METHOD AND APPARATUS FOR PRODUCING GLASS SHEET The present invention relates
to a method and an apparatus for producing a gtass sheet. Specifically, the present invention relates to
a technique for producing 5 a glass sheet by a downdraw process. The downdraw process is a
method for forming a glass ribbon continuously by allowing molten glass flowing over from a trough in
an upper part of a wedge-shaped glass sheet forming device to flow downwardly along sidewalls of the

10 glass sheet formingﬁgzﬁ' ﬁﬁg IRy ﬁgﬁqﬂ }.%Ha ngﬁ rming device.
The glass ribbon passes through a urr%%%w ife %%f%%%g} yro?{’s ISposée %tglow the glass

sheet forming device, which is cooled slowly and cut so that a glass sheet of a desired size is
obtained. The downdraleressess iswantithiadbrtesdd dcngthoglasy sirearaving HiopgediSisgen and a
small thicknesgides eieunplSpeuifivaiyarhtagseseinstroieniona kadieane bdiseaiy oo R iligngP
2008-133@4%@&@9&&9@@&%&%@@3@%ucing an extremely thin glass sheet (for example,

0.5 mm or less). Specifically, after reducing the sheet thickness of a glass ribbon to an initial thickness
immediately below a forming unit (glass sheet forming device), the glass ribbon is heated by a 20

re-heating means (heatef) HIEPESEY BEsHPaiscymathesfednmwies irijaes sibbem consievapaifture
reaches its softendigwoiatmsiitnatitze flosngibbenfivsoienatifinem thesofterardf glass ribbon is
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for equalizing t &"éf%ﬁ) Fiffe diSFiEERSTPATRARTRT AHECHIh o RITRARS FHIE LB AMBRREPA heater
having a roughPdenbe disnprprelorotiveaiane diesh donming dsyditonHading thelesicdovely ehd forming
unit (glass sheetfauming 3G¢:Hevickdet b 20RS:6ADA44 desrabrg a technique for equalizing the
temperature distributiofyp fag-¥idih Jrsctinolmalien glass iy aigcrisally %@d%ﬁﬁﬁl'ﬂ}g& coating
on the .surlfgce g;eaa fusaong@ﬂg&ggggg&ee&&o&x Aﬂ%geewcggs. B I\\Iﬁ%mall , tihe_ eg%e é)ortkon of a
glass ribbon formedal%ly TheETHOWNaraW 35 procece Has T ﬁ%ﬁélfﬁg %9? AdWE “the edge
portion of the g@é@&%bdﬁ?ﬂ%&%‘@a@%ﬁ%&?@%@ Arfigserihanayerhriaie e srablyaretnges The
edge portion haviregtaemeiptbiy et shapenifoy cenderithe Sutingslepshf tBegiirally, after
reducing the sheet thickness of a glass ribbon to an initial thickness immediately
below a forming unit (glass sheet forming device), the glass ribbon is heated by a
20  re-heating means (heater) disposed below a regulating means (cooling rolls) until
the temperature reaches its softening point, so that the giass ribbon is softened.
Then, the softened glass ribbon is drawn downwardly for a further reduction of the
sheet thickness.
- Further, in order to form a high-quality glass ribbon, it is important to
25  control the temperature in the width direction of the molten glass on the sidewalls
‘ of the glass sheet forming device. For exampie, JP 2007-112665 A describes a
technique for equalizing the temperature distribution in the width direction of
molten glass by providing a heatef having a rough dense arrangement of heating
elements at a position facing the sidewall of a forming unit (glass sheet forming
30 device). JP 2008-69024 A describes a technique for equalizing the temperature
distribution in the width direction of molten glass by electrically heating a platinum
coating on the surface of a fusion cell (glass sheet forming device).

Normally, the edge portion of a giass ribbon formed by the downdraw
35 process has the shape shown in Fig. 7. However, the edge portion of the glass
ribbon does not always have this shape; it may have a two-pronged shape. - The
edge portion having a two-pronged shape may render the cutting step of the glass
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ribbon difficult or cause the glass ribbon to crack. In addition, the edge portion having a two-pronged
shape m J}'b%ausfff?c 'goness v%ﬁiat n of t%%nc%nggr or%nrgi ég(grtlon[ﬁg ggrve 31% an{g‘(ril%ct and may
cause a decrease In |ments Q f% {inventiorr {’Rf’% rever%t he edge
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point that the videBSREBIHE §lEs REBEA! ﬁﬂﬁ%ﬂ%éﬁ%ﬁ%ﬁ%% teacfes RPHERsr thatH Ermines the
final shapebbpthecst§eipsonsbiteeglelsstinstdapthey have accomplished the present invention.

In one aspect of the present invention, there is provided a method for producing a glass sheet by a
downdraw proceBs:imwditirantitbedglassastasediat shdpwdetent of thglaks: shegtfermiigigdevice to
form a glagshohban dand the glassuihboousine ovey edido v i alotity a ptuealilysofifbllsndisposed
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to each ofdathyendsig, elongituding direagerpofibe ofake ghestibbmingnaedcasnditbatiprevents the

molten glassdromHiewing ouesfionia siamal;ef thraiass sheal iprmipdidavies cimkkahaater
provided jaggpace between the lower end of the glass sheet forming device and the rolls located
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the centeP#ofiesye BRI 1P feviRADBREOF ST ghisethystisrnSdeyssa LW rapidly
compareditat tihattophpe r‘@taﬁefd@ﬁb@ﬂs@tﬂsthéad@ﬁ@md@mbﬁlfﬂ@mﬂwﬂﬁ%maii@ﬁ ivThengidth
direction ihereases| tad hvysshdpe defectglefstherediyepostiorarmtikelyitowdtud the glasontrast,
accordingstee firodipentscef thd preseat pnvedtdi thepedgedpecsontefithesglassaihbeglammediately
after fusiomdetheaisddatallyend tieatensThedisl Hdsarenemiegihattoly thenagdaaciomef the glass
ribbon imypadiatelyafiensanamrtiondran thealasssheahiosmingraades s caeledrapighthihus, the
temperatyie disiibipiap 11 ihewidislirestion.al he.glassstl @pmagfﬁlmse%a%ﬁmﬁwputlon may

be equaligedy s9,fial shape slecin. i ERAEPRAION AURMCIKA B.9RU: A eriHing apparatus

can bed |ve{te or.carrying out E{}reag) ratus alccordbgg to embodiments of the present invention, and -
thus embSdiments of the. present invention ma & excellent also in terms of cost perfoiniance. For

achieving effects similar to embaodiments of the é‘sent invention, |t oi ceiv ble to.increase the
PR

temperature of tHEGERSSHREAD HLREtAEY) ﬂ({ﬂés\)?eﬁﬁﬂ}r&f ik g;{?s sheet
foiming dévitscatis i #akke AdodiBrons aeidveithstad dimilshBanBsatar tFFé“ﬁF’é% invention.
However, @papadivnémscgenropiesent HvcHasnHBYHE contrderbry mandbitdyothe iserighs of power
consumptiontiveceilide iglasmbbbimenfsiof thapraseatifventidae pniyidneleesespottionasfidhe glass
ribbon is keatedddcalfcRanther;tifth danrape ditre aintiee @mirnosplisreiisidey theifurmade seincreased,
various camfrkrisiareislegiacedidhdlysans:thedife span of the apparatus is shortened,
unpreferably. It should be noted that "the edge portion of the glass ribbon" means, for example, a
part of a glass ribbon of about 50 mm inside from gach side surface of the glass ribbon. Fig.lisa
schematic front view showing a glass sheet producing apparatus according to one embodiment of the
present invention. Fig. 2 is a schematic vertical sectional view taken along the line Il-11 of the glass
sheet producing apparatus indicated in Fig. 1. Fig. 3 is a partial enlarged view showing a detailed
position of a heater. Fig. 4 is a schematic view showing a dimensional relationship between a
guide and the heater.



Fig. 5 is a schematic view showing a modified embodiment of the heater. Fig. 6 is a schematic
view showing a positional relationship between a glass ribbon and rolls.  Fig. 7 is a sectional view

showing H§E48e ARSI BEMiBhOSF e glass ribbon. Hereinafter, one embodiment of the present
invention is desdnkedtwith seferdingetto dhbattachedadrdvipgsent invéwishothe adgiqottamd Fig. 2, a

glass shegt gro u@mmettﬁmamg@%@etdma&g EE"ﬁe%E@HCIQHQ%%%'%@%@ fipaace 2 A glass sheet
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heaters 1@ paiciingee bhBlsrgatba §hep@eﬂéﬁhww@a%wepw@m torsgrRiifarEirtBA of the

glass she@%ﬁ@ﬁmiﬁﬁedﬂumaﬂd \whickamduitahiesfomnbeatngmouarcatkampaydivelcwids mange. It is
possible to ?‘% ele £§ atglrlgénsme the furnace 2 by controlling the heaters 10. Specifically, a
temperature gradrent is 15 forme along the vertical direction so that the glass ribbon 9 is cooled
slowly while pasEfigrehistigs fEmsitiEdrtde ﬁtrhaée%avﬁ\%awrﬁel@ra%%é&@ttﬁrrﬁng device 4
is generabyrmnadsbdf fisehriekasd stshaampariige 2o thbqlassosheetfonmiideg tevicemdcham aiwedge shape

in a cross se6 tg%@tt%qga@%& ftet%rgqﬁgtdgﬂé&drt%t@ 4ot thenglass shert fopnispdayice 4. 20
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molten glasghthadeasdipuge sier from the trough 4k. The sidewalls 4j form a ridge line at the lower

d4 that 30 t t t fl A d 4e.
A shown i Fi 1S E Ay S e Ot D esdriar Tl i o e 415
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Fig. 1 is a schematic front view showing a glass sheet producing apparatus
according to one embodiment of the present invention.

Fig. 2 is a schematic vertical sectional view taken along the line II-HI of the glass
sheet producing apparatus indicated in Fig. 1.

Fig. 3 is a partial enlarged view showing a detailed position of a heater.

Fig. 4 is a schematic view showing a dimensional relationship between a guide
and the heater.

Fig. 5 is a schematic view showing a modified embodiment of the heater.

Fig. 6 is a schematic view showing a positional relationship between a glass
ribbon and rolls.

Fig. 7 is a sectional view showing a shape of an edge portion of the glass ribbon.

Hereinafter, one embodiment of the present invention is described with reference

to the attached drawings.



the glass sheet forming device 4. As shown in Fig. 4, the guide 7 has a wedge shape in a planar view
and is made of a sheet material of a size capable of covering 35 the entire end surface of the glass
sheet forming device 4. In the vertical direction, the tip of the guide 7 is located coincident with the
lower end 4e of the glass sheet forming device 4. Owing to the function of the guides 7, all of the
molten glass can flow along the sidewalls 4j The rolls 6 function to convey the glass ribbon 9 below

the glass sheet forming dayiee wh Fie Icgﬁagagsgegdggsmg@ BH59¢iaidge glass ribbon
9 of a desired é!&tﬁt@ﬁ;%ﬁ:b%iﬁt@&%&@é}&%@@g the roI alﬁs |s ofs eds metrlcally with
ee

respect to a vertic ane includi e.lower eg ads%s ormln |cev}f%o as to be
capable of nlp%ﬁ% ?é)a 5&%&% @ﬁﬁw&ﬂoﬂ“ﬁw& ﬂ‘?@%@l@@%ﬁ%‘l&?ﬁ%‘éed at

predeterm|ne&hﬁ§ﬁ%ﬂ§h¢%@@m€aﬂlﬁﬂ%ﬁoﬁn¢ heajerssAribibprsedisiosntepddwinenddedly while
being nipped Hyotitbabils: GldAssltaluminkigedicihe hoaters e sk agyavicesrion eng side and the
other side in thadonaitysliabaliestiandCiobie dlas sheshaIBINg deviss SRedigally, agh heater
8 is provided i ig.aspace tweea %ogeer the sheet formrg‘]%ﬂ 91?.? éﬁeﬁ%%‘ the roll 6a
located nearest tot% lass §ﬁeetaform|ng eV|c’e fh% Ve c%ge%‘f & ef8‘f:ally heat
the edge 15 pé?ﬁﬂ’r‘l’ég $HieMdth direction of the glass ribbon 9 immediately after fusion, thereby
preventing the viscositheftmasdfoip getimnsilf thelglatimbbok.O impiertifitylpfitardusitnadrom being
too high eompéieshiediatouisaasmityiedlae-6eiaroRaIO thrBrofagr we&@aﬁh&a&sﬁosttﬁéfﬁé@tﬁw in the
width direction of dhe algss 0p Sl ses A lanl Wl edes Ao OLIa glass iobon O are

revented 20 fro b m efectlve shape. In glass on alsa éan be
grevented Ag |s§ia§ﬁ X 93\7%%) %Eﬁ%ﬁ"l? @ﬁ%ﬁt@%&tﬁﬁ%m‘%%d’rams are formed in
glass, and th u§<twetraﬁ§ﬁ&feﬁé9 tﬁrgqess Hdsreepsihle| tothdivslsthe frpraptreing aigieds Bleeet by the
downdraw prodessaed/ityifioatimilindikkly Heatenur(at 28pthefedle pariapsratihe glassiabon 9.
Although1be regsens are peteWirabarantdhe ol euingseams 19088 Ll e cansss whs.flow

velocity of mol es in. the vi m% of the ides 7, so that the molten glass Is Fong
ge%é%gg(iratur E%E eviItrim Zgéjawwggtr a%

‘maintained in range in WehICh ae tlon occur. The heaters 8 disposed in
the vicinity of the guideSS/FhRss hses ARmaeagace pes genemﬂy made of firebrick. As shown

in Fig. 2, the glass sheet forming device 4 has a wedge shape in a cross section
orthogonal to the longitudinal direction LD of the glass sheet forming device 4.

20 The longitudinal direction LD of the glass sheet forming device 4 is the same
direction as the width direction of the glass ribbon 8. In an upper part of the glass
sheet forming device 4, a trough 4k for retaining molten glass is formed in such a
manner that the trough 4k extends in the longitudinal direction LD. As shown in
Fig. 1, a supply tube 11 is connected to the trough 4k so that molten glass can be

25  supplied continuously to one side in the longitudinal direction LD of the trough 4k .

As shown in Fig. 2, the giass sheet forming device 4 has a pair of sidewalls
4] In a direction orthogonal to both of the longitudinal direction LD and the vertical
direction. The sidewalls 4j form flow paths for molten giass that has flowed over
from the t:rough 4k. The sidewalls 4j form a ridge line at the lower end 4e so that

30  the moiten glass that has flowed along each sidewall 4j is fused at the lower end 4e.
As shown in Fig. 1, a guide 7 that prevents the molten glass from flowing over from
the sidewalls 4j is attached to each of both ends in the longitudinal direction LD of
the glass sheet forming device 4. As shown in Fig. 4, the guide 7 has a wedge
shape in a planar view and is made of a sheet material of a size capable of covering

35  the entire end surface of the giass sheet forming device 4. In the vertical direction
the tip of the guide 7 is located coincident with the lower end 4e of the glass sheet
forming device 4. Owing to the function of the guides 7, all of the molten glass can

r
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30 portions of the glass ribbon 9 but also the guides 7. Since the heat of the guides 7 is conducted to
the molten glass in the vicinity of the guides 7, it can be prevented that only the molten glass in the
vicinity of the guides 7 is long maintained in the temperature range in which devitrification is likely to
occur. Particularly, in the case where the molten glass contains tin as a clarifier, tin oxide crystallizes in
glass, 35 which is likely to cause devitrification. Therefore, in the case where the molten glass contains
tin, the presenﬂmwamgg\t&rgagmgqgied especially. In this embodiment, the heaters 8 do not contact

any of the glass shee VI e 4, the uides 7 and the furn e 2 Tli]fe sitio of the heaters 8
is adjusted so é?at the %ge portlrgge ocﬁhe Cﬂg{ss n@% l |mﬁ10{50 y aﬁe ?3‘?1 caﬂr%e heated

effectively. Wi %‘é“i?) m@?n‘ h%ﬁ?@l%ﬁgﬁl\ﬁ#]ﬁétﬂé%ﬂ?éﬂ thes®ash. Each
heater 8 is pro%iekarif of gpinsiradahickoeatad foored. |athsahrwmintBiggRidberrallnblad to each of

b;)t: en:ﬂsﬁn thhslpditgi&@ﬂﬁ?ﬁh@fa@écﬁi&sa lg@f&ﬁbﬁﬁlﬁhﬁ@ﬂ@lﬂﬁ% ﬁ@lﬁ%ﬁlﬁﬁi%ﬁ&?ce 9p
of the glass ribfyan:f faces b ablpre pegcilicats § ?@B?E@n %ﬁgﬁ%ﬁagé%@]ﬁ@?ﬁ etween
the lower end e, th lass. sh et or eV| e olnt P1 ic the glass

ribbon 9 becomes con ansf mﬁe eln educed As shown in

Fig. 3, the widiF5FHReSgm bR B8 sagalT a@esé a@hﬁg e Wﬂm‘é@@ﬁs ribbon 9
from the lowerehtedesigmenpabbstieetddsfiing device 4 to the point P1. That is, the side surface 9p

curves gaptly. The healeghiaaesitmesCurvae ROSHOR @fé%sﬂeﬁm 9B B¥ pi@vidigggach heater 8
15insuchap e;portions 85 ass dl,ate after fusion can be heated
efficiently. It s %ﬁgée&%}t?e%geh %li%w it g%!%en son ﬁ1 u? S|ze%mﬁiﬂeglﬁ<e gfq‘lﬁr]e heater 8,
the distance H 83F FBWfWé _B4E B?‘?ﬁ%ealici}%%}éﬁ@é TBfrihel di%ice 4 (the

lower end of thélassiaber) formingigdesdantbranibis Brosd@sarmsprefbablys the&d0 ram The
distance L1 20fumitiehasizeataldiiectiortimniithetiorer Wil obdgaf $hecﬁﬂlﬁlee7amﬁ@ect@ater 8 s, for

example,+40 t ALY, 39 I;Q@! er, attention
shoulg bel-%ald9 g};@{& g?i%eﬁﬁ%%&a%)%%é%%%? E%%%ﬁﬁ%?sﬁ? ribb %&? t e \é?%ée distance L1
of 10 mm or moré uwess Tano mm, sacﬁsg‘ rpg %8%3?? %?&’8 8”5 de of the glass
ribbon 9, takindRReSirtsRer PR Forv BPIMEYmREcy hizh romnpares o theA@%ﬁ@WPfrﬁhﬁgﬁeatethe
heater 8 extengstitiche Horizbatakdidectibe OthegynetnbiothiafiHeexwoitbitdiaina oifafienzlass of the
glt;slbss sgeet forﬂmmgﬂeweandmeyséﬂaahﬁgef@%%ﬁ?et% &h%ﬁlg@%}é@f&ﬂ&?@%ﬁ@t 9&&@%%@;5
ribbon S n e er.8.in the thickness directio e
glass I‘Ibb%fl 9?%{;3% %}1@8&@ nﬁ%%ﬁg%%% % egleetgs s O%r%fﬁlg ewgrgluﬁf c??cf ai?ﬁlmenslon
W3 of the gwd e direction. With such a conflguratlon the edge portions of the glass

ribbon 9 can be heated*asfareHIGTH-bistsides Birhs faitsorrresierdrditveystdiesurface side of
the glass ribboar8, foshichi canipreyvend shapedefetisynesa)figainalddovsther. singedbesdinaension W1

35 of the healej,Bdnaige ARG A RIMEL A b AINR ViR sullSn e oS bR PRgventon

f rift n.al re en
of devitri "5@“0 3 S%.gae %gmons 0%%}19 glass ribbon 8.  Although the reasons are not entirely clear,

the following seems to be one of the causes: the flow velocity of molten glass
decreases in the vicinity of the guides 7, so that the molten glass is long maintained
in a temperature range in which devitrification is likely to occur.
"The heaters 8 disposed in the vicinity of the guides 7 heat not only the edge
30  portions of the glass ribbon 9 but also the guides 7. Since the heat of the guides 7
is conducted to the moiten glass in the vicinity of the guides 7, it can be prevented
that only the molten glass in the vicinity of the guides 7 is long maintained in the
temperature range in which devitrification is likely to occur. . Particularly, in the
case where the molten glass contains tin as a clarifier, tin oxide crystallizes in glass,
35  which is likely to cause devitrification. Therefore, in the case where the molten
glags contains tin, the present invention is recommended especially.
In this embodiment, the heaters 8 do not contact any of the glass sheet
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composition, the distance from the heater 8 to the glass ribbon 9 and the like. For example, in the case
of the composition of a glass sheet for a flat panel display, the set temperature of the heaters 8 can be
adjusted arbitrarily within the range of 800 to 1300C. 5Further, as shown in Fig. 4, a temperature
sensor 12 that detects the temperature of molten glass on the sidewall 4j of the glass sheet forming

device 4 and gogaiitiglRivit ahtasauasTsigmdhdramiAe M IBal&S NSO hRAY R provided.
The tem Pefat%ﬁ@&%%%&% Al B‘%m&{s ﬁé%ﬁ%&%ﬁﬁ&%ﬁ g ia%e?%gs%%tg% S the
; el

temperature olten s Indirec e temperature senso nclude a
thermocoupleob err%l r#%sf'é:rufﬁ g%&ﬁ%lt% BYEAE 6n results

of the temper @ﬁ@ﬁ‘s@? dgtagior Eﬁéh?ﬁﬂéﬁh@ Hepremigefiny F’e%ﬁ@héhﬁ?é@@%t%iemmlzed to the
temperatuie detectdiyijsnetherppreiaiuescnsbtol2adh Hibotlayniis Snparsibledtmdoniicliteerbeaters 8
appropriately @qﬁéﬁasgmsw@ng@%&éﬁgmt@ena%égﬂég%&r %@%ﬁ@%@&g?ﬁsﬁﬁ gf the

m

edge portlons ass rlbb c%lf regeaﬁzl t e gutput eaters %9 usted
manually bas ont %petectlon resu?tsm? eyempergture Sensor Iytljr‘ztlhsé)r in o ereto etect the

temperature of TRECERcTe iR SiRsnesridoEmiRg dves b APORAPEIEES &t Toeh tasvErdthalie of
the glass sheéﬁ%ﬂhﬁ@@&m@@mm’mﬂmﬁ@eb&%a@@m@@%rﬂhed'amdaé

temperatiie sénsetida. The heater 8 is not specifically limited, as long as it can be used in an

atmosphere at a tempﬁg"ﬂéﬂ&%ﬁ%ﬁeﬁ ”3391%%%&?8?9!1&0%1%8%%&@@ SEMEL QI A vire heating

element in coil form ¢ t% used as ater 8..25 Fué’fé‘ﬂ: radiation he élﬁg abgeramlc
i 8 e’gﬁh Q?ﬁ %3?11”@@% H8%6Pthe heater

heater, a halo émﬁé
8 also is not s%%l?ﬁﬁ%mmﬁ%f be & A8 E?'hébé @d%ﬁm?%ﬁplg%f@w@? a Ubshape as
shown in Fig. heAtealBdaecdaberined:dhemdcdthndtieachiedgerparion ddihergiadisgibbon Bkigatiout 50

mm, and therefgrguthe e 0§ hay maﬁewrgmﬁa%éﬂ diRAdanassaaLy Aapuficient

for local heatin ft %e E:tllgn Furf |t| otn fghbot ert ens ext%uswe space
for the heater eanw e accor t%e ape %%%v t e eage portion 9t

of the glass ricHER & 15HHE’ tghef ﬁhﬁﬁ‘%@tﬁrgcﬁ%ﬁ%%%ghﬁnﬁﬁé’ﬁﬁﬁ% BiFeREPcRmER 18,
35According téhaideehenidernt hediamered Hoanihe devecpbitionbwbtiinglobthelgvoded) and

therefore the etlgeipationsigffthe glassidibesBomate, SirenghbpanipinErpertitaoiaiasous fluid
until reaching HedRll§ 52, e §I0L8: A5 from the inner wall of Tg of the guide 7 to the heater 8 is,
for example, -10 to 100 mm, preferably 0 to 100 mm, further preferably 0 to 30 mm.
However, attention should be paid so that the heater 8 does not contact the glass
ribbon 9. In the case of the distance L, of -10 mm or more but less than 0 mm, a
part or all of the heater 8 is present on the side of the glass ribbon 9, taking the
25 inner wall of 7g of the guide 7 as a reference.
As shown in Fig. 2, the heater 8 extends in the horizontal dirvection
orthogonal to both of the longitudinal direction LD of the glass sheet forming device
4 and the vertical direction, that is, the thickness direction of the glass ribbon 9.
As shown in Fig. 4, the dimension W1 of the heater 8 in the thickness direction of
30 the glass ribbon 9 is larger than the dimension W2 of the glass sheet forming device
4 or the dimension W3 of the guide 7 in the same direction. With sucha
configuration, the edge portions of the glass ribbon 9 can be heated uniformly from
both sides of the front surface side and the back surface side of the glass ribbon 9,
which can prevent shape defects more effectively. Further, since the dimension W
356  of the heater 8 is large enough to heat the lower part of the guide 7 sufficiently,
effect on prevention of devitrification alsc are enhanced.
The power supply (set temperature) to the heaters 8 is controlled
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shown in Fig. 6, it is possible to convey the glass ribbon 9 with the edge portions 9t being nipped by
the rolls 6a. In other words, the rolls-6a are disposed so as to nip the edge portions Rt. Each roll 6a
extends over the edge line of the glass ribbon 9. On the other hand, the other rolls 6 located below the
rolls 6a do not nip the edge 5 portions 9t, but nip more internal portions than the edge portions 9t.

For example, as indicated in Fig. 2 of JP 2008-133174A, it also is possible to determine the position of

E)hoert?glrllz S\;\fi)t:\h hi ig\ﬁ’s{{cﬁ13I 1§i’t it is, V|;5REBI(;% tﬁﬂg\?ﬁ rﬁgﬁfgﬂf EHSe ortigé)?%v%rﬁg%ffr%§%tgéee\gg\?vpoint
of stable convaéh% ce Solf%%oé;g %%gvv%gi r%tE of c%ﬁﬁ(eg‘raén\}g%k%%gf%ﬁgsﬁlgggﬁbcﬁwosmoqng%%ntrast, this
embodiment n%ksésshe;%&ﬂﬂél?& paneLientay ke PRITEROWRRICE Hehsatasng Sibbig nipped by
the rolls 6a, besavsiedraisendjtywthiretbd ganmsrtib BMtarmAMENGtely after fusion is prevented from
increasings In additiorhefese Abeitass:HlTnend sullicirptvselitifiss ialaadiaaesaikif to apply a
pressure 15 to,log,eaenafiaonSh s ol 050,25 8 hevdet ihe.cdoe parlons 9L 1p some

extent, as shown.in FigL 6 arliitate the cutting Step of the glass

The flat shaped edge portions
ribbon 9. It alsAh% %c‘f‘s)s%f’él% i‘i{p E%&E’%%%f?&%ﬁﬁ%%ﬁ%??&ﬂ%ﬁ&éﬁ%@a Bvthe rolls 6a.
However, effedBTidRitenthg Brme wigEe SoRONd Dinnstgebatb to. foreravendel gelpmetmagiotare nipped
by the rolls 6ai2@ thatdafk mdadetboediastémthesgyiasssheckéorging delieetly. TiRaylaiRPRINg More

internal postionsdhamiRe-egaeeasions & i the g'ashiibPomdbyrpihertals.tyitdianossible to

convey the glass tibbon 9 stably without causing an fects such as crack. In this way, this
embodiment c;'(;%r%1 %E’)%ig%gggﬁﬁeésgﬁgﬁ t%%aélgjil}s r%eé-%tgo% %gs%%ﬁ%"%?‘?ﬁré Ié%gug%grﬁoﬁs 9t and effect

on stable convEyERTE TR finb BTG5 Plte Bisciatitimmrernt e st hiedaseseiddmg apparatus
100 is describedusiiy. W/ilsritheparaliere glemstedptithlttethpdratigle 4énebthid gldssthireesforming
device 4 excedtsapusitriesTinecbpino ahithe wlieR ases RoMs0vesH emibetiegh 4k and flows

d I S| J. lass, flowing, ' IS 4] | ted by th
neators 10 0 e o LR TRCs 0 Shae Fan e ey Qv fhk i
g

evice 4 so as t0 maintain the
viscosity. The moltén g;ss that has flowed on each of the sidewalls 4j is fused at the lower end 4e,
thereby forming the gl

shipresrod. The eRBYIIBA bastensd baandemdivstefiteraidls basgdnother
of the rolls 6 that theaieckiothresdind fahuayeandawmmwaishgorhite bBingleaoledsievdy.debe:

fmperaturg ofﬁ%@{ﬁﬁ&ﬂ%&&ﬂ@%&f@?ﬁ%?ﬁé@@&%ﬁé%@@@&%&?&%‘ﬁﬁé&&%&ﬂ‘%@ég% it
ccompagying.thi e solidification e glass ribhon 9 proceeds. The glass.ribbon.9 conveyed to
the outsi eof%he ?gﬁﬁ%{‘c‘%}% %gg%ighetgi g‘séeséﬁlﬁga%glze. i%%%%ﬁe s agsnsne%({gctgﬁt e %Féjmed_

According to tHBBATHBHIRTSHT, GRAES (ReHeaithe BROSFHETEA§BBHiBNs Ot of the glass ribbon 9, it is
possible to prevent thelbisbesigr & thaatdgecparidn sim b theglass sbliormd ke theditiniy of the rolls 6a

from being too figh«xtmpaicd terdheviseasiyeéine:CariermortigacFosBxaiale, thergiass ribbon 9 is
cooled, until the;g{emperatise. RNasHf dedashansbion Raink. 908 solidifieg,aroynd the middie of
the furna%% 2. Further, radiation heaters, such as a ceramic heater, a halogen heater, and a silicon
carbide heating element, can be used. The shape of the heater 8 also is not
specifically limited, which may be a rod shape as shown in Figs. 110 4, or a U shape
as shown in Fig. 5. As above described, the width of each edge portion of the glass
ribbon 9 is about 50 mm, and therefore the heater 8 having the shape shown in Figs.
30 1to4is necessary and sufficient for local heating of the edge portion. Further, it is
not necessary to bother to ensure exclusive space for the heater 8. Meanwhile,
according to the U-shaped heater 18 shown in Fig. 5, the edge portion 9t of the glass
ribbon 9 can be heated from three directions while being surrounded by the heater
18. :
35 _ According to this embodiment, the heaters 8 heat the edge portions of the
glass ribbon 9, and therefore the edge portions of the glass ribbon 9 more strongly
maintain properties of a viscous fluid untii reaching the rolls 6a. Therefore, as
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depending on the glass composition and production conditions. For example, in the case of producing
a glass sheet for a flat panel 10 display, the viscosity of the molten glass at the lower end 4e is
adjusted in the range of 10000 to 60000 Pa-s. The viscosity of the molten glass is controlled by
controlling the temperature of the molten glass. By adjusting the temperature of the molten glass in the

rangefof ﬁOO Bh&ﬁﬁ%m@e@iﬁcﬁ§i%%lb%ﬁgﬁ€g&9§ﬁéiﬂf§é§ﬁﬂﬂﬁﬂ %ﬁg%@bW?ﬁgeh t
Specifically, t g[’%ﬁ? telre e the furpace S ontro e heaters
10 so that the%gelr% erature %f%] tgé] glass at {hwﬁowéregnd e IS éﬁﬁ?ﬁs ?%@ &gnﬁlcularly in
recent years, 18 @Q(ﬁ%ﬁﬁatde BFRY R GasrgendR IvghiResias %ﬂ%f&&gg Substrate
for a liquid crydtathisher bend thaththenzebs Grldrasedibensiche uﬂ%&@d&m&@@ﬁhmﬂgﬂhe more

the width f the#ifoglass Hbbatpintirabasriad sosnehkehathehvisaesiorasialion in the width direction

the ollowing, § wpica Hoss o A L HE R 8 *Bm%ﬁ‘?%%z i @%%ﬁ%ﬁ%%d sioz
e 1ollowin ica S CO.

57 t0 70 mas TR POUDD FhALE e ror st s Al Mt B ﬁ% B R0 6

mass% Sr0: 2 @ﬁ%é%bé@%aénéh? PEEN e P mémmZ@%Wllm@esabie

to avoid nipping edge portions with rolls from the viewpoint of stable conveyance or
10 the viewpoint of crack prevention of the glass ribbon.

In contrast, this embodiment makes it possible to convey the glass ribbon 9
with the edge portions 9t being nipped by the rolls 8a, because the viscosity of the
edge portions 9t immediately after fusion is prevented from increasing. In addition,
before the glass ribbon 9 sufficiently solidifies, it also is possible to apply a pressure

15 to the edge portions 8t by the rolls 6a so as to render the edge portions 9t flat to
some extent, as shown in Fig. 6. The flat shaped edge portions 9t facilitate the
cutting step of the glass ribbon 3. It also is possible to nip the edge portions 9t by
the other rolls 6 located below the rolls 6a. However, effect on flattening of the
edge portions 9t are greatest when the edge portions 8t are nipped by the rolls 6a

20  that are located nearest to the glass sheet forming device 4. Then, by nipping more
mternal portions than the edge portions 9t in the glass ribbon 9 by the other rolls 6,
it is possible to convey the glass ribbon 9 stably without causing any defects such as
crack. In this way, this embodiment can provide both of effect on adjustment of the
shape of the edge portions 9t and effect on stable conveyance of the glass ribbon 9.

25 The operation of the glass sheet producing apparatus 100 is described briefly.
When the molten glass supplied to the trough 4k of the glass sheet forming device 4
exceeds a predetermined amount, the molten glass flows over from the trough 4k
and flows downwardly along the sidewalls 4. The molten giass flowing on the
sidewalls 4j is heated by the heaters 10 disposed circumferentiaily around the glass

30  sheet forming device 4 =0 as to maintain the viscosity. The molien glass that has
flowed on each of the sidewalls 4j is fused at the lower end 4e, thereby forming the
glass ribbon 9. The glass ribbon 9 is lead between one of the rolls 6 and another of
the roils 6 that face each other and conveyed downwardly while being cooled slowly.
The temperature of the glass ribbon 9 decreases, as the glass ribbon 9 proceeds _

35 downwardly. Accompanying this, the solidification of the giass ribbon 9 proceeds.
The glass ribbon 9 conveyed to the outside of the furnace 2 is cut into a desired size.
Thus, a glass sheet can be obtained. -




As203: 0 to 1 mass% Sb203: 0-to 1 mass% 35 Sn02: 0 to 1 mass% Fe203: 0 to 1 mass% Zr02: 0to 1
mass% Example Using a continuous melter provided with a melting tank made of firebrick and a
regulating tank made of platinum (in which a clarification step is performed), 5 a glass raw material that
had been prepared so as to have the below-described composition was melted at 1550C, clarified at
1600C, and stirred at 1550C. Thus, molten glass was obtained. It should be noted that the total mass

exceeds 100% becausedriialkitieshio B AIERES B R0 0883 hehf 203 fRtiBRSSY0 B203:
11.6 mass% NgHe T4 aRbEh 620 1B doldiie % PiRvant BRRLARPA S a5 ons 9t of
the glass ribbon 9 in the vicnity of the rolls 6a from being too high compared to the
viscosity of the center portion. For example, the glass ribbon 9 is cooled, until the
temperature range of the glass transition point, 1o be solidified around the middle of
the furnace 2.
The viscosity of the moiten glass at the lower end 4e of the glass sheet
forming device 4 varies depending on the glass composition and production
conditions. For example, i the case of producing a glass sheet for a flat panel
16 display, the viscosity of the molten glass at the lower end 4e is adjusted in the range
of 10000 to 60000 Pa's. The viscosity of the molten glass is controlled by
controlling the temperature of the molten glass. By adjusting the temperature of
the molten glass in the range of 800 to 1000°C, the viscosity of the molten glass falls
within the above-mentioned range. Specifically, the atmosphere temperature

15  inside the furnace 2 is adjusted by controlling the heaters 10 so that the
temperature of the molten glass at the lower end 4e is 800 to 1000°C.

Particularly in recent years, there is a growing demand for a large-area
glass sheet. For example, a glass substrate for a liquid crystal display of the tenth
generation has dimensions of 2850 mm X 3050 mm. The more the width of the

20  glass ribbon increases, the more likely the viscosity variation in the width direction
is to occur. Therefore, the effects to be obtained by applying the present invention
are enbanced. In the following; a typical glass composition of a glass substrate for
8 flat panel dispiay is indicated.

5109 B7 to 70 mass%
256  AlOg 13 to 15 mass%
Bo(03 8 to 18 mass%
MgO: 0 1o 2 mass%
Ca(: 410 6 mass’%
Sr0O: 2 to 4 mass%
30  Ba0:0to 2 mass%
Nag0: 0 to 1 mass%
K20: 0 to 1 mass%
Asz(st 0 to 1 mass¥%
SbaCs: 0 to 1 mass%
35  Sn0e 0to 1 mass%
Fe20s: 0 to 1 mass%
szOgl 0 to 1 mass%

el



K20: 0.25 mass% Fe203: 0.15 mass% 3n02: 0.13 mass% Next, the molten glass was supplied to the
glass sheet producing apparatus 20 100, which has been described referring to Fig. 1. The
temperature of the heaters 8 was set to 1110C. It is inferable that the viscosity of the molten glass
poured into the glass sheet forming device 4 was equivalent to about 5000 Pass, since the
temperature of the molten glass was 1200C. The molten glass was continuously supplied and was
allowed to flow over 25 from the glass sheet forming device 4. thereby forming a glass ribbon. The

glass ribbon lgnto a predetermined size and a number of glass sheets were thus obtained.
These glass sheets were studied on the shape of the edge ortlons As a result, no_edge portlons
were two-pronged. FUTHEE, HFERSREIR 8 5@9?’&%%% Foredih . é%%dﬁ g&ks. 1t should

o T4k

be noted that %@mmmmmﬁm inedunieaprorditationsiop mﬁﬁnrgia@é having
another cémpagitics that iendsitd tliavihadtebn/isesitedkihe toeaebthe dbpwe-deenriiened formation.
As a result, gleéﬁﬁsﬁﬁtﬁa\%ﬁk %?age&%mvm@a@%sosbaaﬁmmsge &LAMS 1. A

method for prod ?g ?aglass Sh“e%?‘é‘igdform f‘f;s p ocestf lﬂﬁﬁg‘“@ tﬁte Iggg is qu&g at a lower

end of a glass s?l fOFmin on, an ass on IS conveyed
downwardly aRsgSpRir&rdt Wé‘b%%ﬂ"[?elow the glass sheet formlng device, the method
comprising thé&#teps§e® masgfoviding a heater in a space between the lower end of the glass sheet
forming deviceaayish-orewohthie¥plls located nearest to the glass sheet forming device, the space being
located more Igggal%tg%gagsgulde attached to each of both ends in a longitudinal direction of the glass
sheet forming dev. c%r%nd be| ng faced by a side surface of the glass ribbon; and forming and
conveying the ibBR%While locally heating, by the heater, an edge portion of the glass ribbon
immediately a he-Jusiers’vherein the heater is in a rod shape extending in a thickness direction of
the glass ribbdix(2. Zbeametisod for producing a glass sheet according to claim 1, wherein the space is
located bgiweep theylewergnd of the glass sheet forming device and a point a which a width of the
glass ribbon bg{:z ﬁaconstatpt after being reduced gradually. 3. The method for producing a glass
to o

sheet accordin a|m or'2, wherein
es0sl 0.15 massdh

SnCs’ 0.13 mass%
Next, the molten glass was supplied 1o the glass sheet producing apparatus
20 1060, which has been described referring to Fig. 1. The temperature of the heaters
8 was set to 1110°C. It is inferable that the viscosity of the molten glass poured
into the glass sheet forming device 4 was equivalent to about 5000 Pa’s, since the
temperature of the molten glass was 1200°C. '
The molten glass was continuously supplied and was allowed to flow over
25  from the glass sheet forming device 4, thereby forming a glass ribbon. The glass
ribbon was cut into a predetermined size and a number of glass sheets were thus
obtained. These glass sheets were studied on the shape of the edge portions. Asa
result, no edge portions were two-pronged. Further, there was no apparent
devitrification found in these glass sheets. It should be noted that ancther glass
30 ribbon was formed by the same procedure, using molten glass having another
composition that tends to allow a high viscosity at the time of the above-mentioned
formation. As a result, giass sheets with edge portions having a favorable shape
were obtained.
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the edge portion of the glass ribbon is nipped by the rolls, among the plurality of rolls, located nearest
to the glass sheet forming device at a position where each roll extends over the edge line of the glass
ribbon in a width direction of the glass ribbon. 4. The method for producing a glass sheet according to
any one of claims 1 to 3, wherein the molten ggssgpntains tin. 5. An apparatus for producing a glass
sheet comprising: a glass sheet forming device having a wedge-shaped cross section; a plurality of
rolls that are disposed below the glass shegat forming device and convey, below the glass sheet

forming deVice, a GITSEPABESPIECHER 1SS FhREAH WIKRY, BescRsWEw iRk B AR 2RSS sheet
forming delvied atrtokenrglabsithaglebrasdhdkowedivgde frontodarougtiass ahtepperddbetebithe glass sheet
forming deyieei is can@yidelthakisaiachec sheaal of bothippsisdbadangiudinaheditection of the glass

sheet formﬂ&gﬂ&v&gg&n@é%gg@gg&ﬁi@%Qﬂglg%sgjﬁss from flowing over from a sidewall of the glass
sheet forming dévice; .gnd a_heater provid;)d in a stg{;;l e between the Iow%%ﬁ?nd of the glass sheet

forming device anBl SIS S IHEVEIIY BHEREP RRAEI o Ther hete! Srodpid R aRRE S W space being
located méné raxeratietivdn vateliigaresh & beindpsaceastidyra sigldosindabe shesdgadsaisbon, so as to be
capable ofnhogaihyehe@tm@arg@dgemdw@miéh&wfdi!sﬂﬁéfﬁetiﬂﬁ_ mﬁgﬁe@h_asﬁiﬂfébﬁﬁmimmglihate_ly after the
fusion, wheteindhg:heatelisiaad sRaps e IrRAINGID & hickResHHigdian of the glass ribbon. 6.

The apparatus forﬂc))roducin lass slﬂeeE acc%

a ! E)din% tcg (i|all'ﬂ. wtheorr n . hthe heater has a larger
dimension in a dir€CHorESH Saor%}nt% aelgr?a?tﬁ inal c;lvfgc HitRe) f"ﬁemglags et oihh gedevice and a

vertical direRtion phais ghss sibhos graaedstdeefisntin § aewicdeeihe same direction. 7. The apparatus for
producing a glasstsheettacetrding! thaglakntmding invhierdiness ditbeioalls, thendag fibBoplurality of rolls,
located nearest to the glass sheet forming device are disposed at a position where each roll extends
over the e ge IineI%gtheﬂ%lggg ril};{p{gnin a vyidth direction .of l;[helg{%sls Q%bpn SO as to nip the edge

. heet )
portion of the glass Hbbon, e g(ﬁrplgf’a%uasssfgregrg%ﬁélﬁn aGgC]ass sheet g}gcordlng to any one of

claims 5 to 7. furti&s %ﬁ%ﬁg]'p@c;d between the lower end of the glass sheet forming device and a
point at which a width of the glass ribbon becomes constant after being reduced gradually.

3. The method for producing a glass sheet according to claim 1 or 2, wheremn
the edge portion of the glass ribbon is nipped by the rolls, among the plurality of rolls,
located nearest to the glass sheet forming device at a position where each roll extends over the

edge line of the glass ribbon in a width direction of the glass ribbon.

4, The method for producing a glass sheet according to any one of claims 1 to 3,
wherein '

the molten glass contains fin.

5. An apparatus for producing a glass sheet coraprising:

a glass sheet forming device having a wedge-shaped cross section;

a plurality of rolls that are disposed below the glass sheet forming device and convey,
below the glass sheet forming device, a glass ibbon that has been formed by fusing, at a lower
end of the glass sheet forming device, molten glass that has flowed over from a trough in an
upper part of the glass sheet forming device;

a guide that is attached to each of both ends in a longitudinal direction of the glass
sheet forming device and that prevents the molten glass from flowing over from a sidewall of
the glass sheet forming device; and

a heater provided in a space between the lower end of the glass sheet

I1



a temperature sensor that detects a temperature of the molten glass on a sidewall of the glass sheet
forming device; and a controller that controls power supply to the heater based on detection results
of the temperature sensor. METHOD AND APPARATUS FOR PRODUCING GLASS SHEET
ABSTRACT A glass sheet is produced by a downdraw process in which molten glass is fused at a

lower end 4e of a glass s et fo VIC 4 to form SS ri and ass ribbon 9 is
conveyed g)own\%/é%ﬁ Ve onong cﬁ)glumral'%ipki S8 %S%%e(? BETOW Fﬁ’?%]l ;g”ef O Hevice 4.

Heaters 8 &bf grat Wﬁé@‘?ﬁgyﬁ%@%@ﬂﬁééﬂdtﬁ‘éﬂ}é\ﬁ?é%ﬁda@édéﬁ‘ﬂﬁ@cﬁlafé@%E@é‘-t forming device 4
and the rolibiga|ecated mearebie td elbiasstsiieatdiynpng devieeviiti hiecgiaas fitho @rs is formed and

conveyed wihilg theRdae RQrions ohde glasgiibbon 9 immediately after the fusion are locally heated

by the heaters 8. %Flgea er 1@ Y% Is%h}%e extending i a thickness direction of the glass ribbon.

6. The apparatus for producing a glass sheet according to claim 5, wherein
the heater has a larger dimension in a direction orthogonal to a longitudinal direction
of the glass sheet forming device and a vertical direction than that of the glass sheet forming

device in the same direction.

7. The apparatus for producing a glass sheet according to claim 5 or 6, wherein

the rolls, among the plurality of rolls, located nearest to the glass sheet forming device
are disposed at a position where each roll extends over the edge line of the glass ribbon ina
width direction of the glass ribbon so as to nip the edge portion of the glass ribbon.

8. The apparatus for producing a glass sheet according to any one of claims 5 to 7,
further comprising:

a temperature sensor that detects a temperature of the molten glass on a sidewall of
the glass sheet forming device; and

a controlier that controls power supply to the heater based on detection results of the
iemperafure sensor,
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