arsenic, antimony, chlorine
or tin, and advantageously the glass substrate thus
produced contains no refining agents such as sulphates,

arsenic, antimony, chlorine or tin.

Within the context of the glass being used as
substrates for what are called '"plasma" displays,
particularly suitable compositions (expressed in

percentages by weight) are:

510, 40 to 75%
Al,0, 0 to 12%
Na,O 0 to 9%
K,0 3.5 to 10%
MgO 0 to 10%
Cao 2 to 11%
SrO 0 to 11%
BaO 0 to 17%
Zr0, 2 to 8%.
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expressed in percentages by weight: SiQ2 62 - 700
Al2A3 17 - 25% 5 Li202 - 41 MO O - 2% ZnO 0 - 2%
T2 2 - 6% ZrQ2 0 - 3% 10 It is custonmary for nost
of the special glasses nentikédned above to be refined
chemcally, using arsenic or antinony (in the case of
gl ass for glass-ceranics and gl ass for LCD displ ay

I n [
sulphé%é&%% enp oyln §§1é§%3féﬁégt€#%2%%§ %%%%?% BT

ng
t @shieeiizddent i ¢Rriougihs 1§@sspwpéem6n&?§ﬁ@ﬁseamﬁt hfpPhe the

u%%a%fﬁgﬂalngHQCﬁ@ntﬁ@ﬂ@gua@%vaarHﬁﬂﬂ éﬁtdiﬁtng glasses
envi ronnent, while still obtagp exc Ient refl

qUAVIDE AdPRRtagedRdY, BIkh fosSa O&Ocﬂeﬁlgelt Jand
t&efumma@tlon therefore makes it p033|ble to obtain a
gl ass containing no refining agents such as
sul phates, arsenic, antinony, chlorine or tin, and
adnentagemss yof h‘ehgl Asyesubenr e tAre fqsodiksrl 2@ glass

C QRIS tRO HiRfd N1 RIS Sied B9 Shé PPRbESss Z8cording
arsenic, antinony, chlorine or tin. Wthin_the contex

oft™t ﬁéleguas*fserﬁe%% Js%bs RIS RS akP%an$ o?h%%‘ft%ﬁzeé by

cal Ieghogeinasny’. di splays, particularly suitable
conpositions (expressed in 30 percentages by weight)

are: Si2 40 to 75% A12G3 0 to 12% Na20 0 to 90-0
KZBe3 dedreel 0% Iy ity 108 titaPase naw, bsr expregsed

1%@ éﬁg)gtgﬁd;z%’deviation of the refractive index, as
measured by the Christiansen-Shelyubskii method. This
method is described in the article "Application of the
Christiansen-Shelyubskii method to determine
homogeneity and refractive index of industrial glasses"
by T. Tenzler and G.H. Frischat, Glastech. Ber. Glass
Sci. Technol. 68 (1995) No. 12, pp. 381 to 388. This
optical method uses, in the application of it made
within the context of the present invention, glass
specimens that are very carefully annealed so as to
avoid any refractive index heterogeneity due to density
differences and therefore not attributable to a
chemical héterogeneity, and the particle size fraction
‘of which studied varies from 315 to 355 microns. With
the measurement conditions being thus specified, the
use of the process according to the invention makes it
possible to obtain glasses having an extremely small
standard deviation of the refractive index, and
especially less than 5 x 107° or even 2 x 107°. The final
substrate, but also the intermediate glass resulting
from the refining and homogenizing step before the

forming step, may have such low values.

The inventors have also discovered that the process
according to the invention makes it possible, in

particular using compositions capable of manufacturing
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Zr2 2to 8 24 The process according to the

i nvention has proved to be especially, through its

i mpl enentation and for the reasons already nentioned
above, for obtaining glasses2§ having a particularly
hi gh degree of honpbgeneity and refining. . The

subpechi @h14he iLventdem i §st heifor aealesa el apsve, to
substrate that can he obtalngﬁlb t.he process
aBEBEEVRg 2 TOMOFTe St aY RS SRR ar S5 T9ytng @

ﬁb@b@@t;aémedf@ymﬁg henegeneit \wtheThéldeygr eerafess, has a
onogeneity of the y e dy.a

SP&H%8F8u éVF§F|6ﬁao%g$héﬂ$e ?gcgﬁgé ﬁ%ﬁe?e SuééH? as the
meabstedtly t HeoChriani ansERh- Sh@ll_\;sm;@w. neetSrRﬁflaﬁmé a

gﬁﬁr&‘}ngo g‘fjl%%%“ hed 1idy 4 he 3] tdcln "ApPpld £atimsn of s the or

ristiansen- Shel yubskii nethod to determ ne
héﬁo@@neﬁpﬁ V& eFPECtFE #nd8% of industria
glasses by T. Tenzler and G H Frischat, d astech

G.ass 20. Sci. Tech . 1995 .
tg Sa 81 AR ULHS S5l lﬁeaﬁ%ﬁnuéeé %e)at%% ﬁl%@%t?%%}mum
ofpeiak -radealdietyhi hetipetcomtexd 62 tire giemefer specimen.
| SR L Qe 1@ as%a}/sp%cﬂs'@n%é hatziade VeRYy sarghul §¥ameter

anneal e% SO as avol d any refractive index
héﬂéﬁ@g@@@ltyt@@e £524aREPEY SP5Ci FREFEAESS anyavelengths

t pRriel0r BeBRteat t1i iHabbe k@ .a TRheNMmeAlsurement may be
heterog eneit and the rtlgle size fractjon

Wi e 5%ﬁ| t*q ngeggge rgr6$%?sRﬁéq$nts or
t by measurrenentt scormlirtg omeschreigat hisebepesi f tleese t hethods

333% ;9 tvg.?eef’r%%ﬁ %Cogﬁa)@g ggﬁﬁl@dl NMENEHLON %kesltithas

to obtain asses having an extrene
sﬂP@Ieln @xmﬁe@ewa{c. otﬁleoff@%w%f Pavinge 3 n§é§5taﬁ€lder

e%&%&l | bénlt e@flé hgﬁia&t)&twt Er@r enen rdzambgie(h&tﬁhe;f the
| Su r.al e U al so e in [ I at
s A HE B Eret gl BRRG Ry nger T e Bipg sucn

honode 2|ng Ste
beflmr@rtdu@hr%?a‘ arsmi mgfmrsply rmsothengd serely | oy Viag ubdown-

T%%-MFVGSEBEé EaVGUQLﬁ qh%ﬁﬂ¥eﬁﬁgiﬁﬂﬁf the pﬁ@ﬁ§§§nlzlng
accordin e |nven ion makes it possible,
techniques, the float process has proved hitherto

incapable of producing glass having such a property.

The subject of the invention is therefore also a glass
substrate produced by the float process, and therefore
having on one of its faces a tin-enriched surface
layer, and having a microroughness of less than 20 nm,
or less than 15 nm or 10 nm, and even less than 4 nm,
preferably obtained without polishing. The process
according to the invention, because of the refining and
homogeneity quality that it generates, is also well
suited to the manufacture of thin glass or even glass
film, with a thickness of 1less than 1 millimetre or

even less than 0.5 millimetres.

The process according to the invention is therefore
perfectly able to be integrated into a process for

manufacturing glass substrates for display systems,
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parti cul ar using conpositions capable of manufacturing
25 LCD displays and such as those described above, to
achi eve a honogeneity such that the glass, undergoing
a subsequent form ng step-bysthe float process, has a
m croroughness nmaking it suitable to be used as the 5

syhshrake fﬁ[a@ﬂaLcﬁthﬁﬁygy £s5pechatdy particularly to

n ¢ror Qqughness ss than 2 r lLess tha 5 _
ot 1ayad nmCE%%EQi/réaiﬁ%?X%angﬁgﬁ%f TRE m<C ﬁb?bébhnes ht

|smdetnngd<hyxneasommng t@Esphayﬂunprlineak pryoggkseyfor
NELANE0D. 818 R ANBLEL  SDECLMYy  MPASLALIENNS HRY or
a en-o nm th

20 dranet er speci nens,
cBaffuserbstic undul ati on wavel engt hs belng betmeen 1
and 25 mm This neasurenent may be carried out by
optical interferonetr ments or 15 b
B§u&€ﬁ%ﬁ¥§3ué?ﬁ%nhé%%aWiiil ‘%eW%Fg,QhﬁiﬁgxnﬁWQﬁ%StOOd
benngrwahngnomnetoaémmesklaéedrlptidm ap¢lowt dfas non-

oEF R BE ERPEY ARk | e lactateanay BaqR LLT 3t aARder

PSYglant "t y-are

ﬁglass and the form ng process. Thus, glass having such

2913h950ﬁ9499ﬂﬁ§5a'%e%%ﬁ%@mld&dg§d§§§gl@ﬂ|bekﬂéﬁﬁev1ce
"down- draw' process. USIH%H nown neltin
e

hB8REGEALEPNG© t EehiniBUYEEL 1PRe 1 oHte pﬁat?géémﬁ% provEyich
hthber tfeed ncansdyeadfe proguciogagkdss abavieng tech @acuum
progert . The subject of the invention is therefore
afg Pﬁréwsg " substrate produced by the float process,
and therefore having on one of its faces a

tTHeeQEEQQQj&%Uf € wi@ﬂeé h@ﬁ@hha¥kn%ﬁ%ut 2.50 metres,
m croroughness of |'ess than 20 or less than 15 nm

FamohﬁnrQﬁﬁF%@eﬁbPE§st@ﬁaﬁﬁFQﬁﬁa%Oaﬁ%%fér%&@}cated by
obhai e teid hoide poki SHi Rgspéhe POCEsS arRCeobdi Mhidn it
t i nve fin :
iBger b S0aaP PR E S LB L S AR, s, goroiots
safft @en t extéenaihnstedtlures ofnatim rPigl neEragteven s§legds and

fhhebrﬂbﬁh Q1Eﬂh@kn%§§ dhad€ssSokhan 1} cMinlbi, Metdie orinside
even less than 0.5 mllimetres. The process

_a@éawaitﬁg ©6 tHE-Gthventieh T8 (A&RBESFES ranging from 50

to 300 mm are particularly suitable for the device
according to the invention). The use of this device and
the constituent features of said device may thus be

described.

The unrefined molten glass, of the soda-lime-silica
type, coming from a stop in which it is melted in a
furnace comprising two submerged burners, feeds, at
substantially atmospheric pressure and at a temperature
of 1 4OO°C,Iand away from the rotation axis 6, the feed
receptacle 1 connected to the body of the device by the
refractory steel reinforcements 10. When rotated at an
angular velocity of 170 revolutions per minute, the
free surface of the glass assumes the form of a
proportion of a paraboloid of revolution 15. The glass
is then conveyed via a horizontal radial tube 7 made of

platinum and then a vertical tube 8 to the vacuum
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perfectly able to be integrated into a process for
manuf acturing gl ass substrates for display systens, 26
such as plasna displays, and nore particularly to
liquid crystal displays (LCDgy or organic light-
emtting diode (OLED) displays, or in a process for

”BBH?QEEH%BQ Nl agse sebsheates ber topt itﬁﬂbeéi Vtens @& are
fusers. The present invent

I .
CREQEPS GRdEVSt R RMER G b HREn by Rogieitment 2 is
dageunhfat i D20 el DWiisdreon-THe nmErerg swbbaceemis the glass

il lustrate y ress1 an Figur 1
vartrtas cggss g% |d%fof tﬁx%ﬁgégkeogacgord%%ém§%§%% of

i megnfluononn 1he cwdelr nere | waukiiged t pefdyggce of “the
r EB%EE@BBE‘ é§d| QGR! edaabaye tﬂ%ﬁcl\tﬁﬁuuﬂé cofrp@hienendynamic
e ent|r§ evice, with QV%Of agout 2. %ﬁ 1

nEPPE§SCepsR m@@@ﬁ%ﬁeéeESB&Peph%' i calSafiod e glass
| Aei Qﬁ\a]tcﬁdlekw at he deifpedddure, of t Aboespectsiost end then
axis o [ S t C dr.ical

Kbmelst €8 o LR EngsREReL A AN Y 3 VSRl cpenings
ofnagef riact ar plsttdelurarel ateit 8r mladechi e 4 thgdeyrrom of

I&itel ) a%%en@s'zde THl amtari R wWisht sgildds nffills the

|anete s ranging from50 to OO mm re artic,

sGYtléc@ldé‘lic@fl t%VJCFe“ﬁ%e 88€or%i ngnE o 1BfrE SENVERHY n)b‘)‘flng
T@%lmﬁkgértaiéméeﬁtceﬂmwjéHbdmelﬁ@nsédth@nuﬂﬁear@teslon

ai d dev may t hus be es r|b
eﬁ@ﬁ érhséur%ﬁe he"RAGLE | t%g %, enel g %ﬁ%gﬁégeglass
f mom eowt gt | pridiichsi t5 |lsavrenge@h |Chl%‘m613©rf @fnade mm are
Cgﬂ%{ %l I L WS, ?rlﬂp”?ﬁcglﬁdt lérnﬂS‘éati@ﬁd%ou%t 6. Under the
Iy at nos

eric pressure and
t dmfdivengee Obf tile4wc“-5%wae ahgy Ui FaRet rfef%t Shpormass of

a?iotirt]:@mdtgll%sfse%dld raceptacd erde conmect etk t@lide bbdys out
0 e evi

165 WHIF 1 TSV ERE ot Shn 35T RRBUFE SveRsS e Ty &t @
r enenipatriadg epeet mInE),°Q.helt then joins a feeder that
conveys it to a forming step using the float process.
However, it is preferable to form the glass directly on
leaving the device according to the invention, without

the glass passing through a feeder.

The total output is about 100 tons/day and the quality
of the glass, both in terms of homogeneity and
refining, 1is excellent. 1In particular, no bubble
greater than 50 microns in diameter is observed on a
plate of 1 m’ area. The residence time of the glass in
the device is about 2 minutes and the distribution of
residence times is very narrow. The residence time in
the vacuum compartment is of the order of a few
seconds, hence insignificant losses of alkali metals.
Furthermore, the absence of contact between the molten
glass and refractory ceramics liable to contaminate it

contributes to its high degree of homogeneity.
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free surface of the glass assunes the formof a
proportion of a paraboloid of revolution 15. The gl ass
is then conveyed via a horizontal radial tube 7 nmade
of platinumand then a vertpgal tube 8 to the vacuum
27 conpartnment 2. The diameters of the tubes 7 and 8

aAEe 5, @E0UNds R0, dMy The-tAressWe M t bt i b eeMaid n@dtice
2 |g around 120 mllibars. The free sugfggce 0

t.he .
gPE§STdARgURS ERe AOVAPSLCR gt ttoh &R wﬁggoll&: drpich
okhd ree] utéespidcidnder lidhateantimed hefighendelafw that
th otation and the vacuum nmaking use of the
" 8§n§h1ecva€blélf“e§88\98éﬁtm f#éct descri bed above, the
nolten glass is refined at a tenperature of about 1
324¢ and. then Coggey_eghéo deyldendri gl Ccavel Y Bo¥idwing
two openi ngs 9 made in a plati num plate 9 pl aced,ovgr .
t HaLEpasenemsof fToRe EBRESrt REnt the THEVIGEat FRECHAREY 10
ofrigh@esafills the cylindrical cavities 3 and 4, the
| atter cayity bejn of | er diangeter. .Th :

i nduced E}/(let rféaﬁdotgef??ﬁta%re?qu t5 gef:faﬁeerd idre?p‘“?rgs%!]t%% the
hetegene ickypafr tideatgl2ass. 15 Two outlet orifices 5 '

havi ng _a gjaneferg OISBQaﬂ%?Eg tigl 2¢ed Antl-drade oM only

the rot at!onr%xys 6. Under nfl uence "of the
ph¥sssvet ieryl fiigg #r denirentads BRdisd| eyl Ass Mg ©f

f et Rens of@d | PRent Re Wasiscdll odsigut tuek theatdeyipports
at _atnospheric gressure and a}te a 20 tﬁngergturt of llate 9
260€. RYEHITBHN | B A5 a 2F edder P Hat STRSAVEGR ¢ 6 &P

f asM rgevted@resi ngptt hesddmmatt it 0odess. thddovievteromi tof s the

prcgmer‘_iark%lmeentto 2f_or Mt he glass directly on |eaving the

devi ce accordi ngato the invention, wthout the glass
passi ng tthroughassf éédes. 25 Tie tbealeyicputviids abdipgle

10Q-it-aRg/ day apdatbe qual thy Qcathenglasss Bot Iidte the
terns of hom)%sneit an refinin

d s excellent. |
PSR d° T BT BLC GPERYEIEENAR ED Miarencily due o
ditheeweri gt afsetheedlmes, 3thel aveabfhdiget apathdhdevice
rgRisdene Jide: o aS§eblysbhe rd@HLE 155D gRe of
mﬁzlﬁge;bean%gﬁte %Ié ?}F%%Jt [ %ﬁbg}ls © % J °
the device, the location of the receptacle 1 at about
the mid-height of the overall device means that it is
unnecessary to bury the said device or to overly raise

the melting furnace.

This device serves to implement a  process for
manufacturing substrates for LCD displays in the

following manner:

A glass with a composition of the aluminoborosilicate
type containing no alkali metals (which is capable of
manufacturing substrates for LCD displays as it gives
the glass the properties of having a low expansion
coefficient, especially 1less than 35 x 1077eCc™* and a
high strain point, especially above 650°C) is melted in
a furnace with overhead burners. Its composition 1is
chosen from the family of compositions defined by the

following components within the limits by weight below:
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residence tines is. very narrow. The residence tine in
the vacuum conpartnent is of the order of a few

seconds, hence insignificant |osses of alkali netals.

35 Furthernore, the absence ¢f contact between the
nolten glass and refractory ceranmics liable to
contanggete it ggn[rgggtes to its high degree of
homogenerty. - 2 Figure 2 shows a vertical cross

secti oR2@f the devi cel>dccording to the invention in

the enphodbjrent inwhi ghs the feed receptacle is

| ocated at a height bel gw that of the vacuum
conparNﬁQnt. 5 Thé feaflires of the device have the

foll owmcag differenees2fromthose of the. device
descriggg in Figyre 1,.- the feed receptacle 1 is

| ocat e own bel ow the™ 10. vacuum conpartnent 2; -

the gl 889 is conv@yed B&-the conpartnent 2 only by
suction, via a horizontal radial tube 17 nade of

pl ati num and then a vertical axial tube that_s orts

t F8epl BASFumY at®d-en n IS e Frentl€ ¢ hreegfrg%%g g and
1homdgbherehar e dwtisuppaesedibydt henbot tommf whdergoes,

c ar nt 2;. and - the gl ass 0 deyi
vggggcgiqﬁgl & T& G sl%gquo\%a eJc]{eo\rll\ﬁtc%(gg r%%%?%%’ gjl’gﬁom
6th8i ngdashe pretind tlefaralvpier itdiysrie8sure £aregr- The

PLAGE sORMEdUe iR 2GdhR i PithiNeAsSor tHes mm and
total height of the device nust be ahout 4 nget

res.

Bac dUs& GFOUHE 2T g@Lhel ght: ofakiRe ote*kﬁ“be?%ﬁ%b?e to be

| ogati ag af stibetracepttael @ikpatyaboudt thehe.cm dypei.ght

of the overall device neans that it is wunnecessary to

bury the said device or to overly raise 25 the o

mé| tomef durathcéev The s mdevixles s ebg eslesgrilpgledant cambining

PLAceSSn i mdRWT 86T WiiNG SUbSt Lakes forn LER:idi sRlaySthe

in the follow ng manner: 30 .
presence of a single orifice 19 located on the rotation
axis 6 and a feed receptacle 1 located above the vacuum

compartment 2.

Finally, within the context of the two embodiments
described by way of example, we should emphasize that
the operation of the device is noteworthy in that it is
self-regulated. The device operates within a narrow
output range, imposed by its dimensions, especially the
diameter of the conveying tubes (7, 8, 17, 18), by the
rotation speed and by the 1level of wvacuum. This is
because, if the glass level inside the device drops,
the output pressure drops, thereby tending to reduce
the output and therefore making the glass level rise
again. Conversely, an increase in the glass level would
have the effect of increasing the output pressure, and
therefore an increase in the output, which will

re-equilibrate the glass level to its prior value.

The device 1is started up under the control of a

programme in which the rotation speed is increased as



A glass with a conposition of the alum noborosilicate
type containing no alkali nmetals (which is capabl e of
manuf acturi ng substrates for LCD displays as it gives
the glass the properties of having a | ow expansi on 35
coefficient, especially less than 35 x 10- 70C-1 and a

hkg fglfeaégh i ot eegﬁkwtﬁ\@%e $50Q) isawmEldedTitn is

ace VVI over head ners. ts COI’TpOSItI on is
cHbsenpbesAiRe toa HTIOP Te¥e SAGTRR0s i 1 GrRe e fite B ST nkevel
f ol eWengeGopRORERALS Wrthinrbhackng taebypreeisghte .
below 29 - Si2 58 - 706 B2O8 3 - 15% A1203 12 - 22%
MJOO - 806 5 Ca0O 2 - 12% SrO0 - 30 BaO O - 3% The
naﬁé fremirteni gt assideetdast hearefdasogilbed above by way
(STRISI, A5 £8.08807 LDSL AN, L helh 0L H0%%e axe is
ect] a formng s ep Vi | oat process,
\M:tapabﬂe tdfe gradec pagsivag isetoraHerina by gughogms of the
?ﬁgghtlgﬁe wil s Sbﬁ@%ébﬁh@%pfa@t@@ heven achBi Jowss of

nm and a m croroughness _of nm maki ng t hem
stheaBRECHS BE df§1@§9dl§st§esﬁﬁ§ﬂpﬁte for displays of
the LCD type. A preferred device may al so be descri bed
by conbining the enbodinents of Figures 1 and 2, in
this case the presence of a single orifice 19 | ocated
on the rotation 20 axis 6 and a feed receptacle 1
| ocat ed above the vacuum conpartnent 2. Finally,
within the context of the two enbodi nents described
by way of exanple, we should enphasize that 25 the
operation of the device is noteworthy in that it is
sel f-regul ated. The device operates within a narrow
out put range, inposed by its dinensions, especially
the dianeter of the conveying tubes (7, 8, 17, 18)
by the rotation speed and by the | evel of vacuum
This is
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30 because, if the glass level inside the device
drops, the output pressure drops, thereby tending to
reduce the output and therefore naking the glass
| evel rise again. Conversely; an increase in the
gl ass |l evel would have the effect of increasing the
out put pressure, and 35 thetgt@ge an increase in the
output, which will re-equiTibrate the glass level to
its prior value. The device is started up under the
CQnt r Obeoflc@ darp@@ﬂwrrmf i fowdt thg t Abonot ani exispeed i sfor
reas ressur t rt
ﬁﬁcé& quq%;a? ho POSSi b #Qn B% %qg%%vem%Hpéaéfhg 2
|mece§z$ecﬂhe as:sntt@w@ed t| rﬁ@eaéeu @@evwmqléeéﬁmass to

redudi &% Q£e§§gﬁﬁm ok RRSRNT ( QPV§H&|QQ|E§hst one
been descri bed above by way of exanp

pER36R Shitlesd Pk afd i &9 caﬁgﬁFECGFrﬁFg dqwth§E it
V@ﬁ'r@_%%rﬁtbtr%r natd meador a5 c@fnvayengu m\@ms on7 Wi 18hOUIt7, 18)

t hereb artln fromthe e t

Eneh ey e ETLR SRRl Hlon N PALET Bepcacic
of(1n otat ithe abauhmamompast@eﬁt, (Ror. the refining and
honogeni zation of glass, conprising a 5 receptacle

(1) intended to receive the nolten glass to be

t Reat e®evd CgacaaAPESAPEr t BentCYNN ghd &R VigWst dpongeometry

ghass Qut lgt ioMifiice@ GDoulO)khe GAmaALEr akad i(®)t.hat
it furthernore includes a conveying neans (7, 8 17,

18) for conveying the nolten glass fromthe feed
recept@@N&céﬂhéd@rdﬂnghecMaEUMhnCbnparﬁnensucz)ﬁhﬁt the

Deyie 60aLding o . auoLodiauing 2 geguary tha

i § °Ceylndr ivéar t the rotation axi . 15 3.
DeV|ce accordlng to daim1l or 2, such that t he

rqtata@%v@@é5ééﬁo#éﬁﬁ@bﬁba$ﬁéﬂ$f FﬁéﬂpﬁﬁcedﬁFdﬁMLQEms

accor din of_the prece cla ch_t

{REFeod Picoptil O (1) TS gl ea or B0 Wi antero- o2t

tH&ﬁmEh@rdlﬁh&hEﬂﬂE# dhemaaenunﬁtohbarhﬁﬂnnﬂn(Q?mpartment
(2).

5. Device according to one of the preceding claims,
such that the conveying means (7, 8, 17, 18) for

conveying the molten glass from the feed receptacle (1)

to the vacuum compartment (2) 1is a tube made of
platinum.
6.  Device according to one of the preceding claims,

such that the feed receptacle (1) is located at a lower
height than the height of the vacuum compartment (2),
the conveying means being formed by at least one radial
tube (17), which joins the rotation axis (6), and then
by an axial tube (18), which Jjoins the wvacuum

compartment (2) at its lower end.

7. Device according to Claims 1 to 5, such that the
feed receptacle (1) is located above the wvacuum

compartment (2), the conveying means being formed by at
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5. Device according to one of the preceding clains,
such that the conveying neans (7, 8, 17, 18) for 25
conveying the nolten glass fromthe feed receptacle
(1) to the vacuum conpartnent2(2) i.s a tube nade of
platinum 6. Device according to one of the preceding

chakge, os0 SHﬁﬁléfaﬁnhﬁﬁ fend r%ﬁ@@haChelﬁi) tSe vacuum
|ocated at a lo ht than the hei

vEEUBATF EBRPAT t ﬁéntto( 2")t l‘??w%t cbi¥by PR aﬁ%soéfprper ends
f @nied by atrktmast anayr ddbal thtubetatidpn, awhsch61 i ns
the rotation axis (6) , and then by an axial tube

(18), which joins the vacuum 35 conpartnment (2) at

i 8s | oReviend.actomavixetacodedity {:Tgegpa’eﬁz@ dirgy Glaims,

ﬁﬁp.chh%.tnélhﬁieg egd /i ReePt Ache b1) daviweated ahoveocated

- the vacuum conpartnment (2), the G3nv ans. bei ng
f@ﬁﬁ@atbytafe YACUF SOTHRE TS Cal 2t k?éyé(ﬂgC r%ﬁ cHver %end

J@*fﬂswhh@hvaﬁ?d;hbl@ soONpanti®ent o) oba atakbkasglabat m@let

I, upper nd I C fuyrt st £r
r8tré r"Sﬁ ggl s%( 6)-° 5%¥2 ilIiéied\sll ct;h accaolrddal\rI]@'y 0 CS%%E%?
pbededi ngtehdieds to ki ¢hlilrdl wded éfOIt@\Rérlgz@@étéﬁ glaSS

‘cavity (3, 4) located beneath the vacuum conpartmsnt

(2) and at the lIower end of which zone or Cad\é.ldlgy
0P -eacReyL&ss 3ARII NG FPi OB T oF NFs AIGEA th Sims,

S@h@ch0W§klﬁﬁé§Ya(§laéb3HLﬂMEﬂKbrﬂf£@ded19® Hecated on

filled with rotati | ten gl
BEoRfh 3t 4" BR BT o R prateur Ry LFaFRER o Brrie ¢

includes a glass outlet orifice (19) located on- or in

g% | medi.ate é’é%&fﬁ{ﬁ{ of ot fkﬁ}é opat 'c%u% s (6d- 8 15wh1ch
1 Devi cé accor % one Cl ai ns to 8, vvh
i Apcdudssatad e]e%%Sfon@n@I gd3sguerétesr |Ofr1c,féLc(95) oc]a?%%lted

ak ta aNeRAeEe cdiuskanee of redt hter @bakitapnakixs s( k.

11. Device according to one of the precedi ng cl ai rrs,
conprising an outer shell (13) and an internal surface
(14)., Devooet axtcawding heoglomss, obetheeprffasing claims,

i@%ﬁ&&qglﬁgl@Hﬂo&%efnéHéﬁi'W93Va%%ﬁ|@n(ﬁé@efﬁéﬂséﬁﬁface
(14), in contact with the glass, between which 1is
inserted a layer of insulating material (12) resistant

to high temperatures.

12. Device according to the preceding claim, such that

the outer shell (13) is made of refractory steel.

13. Device according to Claim 11 or 12, such that the
internal surface (14) is formed by a platinum lining or
by refractory ceramic covered with a thin coating of

platinum.

14. Device according to the preceding claim, such that
the platinum lining (14) 1is held mechanically in place
thanks to a vacuum created between the refractory steel
shell (13) and the said lining (14). '
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to high tenperatures. 25 12. Device according to the
preceding claim such that the outer shell (13) is
made of refractory steel. 13. Device according to
Claim 11l or 12, such that thesy 30 internal surface
(14) is forned by a platinumlining or by refractory

CeEam g.Couar %@c\éﬂrﬁqrﬁ th RO ANG Ofing Ri@ticureudt. that
Devi ce according to the

pr ecedi'ng Qlaina such #h t 35t
t hBepEgailnbatMesPnghel AL atsd i d edifani 139 n‘?ﬁ?ﬁE aRR-er
tBagks 49a3a !@CgQEHQE@aIQQ ketlween.the refractory
steel shell (13) and the said lining (14). - 33 15.

Devi ce according to the preceding claim such that
t he .seakvhetwesrcdiei gy atdnomel iafi nglgiMy dhdtehd5, such

outer shell (13) | ed, by bNgn X HS. i HBYi&€ion
a(t[:{g:lc‘—ilrtdie%gecttorlongL o#é%f%?%ésclgr?opﬁ!:gsucﬁ t hat * lo
el(@edr iscaksr &si Seopdlar ophgeéd ths €K& 1ic/sul ati on

(12) so as to be able to heat the device. 17. d ass

refining and honpgeni zi n rocess .enpl oyin 10 :
tH@=de§&é§sa&ﬁﬁ%ﬂ%ﬁﬁt%n%1Epﬁggfnﬂél Q,Rﬁéﬁ: § neTReR%ind
a tsike peafi deeeth aigrdinhd enoglassmento ta receptlactle {AFludes
of devi capab| f_ I otat] t ISa&Pd (1) of
f 81 IFoWwéd Ofgsfeae s]tnéqp%o?oltcecr)nn . y%sr’ngg3 i e&s%?%eg a%% N
cangavtimentcapeleofo ft Heo e NI dh i eh(6) followed

coupart thecsaldyins ghassalia kiectsd 4 oc8mpartment
subat nospheric pressure. 18, Process according.to .the a
priddediingt e asmtdi MSWHIEh %%ewﬁbFPeEQ$R%£§W%§&1Qgﬁegal
phacesaway shigRctea tookatsiuba taisphie@)i.c 20ek$urkr.ocess
according to one of the preceding process clains, in
which the nolten glass is fed into the receptacle (1) .
ofl 8t.he Protcatsablee aedicy dto substrrtdedingg atabsphéri ghich

prt%%su_rn%lt%% Z%lapsrsoceﬁasecﬂcct%]gispg toaone ffayhesrom the
precedi.ng process
rotation axis (6).

19. Process according to one of the preceding process
claims, in which the molten glass 1is fed into the
receptacle (1) of the rotatable device at substantially

atmospheric pressure.

20. Process according to one of the preceding process
claims, in which the molten glass feed takes place at a

height above the total height of the device.

21. Process according to one of Claims 17 to 19, in
which the molten glass feed takes place at a height
below the height of the compartment (2) in which the

glass is under vacuum.

22. Process according to one of the preceding claims,
in which the residence time of the glass in the device

is less than ten minutes.
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clainms, in which the nolten glass feed takes place at
a height above the total height of the device. 30 21.
Process according to one of Clains 17 to 19, in which
the nolten glass feed takes phace at a hei ght bel ow
the height of the compartnment (2) in which the glass

23und§Eo¥é%§u@cég%é¥%gFy@cﬁﬁé aecehd rddedingy oflaims,
the preceding clains i_dence tine %che

re
t hE YPASE iThe Hel AR F%m?egg Fﬁgn & Sttt S

23s Peesessaaccomdinngeko ommeeoknt Respr ¢bedi Agméhaites,

in which the residence tine of the glass in the device

is less than 5 mnutes, or even less than 1 mnute. 5

234 . Pr@cesssacamqmn@}HQJ%meoﬁe Phe e dBR IR PrdcRESCESS

t%%b?ﬁs I3 Wi GRH Red 6sidensrd itBndfot hengl g8ss Nin the

device is greater than 5 seconds. 25. Process
a6eyi8ENg St 6T6AE ST tHRE Pr 6EAFPAS process 10 cl ai ns,
such that the pressure within the vacuum conpart nment

ess than 400..m |l bars, d
3%onePEPCFﬁ§ SSEA Y proceis Ogléins%%éﬁgﬁgﬁﬁ%tbgﬁcess
prasduse Wistdrihn ttietvacihem difesompar twehring 2)the | ggguum

:EgRB%QQm l.I'iBars.s 325sPr0eess caCeandi;ngriso one of

recedi ng process clains, such that the pressure
Wi thin the vacuum conpartnent (2) is between 50 and

15@ .m bhikaks. é%%éﬁﬁlﬁﬁoﬁﬁsén@C©Qr$Hﬁy@ﬁb@&ﬁnmﬁ phecess
precedi ng proces clal , 1.n_which the, %Eass éer

PELEAG 't hiSH tqﬂ? va rnQﬁﬁﬁ%Hﬁ%eﬁYl i s©BF oughE "
backphe taehst art)i dld Y esat mbsphe0ioc mprldsdars by t he

effect of its owm weight 25 and then flows out of the
rotatabl e device towards a formng step. 29. Process
a@dor dPAgCEs SR BT GINT preceBfng fpridtesir e P&t i, PFRCESS
wWhRihghrishe QJuQﬁ}S I&hay Ogﬁﬁ,ss';yﬂélsﬁhﬁét e\ﬂlﬁl@l@ 8Re vacuum

unlformte ture orres |nd% Iﬂ%

C ERBOPRE T Aoy o SoBRny Syt 1t G Sed A e
28. Process according to one of the preceding process
claims, in which the glass after passing through the
vacuum compartment (2) is brought back to substantially
atmospheric pressure by the effect of its own weight

and then flows out of the rotatable device towards a

forming step.

29. Process according to one of the preceding process
claims, in which the glass is progressively heated to a
uniform temperature corresponding - to the forming
temperature.- before being directly formed without

passing through feeders of the forming means.

30. Process according to one of the preceding process
claims, such that the rotation speed is between 150 and

500 revolutions per minute.
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passing through feeders of the form ng neans. 30.
Process according to one of the preceding process 35
clai ms, such that the rotation speed is between 150
and 500 revolutions per mmte- - 35 31. Process
according to one of the preceding process clains,

Ss@hl t?%célae raetc@tﬁdqmlgspﬁﬁdom@ bet ween phkeanichg i@focess
revol uti ons er OCGSS acC
of L&h@Spr éBEg‘ &aﬁr 5&18 g Ot@i%éoﬁls SPETh (i{ det‘{wb%ﬁnglaé;&eand

t epperatoLiattionvhpelh tmheutglass is exposed i s between
1 250 and 1 6500C, preferably between 1 300 and 1
500C. 10 33. G ass nmmnufacturing process conprls

gBass Pmwerepagascepdiadr &fd PRy and SREMIYEiH sI?E‘bcess

aEﬁQEﬂgng 4@t AR 1l¢nd 0 mddrandehpenaguter mcflgw&tlen the

. Process according to the precedi ai m_ suc o
tﬁét”‘s?he I as@*PLSHRIt 6§ at ere(?fbergtasé né ndrsmrg é%0°c,

t paafeb@C1gbbeewkba neﬁnnlagdtenﬁeDaCure. 35. Process
according to one of Claims 33 and 34, such that the
glass is nelted by a process enploying a 20 furnace

t Rat i Géhsdesmanufeasursne sObREF§Ed HOFRELSing, a glass

Pﬁ8§%§§ according t0 operoh;fhai nd3 h@m%@en&@ﬁhg step
at the gl ass undergoes a form 8@ Eﬁep % floatln
aaﬁﬁpﬁdéﬂgnﬁptgﬁaﬂﬂﬁ 175t8732pRgfedSehe Borr 8 Aig "o ° ﬁg

of Clains 33 to 36, such that the glass t hen

ndergoes a form.n te I A
|3§taI$59Fgﬁsde98|§ % gnf950|n s i whdg%'thglalm efuch
f that ghesgliessstiat inmldred athed npdnrsratywroapply Bere than
| B8e! LAl @rkhe dnstial abipRiseuat it constitutes

receiving zone in which t nol ten glass is noving.
38 Manuf act uri ng process accordlng to one of Cains
33s5t.0 3fFocehischdorclaudes g0 glasst ferdens 85 894 34, such

uf ac;\%ﬁrl ng, br ocess erdi ng toao erocgessd Al 038 ng a
?% h%es n§ a%%?ators %r % gﬁ §§ J
furnace that includes at least one submerged burner.

36. Process according to one of Claims 33 to 35, such
that the glass undergoes a forming step by floating on

a bath of molten tin.

37. Process according to one of Claims 33 to 36, such
that the glass then undergoes a forming step employing
a float installation devoid of any points in which the
molten float glass is stationary, the molten tin being
injected into the installation so that it constitutes a

receiving zone in which the molten glass is moving.

38. Manufacturing process according to one of

Claims 33 to 37, which includes no glass feeder.

39. Manufacturing process according to one of

Claims 33 to 38, which uses no agitators or stirrers.
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- 36 40. Process according to one of the preceding
process clains, such that the glass contains no
refining agents, such as sul phates, arsenic,

antinony, chlorine or tin- %441. Process according to
one of the preceding process clains, such that the

ghass bBascaseonpeYrdieny ONPé SbAgthke fraldediiinyg process

oxides in contents expressed. as percent.ages ' :
bELBWRS10 SPEB 58DP60 5503 FTts GiOTATIE 4-‘?‘%2/%\’@%9%%(‘?“9
OagémtEa0slci?% 4 5s St pht 88 Ba©e0igY AL imRLeserf@Fine
nggu%gﬁturing gl ass substrates for display systens,
esSpecially for plasm displays, 20 |iquid-crystal

di spl ays (LCDs) or organic light emtting di odes
(AEDsprgrebar ddddr@inPredli bheseEs thewpdrddicigidesoaess
refining and honogenizin step. according to ogemégsition
t Re2pPEcedi F Pr oS cl Gits. 928553, §ass SsubsTTaT &,
champeteihgedthe £batoivt nhasxadest andarcdrdevitat | expoessed
the refrac ive.S .nd%éiggtl%§§o 1an 5 x 10-5. 44.
GPEsECEGHETFEE OBt drn by the float process, 30
characteriz&dOen that it h&8-d6f croroughness of |ess

t han 20 nm g4§, G ass substrafge according to the
preceding claim having a m_croroughness of |ess than

4 nm 35 46A1cPass substraéézéécording to Caimd44 or

45, that hagonot undergone-aspolishing step. - 37

47. d ass s%gégrate accordijng,to one of Clainms 43 to

Sro 0-5%
BaO 0-3%.
42. Process for manufacturing glass substrates for

display systems, especially for plasma displays,
liquid-crystal displays (LCDs) or organic 1light-
emitting diodes (OLEDs) or for filters or diffusers,
which includes a refining and homogenizing step

according to one of the preceding process claims.

43. @Glass substrate, characterized in that it has a
standard deviation of the refractive index of less than

5 x 107°.

44. Glass substrate obtained by the float process,
characterized in that it has a microroughness of less

than 20 nm.

45. Glass substrate according to the preceding claim,

having a microroughness of less than 4 nm.

46. Glass substrate according to Claim 44 or 45, that

has not undergone a polishing step.
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46, having a conposition conprising the follow ng

oxides in contents expressed as percentages by wei ght

bel ow. 5 S102 58-76% B20G3 3 -18 0 A1203 4 - 2 2 0

MyO 0-86 CaO 1-120 10 SrO 03H50- BaO 0-30. 48. d ass
substrate according to one of Clains 43 to 47,
cgaf?cggggﬁe@dygqyﬁﬁéiacééwdfm@StDOdﬁﬁi@fnglalﬁs 43 to
agent s, such as sul phates, .arsenic, _ant.i ppn chl.ar4 ;
og5ginbaxgpgusé oFOFW85§&B§Fraf@mgggﬁ?ﬁgﬁg%¥gaoﬁ@g%#ghlng
ChRi68s43n teodBemss aespbstsatie d0rpefsphegdsysbensyeight
eﬁggc%ally 20 for plasma displays or |iquid-crystal

d ?ays (LCDs) or organic light-emtting diodes

(OLEDs) or $dP2filters orS58rfflsers. 50. Display of

the plasma, gldquid-crystal 3(L€®) or 25 organic
light-emtting di ode (OLED) tgpe, whi ch includes a
substrate aBédrding to one*6f?Cl ai ms 43 to 48.

MgO 0-8%
CaO 1-12%
SrO 0-5%
BaO 0-3%.

48. Glass substrate according to one of Claims 43 to
47, characterized in that it contains no refining
agents such as sulphates, arsenic, antimony, chlorine

or tin.

49. Use of the substrate according to one of Claims 43
to 48 as a substrate for display systems, especially
for plasma displays or liguid-crystal displays (LCDs)
or organic light-emitting diodes (OLEDs) or for filters

or diffusers.

50. Display:  of the plasma, liquid-crystal (LCD) or
organic light-emitting diode (OLED) type, which
includes a substrate according to one of Claims 43 to
48.



