Titl e: APPARATUS AND METHOD FOR MAKI NG SHEET GLASS BY THE OVERFLOW DOANDRAW

FUSION PROCESS [err] Abstract: A nolten gl ass delivery sidshaeprf@@ use in
produci ng sheet glass by the overfl ow downdraw fusi on process is provided.

The deliver includes a first conduit (9) which su portion
of a second)ﬁ(:(gér@éﬁgg(lg) with a free surface (21) of nol tlé‘t‘r:\ﬁﬂg 1395425(31) '

being formed between the two conduits. The first (9) and second (19) -
conduits are positioned with respect to _gne another so that the spati al

rel ati onship between the exit end (20) of the second conduit (19) and the
free surface (21) results in neither substantial nunbers of
devitrification defects (27, 29) nor substantial nunbers of blister defects
(35) in finished sheets of devitrification sensitive glass, e.g., high
silica LCD glass. 14 June 2006 WD 03/051783 PCT/ US02/ 39445 -1

DEFECT CONTROL IN THE MAKING OF
SHEET GLASS BY THE FUSION PROCESS

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




DEFECT CONTROL I N THE MAKI NG OF SHEET GLASS BY THE FUSI ON PROCESS FI ELD OF
THE | NVENTI ON [ 0002] This invention relates to the productii@ruaé 28fEeet
glass by the fusion process and, in particular, to techniques for

control i ”9\45‘&/05{179:{ mation of devitrification defects in ﬁﬂ;ﬁﬁs%z/gﬁgse by this
process. The techniques are particularly useful when the fusion process is
enpl oyed to produce high silica glass sheets (e.g., glass sheets having a
wei ght percent of silica of at |east 603@ whi ch are designed for use as

substrates i t £ g ' , AMLCDs.
BACKGROUND O FER TR e SuSton RAthts BRodns AEEPyBHEn ke L
process i s ormutdcasheavzasiperi@chaingse andsedootinetsbe Agl msssutbkheg art to
produce sheet,. gl ass. See, faor exanple, .. Varshne Arun K.. "Flat dass,"
Elindanent al s TBRGHGFEERF Lo breOhes O sertigties mirgduntt L the pradicllon’ody
Chapter 20, SfcheQlads ubstbatksaied ioManaduftatder i m:%?a@a known in the
art, e.g., the float_ and slot 14 June 2006 WD 03/051783 PCI/ US02/ 39445 - 2-

dr aw processé§§PllaH§ (EGBisbn process produces gl ass sheets whose surfaces

have superi or [66@4]” esstfp @u&gﬂg{u{aggﬁ épéﬁiéﬁﬁﬁf Sid ""6‘%?‘%%&%"?‘&%“’) rocess has

beconme of particul-ar inportanc ction ass substrates

. used in the rusivhaetasess,ab thieguibjeatrof sbaimonlysgpisagrsed UCBsPateh09B4%. The

fusion proce | fical e, ouerfl owndr.aw, fusi,on. proces is the
Sub] ect Tof _conmBrye.wad Bhede g08 wpficr: M\ DOURED tnd WNARLEOERERS (10 11
Stuart M Doekelihyorpofgteddidret By dbfenbndd) Adchetiialty @eidhgdfiiBeei n by

reference. A schenat#&;gdravm nrgﬁo_f t he rocess of these patents is shown In

Figure 1. AsPrPeeas:idbege prisrEs s showa o Biggne iln che dbastaateddhereipi pe 9
whi ch provid ; : Rlatat '
ot ractory bedy 1 P cage sty BipdS 1t hBRLe ROl A B B 8.
oper ation ha§0ﬁe@m1amte§hehl formhee m agefrestpaduely 13 bmowmeasapply pipe to
t he trough am]ho i}Jeen. overflows the top of the trough on both sides, thus
formng two sheets”of gl ass that

o [0005] Once steady state 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
surfaces of the final sheet are achieved. '




fl ow dowmmward and then inward along the outer surfaces of the | sopi pe. The
two-sheets neet at the bottomor root 15 of the isopipe, Wiganébey fuse
together into a single sheet. The single sheet is then fed to draw ng

equi pnent (Wéﬁ?@sg}ni ed schematically by arrows 17), whi ChPCJ?‘i%%}Pﬁ“S t he

t hi ckness o feet by the rate at which the sheet is away from
the root. The drawi ng equi pnent is |ocated well downstream of the root so
that the single sheet has cooI ed and beedne rigid before conming into

contact with qui p .can_be.seen |n e outer
surfaces of t[hgsﬁnal lf‘lé% iR eI ARy b’gcﬁ]tn%ﬁhtie out si de
surface of t fieom@epn@ﬁee@wfd Bé adjwstﬁmetwﬁh ﬂeapewmmsﬁqxﬁmleat usbdietee
surfaces only see the anbient atnosphere. The i nhner urfgce e two

hal f sheets whtlémnd ming the lfa“ha}grs%@ets frome svhigh the 't hose
i nner surfac gﬁgﬁd@?ﬂﬁé’@%h@gﬁ clI1 A8, dﬁ&fmﬁ? Jdoled bé%hﬁ’&zearlﬂ aaéfsttaﬂys

buried in th she hi's way, the superior
properties oﬁnWiachLﬂErcomlﬂcbanéEtwﬁem tipe mda&r/ﬁheeandrféleahmoelved 14 June

2006 WO 03/051783 PCT/ USOZ 000 | th
| ocation and *VRETT NSt 8?1“183 e‘ﬁlgg)ﬁl ge(l 38 ?&%‘ﬁt% %%%@%58%3%%@% r es;e)ect
to the equi pierhe Ys@sipkavadiiliéd ot meltenazlabs), trayyracrtgn"ceddﬁiﬁtabﬂitpﬁl& whi ch

t he gl ass shee |s made. Altho ht e tically adj ustablllty coul d
be achi eved BFNEVEIPRAONNELLDE F:;dee cttoli@ﬁfi‘é Wb¥rel ter/ i ner

and the fusig, é?x"@e"@ﬁf&&'@rﬁ&ﬁ%?w td (i.e., a system in which entire

feed system to the Isopipe was h nolten glass), in practice,
:51 ust abi | i t{00@8] achl Bigedeh @ andnﬁleﬁuﬂngtet Mhelqmebtlnm W’ZGQI'Q Be fusion
stem by

@V Iﬁl'éee surface of1 rrq tglg‘ gl ootoré ures 2 and 3
il lustrate s@ﬁ%’ %FFBHYI%RSF% FPPIGov @ﬁhg‘ﬂt)% up y pipe to

i sopi pe 13, ixaeltér/ﬁher eysﬁeni (refortdibto Hetdif fdsf & N@swayGhern dined Bf red to

herein as a d " e |t refergﬂﬁ%{) has%qaq substantlal verti cal
( downwar d) oiplr talp mcshﬂ Ys‘ﬁﬁﬂg VIR (051 RERteR), mol t en
gl ass 31, angoZdndvs H‘i@dﬁﬁe@ﬁon%&’ﬂfﬁcﬁrﬁ&t&ﬂ 1A% BENafl 28Sis thRgrdei ght of
which relative to the I ght m)tenlgig}asslnt’helso ;tﬁestrough 11 is

det er mi ned byucfﬁpetqﬁéhcanelt@i gla{ssotha)he k oéwhithgelagive tofthe heighdvaiconer
and (2) the Ittt gﬁ%@ ih%he i 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




fluid flow of the supply pipe/isopipe conbination. As can be seen in these
figures, because the characteristic cross-sectional dinmensijauaé2o0Wnconer
19 (e.g.,. the dianmeter of the downconer) is smaller than the

characteris sectional dinension of supply pipe 9 t he
di anet er of w(ﬁ)%é’%?fance 18 to the supply pipe), the dowﬁéﬁﬂé&gﬂa%as supply
pi pe can be readily noved relative to one another. In this way, the

desired adjustability between the nelter#*iner and the fusion systemis
achi eved. [000 houl d. be, not ed th ose exit end 20
i s submerged TR ﬁ%@ ﬁsdpgggub?ﬁﬁgﬁLFb IF?%%aﬁﬁrﬁggéegge?%ﬁaiive to
the hei ght ofnulibee1im &Sﬁsddrtdid@nﬁhrﬂienarrﬁﬁélai;reaehyfabasenmtlve to
changes in t eeg th of submersion of the exit_end. To provide a zpatlal

reference for ri bi RGT eReEtRIYARY, Rragtical sHbmessi theiexit gad ok yr f ace”

|'s used her eigmetddidich %E%rﬁmwee@lﬁ%aée a%?doa&gééﬁm%éeemﬁ@aéé June
2006 WO 03/051783 PCT/ USGZ/ 39445 -4- exit IS Just subnerged in the

mol t en gl ass.wilhke abtesantiadly ﬁh@rﬂ@?@ne muoa u&mﬂ:rdmglyiemﬁ‘lgwﬂ@ amsh$ nal
free surface. t ract.i gn .of the exit
end of the o(&nﬁ%%‘?ﬁg‘% g’ﬁ%’%én ﬁrrggéégﬁ?? ﬁblén afﬁﬁg%gse‘gl %% ree surface
will be at eddemtifyaiteyirthrdasabeweeaahbiton ghesos Uiangl the durrbhgdirgs 2 and 3
bot h referenc nunﬁg é% g%fference nunber 21N are used to identify the
interface be?&@é’ﬁ @Tpé 2%hnd the surrounding atnosphere 33
(typically aipggzij 0011y gﬂo@&%dﬂb@hﬁge&)alme%%ufs@%hpggg@mgétwen pi be 9

(as well as downconer 19) are opaque refrac lals (e.qg.
phatinum or @splennenmenl Pbyge, mﬁéctdﬁ@paqhe rafmga:lryfm&’@r@lw feage nor the

m nal free e ual | y.observ d
However , therp?éilﬁca |18%§}1%§1r118%‘ (Ec%gulf‘ EWE{IZIE?GLF Eagceplﬁ?fs fal
nmodel i ng (e. gromiaial freedebfag)of the mdﬂﬂténgmeﬁﬂ bevisualigtubsetvdik noted that
~the free surfaces 21 sho i.n the figures a particular, in, Figures
' 8-9 and 11- 131O%ETSTHAN QeREEnS Ca %qufﬁtgﬁreﬁage@eéfusmg phgeical i on, it

bei ng undersh%&ﬁﬂgage%hsﬂ%émﬁa T 88 B danRetd] b d BEPASteEONPl ex

shapes as a resul he noiten gl ass transitioni ng from a snaller

di anet er condéiit theofrge strigees @il shever i el ligtres and fineparticular, 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




surfaceg. Further, know edge of the exact |ocations/configurations of the
actual free surface and the nom nal free surface i s not neeﬂeﬁnégooaoractlce
the invention since, as explained in detail below by exam ning the

fini shed gl agsodisxizsdef ects, specifically, for devitrifi cat]%,(\grzﬁs%l bI i ster
defects, one can determne if the spatial relationship bet tivd

downcomer and the nolten glass is within the operative range defined by
the invention. B. LCD d asses [0012] Cor®ng Incorporat ed, the assignee of

this applicat@Rieod86a].S So rates in the

manuf act ure of Iloqu?da1 Péﬁgg P@é%?@éﬂgﬁe‘?éﬁﬁmﬁ .,?Tltq’ 1737 and EAGLE
2000. See, wneorpmamdhemabﬁeﬁzem% to Dunbaugh Jr et at and
6,319,867 to ne 2 178 02/ 39445 -5- Chacon_et al.
respecti vel y[ap%&r rel e%&%@%&o@@% %P@n?‘?%‘bt}%ﬂﬂrmaw ein by

ref erence. [@ﬂ3hvﬂ%ﬁu&uﬂ£®@3@@é@lﬁ@§a%ﬁédb&@te&@@f gogygtely
63 3 wt.% whi l? ]I%é}? | ass, has silica content of a I’OXI mat 7.8

. % Becaus&of ity mwwtﬁﬂmmgﬁoﬁdﬁm&grwwr
tendency to d@yaéﬂd 1\6 &.,%;7 e high
tenperature crystalli ngg}ﬁo t:}%n ?T?{:aeé &%C&lj%‘l‘! égQ@é tt%&&. 2000' s
great er t end&ffaperaiudecirystalline form ofsﬂum] ation includes a higher
percentage o n o i cal l r oxi mat el
B203 for i%@jz) 0 verésjgg&r%sﬁé%@‘#g?@ésgﬁ %Ft@&g%?cﬂ% eWéWiHF
Not wi t hst andforgnulationhingheded @Yﬁéh@p&%@ﬁtag@%f‘ﬁ%ﬂ'ohrdﬁ% Mf acturing
runs, considera q‘é ristobalite_devitrification was served when EAGLE

3‘200 gl ass wake® 33 ARRregimately 1 8¢t psite M2Osvibr BAGLB\2080svershad

ccessf ul | yappReusadel) B4 ut the generation of high levels of
dewtnhcah%él The di'V|trv9#?6§%tr\|Mc.)7tnégfgf EAGLE 2000 gl ass was first

observed i n IO S onpr déafintthsbendmgathis h@lﬁﬁd&ﬁel&ffBi(mg diirdss nsdreet (i .
t he beads engag %? quﬂgnaw r}{%l‘ q_ Pﬁﬂ eventual | y t hroughout the
gl ass sheet, I nctudi ‘%Bbet?% obplits devidrifieation masded
ultimately tehsopved Wi ERGLID006 gass was manufactured using equipment

which prevmusly had successfully produced 1737 glass without the

- generation of high levels of devitrificatioh. 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) a first 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,




[ 0016] The present invention is concerned with identifying the source of
this devitrification and with providing nethods and appar atiuSuné 9606
elimnating this defect w thout introdieing other defects (specifically,
‘blister defects)pdpio the finished glass sheets. SUMVARY OF THE | NVENTI ON
~[001 7a] In a first aspect of the present invention, there is provided a
mol ten gl ass defi) ver the iysttcendditreceises innltgr gidsscfirorg tisheetndtaslpitpy a fusion
process conprisi.ng: (a)_ .a first, condyit which has a first characteristic
cross-secti onald“Si rreanl%‘l)’raﬂ?of&efgsk@e ! § # PRAIOAPIBESeSARL NN and a
second char actegipst i e ek Ahg&RAill Q- o5 ifknsioRds fectyh BOO06 wher ei n:
(i) the first conduit receives nolten glass fromthe second conduit; (ii) a
portion ofsetdrsl dhiarasteristin duwiss-sectiond it ensiorpsir thiaionfred surfase o€ nwifdn ghassisi t |

(iii) the first, characteristic crqgss-sectiopal dinmension is |arger than the
second ch&f”i’&?‘t‘?ﬁ???%ﬁ’&%gﬁgéﬁ r‘FSP_‘H?S ion so that a free surface of
nol ten gl ass i giy)f OrdiB érf@hde&Bnd BEnduits Ste FRHicHRE P18k FOO Gk hfiothaid (1 V) the
first and second’conduits are positioned relative to one another so that

t he spati dhatrthe spatieheshitionstop hetmreen He exiti endeiftheofecotvbeandutiadd durfdes t and t he
free surfa of..t he | ten gl ass. respylts,i.n neither substanti al nunbers of
devi tri 11 CHERHPT B ARES efiss FsUiama e ShUA e QP ot PR PR o 1 ¢ he
finished agetsddragsstdiifal Aubb&@s 8f bRAdr defoctieinithd Fihish&d 4128t S8RYof & ¥Rss [ 0017]

An enbodi nent may be a nolten glass delivery systemfor uSe in producing
sheet gl aghathydevitrifisiiansqositivess conprising: (a) a first conduit (9) which
has a fir racteristjc,cross- sectional dinension (e.g., a
cross-secﬁbgﬁr% di arf%l%’?l’?ﬁ'mﬁ'ﬁd'ﬂﬁyl?ﬁ% i nches); and 14 June 2006 WO

03/ 051783 [ROFLASIN SR ry Gyshdd) 16 SESRDEroRiniasHebOIakiIghahas an exit

end (20) and a second characteristic cross-sectional dinmension (e.g., a
cr oss- sectfiigiea prafiegrsompgingbout 3.5 inches);

(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




wherein: (i) the first conduit (9) receives nolten glass fromthe second
conduit (19); (ii) a portion of the first conduit (9) surrquidae 20ggorti on
of the second conduit (19); (iii) the first characteristic cross-sectional
di mensi on i VP 8FEI83 t han the second characteristic crosspcEoinanas

- dinmension so that a free -surface (21) of nolten glass (31) is forned
between the first and second conduits; gnd (iv) the first (9) and second
(19) conduits are positioned relative to6 one another (e.g., by noving the

~first conduit or W) m)wsmgondileondaﬁo(rl@) evdrichibiasem éxitl&ndl(ﬂg) hofilm the first

and second copdui t.s t the spatial relation p between the exit end
(20) of the 8 8“)1"6'6?[ Efé?ssaﬁgc%i‘?{balf‘:%%méc% ) REEPSSFERHRIA D! t en
gl ass (31) reﬁameﬁ@famﬂmgrmayg@t antial nunbers of devitrification

defects (27, 29) gi{;g , commercially unacceptabl e nunbers of
devitrification d £9% nor substantial nunbers of blister defects (35)

(e.g., commercial gy Uﬂi’&ﬁf‘s@tgcl%ggglt{wgée%% HB{weﬁt e?ﬁfoﬁ?ﬁ?é sé rfd‘e

f| ni shed sheetagl ass for evi r|f I'on sen5| 've (e.qg.,
a gl ass whi clfopomEr{19%s at |east 60 w.% Si 02 and/or at Ieast 9 w.%

B203). [0018] In cor c cond, aspect, the.inve |on ovides a
met hod for provi dﬁﬁ rr%% gﬁ%P{;@g %ﬁmﬂf@ Oqu)p PE‘H’f%?oduces
sheet gl ass Isyccmduem@mtmlg ess, said nmethod conprising: (a) providing a
first conduit (9),) tE’Gh s a first characteristic cross-sectional
- dimension; (b) pr st ebarptedside crosstsyctigmal dimansien islargesnd (20)

d a second&g&gm&gggd
(EB il bEal%{c é@&ds@@ch@hﬁ?ﬁ%ﬁﬂ&m A A3 G dﬂgl st

\Cllar acteristic cross-sectional man5| on bern han sai
characteri st s@ﬁée@%l)ﬁ@omglmr@mbxsomm lﬁlé]ﬁt@émﬂﬁa firét dAndesc2608
PCT/ US02/ 39 ?c'ﬁ% 111 nestl ng a portion of the second conduit (19) within
a portion o % conduit (9); ,
(1v) 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;




(d) fi'owing nolten glass out of the second conduit (19) and into the first
conduit (9), said nolten glass formng a free surface (21) j4bmh¥eers t he
first and sqg@bghsganpduits; and (e) selecting the relative i’%‘% of the
first (9) and second (19) conduits so that the spatial relationship
between the exit end (20) of the second conduit (19) and the free surface
(21) of the nolten glass (31) results infneither substantial nunbers of
devitrification defgctspng %}leéttﬁ;ﬁ rss Isher..defects in the
fini shed sheet gl.as((? for Q'gll-l%ss t hat ?ghlcﬁe]%ﬁdﬁogfgtlﬁ%t]ﬁ%e fe. st ep (e)
of the second ReSpertofghetisst candniti(@) is preferably performed by. (i)

noving the first ( an 9), condui t.g, apart (away ,from one
anot her) so that tﬁae) em?@r‘%%%%‘ IFSFI?@%QJ%ﬁﬁe G?"tlg'f‘&td)lg) and
sufficiently dbtovtheafiratmonauif (Bpsaidrhatien(@4dd feinihe #0b LaL %ﬁ‘é}{;) (31)
so t hat subst%gg‘;val er.s oc% blister defects appear in the Tal ni'shed
sheet gl ass; and ¢t %BWTT%“ FEC9R4 spndyitsyandsecond (19) conduits

t th t d bk f.blist
defacts no’ F%ef‘einge?r’@?n s P O RRS A BRERa Berdhd hi

aspect of the iy thatdine spatiad rebatipuship bdtwedtie oxigleaebeg! i very

(o) e st copats PERORHEIE (g B Tee Hufhee ) oF i mudiom sioee
di mensi on; ‘an(®1) ceyulds e eittier aobstdn Al elmbass aﬂd@x?ii:rtiﬁé’aﬁi’cﬁ?ﬁgfe%t figpnd
characteristi 54985 sect.i onal §gi mensi on; wherein: éi) t he |rs%s condui t
recei ves nol t%"}] sJﬁ‘Eilgl PrghaR Pt Rliteridelsatain the findshed siveet glassffothe fir st
‘edndui t sur r glags tilatory d dvoiifnd: conduit; (iii) the first

atiofCs RGPS

characteristic crgss-sectional dinmension is |arger than the second
characteristic crc¥spdecfitheaiccandmspiconosthe heventiohrieprefsrhpge of nol ten

glass is for roed n the first and second conduits; (iv) the portion of
t he second cyﬁgﬁ?t v(\%\ﬁlsgh is surrounded by the first conduit is vertically

oriented; (v) the (il t aoviigtse Hestop Aoty 9PEshaSSE iy S
defines a nognal  free surface; and 14 June 2306 Qaga&)&%ﬁf
. ot 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

(b)  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;

(iii)  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 portion 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 ' |




-7a (vi) the exit end of the second conduit is located in a spatial range
that extends from5 mllineters belowto 30 mllineters ahavyansz2e0é nom nal
free surface. [0018b] In a fourth aspect of the present invention, there is
provi ded a method for providing nol te#glass to apparat us which produces
sheet glass by a fusion process, said method conprising: (a) providing a
first condyit which has a first characteristic cross-sectional dinension;
(b) provilihg tessiisnd Qféhﬁj%ﬁcpn@mltﬁhumabwawdematspemi rangk thasexcendd

c harfem Srrniilimetces BEIBwSO G0 1Aty EHAYE QR d n%ﬁhfial%g%flﬁifa%@af acteristic
cross-sectional dinension being smaller than sal I'rst characteristic

cr ade0étt i ondn afunbraspent of hepresest inventian gbereiioprovitied he second condui t

within a porti o%aﬁo&r}ﬁ. v'ﬁfnﬁt @%a‘#%ss(%?pﬁr%t\ﬁg%or@fon ( he second

OW ng out of the

condyi t , bei vertlca
sec%?&‘f P (il @Pﬂwpﬁml t, said nolten glass formng a

free surf(abe movmdmgaﬁestbomhnt whﬁhmaﬁiﬁlbtmm&&tlc cvdelsedtitnal i) the
nesygfem§éd:i on of ‘the second conduit is vertically oriented; (ii) the

ol ten gI Ss bet en t he f& nd seﬁl%nd conduits defines a nomnal free
“surface {®hnd I(TP‘r’ g $,3ecoRg CORMHL Which has anewhend ardiaisecand | ocated in a
s parhahcieastiecrpbaseationaintimensionmbl secbid elmirsmteaidii Gvst @cBOndri | | i meters

 abougnsidich A SRkl en s&taffemhm[agﬁﬁ&?d bl SreiphiruiARiseh, O tne Presen

i nvent i 0 t ere.l S ass lver ? arht us fOI’ use i n
§% thyef)

en
produ0| n§*shedFSHR Bc’% n-p ﬂF‘ui‘icBﬂ& %'%rﬁﬁq@%@ efyrsbegndult condui t
‘whi 8#d m&c@peﬂmofdh@s@onémsdwtbmm@msdmmmmd dindensi on; and (b) a

o U A e e Sl o 48 it °@“§'?9§%kﬁ&“@’“"‘@€%£%@s““ Yol ten gl ass
frorﬁi‘t E‘g‘h‘s"e@mﬁ%’g‘?\%’& e "gsﬂc%g%%v “'i‘gﬁ’ B’F{?’Wesef"?? {"‘"&‘Emﬁw t surrounds a
portion @hetde second condwt (i) the first characteristic
cross-segtion t.he se racteristic

Cross- se %I ongt?’ 3?%@@4"3@“"3“&%%@8%‘1 ﬁ?’f"é‘@@ﬂoﬁ ﬁﬂcaen glass is forned
bet ween the f fiesmolienig bﬁmvebﬂmﬁmmd(amnctnmmtdeﬁnem nommatecond

. corfees durfiecdnd s surrounded by the first conduit is vertically oriented;

(v) the )t ethel@ochd G HE Shohll Bofdiitts 18P B YRS RSEL Iy I8lhaes 2

no
: rEom 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 a nominal
free surlace; and




free surface; and -7b- 14 June 2006 (vi) the exit end of the second
conduit and the nom nal free surface 7s%_t i sfy one of the fol4dewengod wo
spatial relationships: (1) the exit end of the second conduit is |ocated at

Ithe tnogw nal f(vide Stlrd‘me?ndﬁfthéi’&:oh@eoﬁmi%rﬁi‘ﬂﬁh tﬁ%xrrm f%%ﬁﬂﬁcb t EQRREY bxéés t
ocate ce W e spaci ng between said exi
end and @%%%%ﬁgmggd%%f@@@b@? such that commercially unacceptabl e
nunbers of bl %terﬂmmw@mn@p@rwmmmmmemmagﬁaesuxf@@m&j] In
a si xth aspeqe)of m&waﬁnmmmemwmmm%@mamm@%% fEBkhgakf or

roviding nolten sheet by, a fusion
IBrocess gsal d net %o ng? &‘ﬁ& %a:5¥x(p:‘!rl %&‘gﬂﬁgﬂ‘ggﬁif“’?‘ %ﬁ%ﬁ&f‘fs‘(ﬁ#kﬁ Tfas a
first characterist?® EIF}%‘ dacerpiable pembersiof efeptg de noécond

condui t which has gppeaxin therfhished giassecond characteri StIC cross-sectional.
di mensi o §cﬁi d se ond har afgef“ stic cross-sectiaonal d| mensi on being

smal ler thandsaid f é‘ﬁ@ﬁ' e Pegsept ipyentientbere; ip REVidad Aensi on; (c¢)
nesting a portion Ofmétﬂﬁd Morapaaﬁﬁfstwmahgfocm@s ikt

dui t f th d dui t d t
Cons O R G ot o T, Lol SO 2o
first and se(fa)nd qRodidinsa firstRendlinwhichhat Bﬁm%&gﬁglﬁk_qgu%&%second

condui t gise ¥Rt 1 cal Iy orlented (ii) the nolten glass between the first and
second conél I'Ls defines a nomnal free surface; and (iii) the exit end of
t he, second cﬂﬂdw prevdingiesecond aanduitwhiching aw exis and sfg aseeondof t he

fol I ow shprdcterisigatross-sectibaglidinensios, saldlsecodMBclfrhdie@iid @bsstdgisggond condui t

I s |.ocag; fs ._end of the second
‘condui ?&?Lgm aﬂt&g’gg]agove t §a§d %%r'l:a &g%tggg%cu%é%ée‘%\%@h \ges 'Qtﬁam ng between
- said exit entflandPEFHE %Bﬂﬁ“ﬁ&lo peresitithia 2 partion vfthe xstoenduital | y

unaccepdrgbl e nunbers of Dblister def ects do not appear in the fi n| shed

% 22309003?{3?@0% %%8%@3%%%%@% At RS nto dak FF ooRdsinr ds
one an pliga glass Wé‘“ﬁ@l betmglnélmﬁimtmrdJMGn&cmidmts;ster defects
no | onger apphedein:n the finished sheet glass but not so far as to

(i) - the nested portion of the second conduit is vertically oriented;
(ii)  the molien glass between the first and second conduits deﬁnes a nominal
free smrface; 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, '




cause substantial nunbers of devitrification defects to appear in the
finished sheet glass for glass that is devitrification sensi4stmMe2odd shoul d
be noted that devitrification defects normally take sonme tinme to devel op

so that oneW®P30Sh&¥e to observe the finished glass for appputR@de@s tinme to
determine if the conduits have been noved too close together. Blister

def ect s,
apart.

on the other hand, develop rapidy when the conduits are too far
14 June 2006 WO 03/051783 PCT/ US(U2/ 39445 -8 [0020] The "novi ng" of

the first andQQ20Ind cdheUinmeving' dhihe firstfeid esdond aoaduigsi €e perf or m ng

or

t hi d ' the first duit, th d, duit,
or hot ' tho {PREICTEA PGS RbRARPTEREry{sps) 137 bp debieRe SeaBMInG ondui |

~will be novedhd 082 thnd, tied SEQAECHMIBR S H@CtH it DU LM i es of

t he
‘the

first and second aspects of the invention are for the conveni ence of

reader aTRPBHEE. nbYPicAts juet tee seernd nonduwit mall Hsemiomedr pr et ed as

limting the /o0ong of fThe frbﬁ\‘@r%é ﬂﬁmﬂ\g}gﬁsggﬁrtﬁlel ovietséiﬁlimta%i&bseqf(}wom ng

under st ood that both the

or egoi ng general description

det ai | ed desdiisprndrscarnd mepetty abthephaeytion ard for theamiriveniencenst thee

i ntended to | overview.or, fra rk for, . upnderstanding the nature
~ and char act eir}re(%&!?%%&%ﬁ?/&‘?ﬁ%%ng?ditp ﬁ%?é%.?%ﬁtm)rgggﬁppﬂ ON OF THE
- DRAW NGS - [ 00@aitirfg Qe scopeidf the $EVith.C MirdWeRordlly, it @ bag a

repr esent at
overfl ow do

for a supply pipe and an isopipe for use in an

e gconstr.uction
:A;‘/&Prdfﬁﬁ“r%egft@ﬁlt %P&&%fqr@gomm@rﬂ dascginiion anddéhe. [ 0023]

Figure 2. is @lsshertddis ' ' ' Lon. en a
i@}wncomar angoa sugg%é;ﬂ%ggm%&% H’gé %eﬁ%#&%l%ﬂéfﬂ@é‘o%\% ’i s bel ow

fhe nomi nal PREergint progidehh eveglieworifrarhbworis Bapl y pi pe. [ 0024]

*RaR | ew of the, junction tween the downconer and the
suppl y pi pe gl?ldl(%l gurgﬁ%ﬁ%ﬁiﬁe%#gm&q@ t@ﬁd{l&ﬁ%%&ﬁdb#ﬁ of a
crystalline diefimet. (devitrification defect) of the type which the present

Figure 3 is

i nvention

addr esses.

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 which 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.




[ 0026] Fi gures >5A and 5B are plots show ng surface enrichnment of SiQ2 for
1737 and EAGLE 2000 gl ass, respectively. [0027] Figures 6A @nknéBogy e pl ots
showi ng surface depletion of B203 for 1737 and EAGLE 2000 gl ass,

respecti vel ¥yo dfosdigfe 2006 WO 03/ 051783 PCT/ US02/ 39445 g ,égo% ), Figures
7A and 7B are plots showi ng surface enrichnment of Si02 ah ¢

depl eti on of B203, respectively, for 1737 glass (open data points) and
EAGLE 2000 gl ass (solid data points). [0829] Figures 7C and 7D are

phot om cr ogra@@ f th 737

gl ass, respectively, S‘t%%%Sf% ?trea% fo%”%g@%ﬁ%ﬁ e&%m%ﬁ% dc ]f[ 0030]
Figure 8 is aSﬁlzalmnIiitsucfadeaiypiﬁnaﬂ bﬂBﬁ@@tﬂeﬁgedtiwlj,lfnﬁuVem glhsd (open

downconer and e exi f the  downconer is above
the nom nal 3% ‘5?&%@3“@&%@8@8 é@gd%ﬁ ﬂ?@m@hppl y pipe. [0031]
‘Figure 9 is goozgandedigiew ahHeFIDlé%%)h@Eorﬁﬁfr BERHHIE tdqpcomer and the
supply pi pe of Figure 8. [0032]@ ure 10 is a photdm crograph of a gaseous

defect (bli st“é-lu’ a‘%f‘é"f@cﬁa)mﬂpstoﬁ 2AN90cand AE3grdeemrespedsivelorafteddr esses.
-The def ect \é@% Qﬁg;@%gbaq?mo@? hg}k[ﬁype of bli ster defects seen at
|'Tne for g

t he fusion ass drawn ess of approximately 0.7

mllinmeters. [0D30pas aFigng &is & sche@dBcrdiagens ﬂ&ﬁﬁrﬂtﬁ%@h& jattsorof 42
nsi ons, are caomon. f or s of this

L d smaller di
- {(niﬁglon'srhe . ﬁ%ﬁtﬁﬁgﬁﬁh Qnﬁ"éc‘%ﬁélﬁnnﬁc?oﬁﬁlﬂelmaﬁﬁ “éhef?ﬁbeg?%fs%niﬁéﬂ%e [ 0033]
Figure 11 is dvatdten@t isCalsivadhaRdrhinss el i iadd6r ﬂ]ﬁ%ﬁ%@%@@éﬂ?&fé a

downconer and a supply pipe where the exit end of coner
ggsentially éﬁuﬂﬂﬁpﬂﬁhlnal free surface of the nolten glass in the supply

¥pe. [0034] rbbgYs e 12 ngg un n bet n the
downconer an&E ﬁgfsupp 6‘?%@3‘@ ﬁ?décﬁ‘.\%{e ‘f)ttotg’ae]ﬁ’1 OF %HSF’PI @r awi ngs,
whi ch are i ndmmpmoatacand\tmmpplynp:petdﬂﬁg@wts of the specification,

and together with the

descri pti on, TOQPFE To BRHFALY s RephaiEREroTaRhat @ BESSCHIURIFOHDIFIET s Lo be
under st OQd,\ defOdSidre @bétwllil@hrthe present invention addresses. 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
4:) . 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.




the drawi ngs and the description are explanatory only and are.not
restrictive of the invention. 14 June 2006 WO 03/ 051783 PCTi4UoR22@A45 - 10-

[00361 The reference numbers used in the drawi ngs correspond to the

fol | ow ng: Quesesmrizs pipe | | collection trough 13 isopi pgopgsehSls Of
i sopi pe 17 arrows schematically indicating drawi ng equi pment 18 ent rance
to supply pipe 19 downconer 20 exit end of downconmer 21 actual free surface

of nolten glass 21N nom nal free surfacé of nolten glass 22 arrow

i ndicating gl i F{ﬁ%@ 25
support for s e]I g%tigag}%iggd SS 2@@%33#1&19%61 Ite gfc%gfes%ogéscgac
surroundi ng cthtsfcxllmamnge crystal 31 nolten glass in supply pipe 33

at nosphere above 3S{}ee surfg)c;y}?SS bl i ster defect DETAI LED DESCRI PTI ON OF

THE | NVENTI ON [ 0037] Figt® % a photonicrograph of a cristobalite
crystal of the type thailevdonehsgmved when EAGLE 2000 gl ass was processed

into glass sheets_(thickness = 0.63 mllinmeters) using equi pnent which
previously had suctessfPP¥Cprocessed 1737 gl ass without serious

devitrification prgbl engest g’pgogggeer ence nunbers used in this figure refer
to the follow ng: 23 -- EAGLE 2000 gl ass; 25 -- support used in preparing
- phot omi crogr aph; 257 - - (ar'r%WS)ba]hﬂ:meUGaJSgsthlcaﬁng d28wing equipnsartr oundi ng

conat i tting an'i b naroiaReap S Bt obal i fe of ystal has  al'so
affected the fl atrigss dowtdvensdit er surfaces of the glass sheet.
20  exit end of downcomer ‘
U 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,




- 14 June 2006 WD 03/051783 PCT/ US02/ 39445 -11- [0038] Analysis of sac 29
.reveal ed silica enrichnment and boron depletion in the resiidUahe gbass. In
accordance with the invention, this observation was interpreted as

I ndi cati ng erusmougse of the devitrification as sonethi an
normal devitrification of EAGLE 2000 gl ass resulting fr%ﬁ%ﬁ?gﬁ%ﬁof t he

glass below its liquidus tenperature. In particular, this observation was
interpreted as indicating highly sili calknri ched gl ass as the source of

the devitri fm@@tg’ 0N, w&g&- 8btl.0 sti]ELea' 3 IS, i gh | evel
of devitrifigt ilorl of EA é%i%%%?a&%g 0 se?@lg%ﬁ%%ﬁ!%aab(???al run
after a transtepl¢bon infthe sepidpel glasandn suppidamiepeith thietihveraspecthis o
downconer 19. ,Thi.s ..observation |ed to the.hypothesis that the source of
the devitrif i%bas[e%%ho%asf1?%eé~p§%t'§:§aet§emﬂcajzp1gﬂbe POREI D6 et ween t he
downconer andidvivdificatiforl ¥s poRethih@@4REr fitard esimibhdevitiRedtias bSEAGETr at ory
erforned to determne if stagnant EAGLE 2000 gl ass

experinments % EAGLE,
behaved diff glapsitesiittisiipmgoolingoifihggasshelogyiie Liamidis wer e
perforned as tbRldPWBareSAMPH&TicS : r%TF re cut,

cl eaned, and _stgckéglﬁp a d%%ltcﬁliagﬁg%p@c% mat el y %\% il?ll%iarsraeét,\grs I n
rectangul ar phdidabiong kighdy bilies-amrisheddilasyas dhe soeree dbthe | | i meters by 40

mllimeters .EItQﬁ!@ lineters deep. This geometry provided considerable
surface ar eata%éo avol %O&e)dge effects caused by contact of the glass with the

cruci bl e' s wj0089hnd whs adtiitidnoty irosighahdlysiedadsighhevel iofdaetriataasy
|, gradients. [0041] The crucibles

vertical m xi t ensity or ther
{\'gzre pl aced ioﬁ%d&’g@i 5§ éﬁéﬁ’*ﬁ%@@%aﬁmn affene ranfdati®noc f or
Periods of 2414 e 13 ; I amere cut
fromthe ceni0 er Ocl)g%i ﬁ_eac h%%%?ﬁ%ﬁbegﬁtggﬁé Ee%%%%%%nggﬁpé%‘é?or

cheni cal anaPps¢yahionhlegriodhedtypethesis thaptiubsourmstaf dhe wievitdifishiises wer e

Sirtace to a"aSarre SAESE2d AXE e n R B TR oSG B o asces
were used tosupplypipgte the instrunment. 14 June 2006
| [004.0] 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.




WO 03/051783 PCTI US02139445 -12- [0042] Represent results are shown in

Fi gures 5A (1737 Si02), 5B (EAGLE 2000 Si02), 6A (1737 B203)uneapchecB
(EAGL.E 2000 B203). The data in these figures is normalized to the nom nal
Si 02 and B2 esmergentrations (see above) of the gl ass ungefushidslys Note
the use of different vertical scales for the. 1737 and EAGLE 2000 Si 02
results. All' of the data presented is f a 96 hour (4 day) heat treatnent
at the tenperatures indicated. [0043] Tie greater enrichrrent of Si02 and

the greater |pooagff B2G&prksénibAHRs208QHaNASH PRARAS nqwsﬂﬂéibg 35S is
evi dent fromthese ég%q(fg*ﬁzﬂlvbreover the variation from bul k conposition

ext ends nuch (BAFLE heAdliF 88 &eOpbrandeB ERGGEE8000g34k3. fThan for
the 1737 gla e Figures 7A
and 7B whi chaé ow, resgg1I e&ﬁ% Hglg‘?%&e)ﬁgr?% n%%ggé%etion at 96
hours for a teextemirdticts Cbé&&@oﬁ@roﬂﬂxﬁ?gl@mﬁdémpmaiydaNatmmﬁ@é ofind EAGLE
2000 (solid d | 0Q44 u s 5B _and_ 6B show
that the sil |§gf% %ﬁ? ?fﬁ@']n% agﬁ }clf%ri%p éﬁg“@aﬁ %ﬁﬁ aisisgélendent
with the |evelthefatansresbnRatis3oeatrrhott pNabe Hetaseachaid & @heat at
1300C. [0045] Figure 7C gfqg%@ghotom crograph of the top surface of a

~.sanpl e of EA M s by SRt ared as described above and held in the

h f I
o1 sLance, T U8R it b elor SPACH UG BLEREngy 0t Bl o

crystal -free fQDW@DO@gaambem@farddﬂﬂlgwgaésrﬁaéwdbmﬁrbhﬁtkmee manner

 hgur heat 11 APRbf MGRot S ShE SRR S m I oA SR TR s
“}0046] The sdafmeefmmihalshk&a:blf@fltﬁ@EhGﬂE Eogarg@és s/l fbriRe PV des a
convenient way to t| fy &cw trification sensitive glasses. Thus, in

general term&a$-d FlFfflifE,f t sandwenagen; mesrigstlyiin Hgureh7sand Bns
surface crystvﬂ{lghvg%rqu% atlo?%ﬂd; h rﬁaﬁ{d\%%go%e?%ﬁi&g tbﬁ' S test

EAGLE 2000 is a devi trifi sensitive ass
~June 2006 WO heaire 5178 3rqeaTieusee/ I E 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, ' ' | |




-13- [0047] Although the experiments of Figures 5-7 are specifically
concerned with EAGE 2000 and 1737 gl ass, the results obserMgdnaz®es
general ly applicable to other glass conpositions and, in particular, to

ot her devit wdapsizepn-sensitive al um noborosilicate gl assgspHssFohid

produce LCD substrates. The volatility of boron from al kaﬁ";r

al um noborosilicate gl asses has been wel]_,docunented in industrial nelting

applications. dass which is stagnant afi‘?ﬁl gh tenperatures is especially

prone to a | oo bor antienthiptiabiSertBchhCol BENAGES-ARIOSPOSHG RN 2

subsequent enrichrent of the remaining glass in the non-volatilé fraction
of the conpostancsired ath FAGIH 2000andhd33iglags, she resials pbsetved fape nmat i on

of a surface ' . ri c i N . i nt J.ncreases,
t he conposit i%%%@fﬁ%@‘éﬁ?@aﬂge%@ r Sgaér?hgé‘nosér artlseta'ggr %\?vpl"”%g%faﬁ'uﬁodus _
| eadi ng to thethgr devitrifibationstenisitive Alun}iQ0B8fosTlientd asdegrustddé gl ass set
forth in Figures. 5A ..and 7 wel | ,.as e behavior.  of this glass

duri ng manuf a%rtoﬁ ?Tscﬁ@\ﬁé’&’lsgﬁtés'a&ﬁﬁgﬁl_ﬁ@%?% QX‘H‘FEWI% alb#L | oss of B203
~and sone enrighiEAbbefosilitdde gladRs G bdiRcRIdERMitRY ifliinthsRuni on of

t hese changes for this glass are not sufficient to cause a serious

devi trifi cat iBRItRECAPRYfations. Elans whish is steenantat highetorparaberedt ween
downconer 19 éﬁ@ci%ﬂ?@%rﬁne&b%ﬁl s o?%%r??%%goe{lﬁﬁig% gﬁ? g&xg?a 413, and 7 for

EAGLE 2000, on'the her hand, as we eres rial
manuf act ur i ngtrwspbere hod a shbseduvrs egirichsnérst ofitheaedihéng glashis the obl em

: I n general t unnopborosilicate gl asses,in whi the Si 0 )
secgncentration 0@"’@%{-};&1@8&08rO%&bggpg}pq%h%qp.eg‘hﬁﬁqsg aﬁg%ﬂn apd Eé%@

eoncent r at i offedds iontHelorimnim obi sArfhBe WMyHoHaEhly Geshad & khRaglasses which

w |l be devi éific_a ilon sensitive and wll require the use of the present

i nventi on t o '38GPESEMEHANSFEANCEnt T CRrapPSition; %atbﬁ%ﬁuﬁ@ﬁi@é%ﬁrim he
fini shed gl ; 5 i ' QM1 Si:,S01 ut i toth
i ni shed g a%gr&tgqge%w i ﬁHﬁid g?ﬁp%aﬁgﬁ%/e%%ﬁrﬁéﬁ%&gb& olution to e

devitrificati oqr;@gr oblemfor “hig oron gl'asses is based
on sel ecti ngl@9@8hosi t Tlam deta Buwhtdhglass Seidarth i Higatest BANGAL @nd 7gl ass 33

~so that the f_the l|ten gl,ass undergoes sufficjent
“activation tfggg%lls %é {t@%&egaﬁor f @m&e}?‘?%ﬂﬂﬁ‘ﬁlg Ak, cetﬁi%éilcﬂ”%ﬂ”f?é 2006 WD
03/ 051783 PCalth80gh I exhibits some loss of BoO3; 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




-14- depletion that wll lead to the production of cristobalite crystals in
the finished glass. [0050] One way of achieving such surfaaguasbhopti on is
to place the downconer above nonminal free surface 21N as shown in Figures

8 and 9. T es a free surface 21 which |lies above nom nal free
surface. The cg?sgo;sgﬁ%Mi ch fornms free surface 21 is conti nu%@ﬁ?zg%ggl aced

with fresh glass and thus any enrichnent of silica and/or depletion of
boron oxide that may occur at the surfacd4does not have an opportunity to

reach | evel s WepiRiddeMidiwii cakit : eated. in the finished
glass. In pract?ce, rai sing the gg\?n%g%rgré{rlé% o@ggﬁgfﬁﬁm X3 Ss‘?}rt?’Sce 21
has been foundnighes glagaate devitrificati on defects of the type shown in

Figure 4 fro hirifigati nsi.ti.ve gl ass. [ 0051] However, in
accor dance w ‘?}@% inv(gﬁ{ehg%gf?cﬁg‘gngeﬁgw ¥ Hfataticscistiojachthexi t
end 20 of dowdowmenmEs ativoeeomitial feefSi@eaceSH T 2SS BB LSEl o lgad to
defects in th§ fd In this case, the defects e gaseous

e

ni she | ass.
defects (blis r'hHEFE%%d@? ¢ ferfege e lswbioh lies abovthe nOmifddse] Al t hough
not w shing tgeuiBcdOoTnd SRR, f operation, it is
‘believed that these def eé(q:)%[ss Ry b£ caugedsﬁgﬁtg%}eél %a%og%jjém&’fsyml ten gl ass
over the edge™Haesd Withnitesto glfssduwhtionreant enrichichent dfafiliedgedj - exposed to

gaseous at m)s&g];g the . edge alwa has sonme roughness, it can
“locally deform (Fgglgﬁfy%gﬁ?;éiﬁee&%?gHcﬁlﬂ’ég‘g&%‘lﬂﬁﬁ%QOE%F@F have 8ns heal ,
they can ent reppastrahity tameach kevefs wha&mm@i@&%@&%#&ﬁh&@&bb' es of
gas) which ang . fﬂﬂﬁﬁlﬁ io e%ﬁ&e?ffom the nolten glass and thus end up as
@i ster defects I th&g%ni clicgsEaisingdhisedovpaeamnet aborschemisah f or t he
© ‘drmation of frdd stutcelgl aatShés fRldd 19@?11, ' he mol ten gl ass as
It exits th%yﬁo conmer. _This effect E&gﬁa y&?%&&?ge a Iogucgag?catﬁtqf%‘e
el evation of WReSEWD Bnkiskre fhisomodwwivifivatmmosenditiee plewsnal free surface
of the noltemogkass. | l; on thejr.face, these blister defects
are plainly !10 g? bl emﬁggk%lé?f’\alﬁn%%gg %anv&ﬁhﬁwﬁ?v%‘?u@}?:é%haﬁwnare an
advantage of faund that REAENYENR HxN5dTBI0REHMIBIIA 9 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 opgrational 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 deyiftkiLi | ] | el i nated, although, of
course, the pr%%Pg%tg?ﬁ%ﬁ%gggl&%‘g?g&%ace\/ﬁqﬁpeéﬁ%ggl%ﬁén, t he downconer is
moved downwar 0@F#T |t He dicosdarice witheis pdbsaRREA6né Bak Mgld Bhshed gl ass.
In practice, |Sé h S been {ﬂqolin? that .this | ocation (or even sone further
downwar d novenee}ﬁcﬁ GhESHEIPIe fcation for the exitanphebihedewneomey with theat i on
defects in deekitlehtliifaht Ofr e&8RATIL, I LGl Vs hi.s..way, both
devitrificatiqQn defect sg aﬁg ﬁ?@ster%%?gg%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 ipeginginesf the seanch pRocaturevensedalDikhd 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 dnfeats disanmeasén thodindshdd ghisd, 0h practeQUPBARTcaNGuLAE noni nal

free surface b bl BRAAST ol 308 obtnd Wit 20 D, h e S et 2! 39445
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 free surface of the molten glass




is not too great. In practice, a spacing of 10-30 mllineters, preferably
15-25 millinmeters, e.g., approximately 20 mllinmeters, has ilagane papend to
wor k successfully. It is to be understood that these are representative

spaci ngs, wwtdwostoegsparticul ar spaci ng used for any speciﬁéﬁ??@@g“Wati on of
the invention being a function of the equi pnent used, as we as the
- viscosity of the nolten glass. Based on the present disclosure, a suitable
spacing for any particul ar equi pment codfrguration and molten gl ass

vi scosity can ;D¢ ¢a4li d ' r _8ki Lot [ 0057]

Al t hough specilfi 8 enbodi r?eﬁ%j?yo%ﬁteg’egigﬁﬁen ﬁ)ggﬁhgég}dég%r?lt&géggg?géeb&yand

idl I USE rat e](cj, i 15-26 Ipﬂlhm:@sde@;qmtjommﬁga}paofmﬁﬁgiemm,m erm iimﬁcrhd \t/)m t hout
eparting fro e.lnvention s irit _and, scope. exanpl e, e above

procedur es fo%%&ﬁ%ﬁcﬁﬁﬁydéggﬁ g%f’%%&?qogﬁ tp@f'[‘h‘fﬁ?ea.lgi t end of the

downconer needeprischeatiieesha68s, twitle tAe fpastiOflar RhaeRESussd Rifaryt 0

operation, but rather know edq% rom p[{pgf use 0 t he i nventi ojﬂn can be

e f . L [
enpl oyed to i AREGHSENRICaBPN R dhydnrentien bainga fupelion of Hae agviameRt: hout
repeating the RegcadWedS: MHL s ' tllf‘é’?{o ap| | iG]
~although the nost” val uabl e aef)psibggﬁgli\s 0 thﬁlél gl%%}e%tblgg%ogrﬂgeiﬁ{etgﬁ%t
manuf act ur e - ofdisfdegure; &iscuitabdn spaeingifor vay gaaticelmrieguipiment usi on process,

the invention b it | asses that., are ..not devitrification
sensi t1ve. w v ROALEdARm Enld 3 Bl BSRERYIHR v Feribr e fhringd bife | -
~expandi ng t hepepsimatskilled dmglee att.t he process. [0058] A variety of other
nmodi fi cations ' do t depart from_ the scope and spirit of the
{ ?venti on Wil [&ﬂ%’?ﬁvi déﬂ&‘?‘ﬁg’gép S e&%bodém@%%ﬁmmmmmmveab@m rom t he
"l scl osur e_hegsdtibetand ik thid, iClsHo e Bhipldibal it M deRMRlodd P PeCi 1 C
enbodi nents set forth herein as'well as such nodifications, variations,
‘and equi val enbg made vitheupaparting froph shaBrvehtion'srepirénangd asspaleFower y

(5 atirst comnpll B BBl PG el or teaBrape A B IE B B "
di nensi on; ( b¥heexitenddfthadidvnoshiahnéabnenbeistd eadhanded fREONd
characteristi I%roc%l;sg ?s,s i)’tslg %tiooc?p?elra%iorq? *lelc ggt;he\ll*mk%roglgc:lge 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,




, (1) the first conduit receives nolten glass fromthe second conduit; (ii) a
portiton of the first conduit surrounds a portion of the secon@nsonghit; ,
(rkii) the first characteristic cross-sectional dinension is larger than the
second characteristic cross-sectional*’dimension so that a free surface of

molten glass is forned between the first and second conduits; and (iv) the
first and, d conduits are positioned relative to one another so that

the spatial relationship between the exit end of the second conduit and the

free surface of the nolten glass results in neither substantial nunbers of

devitrification jdefe r . [ f.bl.ister defects in the:
fi \é: shI(ad|3sheiat gll'ass §$1§H£%gg§%@kﬁe%mﬁéﬁﬁgg q]%‘ci"]g%eg}”gﬁsiet\y& I2 The

del i very sySsienpofce aimprikingher ei n (a) the portion of the second conduit

whi ch is surrounded by.the first conduit -is substantially vertically

~ oriented; and (GF. thEShender vhighhas afupteharactonistis sost-sestienal dsnengiosbndui t s
~defines a ngginal free surface and the exit end of the second conduit is
above said nom nal free surface wth, preferably (optionally), the spacing
between the exi t(bend awrdontdendoitiwiidh fasaa exit shd ikCesdeohdehbedvaen 10
mllinmeters_and 30 'éil i meters and, nost preferably (optionally), between
15 mi | | i metBrE-SEHP8EUmefiPRet ers. 3. The delivery systemof Caim1
wherein: (a) theypeshi on of the second conduit which is surrounded by the
first 'conduit is substantially vertically oriented; and (b) the exit end

- of the second cdiddui tthe Srssehsindmedetds ynaitenighss fromehs sedoad eondudt; The
del i very system Caiml rein: - 18 (a), the portion of the second
condui t which i éciiur P&l&’ﬁ‘b‘é’oov%e gﬁ% oppduatsurrepls & Roriien of the segend spndpt;
vertically orienpfgd, gang: - X RiQf it £ Lt 1S bel ow
the free -surfacg.ﬁa tA m:§§ﬁﬁéﬁﬁgrc%"\?.?g%ﬁ‘gﬁ%@%ﬁﬁgg%ggﬁﬂgﬁ%%r at us whi ch
produces slewnd chirasteriftic aodstssttimapdinmmsion ss diada fiet bodacefmidlteh Rlkss {s2) '

&l nensi on; o bsrEoRan b eaEisna eBRMlTEdn o has an exit end and &
second char act eqiypt i theofiiRERuSRaNRNE B BSiRMhedTBhblv S RIARInGHRT got er i stic
cross-sectianal  di nmension being snal ?er t Ean sai 3 Tlal r st d(%{%ar acteristic
cr oss- sect thah e spatiad negdptdonshipdetwest the griaepbifithosecofid thelustendnik gandui t
within a portlon-gle &g élzrxssstresﬁlts in neither substantial numbers of devitrification
| ‘defects nor sﬁbstantial numbers of blister defects in the finished sheet glass .for é glass
that is devitrification sensitive. | | |
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 glassfbetween the first and second conduits dcﬁnes a nominal
ﬁeg surface and' the exit end of the secoﬁ'd conduit is above said nominal free surface
with, preferably (optionally), the spacin‘g 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 delivery system of Claim 1 wherein:
) (a)  the porﬁon of the second conduit Which is surrounded by the first
_ conduit is substantially vertically oriented; and _
(b)  the exit end of the second conduit is substantially at the free surface.
4. The delivery system of Claim 1 Whereiﬁ: -




.conduit; (d) flowing nolten glass out of the second conduit and into the
firstc-conduit, said nolten glass formng a free surface beguywggazbde first
artd second conduits; and (e) selectigg_the relative |locations of the first
and second conduits so that the spatial relationship between the exit end
of the second conduit and the free surface of the nmolten glass results in
nei ther substantial nunbers of devittification defects nor substantial
nunbers .of bli st defgcts..in e fini,shed sheet glass-for glass that is
devitrification @énsi t ?/%qm%?oi-r&?@ Sﬁ‘é)t“ﬂc?an‘g}ltﬂuﬁﬁhﬁ srighadesd by the fiystt he nested
portion of tdikulecabetaffnNtiidridaflyifdateanidsal |y vertically oriented; and
- (b) the.nolten gl ass between the first and second conduits defines a

nonmi nal  free sutbhacethgrditiend ofthietseemd cofiduitis belewothd fizesatfide. i s above said
-nom- nal free surface Wi ef er abl tionally), the spacing between the
exit end and th'e§'nom' ‘)r%/léﬁmk?(gg’rpg%ﬂ‘%ﬁéé@é?ﬁg‘%@%’é?ﬁ“@ﬁhﬁhPﬁoﬁ%ﬁeélsheeénd 30
m | 1imet er sglasdy msﬁ)n@&@fe@iaﬁhmetﬁédoédngj&h{gy)z _bet ween 15 nillinmeters and
25 mllinmeters. 7. The nethod of Caim5 wherein: (a) the nested portion of
t he second co_ndLﬁai i sPrevidigmiitsheonduitevhti¢ichdslayfirstnhiaenctegistic arosk-¢do)iosidle exit -
‘end of the el .conduit is substantially at the free -surface. 8. The

nmet hod of &Em “wherein: - 19 14 June 2006 (a) the nested portion of the
second condui t - i(8) subgbadirieal de¥ondV@ti i i ﬁﬁ{w h)l;the exit -end
- of the second co(ﬁ_)dui ?ﬁ_i S be%l ow the fr{eliﬁwgtkﬁfhggé#gﬂg.@% e rrséet('cﬁ%% of Caimb5
wherein: ( &NWRRETIHICETEsH-3561002 dipgnsiome said sevnod clomahéristic srasshadtiontl al | y

erticall =0 : th t | bet first d d
Condui ts. 4SHRbsTEH Sting Rdic Bap AR BR] SBR RS eSS ot BRI (1) movi ng
‘the first and sgecpond nestn@.ﬁ;Bc&tiazpafme%_@cdnh%bndlﬁtewﬁmhtacﬁ?ﬁjorpéaﬁ@ﬁm%econd

e SO

~conduit is sufficiently above the nomnal -free surfa at substanti al

numbers of CB? Wher defects appear in the finished sheet glass; and (ii)
moving the firsiaand fgrordoRangild su PR BSnd hik SUPSEARS Bl DuFRer S

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; - |




* of “blister defects no | onger appear in the finished sheet glass. 10. The
met hod of aim9 where step (e) conprises the further step4ofinedog ng the
first and second conduits together heygnd the point where substanti al
nunbers of blister defects no | onger appear in the finished. sheet glass.
but not so far as to cause substantial nunbers of devitrification defects
to appear in the finished sheet glass for glass that is devitrification

sensitive. 11. Aapol tﬂjaIﬁg@{g%oggnidfqﬁységé@%&%mﬁig%sﬁgg?l'%ﬁm#ﬁ‘g ci ng sheet

glass by a fusion process conprising: ( I rSst condu “has a
first char a0 ep¢ cross-sectional di mension; and (b) a second conduit

.whi ch has an exig,en ..a gseeond characteristic cross. sectional
di mensi on; - V\here¢bP1: dt{‘%ég{tﬁaéf)f £5¢ i Esfs%’i% erfFotBHags-ass from t he
second condui t; 4ii) Ph@etho@df laibhewhkfegl: conduit surrounds a portion of
t he second conduj t; iii) th e first characteristic cross-sectional

" dinension is |ar@r t osied portianef the beeoad tenduittis substantisHy eaticahal
di mensi on s&ieglggta@dfree surface of nolten glass is fornmed between the
first and second’ conduits; (iv) the portion of the second conduit which is

surrounded by tH®) fi rtié neoesdidss bawewmeiﬁa@da{nnseé&na%ﬁ&'uits(&éﬁrnwgn%ln%?“ g
a a ree .

gl ass between the first and second conduits defines nom ng
surface; arftFeEyriica and sisp (€) eprapwsest he second conduit is located in a

spatial range thgt e f m.|ljnmeters belowto 30 ml]ineters
~above said noni Rgl fﬁ}é@g%p}eaﬁggmn-% Sfﬁor_ldl%n Wrtfeapigﬁﬁ\ﬁﬁ%‘%e%? Bor
provi di ng seddndroghasis stifficiding abbys thettoatindl TREAYGER SRRt subbigad by a fusion
process, said nethod conprising: (a) providing a first conduit which has a

- first char 2EPbersofblister defects appaap ruthe fnished sheshglagshindr ovi di ng a second

conduit which h an - nd .a _second, .characteri.stic cr.oss-sectional.
di mensi on, said ecor??dgv %@géﬁrﬁthﬁgfﬁo r°8§§‘!1§28$‘1 Al sbstantiplpumhers, g
smal’l er t hafibBaerdleféctstio Rhgérdppedd i thefimikRAShEAGIdsenal  di mension; (c¢) :

nesting a portiogn of the second conduit within a portion of the first
conduit, said hestedbparathesdoidflaim@ vdweosiep () nomptisdsehefurther step af | y

oriented; . , | ss .out of the second copduit and into
the first conggl r, %\g%lggeﬁo %éﬁgﬁigggg%e}rk%@dﬂ? pogt ?BF"F’&&‘:‘ stgfaheen t he
~first and semberd of blister defécts 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 second isti :

‘ _ 7 charact -
onil discecion eteristic cross
whergin:
(i) 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 a spatial range that extends -

- from 5 millimeters below to 30 millimeters above said nominal free surface, '




wherein: (i) the nested portion of the second conduit is vertically
oriented; (ii) the nolten glass betwegp the first and second maagdeid s
defines a nomnal free surface; and (1ii) the exit end of the second

~conduit is kecat I A e tom5.m|lineters
bel ow t,0 Oll?" I l%?r'éltkr.l(;ro? ‘gyggédﬁ& ’3‘?%@?; na tofgr%é’g%gﬁsf W&é"@.l"’i%‘!%\b#ﬁ?ft en gl ass
del i veglﬁssjiﬁé UHBPTOEESS, SR F‘T'F"%‘?%‘Eﬂﬁ'&ﬂ’_’f?&‘%heet glass by a fusion process
conpri si ng: (Aa) providiap adiusticonduitvitith s frsf ciwthctehaiaaberdestibml
cross-&ffehkjppal di mension; and (b) a second conduit which has an exit end
and a secong.characteri stic cyoss-,sectional dinension: wherein;, (i) the-
fi'rst condu&{) reB@v@EngﬁﬁgwﬁFMﬂsﬁém@@qu (ii) a portion
- of  t hechargoseristio wehsistseetinmad dirdensior sxitlscoond hbraetesieio brbse @@slidnhl  (i11) the
char acror oo or e nfllef B AP hip ORirachiieE sk e Sub gl BBl "0 ol ten
glass is fo¢c d Ifcﬁ{m#lﬂ’é"f WMQ@@%WM%&BW@WG%f’%H@“%tion of
t he - s c¥@iharsteshipution ahtherserend conduitibeing verticuHy oiiented; emhduit is vertically
oriented; (¢d) thfowWild R0]1Gh afss BRINIRIs:hN Edddbke aﬂading%g'i‘ﬂ tCORaHHL, ¢ S
- defines: ] : Vi he exit end O ,tshe second
condu?ﬁa’%ﬁgﬂﬁlgﬂ%{)ﬁt’r&]@%?lrﬁ[é'g%gﬁ??eg%gwécé’t&g hﬁgﬂé sc‘ﬁ?“%t%’é‘d?'&‘le owi ng two

spati al re?f’aﬁ'%‘ﬁshi ps: (1) the exit end of the second conduit is |ocated at
t he nom naﬁ)freethsuestatponionof(uﬂ@sebbmeoﬂdmﬁ@dm%any@ﬁ@ﬁg nd conduit is

| ocated a et ' LG, o f f. ith the acl_n et ween said exit
~ cad %t ﬁ%ﬁg "no%ﬁnlglemfrpggs t'sllsﬁti ac eﬁﬁg‘lﬁﬁtgauwﬁé‘é%c{]ﬁ’é’?%% F’ﬁ’g’ﬂ"éiadlqwnal '
unaccepta ;fé"""rﬂf‘r‘r‘berg of blister defects do not appear in the finished
gl ass. 14.(ik) rrethwtfqmd qfﬂhwis@bn@comx!tﬁtds lﬁam%paﬁﬂ%ﬁéma%t&i};.pr oduces
sheetfrorgISantlibiteas belsvad Wﬁﬂﬁﬁ:&c&é%ﬁm %d%ﬂﬁﬁ@% Spefide. 2 June

2006 (a) vi di flyrst . conduit ch has a > eristic
cross sect |onal A GPREHSRSICIVESY Bingintes 1 use iscroduiopaieet plastibyh has an
exi t TEFian Prepess suppMHng:char act eri stic cross-sectional dinmension, said
second chalpct e4 fitdt con@fiOwhichHak a & characteristic cross-sectional dimension; and
. (B} asecond conduit which has an exit end and 2 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:




di mensi on being smaller than said first characteristic cross-sectional
~dinmension; (c) nesting a portion of the second conduit w thigyugepodd i on of
the first conduit; and (d) flow ng ot en gl ass out of the second conduit
and into the first conduit, said nolten glass formng a free surface
between the first and second conduits; wherein: (1) the nested portion of
the second Conduit is vertically ori ented (ii1) the nolten gl ass between
the first ar@® secpryvidingadi mmmdmtmchhMﬁﬂﬁhhmiﬁ&%M&%ué‘&ﬁ (iii)

t he eX|dimem§10@f the second conduit and the nom nal free, surface satisfy

one of the |1 owin atj al ti.onshi ps 1) the exit end of the

second cond |spﬁ'cwi’(yﬁ1 8*’5& ﬂ “&’é‘l‘h#qééféeé‘u@d@@ d agxeof) the exit end

of the @é@emseﬁﬁw@ﬂabdmmm@bmés&dmd l&hmaaﬁhstﬁd a@s&yéd‘tiaﬁsl with the

spaci n@mmmmmlmmm%&mm&ww &gmgygnzeq,g bei ng such
o.l | s er ¥

t hat comer n%% "ot appear in
the fini She gI ass. %%E&&l r e Tocind ca conduit within a portion of the first conduit; =
arn .

(d) {lowing molten glass out of the second ¢onduit and into the frst conduit,
said molten glass forming a frec surface between the first and second cond vits;

wherein:

6] the nested portion of the second conduit is vertical ly oriented;

(ii) the molten glass between the first and second conduits defines 2 nominal
free surface; and

(i)  the exit cnd 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.






