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METHOD AND APPARATUS FOR PRODUCING GLASS SHEET The

present invention relates to a method and an apparatus for producing a
glass sheet. Specifically, the present invention relates to a technique for
producing 5 a glass sheet by a downdraw process. The downdraw
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”Q}?&@e ras yl %:%‘%':9&%9&‘ ht Ea glgﬁapv?xgéoa[] rough dense arrangement of heating
elements at a position facing the sidewall of a forming unit (glass sheet forming
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 glass ribbon formed by the downdraw
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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having a two-pronged shape may cause a thickness variation of the center
portion (portion to serve as a product), and may cause a decrease in the

yields. It is an object of the present invention to prevent the edge portion

of a glass 5 ribbon from being formed into a defective shape. The
inventors.studjed the causes.of the, shape defegts in the edge portions of |
Rl e B R
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arg,hke i GEHEvice; and a heater provided in a space between the lower end of the
glass sheet forming device and the rolls located nearest to the glass sheet forming
device so as to be capabie of locally heating the edge portion in the width direction of

the glass ribbon immediately after the fusion.

tem@@%@ EGa eq]&fc%u,y%@%}ggg %I%%tj&(} 8§]}Gﬁfgéﬁ§§él6%bﬁg%§§ﬁ%8%§%w the glass

The glass ribbon immediately after fusion is not completely solidified, which
1s in a viscous fluid state and therefore easily affected by environmental
temperature. Generally, the edge portion of the glass ribbon is eooled more rapidly
than the center portion of the glass ribbon. If the temperature of the edge portion
decreases too rapidly compared to the temperature decrease of the center portion,
the viscosity variation in the width direction increases, and thus shape defects of
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In contrast, according to the above-mentioned present invention, the edge
portion of the glass ribbon immediately after fusion is heated locally by a
heater. That s, it is prevented that only the edge portion of the glass
ribbon immediately 5 after separation from the glass sheet forming device
iibctzog d ra%i.gl : Th%% Elhe temperature distribution in the width direction
of the“Gale MBS HEPIE, ‘& Wacosity distribution is equalized, so that
shape déRetiEFRThaeagdipsinhe pboyameyionsscaremniczesngon, the edge
apprarenus dendbesslnibhied fnrealinicly aficthfigisese biutedntonyahd shusiter.
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loca yn&%?t er, if the temperature of the atmosphere inside the furnace is
increasedoVaMRIGERE AfBTe & e fheae af irdyearmt iy msiepai aso is
titeneppabltis ischastetied;onprafonably (2@ WisheyHdre motdd thafithace in the
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Ig. 1 is a schematic front view showing a glass’s ee?prodaucmg -
a pee?reélhén‘?@‘&%’édf‘o‘%slﬁe&?\%i%ﬁﬁa"é‘d’%ﬁ@ﬁ%ﬁf e prasahPAWRT I g tion
2hecavchdn atesorktiearssiHorRwien anke thal odgetherfive. Hfiief ghess ribbon to

gleshesitee tqedtiucifynppardile indigatedindig e kigackiharpatiale the furnace
eqlargedh e sRRNWING A dsialied ReSHoR.ah 8 AL AEI0: b R span dof the

sg em%?]&sv.igs S %Wit&gﬁandirgegaﬂﬁnal relationship between a 30 guide

anttthe heater. Fo. 5 1S & Schernatc view showing a modified
embodin%ﬁbaﬂﬁg%%%@.tﬁ@."@%%&%ﬁéﬁﬁ% it shswrbhem ositems|for
retsaiondhip bethvelonBaglasibbkbldmbng fllsakignsids Arenctiehalidiewsriace of the
skbwingibshape of an edge portion of the glass 35 ribbon. Hereinafter,

one embodiment of the present invention is described with reference to

the attached drawings. 3 . . .
%gg. ? s a sgaematxc 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-II of the
glass sheet producing apparatus indicated in Fig. 1.

Fig. 8 is a partial enlarged view showing a detailed position of a heater.

Fig. 4 is a schematic view showing a dimensicnal 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.
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As shown in Fig. 1 and Fig. 2, a glass sheet producing apparatus 100
according to this embodiment includes a furnace 2, a glass sheet forming
device 4 disposed in an upper part inside the furnace 2, a plurality of rolls
6 disposed below the glass sheet formlng device 4, and heaters 8

dispos se to.a lqwe en e 5 (ro f the heet formin

device ﬁag%oralng Sk, R es%gg%ﬂf %5?@3&5%%359,}&95
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réngeink tepasgible to adjust the temperature inside the furnace 2 by
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e vertc 10N SO, 1na e glass I, 0 SC e
%J 08@%1%[' %ssmg roug ?ﬁe |n5| e (0] e ?%Cfle%g dr]a(!)l\}’\lnwacrﬁ(; q:h‘el heaters
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Fqéﬂze thesg sz s fewtfugravipe dviebidthars awitdge %hépaﬁmammss
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fma&%%é&%@%ﬂmgggmbd'f%ﬁ}é%eﬁ'c% cf}%ﬂ FRR0E Fradient e
min vice 4 Is rection as tae Wi ection of t e %as nil
s E%g%mﬁ%mﬁ RSO S5t IR RO F P while
foHersEa Rgowtt sofchadarnrevdrigwmaandivthat the trough 4k
extends Fkhelicaghudinal-girectiomtddt Axshewillinnhidy 45 frsoigly tubeshown

1hig: ﬁoﬂn@fg%@a@; gl%é'ﬁ%%%ﬁllé ae%iag%%&%»@é@%%t L%ﬂo en;?r (%6@}5 %%E’Cmn
CO UOU S| 1TU Cll
lq;% te fgéléaf?{fée%%om@? déé%lcgp% ﬁas a palr % device 4.
hesierpsteet g Redstt draispme
LM@%@W@WO&M@M@MMOEI&@@@I&MH@&]M floim pathprfer pacttefithe glass
glassthet-has flowed ovetrfiam theffiough: 4ol iR isidewalisdifermadin such a
fl%ﬂ@? %%é%&&ﬁ@%&%&%%%&%ﬂ@%%ﬂk@é%&@%f'Oﬂs%hown in

ach Si s fused at the lower end 4e. As shown jn Fig.
R A TGRS T ORE e O RO Slace an bo
sﬂ@Wé‘l?@ &P@W&@ﬁ@d‘?@b@%@@éﬁ’ééﬁ@ Mﬁﬁ%ldﬁ@?ﬁwﬁélﬂ% véehpfrough 4k .
LD of théigkissssheeFigriitisedévisaseddahoing dehig. 4htheaquitdef sidewalls
haga W@ﬁ%@mﬁﬁ %Q%U'géméalﬁt%%o‘ﬂ?w and il?n@l}?%ﬁl%ﬁh}%ﬁ%@ﬁ@ HabahR vertical
Scl)éf%egpg‘ev?feg CO\é% ve% lcaﬁ%%elrciﬁgglt% aCeo 8%37‘ oca eae d over
é}' E?‘c?é’ﬁt\mﬁgh‘l%kb\l\@ §H%@I line a the lower end 4e so that
the molien 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
the enfire end surface of the glass sheet forming device 4. In the vertical direction,
the tip of the guide 7 1s 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
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forming device 4. Owing to the function of the guides 7, all of the molten
glass can 4 flow along the sidewalls 4j. The rolls 6 function to convey the
glass ribbon 9 below the glass sheet forming device 4. The rotation speed
of the roIIs 6 is adjusted so that the glass ribbon 9 of a desired thickness
for %‘Et 8wn F' 2, the rolls 6 are 5 disposed symmetrically

W|?h reémgc oA verical plane including the lower end 4e of the glass
sheet fo &H@ﬁé@%@% fopeEipaiast ﬁ%ﬁ@ﬁ@({j@;ﬁgwﬁ
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the edge, 15 ROH’IOHS % ég%gtéo lass yi bon 9e side and the
immediate y afer. fmsm fhere y preven tﬁlé %scos I
pUEhE ¢ e dereibrting iﬁﬁ?@%@kﬁg B¢ glersrhth wam@a%&ﬂ@q
cOnssiiedlln thehlsedeity bf phevidedaon ponis. atetar thodsiehend 4e of the
videesiaariatiannn dbeiwidthindinectian ddhe-gloasdibband fiedyleas shset
2?%&%%%%%”%.&%@1%*'“?% R T b 0 caec
R e R T p e e LA
wikiererRtaY eREmE theaTenonin 9 hassanrpmionsos ¢ a@rﬁﬁéﬁ@#&p&ﬁ
glasselterehsaefetrithmrdserobepigducihiph glassashées Hycthizdewndfaihe center
PiReass. devibiflcatinnis |lR!YiQa66H 5&51%%13&%@9@@%19@&&%@@ of the glass
gﬁﬁﬁwg&%@hoﬂg@JQ&I@%ﬁgnﬁwe ek entiebncien. 08 618 M rovented
e one of the causes: veloCl ﬁen g%ss

B e AFBACPIR AR B0 h A HEPRORER B g pn oo can

nhsimesFerted a temperature range in which devitrification is likely to
occur. Thesheatellsi@eisparetifriheivichity phihergeides y haahnayenlygrains

the-eage,30iR aggsagﬁ%gl@@t@ggwe%@?g&@s QUGES L SNCEING ce of
heaté)f the guides 7 is con %JC'[ d to.,the molten

gEl)léb es c?nﬁ anbe Sk}%%e t %?%dfa%g m%ﬁtc‘eh \élég%%ﬁ\{é%?g%ge%?% oceur at
tHEY BREEPPTEIBA @ﬁﬁ%ﬁr&%}?ﬁeﬁbﬁ%@ te%éfé{%%aﬁ@ésw&mmm entirely clear,
délitrifidewionei seldrabyttcbe coeroPandi calarhs; ihth@owastovitheoé tivdtaroifiess
Jl@sErEQAIAT N AsiAiTHRE Hmaudde shyHallinesHbBlaSsiass 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
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, {in oxide crystallizes in glass,
which is likely to cause devitrification. Therefore, in the case where the molten

glass contains tin, the present invention is recommended especially.
In this embodiment, the heaters 8 do not contact any of the glass sheet

o
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35 which is likely to cause devitrification. Therefore, in the case where the
molten glass contains tin, the present invention is recommended
especially. In this embodiment, the heaters 8 do not contact any of the
glass sheet 5 forming device 4, the guides 7 and the furnace 2. The

Rgslion oL hf%g%g;ﬁdmtgg thsaé %@e e eh%' e is

I |mmed|e’1te usion can eated e
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min
hé&?eb%h%a?%ﬁ esmsp %y e Bﬁmﬁw (ﬁ}f@l%@hﬁ eppBds on the
distépet ‘snzé@mthhélh@nﬁﬁmai@itac&othﬁf@mmmckﬁe imvlkofe gl theection from

gwﬁq&i@éwﬁmﬁff%agig Eﬁmwﬁjgg I%M&%%@ m&#&@%@ 'Pﬂge guide 7) to
ML BTG REELS Q5 D %Aé A %’iﬂ? l!%) aH e distance Ly
aid so that the heater 8°'doges not contact ﬁ rh 9. Inthe case
b %%W@@fﬁ'% =i %#M%W&@%%éﬁgoome gt OP Aftoneater 81s,
trf@w@ﬁm@s Hrasdlonrthesithrafine @é@mﬁl@thakmfh@@& 0 to 30 mm.
inHewweadk of tZgnofoth elguiidend v @ defdrenties Rsashiosviiods high chrifiet the class
E%ﬁﬁﬁﬁfﬁ@ﬂqﬁf@E‘Q@‘J”P%h%ﬁg%%é?ﬁ%? f?%%%??sbﬁm g 0 w2
%c':%a(f d?ri%cd# ie §) %ﬁnséss g“?ec Eijn c?f g‘oééﬂ ﬁ%g § aﬁmg the
sPrBWﬁ‘ waElgt Z,gtH%tBﬁw%‘i’%@rohW#%H%ter 8in the thickness direction
of 30 thelglabswibbo¥@.ig |dhgerehan ShexdiménsiondNRmisheayRissction
shechdosmingodRvicef dhendhe:fliciens@priMdaftheoguida-vain R 8oiening device
d'@&ﬂ&@h{\!‘(@}%ﬁfhﬁe 5&;géﬂéc“{%”ﬁﬁ@%&%&%&%r&%&%‘ﬁ?t@ﬂ?éfag?%%%on 9,

heat
g.s shown ik 1g ension Wi of the heater 8 in the thickness direction of

the glass ribbon @ is larger than the dimension Wz of the glass sheet forming device
4 or the dimension W3 of the guide 7 in the same direction. With such a
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 Wi
of the heater 8 is large enough to heat the lower part of the guide 7 sufficiently,
effect on prevention of devitrification also are enhanced.

The power supply (set temperature) to the heaters 8 is controlled
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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 W1 35 of the heater 8 is large enough to heat the
lower part of the guide 7 sufficiently, effect on prevention of devitrification
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|nc e a ther

{10,140
con?rt%f]:??t%% %?ra%%gl o e %1 hé i eaﬁmf'sc%ulg’g??s,ce%%e Soudtiler 14

con & power supply

dERBERSH s Brirer ks g dhsates kbraes moieseshipiacaitesf the
temppeattveccitrehdaterS® tscaagpializbe totthartpenparatuicbe tectzot ¥ is

L@tem&arai@re SR didrindbiscwdby imi% posSibiedar-eapHthe. 1:1 this way,
9&@5&%@%&&{&&%&@%@%@& &k ﬁ%%e%é %%%95% o@’t%)b%% m

surely prevent sha the ns SS 1l I
th‘i%"%é) P Bt é)ﬁ%"eﬁ’&‘fé %Fo?gélfﬁ*oe Bag ahe glass

oﬁ@?@ftﬂ%tectlon results of the temperature sensor 12. Further, in order to
detect tHe thinpegatideint theceniétiponiancss the.wjdsh sliectiahmbigily based
malten: Jags:ain 20408 Qf’ﬁfe%ﬁlégr%t}p@ &lﬁg&% etFQuming fevige 4o Fetect

nep-qantact infrared radiation sensor ca be us %1 asu 1eml;}eo %gratwi%e ) ¢
sensor 1. The heater 8 15 notspeciically Timite ong asi nglassa

uSBEI0TER eathisiribroekess @ﬁﬁeffgfaf%ﬁe@ea.ﬁgalwe)@%dw@aﬁyda
whesistings retermen bormediees libating slemtant kemsil fi2m can be used

as the hetberBa2h Busthet sadidian:neaiBis S4ddas A cesanie heater an
halaasn hea'el A3 Sllean carbide, %@W'e%%r&&ﬁ%%gﬁs Haeh it
?é)ne}e%f t(t]e heateéE also %enoé Sgﬂ?;@g%ﬁ lly limite e a ro
SIAPRRE EhAWH I RHEe S H<BF B SATROWREH S % %aszer
a@dveb&émnﬁeemﬁ srelnan 2R PRt st iRchghassissorr o & silicon
aloaritiB6 matjanedhereforerthe heater Bihavingthe shapesbowalin Hgat
3Qphithdityacessaryiany sufigentior pcdlngating,of fhergdae ROIIQN, U shape
F"égggg‘m%l?n Fig. 5. As above described, the width of each edge portion of the glass
ribbon § is about 50 mm, and therefore the heater 8 having the shape shown in Figs.
1 1o 4 15 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,
According fo 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 until reaching the rolls 6a. Therefore, as
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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
odlm e heaters.8 heat the edge rtlon ft ribbon 9,
ere%nr% %&été%l 888cl)§nogr?s O?Yﬁ%% 8 P bon n&o‘?vegcﬁig ¢ portions 9t

smﬁ'am s Racods Ehawﬂrﬁiéaﬁ#ﬁrrgliﬁ&m@ éasppﬁ@i@rbf»@to nip
dhy mﬁm@@% itBegosdite wxeomseytretastpd fiverpDthitbltise ribbon 9.
efgepostinnshi8indaing stippesbhy ¢necirlia Gaiot b esNaa dothe: St Ededge

3#8&1&99%%&9&5 Lgo%olﬁ“%&gg&&%g}g@ﬁ %g%*agg extepds over

ed ne of the glass r e oﬁwer rolls 6
Iogated be‘lﬂ’é)v% ?81@%’& %aﬁ%‘i i the’s it ﬁ?ﬁ“ﬁﬁ;?&ssmie to

irfteieranmsimeosidaned Gugele ﬁ@dh@‘@?ll:@eels@ﬁ ﬁmna%tmmpaﬂwq@ge portions
Fodj tReqfldi 200801 330 7AMA cit i od éd propsitle:de wddierhipk Hhepositionsafdvisable
the s08s1saghaialitherlisde Rahiomp m%%ﬂ% & mgleéﬁveyame or
“&E&O\Fﬁe '&Hﬁt% i{edI%e e%(%{tlg%ﬁ t\41\{|th Iaa fd %hb\é|5005|ty it is advisable to

avoid ni |ng edge po lons Wit hé V|ewp0|nt of stable

conveya riﬁ*tﬁ%‘%%%tb‘?ﬁﬁ‘?ﬁ%FH@&‘%&/@?R%W%F?H@‘@T%@WS fabbon &
cHRERaSte ﬁﬁg@ﬁm Ehbmuagesnppdbsitthe toolls e pehevgaBs ritiosi®y of the

witptheoaige potiions dhbaingiippeddyiheritaioa hnearsRiths. In addition,

V%%t}[h%féﬁ%s %Q@rgﬁﬁgﬁm%@@}ﬁ aft sg"ﬁ"%'a ‘ere%e%?)%r & pressure
myincreasin .In a d é%%the Iass ribon %ﬁe‘v‘% C|entl

e 8p JS %nrsjoss RIS 8“5%&?&%‘ &at to
b§°ﬂ‘?§ PEtREG &fséhaﬂb%ﬁwerﬁme %aﬁ@hwwﬂatwtgmﬁ Stcfeailitagesthe
shotimgrstép o6t Heheldlat shaped edbesportiopssSitfrdititate the cGgtiipgrstap ot by

otheegassolibleonAtdualeni® rRsibledn. nlﬁ%@@ﬁ%@%l@ﬁ%@&@mﬂg 81 the
ol roliBospied %gg%%g@% e 2 g BYe 89 gon R Bl iis 6o

portjons 9t are greatest when pOI’tIOI’]S are

agé’
c(ﬁj‘igétﬁsz Wi Reapsiinthesass ﬁ%‘?ﬁé% BB Ialppmg more
THeAr 3] nippiers e theeded portions $han the gdge Ipbbnur%?c@t fhethiher rolls 6,

glags pikineSdycthe piier fhils eiblis pessibledareonyeyiiadiassdibRefsuch as
9&%&@)’ iR GaUSInG, ARy HBTRGLS SUEh A8 v BB N LB Q!ﬁ ustment of the

Qt cg rowde b h of.e ec% on adj %thent of the %% %bon 9.

e r(}%%ons BaRdeR ect on RRf BHOC O ES BT IRE gAY fiBBSIRES

The ope%%%%ﬁ%ﬁé%ﬁ@%ﬁ%ﬁ%& B arrerenisi@8serisseribed briefly.
bNéfign Whewltee glsttemgipBsdsupiiet-taghetiradghodklafsthreglafsming device 4
sheetdamipg daviatife 8468665 arRresleies N etk Ry AP e- SRR  trough 4k
S8z e QUL S U AU SN o

S 4 owin
d s JL} -{s eate he heaters g.t(} dlsposed circumferentially around the glass

sheet forming device 4 so as to maintain the viscosity. The molten 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 8 and another of
the rolls 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
downwardly. Accompanying this, the solidification of the glass 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.
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sidewalls 4j is heated by the heaters 10 disposed circumferentially around
the glass 30 sheet forming device 4 so as to maintain the viscosity. The
molten 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 bet %@ﬁﬂ %g Séﬁl\&) nother.af g dolls, t@e&;\%cgdgsl%%ms ot

Otﬁ%gé&%r@r/}{ ownwal, |fe eln Co0 e@}s OW@?{

8 R e heth i Gfies portions 9t of
prscetass Shiachinahslyicietsraptreyedlatte, fmwéwummlbmbfcmepared to the
gragssibboftBepsaneegsrtibhe ghﬁ&ﬂb)ﬁ@ﬂe%’ denyeyedibbdnaosiwicie Qfuntl the
t@@ﬁg@}ﬁe&g g dpia on iR AR5 SHIELEAPRRA the middie of

tgl ed, ge ccording to this embodlment since the heaters 8 heat the
ge por?lons ot of the%ass ribbon 9, it is possible to iErevent the

wscosﬂyr%?ecl’l’és%‘lfgéf 6%%31%59?% il ond fselidnigless gheet
riteneaddenibehyanes gheodmgare dhe ghessisogsititsithe centéuction
p@fﬂ@mdﬁar examplenile, glngsd thhenSpyfaaciad Uik inmsetemiPe RitifRinel
R 16 GlasRiltAnaiion paink 1p.0e soldlificd ar %H@%@% 'Fé&’in the range
% ag% |sco of the molten glass at the lower end 4 fﬁ
O ST ot e e B RGP (B S CBRAE i
a%%&@@ﬂ%ﬁ t@mme phEkscamiiin Hane cPscaei wiore dirytarghesgture of
stieetfoltenfigihpainet HOrdisy af, 0@ 10l ICEERT oflih eimcdien fltss @blben glass falls
I%%%é@ﬁ&@%@ﬂ%ﬂ@&%ﬂggges 4800819180000 58 rdl Pnperature
épleﬂ'&nol n g&ass i ontro d]@{ (%%ntgollln t% ter&getr%hure
Re mgl%en g 28s B %hcgrfelf?i erature ot eS mo 1350% fiass’in

tﬁ@%@%f% fts%%?e %w&&gﬁﬂﬁ)‘aﬁﬂﬁnﬁméﬁéﬁ%%& 1R ithin

the abov&4reenionbdrangertSpeacHicalye tivceatmosph drenendpioraitire gkbarea

u@m Hedurnaee isasiisiedby coniteltagdhe heale w180 1BEN6S the tenth
spReiaie SLNSOlEN Arsag) W R RBTNL PR E0NG e o e

R R e R S T ST A e ey i direetion

tHe teRETIGenChatvBathg efoReE AR EPOb0RE FheTPrRePRBEdnVention

thereidieattde 20 gleskolibbborincteases sthesnateplikielythe vigbosiubstrate for

varmdiopanhayidindirastionds to occur. Therefore, the effects to be
og@ned?b% %%Q&the present invention are enhanced. In the following,
n%f 33 ss composition of a glass substrate for a flat panel display is

&fed>$0b? B£E%0 mass% 25 A1203. 13 to 19 mass% B203. 8 to
1B ras8oe 13 mass%

MgO: 0 to 2 mass%
CaO: 4 to 6 massh
SrO: 2 to 4 mass%
BaG: 0 to 2 mass%
Naz0: 0 to 1 mass%
K201 0 to 1 mass%
As2035: 0 to 1T mass%
Sbe03: 0 to 1 mass%
SnGq! 0 to 1 mass%
- FesO3: 0 to 1 mass%
ZrG2: 0 to 1 mass%
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MgO: 0 to 2 mass% CaO: 4 to 6 mass% SrO: 2 to 4 mass% 30 BaO: 0 to
2 mass% Na20: 0to 1 mass% K20: 0 to 1 mass% As203: 0 to 1 mass%
Sb203.0 to 1 mass% 35 SnO2: 0to 1 mass% Fe203: 0 to 1 mass%
ZrO2: 0 to 1 mass% 9 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
ared so as to have the below-described composition was
melted at/$BBOCaltrflodsaneBO0 Cramdestiwed atrS50¢ tThlsnadmtitfirebrick

mm@aﬂﬁfﬂﬂgﬁﬁnﬁ ﬁfmldftiﬂa%giaﬁltkm Wedptakmassfiaesthy 10086formed),
masso/ %&%H%%%I HACIDG BUOKS, 2200 Q%&%%%i Jcéfﬁe%&ﬁdé@cﬂbed
RERPE 19 G LA 00 %ego}ﬁ SRR 00, Teue
%@99.&@%3@/@%&&%@&%&@%@%@@ﬂﬁﬁh@&q@iﬁga@[@g@c@ﬁ%m%

phederciagtapphwddy so@0difevvhich has been described referring to Fig.
1githe gempesatere of the heaters 8 was setto 1110C. It is inferable that

thg @sc%ltyﬁgg molten glass poured into the glass sheet forming
n%: e3 4 Was eq%él?valent to about 5000 Pas, since the temperature of the

F5BG%1200C. The molten glass was continuously supplied and
V\MQQH@VVE@QQS%W over 25 from the glass sheet forming device 4,
thexéby fomsga glass ribbon. The glass

SrO: 2.6 mass%
Ba0: 0.7 mass%
K201 0.25 mass%
FeoOa! 0.15 mass%
SnOq: 0.13 mass%

Next, the molten glass was supplied to the glass sheet producing apparatus
100, 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
femperature of the molten glass was 1200°C.

The molten glass was continuously supphed and was aliowed to flow over
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 another glass
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, glass sheets with edge portions having a favorable shape
were obtained.
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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. As a result, no edge portions were two-pronged. Further,
there was no apparent devitrification found in these glass sheets. It

should be noted that another glass 30Q.ti was formed by the same
procedure, using molten glass having anotner composition that tends to
allow a high viscosity at the time of the above -mentioned formation. As a
rdsult, glassethed tonntie duregrodisnsshavingya fdverablevshapessiarerhich

ObiitRads1 A€ L RAMS al. aﬁdﬁ@ﬂmf&rﬁﬂé’éﬁgﬂﬁ@ ﬁ@ﬁ?ﬁi@@ﬁ@’t@ form a glass
ower en
dﬂ%%@ Eﬁ%egiﬁslg' %BSH %&%?%@iﬂ#gg r? g%h epg Ll b%f rols

oot i e ek b ke

glass sh&&e¥shagg I&éﬂﬁéﬂféﬁf‘ﬁ@@ﬁp@ﬁ%ﬁ%@éﬁ@fe providhegt
aftieateg idesispand M\méémthﬂlmerte@d:ﬁﬁb& glade ghestdesmifigming device;
degpice and one of the rolls located nearest to the glass sheet forming
device; nd 10 for |Co%and CO{Q/ ngsth ass ri bﬁ)%a\ﬁhl e loc

rbb

heatin e ea er, an edge pattion o 6 glass wﬁ?ne(ﬁg?glthe heater,
aﬁ@Fﬂ‘%@ iy Rrgiaoe of isoslag yua%‘ﬁ&’r g d88%Bcording to

claim 1, wherein the space is located more Iaterally than a guide attached
t@each dffaothetbbEfigpinaiangiluding siestionatitie glasssheaiherein
T IS et e B B
the Spacé tfgtfgf: %%‘% %ﬁ ‘e‘%ﬁoﬁg%?%\‘ﬁél §%¥§gs‘ﬁ‘é%‘f

device 20raglpes pehkpabahiRidesitres fﬁ@%@serwm becomes

constant after being reduced gradually. 4. The method for producing a

glass Sheﬁ{eaﬂé@ﬁ@@ %%Qlﬂiﬁéﬁg‘%@éﬁys%gg&%m el€ 01388 rein
ribbon is Bfg Q){ﬁ @e rgel(ﬁl)oaggted @garst to 25» tp s sheet fgrmln devi
devi me cing_a glass Ssheet’ acco g j 16 c?al eviee

e. o for
g&ﬁ% %&t‘é‘ﬁ}b?a&%‘gérﬂ%ﬁh% B3 3iBban %ﬁ%&%@ﬁ%ﬁﬁ&%ﬁ
gresketberasbrabiising: a glass sheet forming device having a
wedge-shaped cross section; a plurality of rolls that are disposed below

the glass%@mm deyice;.ang @g@m@%&%ﬂ@n@mﬁnﬁ wherein

formin d VIC lass ribpon that ha
9 ee ge orfion OP &e glass m%bsm 18 nipped by the rolls located nearest to

the glass sheet forming device.

5. The method for producing a glass sheet according fo claim 1, wherein
the molten glass contains tin.

6. An apparatus for producing a glass sheet comprising:

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

a plurality of rolis that are disposed below the glass sheet forming device
and convey, below the glass sheet forming device, a glass ribbon 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;
and

a heater provided in a space between the lower end of the glass sheet
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formed by fusing, at a lower end of the glass sheet forming device, molten

glass that 35 has flowed over from a trough in an upper part of the glass

sheet forming device; and a heater provided in a space between the

lower end of the glass sheet 11 forming device and one of the rolls

lgcated n arest to the g t.forming device so as o be capable of
Igcranfﬁ/nﬁefatmg antane po%%o?to 6 %%?@{ﬁ%ﬁ%ﬁﬁg fsthagf fogping device
iffaE dndbeierpblaRg heafingan fe\esraarSion ivre duditydiregsion of the glass
shbb@taunmdmgt@ytﬁtm ehw}mexmn the glass sheet forming device

includes a guide that is attached to an end in a longitudinal direction of

th'e glas%ﬁg M% qEVl u%?lg%t‘f’g%iggev nt% ihe Iten e g Whgrem

flowmg Sld w ssﬁee??ormlng € |ce

is Iocate ? P& Wﬁw%ewﬁj?%ﬂ@ef@tﬁ%‘@%ﬁ%aﬁg Qe end in
stifpsEtReding tresperefsha slasppwettfiorfome devting el ghasspshestts the
acdveting e dinim owihereiitheheatedhasipdprge @Iﬂ%%‘é&@dﬂn@ng device,
d'reCt'OntHétQB&%| 1&%&9@&@1&@4@ EEQH gldhsglass,gheet forming

device a avertlcgc})dlr ctlon LIZ%S ace SP ass sheet forming
device in gsame Irect e appar 884 %l’%?cﬁ?&ng a glass sheet

according to claim 6, Whereln the rolls located nearest to the glass sheet

férming déviesrattispbsadaniasgte gipsthehedyedpartinng 0 theigl@ssrherein
ribbon. 2(d Bedize BRPARIRIGLRLAMNGING 2 AREsHRIEEHAEEHIING Plongitudinal
Clﬁk‘&ﬁaﬁ“&ﬁ%ﬁé %Dﬁ?eggf ?‘ ger‘%éj nsor Qg#d %gﬁlsoraf than that of the

(2)
per%ure of the ten ewal of the glass sheet forming

S0 ffﬁnél%g %Bﬁ?’ﬁl RkSFsupply to the heater based

BVice:
on detection results of the temperature sensor. 12
9. The apparatus for producing a glass sheet according to claim 6, wherein
the rolls located nearest to the glass sheet forming device are disposed 8o as
to nip the edge portion of the glass ribbon.

10, The apparatus for producing a glass sheet according to claim 6, further
comprising:

a temperature sensor that detects a temperature of the molten glasson 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.
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