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- (57) Abstract: A molten glass delivery system for nse in producing sheet glass by the overflow downdraw fusion process is provided,

The delivery system includes a first conduit (9) which surrounds a portion of a second conduit (19) with a free surface (21) of molten
glass (31) being formed between the two conduits. The first (9) and second (£9) conduits are positioned with respect to one another so
that the spatial relationship between the exit end (20) of the second conduit (19) and the free surface (21) results in neither substantial
numbers of devitrification defects (27, 29) ror substantial numbers of blister defects (35) in finished sheets of devitrification sensitive

glass, e.g., hlgh smca LCD glass.




WO 03/051783 PCT/ US02/ 39445 -1 DEFECT CONTRCOL I N THE MAKI NG OF SHEET
GLASS BY THE FUSI ON PROCESS FI ELD OF THE | NVENTI ON [ 0002] Tili Jené OGNt i on
relates to the production of sheet glass by the fusion process and, in
parti cul ar, iques for controlling the formation Lfrification
defects in Eﬁ%?@gﬁgge by this process. The techniques argé%§$¥@%%%arly '
useful when the fusion process is enployed to produce high silica glass
sheets (e.g., glass sheets having a meigqg percent of silica of at |east
60% which are designed for use as substrates in the nmanufacture of liquid
crystal displays, e.g., AMLCDs. BACKGROUND OF THE | NVENTION A. The Fusion
Process [0003] The fusion process is one of the basic techniques used in
the glass naking art to produce sheet gl ass. See, for exanple, Varshneya,
Arun K., "Flat dass,"” Fundanentals of Inorganic G asses, Academ c Press,
Inc., Boston, 1994, Chapter 20, Section 4.2., 534-540. Conpared to other
processes known in the art, e.g., the float and slot 14 June 2006 WO

03/ 051783 PCT/ US02/ 39445 -2- draw processes, the fusion process produces
gl ass sheets whose surfaces have superior flatness and snoothness. As a
result, the .fusion process has becone of particular inportance in the
production of the glass substrates used in the manufacture of |iquid
crystal displays (LCDs). [0004] The fusion process, specifically, the
overfl ow downdraw fusion process, is the subject of commonly assigned U.S.

Patents Nos. 3,338, 696 apEFBABECAGEROLINSBMANINEQOkerty, the contents
of which are incorporated herein by reference. A schematic draw ng of the

process of these patent SHEEIHGIASEBETHE FUSIONPROGESPat ed therein, the

systemincludes a supply pipe 9 which provides nolten glass to a
collection trough 11 formed in a refractory body 13 known as an

FIELD OF THE INVENTION
[0002] This invention relates to the production of sheet glass by
the fusion process and, in particular, to techniques for controlling the
formation of devitrification defects in glass made by this process. The
techniques are particularly useful when the fusion process is employed
- to produce h_igh silica glass sheets (e.g., glass sheets having a weight
percent of silica of at least 60%) which are designed for use as

substrates in the manufacture of liquid crystal displays, e.g., AMLCDs.

BACKGROUND OF THE INVENTION
T A, The Fusion Process
[0003] - The fusion process is one of the basic techniques used in
the glass making art to produce sheet glass. See, for example,
| Varshneya, Arun XK., "Flat Glass," Fundamentals of Inorganic Glasses,
Academic Press, Inc., Boston, '1994, Chapter éO, Section 4.2., 534-540.
Compared to other processes known in the art, e.g., the float and slot




"isopi pe." [0005] Once steady state operation has been achieved, nolten
gl ass passes fromthe supply pipe to the trough and then overliuhe2sod he top
of the trough on both sides, thus form ng two sheets of glass that flow

downwar d angyd geAkward along the outer surfaces of the j The two
sheets neet at tﬁe ﬂottom or root 15 of the isopipe, V\/nerié egﬁg“?suse
together into a single sheet. The single_sheet is then fed to draw ng
equi pnent (represented schematically by‘%Trovvs 17), which controls the

thi ckness of g, SHRRkobY hASuERAHEALUEILAR ARSCLnics Wligyn away from

the root. The draw ng equi pnent ownstream of the root so
that the si ngluefatwsdiarasupaiirdihtaeds badamoothingss. esforesugrtheg i nto

contact with the equipnent. .[ 0006 an.,be. seen in Figure 1. the outer
surf aces of | (HETF HETCEog Fiee R PRy h e BT bt o1 de
surface of the the@aRLsUBIFARS WA iBathe MAnuRtDFO6REGuidalaail, these

surfaces only _see the anbient atnosphere. The inner surfaces of the two

hal f sheets WHERBYSibERSI-he final sheet do contact the isopipe, but those
i f t - ' th
A e R LA

buried in the of t s way, the superior
properties offusive prdcess, isuhtaudgeaifof tchearhonhi asdigetd i3, Batehéw¥ds. 14 June

.'2006 WO 03/ 0 U = 3.0 ]~Ln, a.co rci,al.settin t he
| ocati on and |’%€$’iﬁl§g %ﬁ%éga%é@p%gngaﬁ%e gclf:%rtg,e{%gf%tg%q 85‘%}1{(%1 respect
to the equi peestintmedried Wiein Bodefceéndie ARRhemsti@RAngMfshér om whi ch
Al t hoygh_theoretically such adjustability could

the gl ass sheet is tgl%ﬁ C .

be achi eved Wo‘ée%*séﬁi ¢ PALGIHS R shRwndaniigrre dn Ao ilhiesrateddhsEsiner / f i ner
and the fusi . ol : | jch entire
feed system Q?%S %%E?sﬁ%%?ggg\%@ﬁlfgé% %ﬁcmrﬁg}?%l%ésg rgll%é}‘p%t I ce,

adj ust abi | i t-gollectict hioaagidl byormoeth et timfrattey eidyel 3 kioem &oathe f usi on
syst em by fo{sﬁbgg: a free surface of nolten glass. [0008] Figures 2 and 3
illustrate sucC ¢onnection, where as above, 9 is the supply pipe to

- isopipe 13, [B005]the ©xict stdaeii dthee operation has been achieved, molten

glass passes from the supply pipe to the trough and then overflows the
top of the trough on both sides, thus forming two sheets of glass that
flow downward and then inward along the outer surfaces of the isopipe.
The two sheets meet at the bottom or root 15 of the isopipe, where they
fuse together into a single sheet. The single sheet is then fed to
drawing equipment (represented schematically by arrows 17), which
_ controls the thickness of the sheet by the rate at which the sheet is
Ry | drawn away from the root. The drawing equipment is located well
- downstream of the root so that the single sheet has cooled and become
rigid before coming into contact with the equipment. '
[0006] As can be seen in Figure 1, the outer surfaces of the final
glass sheet do not contact any part of the outside surface of the isopipe
during any part of the process. Rathér, these surfaces only see the
ambient atmosphere. The inner surfaces of the two half sheets which
form the final sheet do contact the isopipe, but those inner surfaces
- fuse together at the root of the isopipe and are thus buried in the body
of the final sheet. In this way, the superior properties of the outer

surfac_es of the final sheet are achieved.




melter/finer system(referred to herein as a "downconer" since it
preferably has a substantially vertical (downward) orientatli4dinhe 2606 ow 22
shows the direction of flow of nolten glass 31, and 21 is the free surface

of the nolt t he height of which relative to the h nol ten
glass in thg‘;b(g@gﬁge s trough 11 is determ ned by (1) t he¥ %&8@ fl ow of
nol ten gl ass out of the downconer and (2) the resistance to fluid flow of
t he supply pipe/isopipe conbi nation As-Ban be seen in these figures,

because the teristic cross- .0ona nensi on omer 19
(e.g., the d(igﬁé r of *fe Wﬁ% Ejt s t}ﬁ%hcgluoflh%rh&%rhcém%géglr%ﬁterl stic
Cross-sect i ORghpi gbm@ﬁb@dh &f b uapistabiepRith reepéct totthe eciliipiieheused tb he
entrance 18 to t |y pipe), the downconer, .and gr lé pi pe c

readi |y novednelsiaadg meoﬂ@n@“émﬁ'ﬁ@ﬁmﬁ froomwhigh phe f isgade.
adj ustabl |1 UAIREEe B A8 REhy SRER BARISERHi, MEuld PbanicNAlAM Lpsteall eved.

[0009] It shou ownconer whose exit end
submer ged i n inovhieh @earsmnetchenl’cmt'ghen the tmeleeldﬁntaaadﬁllerfsﬁm ve to the

" The dept h SRS T STBRIGRT FiRsB. 16 Eri el T BORBCA R Mol o ence
for describi rg thegsdpipervafilled HethphioNsa glass) &abridtm aajus‘tabmty is used

herein to indi¢cate the |ocatjon_of free surface 21 when 14 June 2006 WO
03/ 051783 PCRC 2}@4%@@9 g RHSHEGT he Wk Jg%aﬂwﬁ’the mol t en

gl ass. The ref uhes -2dMNnbel d0 |dent|fy the nom nal free
i F%r essentla(f

surface. [0010 |y any practical subnersion of the exit end of
the downcone [0008]3 nonFigaires Pendsdillustzatensucih e coemeation; wheseipbace wil |

| at essenti he,.same | pcat i Accor. es. 2 and 3 both
reference nu lsaﬁlae P‘é?@&e?f@gqﬂﬁﬂ?épei%qg’ét&geeaﬂtlt%gﬁl%‘ent|fy t he
‘interface bemm{tmbfeys@ma@f&ﬂecatwhEMwaofﬂusxdndftgneﬂ'tsmewlwre 33

(typically air) 0011] It shoul d_al so be noted that because supply pipe 9
PYBARHL Shidommessd arignga e3r1«§4(eg,

(as vell asPd
plati num or aondv,dHe éhjeeﬁ@m oPﬁkaﬁf mBﬂ@nag?&é@Bl f 488 HusftRegr&or the

surface of the molten glass, the height of which relative to the height of
moiten glass in the isopipe's trough 11 is determined by (1} the rate of

flow of molten glass out of the downcomer and (2) the resistance to
fluid flow of the supply pipe/isopipe combination. As can be seen in
these figures, because the characteristic cross-sectional dimension of
downcomer 19 (e.g., the diameter of the downcomer) is smaller than the
characteristic cross-sectional dimension of supply pipe 9 (e.g., the
) ' diameter of the entrance 18 to the supply pipe), the downcomer and
supply pipe can be readily moved relative to one another. In this way,
-the desired adjustability between the melter /finer and the fusion
system is achieved.
[0009] It should be noted that for a downcomer whose exit end 20
is submerged in molien glass, the height of free surface 21 relative to
the height of molten glass in trough 11 is relatively insensitive to
changes in the depth of submersion of the exit end. To provide a
- spatial reference for describing the invention, the phrase "nominal free

surface” is used herein to indicate the location of free surface 21 when




nom nal free surface of the nolten glass can be visually observed.
However, their |ocations can be accurately estimated using jahmae cade
nodeling (e.g., oil nodeling). In this connection, it should be noted that

the free su shown in the figures and, in particular, in Figures
8-9 and 11- Wéf&g)?%%%i nplified draw ngs for purposes of ilfq{lfgﬁof’a%"i‘son, It

bei ng understood that the actual free surfaces will have nore conpl ex
shapes as a result of the nolten glass tftansitioning from a snmaller

di ameter condui.f t larger dianeter condui.f at. a free urface. Further, -
know edge of %‘Iee%gg@tlsljgggﬂlgﬂ?f%%cﬁﬁéﬁerﬁ}qlﬁ?ﬁsglﬁs‘ ?ﬁg rﬁiﬁrﬁﬁ?efree surface
and the nom nahmbeee 19U Rl tsideatifntedadntinal Re@etifaeel he invention

since, as explained in_detail below, by examining the finished gl ass for
defects, spedCPPLOdI |y, Froessaiially 3t REacHrad sybpiarsiony of deredt sndghe can

determne 11 gheispmddibr [thkaldngal HRRENES L ehe HONRE QI filskd he ol ten

glass is within the operative range defined by the invention. B. LCD
d asses [ 0012¥illdes at agsantidlypinesasde ladadions shepeadingly tini Bigupes 2@and Bn, has

sold glass s [ rates in the n ture of .liquid
crystal di splrigo%%&{r‘le er ?sﬁ‘é’%??%ﬁfnéﬁsm §9C%HH%%6’%6%S§%§? u. S
Patent s Nos. iSelf#, Gitbnterfarmbeivgen whbltelglads aNdnd k% Beduhdingd June 2006

WD 03/ 051783 PCT/ 502/ 39445 .-5- Chacon et al., respectively, the rel evant
portions of OF Eeggr(g’d?‘ Y2#€H herein by reference. [0013] EAGLE 2000

glass has a 00L& CONt&Hodd BRPHENLER] Bl be@rétée‘gtelg?]% éﬂ:ﬂé@ (dd wén9! ass

has a silica content of approximately 57.8 w.% i'ts higher

,shlica cont ems,dmcgnmé } ﬁ@smadgroé@pequetrefrdetmy matet@ls fegfy than 1737,
o0 b BN e e PN T I o
formul ati on inochindefrea stirfiverofthecroltan gl der be viviadly (H32083d.
_specificall yHo%\Pé%rrég,xti.hne?rt' fclc%ti%g's :z):a\r/;'t B;/OachzuOr%thj? restl;fﬁl%gd %%%)g\lg grg;g:i‘d

modeling (e.g., oil modeling). In this connection, it should be noted

that the free surfaces 21 shown in the figures and, in particular, in

Figures 8-9 and 11-12, are simplified drawings for purposes of

illustration, it being understood that the actual free surfaces will have

more complex shapes as a result of the molten glass transitioning from

a smaller diameter conduit to a larger diameter conduit at a free

surface. Further, knowledge of the exact locations/configurations of
the actual free surface and the nominal free surface is not needed to
D , practice the invention since, as explained in detail below, by examining

the finished glass for defects, specifically, for devitrification and blister

defects, one can determine if the spatial relationship between the -

downcomer and the molten glass is within the operative range defined

by the invention.

B.- LCD QGlasses
- [oo12] Corning Incorporated, the assignee of this application, has
- sold glass sheets for use as substrates in the manufacture of liquid
crystal displays under the trademarks 1737 and EAGLE 2000. See,
U.S. Patents Nos; 5,374,595 to Dumbaugh, Jr. et al. and 6,319,867 to




approxjmately 8.4 wt.% for 1737. [0015] Notwi thstanding this higher |evel
of 8203 during trial nmanufacturing runs, considerabl e cristmiabode
devitrification was observed when EAGE 2000 gl ass was nanufactured using

equi prent  who 6dpsfsevi ously had successfully produced 1737 Wi { hout
the generation of high levels of devitrification. The de\ﬁcﬁﬁj@?’ﬁs’éﬂ on of

EAGLE 2000 gl ass was f| rst observed in the conpression beads at the edges
of the glass sheet (i.e., the beads eng®yed by the draw ng equi pment) and

eventual |y t ivessHip h h t portion of

t he sheet mtménded ghﬂl rrg(%%esﬁt%%ﬁf g?%nr?lh%k%%%] @H&I’[%G] The present

i nvention i s ivoekperatetl herdinilgerafefepicag t he source of this devitrification

and with pro met ar a el i m nat hi s def ect

wi t hout i nt riggglggg ot E%r%ﬁ%@gps@af% Qﬁlaﬁ’gﬁﬁ%’m‘fffﬁ %‘tjt%i’Pr(S'@ﬁEé’Ee%?J into the

fini shed gl asss, ShﬂE%$ wIBVWVARY oldssTis hmbgi{eﬁﬂ%agﬁk ef gPlg aspect
ass

of the presew ntion, there I's provided a nolten el |very system
for use inp ci Scaé-llfée‘? 15 highesysilica pomicsi, pASdds 2000rHms atgr@te(‘a) a
first condui tenddridy RAQeRLify Sarl cleri C | di mensi on;
(b) a second condwt V\/n?ch as anf.g:?(?té 56;1‘% aé@%@gi@E ﬁﬁ? ristic
cross- sect i ofnparateweicoystalliee fo4nd ohsili2@06 wherein: (i) the first conduit

recei ves nol: ass dui t portion of the first
conduit surr L%‘g]l a por{ gg]ﬁ“gﬁs @ﬁéi?d %@(ﬁ ﬁ%ﬁ?&tte%d?ﬁlﬂ jo defatmily; &S

char act eri st farntulasionsieetideips | t iﬁﬁ? second
characteri st | C CFOS -sect i onal h?rrenm on soet(ﬁg?ﬁ'gnfér}gge ur Ace of nolten

a‘zass i s SueitProginatalys d Ochwrt Yo Eofd foo RAGLE 2006vdrisul t he first
d second C@ﬂ%ﬁﬁa@élﬁ@@%{%ﬂﬁ?%ﬁﬁ ative to one another so that the

spati-al rel ati‘onship bétween the exit end of the second conduit and the
free surfad®@0#S]t he r?b)meﬁisgaadmgténmhugqerﬂeﬁﬁldﬂMOﬁld&ﬁi@hhﬂ nunbers of

fini shed shalriyrdGueRidniRe, Grdiadabls crtlopalits drvenieatioenst ve, |
observed when EAGLE 2000 glass was manufactured using equipment
which prev1ously had successfully produced 1737 glass without the

- generation of high levels of devitrification. The devitrification of EAGLE

2000 glass was first observed in the compression beads at the edges of |
the glass sheet (i.e., the beads engaged by the drawing equipment) and
eventually throughout the glass sheet, including the quality portion. of
the sheet intended ultimately to form the LCD substrate. .

[0O16] The present invention is concerned with identifying the

_) source of this devitrification and with providing methods and apparatus

for eliminating this defect without introducing other defects

(specifically, blister defects) into the finished glass sheets.

| SUMMARY OF THE INVENTION
{00174] In a first aspect of the present invention, there is provided a
molten glass delivery system for use in producing sheet glass by a
fusion process comprising:
(a)  afirst conduit which has a first characteristic cross-sectional dimension;
and

.(b) a second conduit Wthh has an exit end and a second characteristic

cross—secnonal dnnensmn,




[0017] An enbodi nent may be a nolten glass delivery systemfor use in
producing sheet glass by a fusion process conprising: (a) 13 Juhé3¢ogconduit
(9) which has a first characteristic €sass- sectional dinension (e.g., a
cross-sectional %é{?ﬁm er of about 8.5 inches); and 14 June 2006 WO

'+ 03/051783 PCT/ US 9445 -6- (b) a second conduit (19) which has an exit
end -(20) and a @econile dstrcandwdt testives mohasgiasschrom iz sedomeersidoit; (e. g.;, a
cross-sectional,. dianeter of about 3.5 inches); where fi rst
conduit (9) red®ves? W%Hfaxeggétqopéwﬁlﬁéo &aﬁamoedaﬁme@?@sm 4) a

portion of ‘the @iy stie eRduhbrab@siiiti QuERorl BRASRA iffarkdiPparsigond conduit
(19); (iii) the tirst characteristic cross-sectional dinension is |arger

t han the ssemdcbhatv@tmnemos&s&mondshmsmmn anthht dfreesigfaon of molthaglass f5r ee
surface ( of" | ten ass or med, bet ween the first and second
condui ts; %%’&“{l?%e?%@e r?tsaiﬂd% r‘FHn UiseR (19) conduits are positioned
rel ative to ong)anohbeistahd Qecon@)éoﬁﬂhYﬂs@&ﬁ&&ﬁﬁdeH%éIamwnE aRbthBYsoOVi ng
the second. condU|t or by noving both the flrst and second conduits) so

t hat the §h&ttha$panel mlationstip betlwbmﬁmemtmde»f ithe senohd @m)iursfand the fzeecond

duit (19 f the. pol t It
o ther S SBUaET St e oles B1:RY e i e ther Subrthgil BBl D a8 Rt agioh oo 1S
cormmer ci aldefectytif S A EnitHbhS bfbpa‘terdﬁfécwmfth@ ahisRe ﬂﬂ%@@&ﬁ)foﬂ@ g1ass

substantial nunbers of blister defects (35) (e.g., comrercially

unaccept alﬂhﬂémdmﬁgamn&ﬁnsmvar defects) in the finished sheet glass for a
gl ass that eV|t on senS| t| ve (e.g., a glass which conprises at

| east 60 \LP‘J@f?gl 02 €°AA eptdnay %BZOS) [0018] In accordance with

a second 3p8REA gl éékedéﬁk)(ﬁ?tsg%nﬁ)!f&”ﬁ&@ﬁl pPodBtibetkHet ghisaWyhng mol ten
glass to aprar atus (11,1371
sion process compnsmg
(a)  a first conduit (9) which has a first characteristic cross-
sectional dimension (e.g., a cross-sectional diameter of about 8.5

inches); and




produces sheet glass by a fusion process, said nethod conprising: (a)
providing a first conduit (9) which has a first characteri S#iJane 2006
cross-sectional dinension; (b) providing a second conduit (19) which has an
exit end (20Y00#3&783% second characteristic cross-sectionapcrluseension, said
- second- characteristic cross-sectional dinmension being smaller than said
first characteristic cross-sectional digension; WO 03/051753 14 June 2006
PCT/ US02/ 39445 -7- (c) nesting a portion of the second conduit (19) within
~a portion of the (b rst seooddicondfjt (10§ wHitlh biasgrnekit endqbepsndut of the
second condui 19) ,and into the first gopduit,(9), said nolten glass
forming a fre%ecéﬂafcgfgaftf 50&&?%%8?10%@%%%(«\3?%&arﬂ%%ﬁafeﬁlq i and (e)
sel ecting t haliaflesés yPabAgad.5anshed); the first (9) and second (19) conduits
so that the spatial re]ationship between the exit end (20) of the second
conduit (19) and TH¥TEMEe surface (21) of the nolten glass (31) results in
nei t her substanti nu | fof LEL GCAL f tial
nunbers of bli stetﬁb defgztfi;n%it%%{lﬂgy‘qf@Z?é%éeigéésﬁ%gtéﬁgﬁqgéééﬁﬂg{rthe;?gss hat is
devitrificaticoRdy@nd®i ve. Step (e) of the second aspect of the invention

Is preferably pepfor b k), maving the first (9) . and secon 19)
conduits apart (aJy E%gﬁ%ékﬁﬁ%%%@“f@ts%é%%? op )tf‘Sf t he
second conduistcqrid®onduitgWd);i ci ently above a nomi nal free surface (21N) of
the nmolten gl ass so.that substantial nunmbers of blister defects

31
- appear in the finf h)ethesfHéEF grasderistin gross-yeationah dimpasionsistaregy and
second (19) eeislvhé SeldiPbhacu{dhaOEs00eA0] HihinitBhido GRSl gOL 1

@nbers of blister defects no onger appear I'n nished sheéf gl ass.
[0018a] | n aSufpee(28pdanolitn glassBékanforinededmitivenn thediret aadpreovhded a

. conduits; and

(iv)  the first (9) and second (19) conduits are positioned relative
to one another (e.g., by moving the first conduit or by moving the
second conduit or by moving both the first and second conduits) so

 that the spatial relationship between the exit end (20} of the second
conduit (19) and the free surface {21) of the molten glass {31) results in
neither substantial numbers of devitrification defects (27, 29} (e.g.,
commercially unacceptable numbers of devitrification defects) nor
substantial numbers of blister defects (35) {e.g., commercially
. unacceptable numbers of blister defects) in the finished sheet glass for
_) - a glass that is devitrification sensitive (e.g., a glass which comprises at
least 60 wt.% SiOz and/or at least 9 wt.% B20O3).
[0018] In accordance with a second aspect, the invention provides
~“a method for providing molten glass to apparatus (11,13, 15) which
produces sheet glass by a fusion process, said method comprising:
| (a)  providing a first conduit (9) which has a first characteristic
cross-sectional dimension;
(b)  providing a second conduit (19) which has an exit end {20)
and a second characteristic cross-sectional dimension, said second
characteristic cross-sectional dimension beiﬁg smaller than said first

characteristic cross-sectional dimension;




mol't en' gl ass delivery apparatus for use in producing sheet glass by a
fusion process conprising: (a) a first conduit which has.a fi4xsé 2006

char act eri sty ofdsps- Sectional dinmension; and (b) a Seco'ﬂ’irﬁ%&%yﬁs whi ch
has an exit end and a second characteristic cross- sectional di nmension;

wherein: (i) the first conduit receives nmplten glass fromthe second
conduit; (ii) a portion of the first conddi't surrounds a portion of the

second conduit; (i@d)i) hBSHALEShoRRA] 6 | St : tional di mension
is larger than th.e(s)econd c érasg%g erl st?kgééce:ég?g-%ﬁ% a %%ﬁghéi on so that
a free surfac@®topmfiths Iysheendwitf(@hnmed between the first and second

conduits; (iv) thegporthyon. second_Go It which is surrounded by the
first conduit is vgpt i ca; i y %ﬁ%ﬁetne%;%sf\?)u%t#gﬁﬁﬁﬁ@ﬁf6?%@31"3&9)/\/@@14 t he
first and secdmth tonbisticondefit (B)ssaidnonienl gladd ReminE haee sﬁP&cé‘tzf)U”e 2006
-7a (vi) the is located in a spatial’ range

' t.h d dui t
t hat extends %?k%ﬁ?erg%ﬁghﬁtré?iggggﬁﬁ gaﬁfiglitﬁbaﬁﬂl | i meters above sai d nom nal
f f . [001 I . ' ti th '
o e ey b ) Lo aanee el bR MLESE (AT RS s

provi ded a ne hcid or .E#)w ding nolten glass
sheet gl ass L&pa{:oﬁﬁléﬂl b , spatial nelritivorbhip iptwednthe 62k epid@i0fli Ng a
first conduit ' i I har er.i stic.cross-sectional di nension;
(b) provi di ngog\msée:%bong c%orﬁ(ﬁﬁl? tq/\%l %ﬁgﬁé\g freq Sé&éf%cee@@) aﬁﬁl%nscé%halass -
charact eri sti Bl ressits érneithal stbsenstidmusders SEEMAEHEORIAL HEFcE hG

smal | er than said first characteri s{i c

cross-section di nensi on bei : ]

i(fl,;:)ass- sect i on%bs&ﬁﬂgﬁgpgﬁl%?ré)or}%g@?%éefﬁc%m thsnfinished sheet glebsdfondui t
wW/thin a portglass thaf Reddvitrficatdpditlsitiveal d nested portion of the second
‘conduit being vertjcally oriented; ané- Yd) flow ng nolten glass out of the

second conduit an®tFRie efifbefsecondespdat of theshiventiohtieprefeasbly’ or M ng a

free Surfacegﬁfdf&ﬁﬁﬁib e first and second conduits; wherein: (i) the
nested portion of the Second conduit is vertically oriented; (ii) the

nol ten glass betwékn t heovimg thafidsts©F and 084 (16) daidngs apalPER)
. from one another) so that the exit end (20) of the second conduit (19) is
sufficiently above a nominal free surface (21N) of the molten glass (31)

so that substantial numbers of blister defects appear in the finished
sheet glass; and

(i) moving the first (9) and second (19) conduits together
(towards one another) until substantial numbers of blister defects ﬁo
- longer appear in the finished sheet glass,

- [00184a] In a third aspect of the present invention, there is provided a
motten glass delivery apparatus for use in producing sheet glass by a
fusion pracess coraprising: '

(2) a first conduit which has a first characteristic cross-sectional di mension; and

. (6)  asecond conduit which has an exit end and a second characteristic cross-
sectional dimension; '

whergin:

® the first conduit recetves molten glass from the second conduit;

i) a portion of the first conduit surrounds a portion of the second conduit;

(ili)  the first characteristic cross-sectional dimension is larger than the sccond
characteristic cross-scetional dimension so that a free surface of molten glass is formed
between the first and second conduits;

(iv)  the poriion of the second conduit which is surrounded by thc first conduit is

“vertically oricnted; :

(V). the molten glass between the first and second conduits defines 4 nominal

free surface; and ' |




free surface ; and (iii) the exit end of the second conduit is located in a
spatial range that extends from5 mllineters bel ow to 30 jqj:hé pEiger s
above said nom nal free surface. [0018c] In a fifth aspect of the present
invention, there is provided a noltefdgl ass delivery apparatus for use in
produci ng sheet glass by a fusion process conprising: (a) a first conduit
which has a first characteristic cross-sectional dinension; and (b) a
second cdW8ui t thgsxeeodof thisesand centpitiabcatcddn arspatiflanagd thnt aittemdscr 0Ss-

s ectitama| mijlimers: belowibS0ahilimetets aHaR saifliHoRtin AR icgCel ves ol ten gl ass
fromthe second conduit; (ii) a portion of the first conduit surrounds a
por tIP@ABbbf t hén aévhaspent glihe present inyerttine, théness prokidedat eri sti c

cross-sectional n%t AED & IS i h characteristic
Cros -_sgctj nal |rren§?r_8§r%° %;%‘dgﬁgg%’ ”fj ?%goéﬂf?fgﬁgqﬁgc%ﬁ@ﬁ“ﬁ is fornmed
bet ﬁ‘}é‘ﬂ Y fdUiPp procgss; saldpridod spMaTSise: (iv) the portion of the second
condui t R ch previsling @ (irs ednduit whichhias s firg ehetacleristic cxREisk@iinhy ori ent ed;
(V) dihgnsig:t en gl ass between the first and second conduits defines a

“nom nal hree surface; and, -7b- 14 June 2006 (vi) _the exit end of the

"~ second cé

Hui (Prardinghsecond famduit whick has ar exis erd ardaserondof t he fol | owi ng
t wo chpactedstio ghat-atiohalptimetspn,thkl exbid ansaddristareacartogandui t is
| ocglBshsiin bdifg BHRAIISAhad 548 fﬁﬂ%&:@&icﬁgtﬁc cé,zg.s@}:hsn% eﬁgitgﬂof the second

conduit i |ocated above t nom n ee surface, w t spaci ng bet ween

said _exi Fend I}fﬁg"%ﬁf’ﬂﬂw&ﬁr}ﬁl&l’ SWQEEEW‘#’HC‘%'%in%@ therfamt eonditty ci al | y

‘unasdié pesibd portionmsithe sdcobil icoaduit bidtpudrsically oridntedimpdar in the finished

o ogi [WS"]‘*"""‘@;‘%&"“@J%‘?-‘*&F*’f‘“ﬁﬁ‘*&?d%ﬁ%@%‘%%ﬁ“@%é BB B D1 oduces
& %lén-olgtfa U i‘*cfﬁg?’psru 88%&‘?‘“’?8‘? ﬁ’e:}%‘t%hws TR Eg'l‘ ISs(a) providing a

sheet gl ass by
first coa?g}é;n.Mi ch has a first characteristic cross-sectional dinension;
(i

(b) provpding , ndyit which has.an exjt,end and a second
char act et{ sti ctﬁgigétg@g%@f’g#ﬁc %&g‘?‘&ﬁfuﬁﬂ’ﬁw@g?fé’ﬁ’&“ aracteristic
cr oss- sedb) onifre molten glass between the first and second conduits defines 2 nominal
free surface; and
_ (ii)  the exit end of the second conduit is located in & spatial renge that extends - .
~ from 5 millimeters below to 30 millimeters above said nominal free surface.

[0018¢] In a fifth aspect of the present invention, there is provided a

: _ molten glass delivery apparatus for use in producing sheet plass by a
fusion process comprising:
' ~(a)  afirst conduit which has a first characteristic cross-sectional dimension; and
_(d)  asecond conduit which has an exit end and a sccond characteristic cross-
sectional dimension;
whercin: -
(@) thefirst conduit receives molten glass from the second conduit:
(iiy  a portion of the first conduit surrounds a portion of the second conduit;
(iti)  the first characteristic cross-sectional dimension is larger than the second
- characteristic cross-sectional dimension so that a free surface of molten glass is formed
between the first and second conduits; '
(iv)  the portion of the sceond conduit which is swrrounded by the first conduit is
vertically oriented;
(v)  the molten glass between the first and sccond conduits defines 2 nominal
free surlace; and '




di mensi on being smaller than said first characteristic cross-sectional
di mension; (c) nesting a portion of the second conduit w thigyugeposg i on of
the first conduit; and (d) flowing nolten glass out of the second conduit

gn? into the (Tvi)r st tirondtiédd oftﬁﬁkﬁoﬁ@béﬁh\,l\lﬁﬁlﬁﬁ&cf:@?{f)\zﬂ?%é si;ffg@et a&iﬂsﬁatﬁﬁc f
et ween ¢ erein e nested portion o

t he secong&c S%FQW(ﬁﬁg@#g%]%ﬁé}%g Fem ed; (ii) the nolten glass between
the first anc( Y ecothe @ohend afdheiascpnd sorduitisilocdted dtbenemirahfree sarface( bi i )
the exit end (@) thﬂms(ﬁﬁmﬂ&Ww&nﬁa&dﬂﬁbﬂﬁﬁt&@%@&%%fﬁﬁﬁé%&w one

f the foll d
o e MRl o R i1
second conduit is ¥ H"E‘HB%‘ pamaerrpiabile pymbonsof blister defeets domotspaci ng

bet ween sai d exit spptanitithedinishedglassl free surface being such that

conmer ci unacc pt abl e nunbers of blister defects do not appear in the
fini shedﬁlj ngd 1% ‘ﬂh\?éﬂe‘?trﬁ @eﬂ?ﬁa@?'ﬁm’rﬁ'o“s‘f‘@ﬁ i BPVidEd 8 i ncl udes t he

further step of nv\thétﬁoam rwl r(n%l 1 a2 S0 UpalbR)wisien grdduged aget her

(t owar d§ E at her ygﬁ 1§$d n{% lwhere Substantial nunbers of

bl i st er BAFS %8 Slﬁﬁplr PHIPE P % ni shed sheet glass but not so

far as to cea) Wid&ﬁ%ﬁﬁl‘st%ﬁdiﬁfﬁhﬁ ey appear
t&ed Fheet o h first dHafRtdrRNc ARIRGLa1ibM

in the fl%ﬁ&b ass for glass that 1s devitrification sensitive.
It shou ﬁﬂhoted that devitrification defects nornally take sonme tine to
devel op so tHat @FeViding = seeprd conduitwhigh husen exiticsdhend gisesondf or a peri od

of ti mecharactetisttierarosesdctionilalimensim tsaidReend EeadiBNRIR: dre-sgsgalt 0get her .

Too { A AREREGR P Gublls Rl g@%?@%ﬁé?%ﬁ@%@é b38rf 0000] The
"nmovi ng" of {‘#e fW%ﬁH”g’é’@ gvand eenduit within apastion péthafinst 85 for

performamlg step (e) can be achieved by noving the first conduit, the

ZoEEnS Conceld AV s o OF S ST ol o BPRET =t 11

second condu
d molten glass formmg a free surface between the first and second conduits;

wherein: ,
() - the nested portion of the second conduit is vertically oriented;

(ii)  the molten glass between the first and second conduits deﬁnes 2 nominal
free surface; and
‘ (iif}  the cxit end of the sccond conduit and the nominal free surface satisfy one
of the following two spatial relationships: o
¢} the exit end of the second conduit is located at the nominal free surface, or
(2)  the exit end of the second conduit is located above the nominal free surfice
with the spacing between said exit end and said nominal free surface being
such that commercially unaceeptable numbers of blister defects do not
~appear in the finished glass.

[0019] Even more preferably, step (e) also includes the further
step of moving the first (9) and second (19) conduits together {towards
one another) beyond the point where substantial numbers of blister
defects no longer appear in the finished sheet glass but not so far as to
cause substantial numbers of devitrification defects to appear‘ in the
finished sheet glass for glass that is devitrification sensitive. It should
- be noted that devitrification defects normally take some time to develop
so that one will have to observe the finished glass for a period of time to
determine if the conduits have been moved too close together. Blister

defects, on the othe_r hand, develop rapidly when the conduits are too -
far apart, '




[ 0021] The reference nunbers used in the above summaries of the first and
second aspects of the invention are for the conveni ence of H4yne p@mder and
are not intended to and should not be interpreted as limting the scope of
the inventi ¥ 0SLB3generally, it is to be wunderstood thatrioshhedshe

f oregoi ng general description and the follow ng detail ed description are
merely exenplary of the invention, and @ e intended to provide an overview
or framework for understanding the nature and character of the invention

as it is cla0a’g0] BRI Eﬁemﬂmmmsfwmwﬂlﬁsndﬁ.ﬁm% gure 1 is a
structlon for, a supply

schenmati c draw | I I ust resentative con
~pipe and an %@ 63%5 #35?‘: %O%Hegf}]g‘?’ﬂ%ﬁeﬂd%%& PeEIeYR o BTG or
making flat ogitRsfirstkeatait, théd8eindtanatit2of Bodh #EAR ] SLaHPM

illustrating the ‘éunctlon bet ween a downconer and a supply pi pe where the |

exit end of t¢pRd B‘im'&ﬂﬁ?ﬂmuséﬂé@\ﬁ@wdugﬁmwmﬂé@ movédce of the rml ten
| ass in the |y S V|ew0f
g [ovapl VP RE TefePO74 nhi S vkeld m%ﬁe%%% gu% 82 5]

junction betwe ownconer an supply prpe of
Figure 4 is h@ndrﬁecongmphctsfofathenmtmhbm@ﬁe ﬂ:ﬁ‘ftéretcor(vémeﬂdel 6l ﬂhat i on

defect) of t nt nti.on  addresses 0026] Fi gures

* 5A and 5B ar Ie}g%@gfgn% 2) tERASEdOTY Shtdmelybe yteppresd %?37 and EAGLE

©2000. gl ass, ﬂﬂﬂnﬁgﬂm@bpe[&(i%hﬁm&sl\&ﬁre%@ﬂeﬁeﬁl)ﬁfiﬁspﬂo%é showi ng
surface depl etipon of #g‘gab for. 1737 and EAGE 2000°gl ass, respectively. 14

June 2006 W& FE@? ﬂuﬁ@?f@@gmgg@ep"@b@acrmt@@re@dmeand 7B are
pl ot s show ngoisdisiky of B203,
Lr}spect ively, for %%%%%EE pté(?lﬁ areskﬁ) p%ir]%f ?}5%?;558&%{@588@ I ass

(solid data podmre)inte mlogldeesnb@emdwwfm:ﬁewbﬂtﬁm crographs of the
_t op surfaceg,Qf. ithe ngé'%%nz g arac . oftée%ngggborrl%séplggst ively, after
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
- [0022] Figure 1 is a schematic drawing illustrating a
representative construction for a supply pipe and an isopipe for use in
an overflow downdraw fusion process for making flat glass sheets.
- [0023] Figure 2 is a schematic diagram illustrating the junction
between a downcomer and a supply pipe where the exit end of the
- downcomer is below the nominal free surface of the molten glass in the
‘:) ' -supply pipe.
- [0024] Figure 3 is an expanded view of the junction between the
downcomer and the supply pipe of Figure 2.
. [0025] Figure 4 is a photomicrograph of a crystalline defect
f (devitrification defect) of the type. wl'uch the present invention
addresses.
- [0026] Figures 5A and 5B are plots showing surface enrichment of
8iOg for 1737 and EAGLE 2000 glass, respectively.
[o027] Figures 6A and 6B are plots showing surface depletion of
B2Os for 1737 and EAGLE 2000 glass, respectively.




a heat treat rreht at 1300C for 96 hours. [0030] Figure 8 is a schematic
diagramillustrating the junction between a downconer and & kuepdys pi pe
where the exit end of the downconer is above the nom nal free surface of

the nolten @@gHosiiazt he supply pipe. [0031] Figure 9 is d view
of the junction between the downconmer and the supply pi pgggﬁ@ﬁgﬁge 8.

[0032] Figure 10 is a photom crograph of a gaseous defect (blister defect)
of the type which the present invention-8ddresses. The defect shown is

representativ the t f L.§t n he fuskon .line for
gl ass drawn t@dgstlhi ckr%%% e%fwg%%?'o% ﬁagfgfo%%@%%ag%%cgregﬁcﬁ&ergao a long
axi s of 239 nbiloasl andfage slepidticaxo5BeDs, 42spectivens .fol 73 rglass@dpermal | er

di mensi ons are comon.for hi s, kj.nd. . The, ot ogr aph was taken
| ooki ng down ‘g?tat%n ) g gﬁg’;‘%’t i?géfgiﬁssﬁﬁah‘#g‘aﬁpio@ {]'scherrat i c di agram
‘illustrating [Ullﬂggunﬁ PoRureBEIVRAH 2D ¢RURERRRhiRPE-HHEUMILE BPre Where the

exit end of the ownconer_ is essentially at the nom nal free surface of

the nolten ghudacesplispanrligs of FEAGFHE 2006082d 173E gless, reppectively pdisted vi ew
‘of the junctioR.betwean Lhg: 19,8&‘,‘“;‘16?{,;%6%%% he supply pipe of Figure 11.
W Ngs; Whi ¢

[ 0035] The foregoi ng dra aré 1ncorporated in and constitute
part of the JPO30]i cat Figurei8 iss sthtwatiardiogane Mbast-aeng $hefunédien
i nvention, and togeth r with the description, ser\ég to,explain the

e

" principles of°YHECH ALAFReNReT Anfa FUPBY RiRaatharsdhe e¥it eedipEBe t hat bot h

the draw ngs dhddifertBSdlidvielthe hathfh Rl A Yo iAeYmdiEn &Mg}f
restrictive of the invention. 14 June 2006 WO 03/051783 PCTT US02/ 39445 - 10-

480361 The r SRS P®SuUNbers used in the drawings correspond to the
ol 1owi ng: 9 (6688 Y Pl PRuke o £U Eebd00ed HRYAS th%?juingﬂghpbeetween the
- downcomer and the supply pipe of Figure 8.
[0032] Figure 10 is a photomicrograph of a gaseous defect (blister
\ defect) of the type which the present invention éddresses. The defect
shown is representative of the type of blister defects seen at the fusion
line for glass drawn to a thickness of approximately 0.7 millimeters. It
has a long axis of 239 microns and a short axis of 42 microns. Larger
and smaller dimensions are common for defects of this kind. The
- photograph was taken looking down at the glass sheet.
[0033] Figure 11 is a schematic diagram illustrating the junction
._ between a downcomer and a supply pipe where the exit end of the
C) . downcomer is essentially at the nominal free surface of the molten
glass in the supply pipe. _
- [0034] Figure 12 is an expanded view of the junction between the
downcomer and the supply pipe of Figure 11.
[0035] The foregoing drawings, which are incorporated in and
constitute part of the specification, illustrate various embodiments of
the invention, and together with the description, serve to explain the
principles of the invention. It is to be understood, of course, that both
- the drawings and the description are explanatory only and are not
restrictive of the invention. |




15 root of isopipe 17 arrows schematically indicating draw ng.equi pnent 18
entrance to supply pipe 19 downconer 20 exit end of downcongrjugd2@ue ual
free surface of nolten glass 21N nominal free surface of nolten glass 22

arrow i ndi cgfg exghstreass flow in supply pipe 23 sanple of FAGE,2000 gl ass
25 support for sanple of EAGLE 2000 glass 27 cristobalite crystal 29 sac

surrounding cristobalite crystal 31 nolten glass in supply pipe 33
at nosphere above free surface 35 blistelodefect DETAI LED DESCRI PTI ON OF

THE | NVENTI 7] Fi | S ] rj i
crystal of Ot\lﬁie tglpe th'%t&g%afgréo @@2@&%%&@%@@@58%‘6&&55@& ghgﬁgcessed
into glass stlefdlo@ihgckness = 0.63 nmillimeters) using equi pment which

previ ously had suc&essf lﬂ |I¥ %r. ocessed 1737 gl ass without serious
devitrification probl edtPPhE W%t erence nunbers used in this figure refer

to the follow ng: P8 --coBA&Ribn 28010l ass; 25 -- support used in preparing
phot om crograph; 27 --cristobalite crystal; and 29 -- sac surroundi ng
cristobalite crystdf. ASORIRR be seen in this figure, in addition to

constituting an infernal,def gepipd he cristobalite crystal has also
affected the flatness of the out'er surfaces of the glass sheet. 14 June

2006 WD 03/ 051783 RCT/ esorws sdudmatitallf G0Heiting argwitsg efuipassr@d r eveal ed

silica enrichment d pl.etib,on.in the residual glass. In accordance

with the inventi onr,@t hi%g&p%gggr%vsﬁﬁp&%p\’i%es interpreted as indicating the

source of the devi9ri dosaidogeras somet hi ng ot her than nor nmal

devitrification of 0EAGI_E 2%00 gl ass resulting fromcooling of the glass
exit end of

@I ow its liqui dug owncomer
' 21  actual free surface of molten glass

21N nominal free surface of molten glass
22  arrow indicating glass flow in supply pipe
23  sample of EAGLE 2000 glass
25  support for sample of EAGLE 2000 glass
27  cristobalite crystal
29  sac surrounding cristobalite crystal
31  molten glass in supply pipe
33  atmosphere above free surface
35  Dblister defect

\) ' ' DETAILED DESCRIPTION OF THE INVENTION

[0037] Figure 4 is a photomicrograph of a cristobalite crystal of

- the type that was observed when EAGLE 2000 glass was processed into
glass sheets (thickness = 0.63 millimeters) using equipment which
previously had successfully processed 1737 glass without serious
devitrification problems. The reference numbers used in this figure

refer to the following: 23 -- EAGLE 2000 glass; 25 -- support used in
preparing photomicrograph; 27 --cristobalite crystal; and 29 -- sac
surrounding cristobalite crystal. As can be seen in this figure, in
addition to constituting an internal defect, the cristobalite crystal has
‘also affected the flatness of the outer surfaces of the glass sheet,




~tenperature. In particular, this observation was interpreted as indicating
~highly silica-enriched glass as the source of the devitriflugahé 2006 [ 0039]
In addition to the sac analysis, a high level of devitrification of EAGLE
2000 gl ass warospbeey ved during a trial run after a ”a”3|19(g1jr6§32/3ﬂf15 | sopi pe
13 and supply pipe 9 with respect to downcomer 19. This observation led to
the hypothesis that the source of the devjtrification was free surface 21
at the junction between the downconer andlt he supply pipe. [0040] To test
t hi s hypot heg; abor alOfi¥si | oF ine if
stagnant EAGL ?odc]o gl ass %Séﬁ)ggg% Qgp%?%%ﬁ?&cpﬁeé%%@ggkgﬁgqﬁ%? gl ass.
The experi nerdepleidoe ipéht oesiduabglasel InwscosSlarpleewithfthe 18 7erameh,BAG E 2000

gl asses were t ¢l eaned, ,and st.acked.tq.a depth_ of roximately five
miinimeters Pt AR R BT B e8e TR one vere 45
mllimeters dewidiontidn aetenstiing bihet thinrabems] deekrifiddtich sCBAGILIRY

provi ded consj ble surface area_to avoid _edge effects caused by contact

d
of the glas Sdﬂcfrﬁl%tsﬁereéﬁlﬁg}&ﬂr@nsc%qgso%ﬁb& SJ«B%S balam Boliaritiagm to reduce
the mpact Gboififakarel |6ibatlckidlg HHCBRAIM WasdhideLtRl ol adi ent s

[0041] The crucibles were placed in a resistance heated furnace at 1200C,
1250C, and 13pdicatimg highiloddicafenziched glags 8s dhy sousfd efthiehe  heat

treat ment, szqgal re cut fromthe center of each crucible, potted in
epoxy, and po istﬁgig\gﬁlgfl'chem cal analysis with an el ectron mcroprobe

instr uzgnt_. f0089Fes wai adﬁﬁirr]ofmrrmféf slc @@am%; gr}ﬁgﬁ]t]evd%@zgev;ﬂil—jlﬁpaﬁ@m a
poi nt m cr t ow the surface tq9 g depth o : mllinmeters.
#Wel | -char act é’?%@@%%ﬁ S was ghssryrskauripe & Hialyun altena tranglatieent . 14
Jine 2006 VOONAC 3 BT BLBARIPA Prist2resk B jor egults are
shown in Figures 5A (L1737 sggg ,]ﬁgB .(EAGLEEE)gOO%] %%?‘%ﬁggl?i?%&}gazos), and
6B (EAGLE 2009seimsion leddo thathypothedie that thpusasrdefithe mvitzifidationt he
nom nal Si 02o2ack B20d 160 oM 3! u80RoA WitwaB YL Rluldtadl! A58 uhfder study.
supply pipe.
[0040] To test this hypothesis, laboratory experiments were
performed to determine if stagnant EAGLE 2000 glass behaved
differently from stagnant 1737 glass. The experiments were performed

as follows. Samples of 1737 and EAGLE 2000 glasses were cut,

- cleaned, and stacked to a depth of approximately five millimeters in
rectangular platinum crucibles whose dimensions were 45 millimeters
“ by 40 millimeters by 10 millimeters deep. This geometry provided
D -~ considerable surface area to avoid edge effects caused by contact of the
glass with the crucible's walls and was shallow enough to reduce the
impact of any vertical mixing due to dénsity or thermal gradients.
[0041]  The crucibles were placed in a resistance heated furnace at
1200°C, 1250°C, and 1300°C for periods of 2, 4, and 8 days. After the
heat treatment, samples were cut from the center of each crucible,
potted in epoxy, and polished for chemical analysis with an electron
microprobe instrument. Analyses were performed at 50 micrometer
- intervals from a point 40 micrometers below the surface to a depth of
2.49 millimeters. Well-characterized 1737 glasses were used to
calibrate the instrument.




different vertical scales for the. 1737 and EAGLE 2000 Si 02 results. All
of the data presented is for a 96 hour (4 day) heat treat madtivaé 200
tenperatures indicated. [0043] The greater enrichment of Si02 and the

greater |ossw@ésoB2e3 for EAGLE 2000 gl ass conpared to 173dgde386ud S
evi dent fromthese graphs. Mreover, the variation frombul k conmposition

extends nuch farther fromthe surface fgé t he EAGLE 2000 gl ass than for
the 1737 glass. This later effect can be“seen nost clearly in Figures 7A

and 78 whi chiotu, resugakuel oot GRe Aokl PRl A8 SRQTsdomitel i 2 96
hours for a tEeat ment at 1250C for 1737 Iass@é (Een datgttq oi nt?)ayand EAGLE

2000 (solid d@%}b@ﬂ(ﬂ@) SiG0064 (1 AR7 Bebl. mand OGLE @QQ@SB:KB] aftie6B show
that the sili Be dependent,
with the Ievgﬁg enrl ?éj ?fﬁg'[el%%ﬁ% on Ee?%geésm%??% great at
1300C. [0045¢Olmegmradncﬁ'@ (sse abphelt anthe rghgysaphd et stdus. thtﬁﬂfd‘ﬂ@@oK)f a
sanpl e of 2000 e ri bove and hel t he
resi stance h%ﬁgﬁmﬁﬁ Qf?‘%’r] gg’ tg{?aﬁig?e @d%ég gr?é)%étfg% A@rystal S
on the surfacef the cﬂtaqﬁehenﬁéaﬁsq@fra@“e B [faaﬂfﬁea%%éi&\i\%t die
crystal-free surface of a sanple of 1737 glass treated in the same nmanner.

~Surface cryst&FRFaRSS indicated observed for EAGLE 2000 glass after 96

hour heat tr epiodt atrpd gmjcgﬁ(? P{% ass.

[ 0046] The surface crystal?%g‘?gtat |%on es‘%lt Ogur €s %ﬁgé%%gg’féﬂ des a

conveni ent wefpr EAGIdE R000ygldey tomiphiredito dA3E lmds isweidéraisiom thekbus, in

. general terns e i fication_ s ass is e which forns
/Syrface crystal ghg g\h&lr%’g?r’t 8&’?&’&% itr%mé& %ﬁmﬁ‘éﬁg‘@n HERds Myshs ¢ est,
“EAGLE 2000 |sfaahdemtmutﬁe@aua@e foete EAGLIIDOSS gl il fod ks 790t - 14
June 2006 WO 3/ 05 83 PCT/ US02/ 39445 -13- [0047] Although the experinents

of Figures 5- éEFffli Qf%ctyané&wes Jeqr Fignoen7armndi 787 gl ass,
the results Qﬂﬁ@ﬁ\é%@v@rﬁsp&%%ﬁ}alélbz%%méh%teaﬁ@ B0 s of §BPOST LI ONS

and, in part i cul ar,
hours for a treatment at 1250°C for 1737 glass (open data points) and
EAGLE 2000 (solid data points).
[0044] An examination of Figures 5B and 6B show that the silica
enrichment and boron depletion are temperature dependent, with the
levels of enrichment and depletion being eépecially great at 1300°C.
[0045] Figure 7C is a photomicrograph of the top surface of a
sample of EAGLE 2000 glass prepared as described above and held in
.. - the resistance heated furnace for 96 hours at 1300°C. The presence of
\) crystals on the surface is evident. For comparison, Figure 7D shows
‘ the crystal-free surface of a sample of 1737 glass treated in the same
manner. Surface crystallization is also observed for EAGLE 2000 glass
after 96 hour heat treatments at 1200°C and 1250°C, but again not for
1737 glass.
[0046] The surface crystallization test of Figures 7C and 7D
provides a convenient way to identify devitrification sensitive glasses.
~ Thus, in general terms, a devitrification sensitive glass is one which
- forms surface crystals when heat treated for 8 days at 1300°C. Using
this test, EAGLE 2000 is a devitrification sensitive glass, while 1737 is
not. '




other devitrification-sensitive alum noborosilicate glasses used to

produce LCD substrates. The volatility of boron from al kal i14 June 2006

al um noborosilicate gl asses has been well docunmented in industrial nmelting
appl i cat i onsyvo 308783 Whi ch i s stagnant at high tenperatur e?c*}rﬁsoz/f?ﬁl?sec' ally
prone to a | oss of boron and alkalis to the furnace atnobsphere and
subsequent enrichnent of the remaining glass in the non-volatile fraction
of the conposition. The |l oss of boron antd”alkalis |eads to the formation

of a surface } hi ghlivh RigH El{l;-egxpdhrﬁéhtscﬁﬂéﬁreé Bey apé b?&‘fﬁéﬁlly’ ncreases,

t he conposition of this surface |ayer can mgrate belowits Ilgw dus

| eading to th@f@emcﬁlvﬁfh @ﬁ%@@&%@d P@@H&}asméhqacaulft@pb&m grass set

dur i ng manuf o ety eRRlRRE b othBP ghicoiindsMoRy AN, B pRtbalel & “520s

and sone enricv:llmsdtvﬂfﬂc&z@-sﬁisﬂ:mmjumludbomﬁhanatglasediu?ﬁeﬂiﬂout i on of
t hese changes f ) t ffl Ci to caus serl ous
devitrificat |%r? B‘l@?n%@ gra%?%sgﬁﬁ atlity o S’Hﬁ?ﬁ f‘f‘“‘rIE face bet ween
~downconer 19 a’aﬁuﬁtib@i'dslhéate%léssemﬁis%e@l wEil doguhfshted3n 1§é§str?d3d 7 for
EAGLE 2000, he other hand, as well as the results of trial

manuf act ur i ngan PRERRON 2 1aSS; ‘Ehléjhd§§tﬁﬁl@1ts%fe]mghb¢6@1m§‘at¢ne§ i®r obl em
I n general t r [ S Sl 02
g sPBei gtaapoﬂette PRIss!  Hofold AR AR 1t e 5003

concentration i's eq or grea
concentrati oratn‘.s)Sphermendamgubse:quc-:@xtmrmhn%mroﬂhhghemanmg plesglimsises which

~will be d " e sl :
Fyvent on' 1 o o GRe FrBRRa bk CaRpsthen: Fhideral herbtadikali” *°"
ni shed gl adeadd QOUR] forthetidr 6N& sutfage @ﬁ}%?%&hl}ﬁé&ﬁ%h&'ﬂﬁ sihutdon to the

deV|tr|f|cat|g prs gl em for high silica and/or high boron glasses is  based
on sel ecting‘*PR& PESTYRnSFeaRsRn Henmermposifionofrthip surface lagsiricem gl ass 33

so that the gatglgglgﬁqté)j 4 SodBRR i ci ent
activation t f(l)ﬁgvm PejenslighliydBallil & 8RR AR S P 006 wo
103/ 051783 PCIOQ#&RD/ 394Hise daia fatelT &F gla:sstslahfomh Inh Rigarts 5A} 6k, addycti on of
. cristobalite grysf Al $htBehlGior of this glass during manufacture, shows that
although 1737 exhibits some loss of BsO3 and some enrichment of

Si0g, the magnitude and spatial distribution of these changes for this

glass are not sufficient to cause a serious devitrification problem as a
result of a stagnant free surface between downcomer 19 and supply
pipe 9. The data of Figures 5B, 6B, and 7 for EAGLE 2000, on the

other hand, as well as the results of trial manufacturing tests, show

i,
E - A

- that this glass is susceptible to this problem. In general terms,
aluminoborosilicate glasses in which the SiOa concentration is equal to
or greater than 60 wt.% and/or the BoOs concentration is in the range
of 9-10 wt.% or higher are the glasses which wilt be devitrification
sensitive and will require the use of the present invention to address

. the problem of devitrification defects in the finished glass.

[0049] In outline, the present invention's solution to the
devitrification problem for high silica and/or high boron glasses is
based on selecting the position of downcomer 19 with respect to molten
glass 33 so that the free surface of the molten glass undergoes

sufficient activation to avoid levels of S8iOs enrichment and/or BoO3




fini shed glass. [0050] One way of achieving such surface activation is to
place the downcormer above nominal free surface 21N as showy jufe bo@r es 8
and 9. ThIS creates a free surface 21 which lies above the nom nal free
surf ace. Asseyhi ch forns free surface 21 is contln &2{&%’/{ epl aced
wi th fresh g ass and t hus any enrichnent of silica and/or P on of
boron oxide that may occur at the surface does not have an opportunity to
reach |l evels where devitrification def ectld-are created in the finished

gl ass. In pragei | fr surftace 21
has been found Fg&lejr{?niaﬁavggl %g'glttg |ca ﬁgﬁgﬁefe%%b@ﬁt?ﬁ S% own in
Figure 4 fro @&hﬁdglﬁ%atlon sensitive glass. [0051] However,

accordance w |nv t .has _been nd that |ocatin the exit
end 20 of domkgt())%gf 19 a %\%A}Orﬁcﬂ?‘nflgeﬁe“:hs ‘Eeea‘?ti‘f@t@a’rﬂsltps{gﬁ?e thad to
def ects in thdowincbaiwedtgivasmminal fitesigase 2111 28 éiﬁ%ﬁ&?h?l??g[ﬁgg ﬁgﬁv
defects (blis the type shown in Figure 10 8? t hough

%er def ects% ’EX
not wi shi ng t 8 DEUB&EsRICH? ﬁ?sﬁﬁﬁ%&}lﬁhlm@boﬁmmﬂfr&et i's
bel i eved t hat gt#fes€e q‘ﬂé%}a& Wclpforﬁ?éJﬁSQ %fa%@%l assgg_le of rml ten gl ass

.over the edge of exit_ end 20 downconer |s exposed to
gaseous at msm@@@mt@@%glawmd ’ddgsaaajrwamhmmléa)aﬁ@ﬁﬁs , 1t can

| ocal |y defor I e | ten ose deformations heal,

_they can ent rd;eﬁléﬂ Ol'%a)?r%%)r?% 01%1-15{{0 4988 ggilerrﬁEﬁJ;r‘é‘? goes pat hapeBsl es of

gas) whi ch ar@PQmaIbﬂtEt@ﬂTemimels‘ wheid &@wﬁ@ﬁi&ﬁbrﬁ&éﬁ%t@é&% dlRlgePRd up as

blister def %e fi n hed ass. Anot her possi bl e mechanism for the
TEEhedgasts; o Bty

Aqrmation of Bi Jf?dS]é’tg Vh@CQﬁleIt aboveohominal ass as
i exits thd’r&h)m@d?@m HERY sea{fcﬁﬁidfbs eaiete,%

el evation of ;the exit end of the downcorrer ove %ﬁﬁ:ﬁg ‘%%ecf%?é)e%gurface
of the nol t edYBF §8ewny %H'tﬁl‘i@mgt&ﬁmmﬁdwum $eangitivé bese. bl i ster defects

aavan 252' of *‘139%132262‘&8%’68% 38 0BG a0 a8 Towantion, Whas bt © "
found that locating the exit end 20 of downcomer 19 above nominal free
surface 21N can itself lead to defects in the finished glass, In this case,
the defects are gaseous defects (Blister defects) of the type shown in
Figure 10.
[0052] Although not wishing to be bound by any particular theory
of operation, it is believed that these defects may be caused by the
passage of molten glass over the edge of exit end 20 of downcomer 19
) . while that edge is exposed to gaseous atmosphere 33. Because the
D edge always has some roughness, it can locally deform (locally cut) the
molten glass. As those deformations heal, they can entrap small
amounts of the gaseous atmosphere (small bubbles of gas) which are
unable to escape from the molten glass and thus end up as blister
defects in the finished glass. Another possible mechanism for the
formation of blister defects is folding or lapping of the molten glass as it
exits the downcomer. This effect usually requires a substantial
elevation of the exit end of the downcomer above the nominal free
surface of the molten glass.
[0053] Although on their face, these blister defects are plaintya. -

problem, from an operational point of view, they are an advantage of




-15- the invention. This is so because they provide a procedure for
.dentifying a desirable location for the exit end of the dawieaaRoos
relative to the nomnal free surface of the nolten glass. [0054] In
accordance wd@okiygs procedure, one can begin the searchpd9gsoaasiyd t abl e

| ocation for the exit end of the downconmer with the exit end being, for

~ exanple, in a subnerged condition which produces devitrification defects
in a devitrification sensitive gl ass. (Tﬂé'exit end of the downconer can,
of course, be tht mavddt@her ThRGatd L0l f earch procedure
based on the teachings hergi%ﬁl.a)éogﬁbe&hggmqﬁgg%?&%%g%%ﬁe%g%gorupward unti |
blister defectdentiyuty adesirable Iptationdor theest el dof ths dosariongst, t he

probl em of deyjjt kL | ] | el i nated, although, of
course, the pr O%Flg%tg?-ﬁ%ﬁ%gﬂg%fﬁggg&\ﬁgace\,ﬁt%ﬁpe&%ggl%ﬁém t he downconer is
moved downwar 0@F#T |t He dicosdarice witheis pdbsaRREA6né Bak Mgld Bhshed gl ass.
In practice, that .this | ocation (or even sone further

|Sé h S been {ﬂqolin? C

downwar d novenee}ﬁcﬁ GhESHEIPIe fcation for the exitanphebihedewneomey with theat i on
def ects i n dewxitehtli ifdhb Ofdr ex8ASIIE | L NGl Vs hi.s..way, both
devitrificatiqQn defect sg aﬁg ﬁ??s%’e%e%gkgg%gg%ggé %%t%%"llﬂgp%ﬁ]’iﬁeﬁat ed

 from devi t ri f fiedtiligrtionedefecisia g dsviioficalioosbhsitive gmsnwiht exivengnt of
t he downconer gt Wae! i f an, bring.the exit end of the
downcomer i nt o %ﬂ%@%&c e’roe%{('ﬁ{urlgg’ %géiﬁtﬁ}‘gbﬁ/ioggn?ﬂ@tf e surface, as
il lustrated ipegihgingef the seanch pPocatureverelepihd Rachigs Eé!ﬂ‘eﬁﬁ.zel‘h@- g.,

.. bel ow the fre . approximately 5 mllineters. Al thou fresh
@ ass does no%ovgf\fléegrrﬁ%gﬁj%}eﬁel%ipyﬁi Wﬁ%@?ﬁ@r‘ﬁtﬁﬁ gefegty aEﬁ@ﬁR)ﬁ’lgﬂtfe
0

wncomrer | s Snished getks. tACthié IQRRH AEDroBRnt bt hbvifincutid BLARM Y
activated thrvg@%\ nf,chanl cal and/or "di ffusiona orces to avol he
formati on of ¢ finraierdoplthgugbeebcolBestie pratemgif Bister defects

at -t he-free- spiif 388, -free- surface cqnfi atjons can be
used, the non-subnetgg%érggcﬁg%%‘%ﬁ# {Soﬁoﬁégpg?“?raﬁﬂﬁglu{@ MfErred,
provi ded t he dsfeais disdpneasdn thbdinistidd glid, Gh pracHEQNBARBccAGLLAe noni nal

free surface fb. {ig 1004 4&ED (cl(%I &8 shine Srei:hglg ggwnward movement) does not
result in the reappearance of devitrification defects in devitrification
sensitive glass. Accordingly, in this way, both devitrification defects
and blister defects are effectively eliminated from devitrification
sensitive glasses. '

[0055] _ The downward movement of the downcomer to eliminate
blister defects can bring the exit end of the downcomer into a location
O - where it is essentially at the free surface, as illustrated in Figures 11

and 12, or even below the free surface, e.g., below the free surface by

approximately 5 millimeters. Although fresh glass does not overflow
the free SI._lrface when the exit end of the downcomer is submerged, the
free surface can still be sufficiently activated through mechanical
and/or diffusional forces to avoid the formation of devitrification
- defects. |

[0056] Although the at-the-free-surface or the below-the-free-

surface configurations can be used, the non-submerged configuration

of Figures 8 and 9 is preferred, provided the spacing between the exit
end of the downcomer and the nominal_frée surface of the molten glass




WD 03/ 051783 PCT/ US02/ 39445 -16 is not too great. In practice, a spacing
of 10-30 mllineters, preferably 15-25 mllineters, e.g., 1@appRhexegetely 20
mllinmeters, has been found to work successfully. It is to be understood

that these syceosreepgesentative spacings, wth the particul gérghagddg used
for any specific application of the invention being a function of the

equi pnent used, as well as the viscosity of the nolten glass. Based on the
present disclosure, a suitable spacing fl& any particul ar equi pnent

configuration-g%t@p&glega gl bisgosi : . in: er,m y
persons skill ed inth art't .Iﬁ[s%rgé%‘%g’ﬁFh%ﬁ%%%gggc?gﬁgﬂ%%ggﬁ%héﬁgg%ﬂ t he

i nvent i on havd 3b@8emillimsterished. aappioximatalp@dnillimeitars, hascdasndipustiood t hat
nmodi fications be. nmad i t hout . departjng fr. e invention's spirit
and scope. Fortg%g%ré{nﬁ}cgfswyagg%topsgmf Oflgg]ai E&%?ﬁqﬁ“‘ﬁ ng a desirable

| ocation for repeesexidtivensharingd)evitihwhe Patichiiee dpheind@sstb it fach tine a
fusion process is put _jnto operation, but rather know edge from prior use

of the i nventPERICAPRISAERP)¥ybE (n¥entior Brmees jureion pétlpameiamentat a
desired | ocat i@Rawht RRutad ﬂf@ﬁ%b@%@?ﬂ{g ﬁgyg%ﬁgésé’.‘hi?ﬁg?ﬂ %ﬁnﬁi'efﬂ)rt%g%ﬁ{] at

- location. Sim]| arly, although the most va appl rcations of
i nventi on ar e disclefirenamufitedie spachgder ahyigartietlaorequspnsinti ve gl asses by

the fusi | ' | sa.b d with gl t
ot devi tri11 Cornenei et FROUAY 48 oSl b ctidill iR ERed B,
“benefici al ef becdomsi skiBepdmdhegrt.he operating range of the process. [0058]

A variety of nmodi f.i.cations i ch do _not depart_ from the scope and
Rﬁg@nt  orf et 8D 15 embadimsais eﬁﬁl%mvmmmrﬂa@;ﬁ Bgan | in

fspirit of the
%ﬁ er the Spear T e anhed Tt St AP Rarer st e SRty aared [0
modi fi cat i onsbe yardawidont depariing foah ¢he snvebtio'mepRiend sddpe.CESE M5: 1. A
glrjl()zggsglzg?ns) ; ?:g%ljﬁéfer, ¥ne %%E%npfrgéed{ﬁ%s 'O %‘re%%?y(ilng% 3gse11@etlblgllg§a 'obﬁ/fo% fusion
the exit end of the downcomer need not be used each time a fusion
process is put into operation, but rather knowledge from prior use of
the invention can be employed to immediately set the downcomer at a
desired location without repeating the procedures which identified that
location. Similarly, although the most valuable applications of the
invention are in the manufacture of devitrification sensitive glasses by
the fusion process, the invention can also be used with glasses that are
not devitrification sensitive with no adverse effects and potentially
. \) - beneficial effects in expanding the operating range of the process.
[0058] A variety of other modifications which do not depart from
- the scope and spirit of the invention will be evident to persons of
ordinary skill in the art from the disclosure herein. The following
claims are intended to cover the épeciﬁc embodiments set forth herein

as well as such modifications, variations, and equivalents,




,(a), a first conduit which has a first characteristic cross-sectional

di mensi-on; (b) a second conduit which has an exit end and asgREEDG06 ,
characteristic cross-sectional dine sion; wherein: (i) the first conduit
receives nolten glass fromthe secon 7 Gnduit (ii) a portion of the flrst
condui t- surrounds a portion of the second condwt (ti1) the first :
char acteréle% Cross-sectional dinension is Iarger than the second
characteri'stic cross-sectional dinmension so that a free surface of nolten
glass is fornmed between the first and second conduits;- and (iv) the first
and second condujts a h that the
spatial relati O?Shl p %g?d\;\l/e%grqusﬁe exf?kgstrt%e{ R"??’ue %@Lgcn eﬁ@@ﬁ bgr"i’d t he
free surf atsionprdckss eonitrdingyl ass results in neither substantial nunmbers of
devitrification 6 def ec%sé nor, substantial nunbers of blister defects in the
 finished sheet dfhss ¥t congpyadhiehbas g firsipbaracieristic eroposectional idimension2.  The
~delivery 'sygiiemof Claim1l wherein (a) the portion of the second condui t
which is surrounded by the first conduit is substantially vertically
oriented; and (Hp). tadwecomldomduijidsich hdsehweitend hel £ sdcehd andacaamed conduits
defines a nom nal surface and the exit end of the second conduit is -
above said Cﬁ%%sﬁgfonﬁf‘gglegﬁf’%ce with, preferably (optionally), the spacing
bet ween the exi twigpdnand the nominal free. surface being between 10
mllineters and 30 mllineters and, nost preferably (optionally), between

- 15 millineters 4nd 2%3hefitst camihﬁrrscewe%mdmﬁ giirs froertie sacvhdomduitC ai m 1

wherein: (a) th ortion.of e_.second _ conduit which is surrounded by the
first “conduit Sig)osuﬁﬁoﬁtmqgttﬂflﬁ%ﬁ?‘g%tlsluﬁ'o ‘fsé‘rﬂoé@n‘éﬂﬁeﬁwn dpendsti t end

of - the second CQT‘?U' thd SrsPetRsdcadtshal f&s& Ctl%)ﬂ? dgtﬁlﬁl%l S tliﬁ‘gﬁr tgan %hﬁThe

delivery system Caim1 wherein: - e second
condui t whisegengd §hm¢tﬁnum¢s@pcmd]ml ﬂmmxsxon Go o b freb Sufavesif andlienlglags is
vertical l y or| it end of the. second conduit is bel ow

t h
the free s ?3’ en%%@%ﬁ%ﬂ#?%?ﬁi?%ﬂ%ﬁ@ dholten glass to appar atus whi ch
produces sheet () 25 Sl PardUSE A REBEROFe Péﬁfﬁa Shel5LIRG: GOR AnSiHEgs ()

provi dl ng a first conduit which has a racteristic cross-sectional
that the spatial relatlonslnp between the ex1t end of the second conduit and the free
surface of the molten glass results 1n neither substantial numbers of dev1tnﬁcat10n
defects nor substantial numbers of blister defects i in the ﬁmshed sheet glass for a glass
that is devitrification sensmve

2. The delivery system of Claim 1 wherein

(a) the portion of the second conduit which is surrounded by the ﬁrst
conduit is substantially vertically oriented; and -

(b} . the molten glass ‘between the first and second conduits dcﬁnes a nominal
ﬁes surface and' the exit end of the _secoﬁ'd conduit is above said nominal free surface
with, preferably (optionally), the spacing between the exit end and the nominal ffee,
surface being between 10 millimeters and 30 millimeters and, most preferably
(optionally), between 15 millimeters and 25 millimeters.

| . _ 3. The dehvery system of Claim 1 wherein:
(2) ' the portion of the second conduit whlch is surrounded by the first
_ condmt 1s substantially vertically oriented; and _
(b) = the exit end of the second conduit is substantlally at the free surface.
4. The delivery system of Claim 1 Wherem '




.di mension; (b) providing a second conduit which has an exit end and a_ _
seecond 'characteristic cross-sectional dinmension, said second ghabasd eristic
crross-sectional dinension being snpgler than said first characteristic
cross-sectional dinension; (c) nesting a portion of the.second conduit 7
within a portion of the first conduit; (d) flowi ng nolten glass out of the -
second conduit and into the first conduit, said nolten glass formng a
free surface betyeen the fi.rst_.and second condujts; and_(e) selecting the
relative Iocatioﬁ@ of “He° P?gfaﬁﬁ ‘%@6@H@n58ﬂﬁ iy Sroyndedhy thadirgpat i a

rel ati onshi @Iﬁeit\f@ﬁibsfaﬁﬁalﬁxﬁhiﬁmgdﬁfén{eaémﬁecond conduit and the free
surface. of the nolten glass results i n neither substantial numbers of

~devittification @f ecths enisend ofiths secrmidaionduitis delowothe Bk stngicedef ects in the
-fi'nished sheet glass r glass that. is .devitrification sensitive. The
met hod of O ai m Mej?‘g?%tﬁ°‘f§’fpf9¥é‘5’ﬂ%§}°éf8“

v 6.

t foqmpgeius rduchproduces shrsti t i s
substant’i_aIglyss\b@rdﬁ;gi@hlpyoce@g,isﬁah%ﬂhomlﬂangg he nolten gl ass between the
first and second conduits_defines a nomnal ~ free surface and the exit end
of the second cddtiui tPrp¥idifigo/@rssegnduiiovhictahasfarfiret charameistiowrols-septiefar abl y
(optionall y@meﬁggﬂ.spaci ng between the exit end and the nom nal free
surface being betvieen 10 mllineters and 30 mllinmeters and, nost

preferably ( optbpnal pryYidinged et dod e i a8l AR thPndd ekt €1 8. 7. The
- method of Claim5 wherein: (a) the nested portion of the second conduit is
- subst ant i aloBgragleRsCHPsSysectipnd diraensicanspid bicond charatitéristin drast-sedinslecond

wierein: PRIk B hlld 5 BBy oo oddienting condui ¢ 1
S5 L O b g e s Colod St Gk Jcsenone,
"the nestedB¥tHon of the second conduit is substantiall y vertically
| (d) flowing molten glass out of the second conduit aﬁd into the first conduit,
said molten glass forming a free surface between the first and second conduits; and
(e) selecting the relative locations of fhe first and second conduits so that |
the spatial relationship between the exit end of the second conduit and the free surface
: of the molten glass results in neither substantial numbers of devitrification defects nor
substantial numbers of blister defects in the finished sheet glass for glass that is
‘devitriﬁcation sensitive.
6. | The method of Claim 5 wherein: ‘
, (a) | the nested portion of the sécond conduif is éubstantially vertically
oriented; and
o (b) the molten glass befween the first and second conduits defines a nominal
free surface and the exit end of the second conduit is above said nominal free surface
| with, preferably (oprtionally), the spacing between the exit end and the nominal free
- surface béing between 10 millimeters and 30 millimeters and, most prefefébly
(optionally), betweén 15 millimeters and 25 millimeters,.
7. The method of Claim 5 Wherein: |
_ (@ the nésted portic_:n of the second conduit is-substantially \}ertically
oriented; and |
(b))  the exit end of the second conduit is substantially at the free surface.

8. The method of Claim 5 wherein:




“orirented; and (b) the nolten gl ass between the first and second conduits
defines a nomnal free surface and step (e) conprises: (i)i4®uépgnd he
first and second conduits apart so thay the exit end of the second conduit
is sufficiently above the nomi nal free surface so that substantial nunbers
of blister defects appear in the finished sheet glass; and (ii) noving the
first and second conduits together until substantial nunbers of blister
def ect's no | ongefa) appg@mekiad ichl JF @k . hod of
Claim9 where stg% e) conprnggﬁ?ﬁgﬁ$ﬁggﬁ£§§§¥g%ﬁ%ﬁmﬁﬁggpﬁggFﬁgﬁfirst and
second condefienied; t her beyond the point where substantial .nunbers of

.blister defects | o ..appe in the finished. sheet glass but not so
far as to cause@gubs{tﬂg%ﬁtgggﬁﬁ%eﬁggo CO&QWF{S:H‘??Q%%F@W UeReet s to appear
I.n the finished &heetThamathodb@Clahasenthal 1S devitrification sensitive.
11. A nol'ten gl ass delivery apparatus for use in producing sheet glass by a
" fusion process d@hpri Siergsted gprtiorf ofithe secondioonduittis abstaatiakty Védislly

charact eri stidt grg@s-sectional' di mensi on; and (b) a second conduit which
has an exit end and a second characteristic cross. sectional di nensi on;

~wherein: @ (1) tHe)firthé oo didss baaRby i .
condui t; '(iﬁge@affg)ort I on of t'ﬁe ?_i rst cgﬁdﬂﬁgﬁﬁﬁgﬁgg&lgg&%ﬂtﬁﬁ%aﬁgﬁﬂﬁ%e .

second con aqs qudystgp(epcempriseschar act eri sti ¢ cross-secti onal . di mensi on

is larger than es teristic cross-secti | di mensj on so that
"a free surface ESQ mﬁ%‘g&%ﬂ%fh;es@%@dfsg? °n§‘é‘?§/@ Sf’ﬂé“??g"r%’ﬁt %ﬂﬁgoé%ond
condui ts; (seaondichrdyivistsuffiviaitlyl dbeve feQidehifd Fbdishr M ShtSubsthhpynded by the
first conduit is vertically oriented; (v) the nolten glass between the

Cfirst and SEPYRE of Sisfer defeetd pppres ittha Simishad sheet glesssemd ace; and (vi) the

exit end of the co 3 id s ocated in spati al.. range .t hat extends -
from5 mllineters be g\%v?%%g!%ﬂm ISF?@F@PEdLH[?gQ%e%%%“&% S%QF"‘" Rbessr f ace.
- 20 14 Jofieli@€Qfefd?s noNoaBéM@Peirdh thY Qvikkbdfediidsen gl ass to apparatus -
whi ch produces ?geet '

The method of Claim 9 where step (e) comprises the further step of
- moving the first and second conduits together beyond the point where substantial
numbers of blister defects no longer appear in the finished sheet glass but not so far as
to cause substantial numbers of devitrification defects to appear in the finished sheet
glass for glass that is devitrification sensitive,
1. A motlicn glass delivery apparatus for use in producing sheet glass by a
fusion process comprising: '
(2)  afirst conduit which has a fiest characteristic cross-sectional dimension; and
(b)  asecond conduit which has an exit end and a se isti :
‘ : . 7 cond charagteristic cross-
sectional dimcuasion;
whergin:
) the first conduit receives molten glass from the second conduit;
(i)  aportion of the first conduit surrounds a portion of the second conduit;
(iif)  the first characteristic cross-sectional dimension is larger than the second
characteristic cross-seetional dimension so that a free surface of molten glass is formed
hetween the first and second conduits;

(iv)  the portion of the second conduit which is surrounded by the first conduit is

- vertically ortented:
(v)  the molten glass between the first and second conduits defines a nominal
free surface; and

(vi)  the exit cnd of the second conduit is located in & spatial range that extends -
- from 5 millimeters below to 30 millimeters above said nominal frec surface, '




gl ass by a fusion process, said nethod conprising: (a) providing a first
conduit which has a first characterisgjc_cross-sectional diamaspess (b)
provi ding a second conduit which has an exit end and a second

" characterisg§sc cr ' ' ' econd.characteristic
Cross- §IECt i I[)% | . Aﬁﬁﬁgﬁﬁﬂgldﬂé;@;ﬁx %!Eﬁ ﬁ’?ﬁ’ggﬂgg}vﬁ%mgﬁﬁgﬂﬁh stic

cr 0ss- B BIoh i Rrofessosaid SN porti on of the second conduit

wi thin a pof@i onpufviding #f fizsscorclpitondiith hassalig clest@ckiniy drb@segfiotdie second

condui dimdakjag: vertically oriented; and (d) flowing nolten glass out of the

second condé{i and into the first, condyit, said nolten Jass formng a ft

e surface bfweeRYidingasecong, condatt it@ﬂﬁ@ﬁi%:endmr@eﬁﬂﬂ‘(i) t he nested

- por t i ovhaufcteristic semomdotbard dirhensdony exil isemint phamiisid crdsk-sdetiohgl nol ten gl ass

bet weedinteRsioh by shicd BeANAid BRI M ford ki 183 %emgla'ﬂﬁkmeﬂs{oe surface; and
LN

S
i) the exit end,of the.secand conduit .is.l.ocate i al range that
<(axt e%ds. fréctlnS ﬂ?ﬁqﬁ?ﬁé?o&lgnﬁgﬂﬁﬁw “ﬂ‘i“?l‘”i’ %Pgl’%b&éﬁg r&scmﬂw%% free
sur f ac®id natedpartion efithgl seeendiedrdnidbpingerticallyoricatedyaed i n pr oduci ng sheet
glass by a (d@)usi fowRig)aoRSn SRADEUINES sdkald Sorduiitnd nRine rtlbilhilas a
firs : - | mensd on; .an a, second 'condui
uhi oh SADBEAE bbbl 8 %e SR e THE Bl B SoiamiandBieg | onal

di mensi on: M#&#®i n; (i) the first conduit receives nolten glass fromthe

second confidi t; the nysted portipnaf tod seebed ériduie i§ 0BWithlly SHEARANDS a portion of -
t he secondgipondgiaty | e | St r eristic,cross-sectional -

- di mengl Oﬁd( 2“I ar genrmltt‘%]ﬂa%ld% Eeél?g%%ﬁ% ﬁr@h%ﬁ?%%% @ndpity ﬂ%@%@wiﬁﬂal

di mension .fd"‘"t a free surface of nolten glass is forned between the
first and @dkonthesxitamdtof th¢ satpnd bendwirit iovated§intehPaBRCGIRE GANGNIIgsWi ch i's
sur r dvord Sdntiiimiches bélost 100N HHIimetess a tsbjﬁ%'g% Q]I[l# ented: ~(v) the nolten

gl ass betwn tlf%;am{’hé’ﬁ] an secon%@&g&g{gl s | eff 5%331 final free
surfzﬁé; and (v Tl E25 delygnoap SIOF BFringRduting ahatt pless bpai nal free
sur f O] RIeceP Campprising: the fol lowing two spatial relationships: (1) the .
exit end qh)thea fineeofiEORtithinak 3 #rACRkBBkns D8I NAL, bree surface, or

Vit niension; an
B (b)  asecond conduit which has an exit end and a second characteristic cross-
sectional dimension; '

whercin: .

()  the first conduit receives molten glass from the second conduit;

(i)  aportion of the first conduit surrounds 2 portion of the second conduit;

(1) the first characteristic cross-sectional dimension is larger than the second
characteristic cross-sectional dimension so thar a free surface of molten glass is formed
between the first and second conduits;

(iv)  the portion of the sceond conduit which is surrounded by the first conduit is
vertically oriented; '

_ (V) themolten glass between the first and second conduits defines a nominal
free surface; and

(vi)  theexit end of the second conduit and the nominal free surface satisfy one
of the following two spatial relationships:
(1} the exit end of the second conduit is located at the nominal free surface, or
(2)  theoxitend of the second conduit is located above the nominal free sur;hcc
with the spacing between said exit end and said nomina) frec surface being
such that commercially unacceptable numbers of blister defects do not
appear in the finished glass, '

14. . A method for providing molten glass to appai'atus which produces sheet
. glassbya fusion process, said method comprising:




(2) the exit end of the second conduit is |ocated abode the nom nal free
~surface with the spacing between said exit cad and sai d nom nak 2666e
surface being such that conmercially 2u]naccept abl e nunbers of blister
defects do not appear in the finished glass. 14. A nethod for providing
nol ten glass to apparatus which produces sheet glass by a fusion process,
sai d nethod conprisin - 21 14 June 2006 (a) providing a first conduit

whi ch has a @®&)r st ptrva mglaef'rsmmmmﬂn&hﬂ(ﬁﬁﬁﬂdiara&m&&-%ﬁbnﬂr ovi di ng
a SeCOI’tﬁnﬁﬂ,ﬂdﬁHt Whl ch has an exit end and a second characteristic

Cross-secti on racteri stl c cross-sectional
di mensi on bg:B g sﬂ%’l |‘§ng‘ﬁ'5 nggqoa P‘&{‘%&‘fﬁ ndtand acyoemsl sect i onal
di nensﬁbﬁfac(ﬂé‘ﬁ“%éwgctwrﬁbdﬁmlmﬂ sm&eemdehmeﬂ-ﬁm trowk-bdutional portion of

ang Th{‘?}mff\m;??'s mﬁrﬁ%smm'gmm“ﬁass SetitnalbihdBie CONe oo !
bet ween the f1rst angl" ﬁé’ond‘@% Gre? wE &i‘ﬁhmw?rtton@ i figsg cprudt; on  of

t he se@ﬁd Conduit is vertically oriented; (ii) the nolten gl ass between
the first ec fr d

t he elxgJ gs: ¢ %%@f}g%?gﬁﬁéﬁ %la%dt%?%oi tEeE Enéc‘)braéﬁdﬁﬁlmgr”étgﬁggﬁﬁe@ "ag: !s:‘il
one i 4 gﬁ‘é?‘f‘rgﬂcerlﬂ"&?q“ firspand socpndieendoits end of t he

second conduoyhereis: Iocat ed at the nom nal free surface, or (2) the exit end

of the secoq conﬁwﬁm @ﬂh@@@db%dtcﬁﬁ 199{“‘%?(@035@3&5 rface wth the

spaci ng bet i *bein such
t hat comrer aI I ﬁﬁ%ﬁ@&ﬂlfﬁb%ﬁ g wc@tlfér»owf@deﬁnm nemimahppear in
the fi

(m) the exit end of the sceond conduit and the nominal free surface sausfy one
of the following two spatial relationships: '
(1) the exit end of the second conduit is located at the nominal free sur&we, or
(2)  the exit end of the second condwit is located above the nominal free surface
‘with the spacing between said exit end and said notninal free surface being

such that commercially unacceptable numbem of blister dc[‘c..cts do not
appear jn the finished glass.




