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[ 0001] Thw® appliissati on clains the benefit of and prioritydmoudd2S9445
Provi si onal Patent Application Nunber 60/341,199, filed Decenber 14, 2002.
FI ELD OF THE | NVENTI ON [0002] This invention relates to the production of
sheet glass by the fusion process and,_inh 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
enpl oyed to produce high silica glass sheets (e.g., glass sheets having a
wei ght percent of silica of at |east 60% which are designed for use as
substrates in the manufacture of liquid crystal displays, e.g., AM.CDs.
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 d ass,"
Fundanmental s of Inorganic G asses, Academc 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 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
become of particular inpaortance in the ﬁroduction %{ t he gl ass substrates

used in the manufacture QEFIE%E%ONF}@ N 'EIHW @@). [ 0004] The
fusion process, Sped“ﬁﬁﬁ]@‘?ﬁ%ﬁ%‘@ﬁ#@’%%O@E‘é@” process, is the
.S, Pate

subj ect of commonly assi ghed nts Nos.
CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S.
Provisional Patent Application Number 60/341,199, filed
December 14, 2002.

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 high 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
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 K., "Flat Glass," Fundamentals of Inorganic Glasses,
Academic Press, Inc., Boston, 1994, Chapter 20, Section 4.2., 534-540.

Compared to other processes known in the art, e.g., the float and slot




3,338,696 and 3,682,609, to Stuart M Dockerty, the contents of which are
i ncorporated herein by reference. A schematic drawing of the process of

t hese patemi@/oss’sshown In Figure 1. As illustrated therei reCT/tSwe/38mst em
i ncludes a supply pipe 9 which provides nolten gl ass to a collection
trough 11 fornmed in a refractory body 13, known as an "isopipe." [0005]

Once steady state operation has been achieved, nolten glass passes from

the supply c&laﬁ@gfrecé&%st FREGAsRIM }MSO%dﬁdd@@S Thl§ sHeRs @fhddee trough on

bot h si des, formng two shee s of (g ass th fl ow downward and t hen
i nward al ongutfhecohbge supdrimelabfesstand sopogiéinesthels worasidbtiieneet at the

b 15 of th f |
oheer The SRigs Bronett bes qonts of PRbtchR imb R nenag i it dedai g ©
schemati cal dp iy o3y %%’l‘ﬁos]tﬁtes"@é&f‘m %H@trﬁahﬁféét@rbqu@ﬁasc t4lhe sheet by

the rate at whic the sheet is drawn away fromthe root. e draw ng
equi pnent idisbtayat é[nﬂ]ﬂe)l downstream of the root so that the si ngl e sheet

h | ed gid bef y t h t t
10006] e c LOOBAT cconThf (Wbl Brdecsen SPBET BRI a PR e v priral T gl ass
sheet do ngy, E&Tgﬁ'ﬁ)&e@%s%rtsﬁjeEf‘%f@Hfrﬁhgﬁlfﬁéé@ﬁ%doﬁJ Shpaﬂe%ﬁﬁll‘ﬂﬂs during

any part of t ocess.” Rather,” these surfaces only see the anbient
at nospher e.3,B38,686end &, 682 F0Xf tot Beiamd hdldckehgtthewtintents of mhikb fi nal

sheet do contact the |so i ut those inner surf fuseil et her at
the root of2HHEGOIBRTHE greé’il % FefSTHRAS: et ‘?Crhetrﬁ% digl‘ﬁWlngﬁgl i nal
sheet. In LAz fth@@e%‘éﬂ@ﬁ’té);s BhOREI £ % e 1 hanouhdtrafed finGem of the

final sheet™ are achi eved.” WO 03/ 051783 PCI/US02/ 39445 -3 [0007] I'n a
conmer ci al témt:t;ystgm ihduldesat supph_snplpen@lwha:th provdflesirsopepezlass tieeds to be

adjustablevm res ect tiéh rren ]ta r’i:aajn% and refine the raw

i ngr edi ent 4 PHEE @tre r§c eDOdy| Ut Re&etical 1y

such adj ustq@neék) fyn couI d be achieved in a system in which the connection
e

bet ween t he r/finer and the fusion
[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
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. Rather, 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.



system was conpleted closed (i.e., a systemin which entire feed system to
the isopipe was filled with nolten glass), in practice, adjustability is
achi eved o wmsmssti ng the nelter/finer to the fusion systrEWige2/394a5m ng a
free surface of nolten glass. [0008] Figures 2 and 3 illustrate such a
connection, where as above, 9 is the suypply pipe to isopipe 13, 19 is the
exit fromthe nelter/finer system (refétred to herein as a "downconer"

since it 708 abl'y hasg caﬁﬁa@§&ifap%e?di¢g, #R! tdedlod dawnvelidh i ent ation),

arrow 22 shiows the direction of ow of "nolten glass 31, and 21 is the free

surface of isbgipeol 3 ereeglsamshe vlgustsibjawith rabpett teethe equipmenhaised @ht of
nolten glass jn the | sopipe's trough 11 is de i.hed .b h f
flow of molraek 9@}1%%1_[1893_5%1"?%81%?533&% rOghd s T?]%eglﬁéi(si‘%e&%&ég“irl%‘ﬁgf ui d
fow of thoyspRb (HBFLLSOR BRCEUMLAR Ny SHIEHE AhReeN ihh sTHRSR

figures, because“the characteristic cross-sectional dinmension of” downconer
19 (e.g., tihewHidnmeherconhethendosimemrett)e nselsalfiner addthe Hasion

characteristic cross-sectjonal _di sion of supply.pipe 9. ., the

di anet er ofSYtSﬁ“émeWﬁ?&r%’éPiPﬁeg 61???58§§ppﬁfyﬁF?fE‘) ll,% %’ Cﬁgﬂﬁgg%gda?ﬁfﬁpe@uppl y
pi pe can be_r T RVE . Is t her hi, g; i1ith AT
desired adﬁﬁg@%ﬁﬁskﬁé}@g‘%&g‘%&mgﬁﬁ%ﬂtgﬁﬁlféﬁf lﬁg éra%: ﬂgé? %gjl%%&blsliltgt gm IS
achi eved. [£i8fed bysdunhettbes tiot edelitdgtfirfer toathioiwsionesystboskyexi t end 20

is subnmerged in nolten glass, the height of free surface 21 relative to
t he hei ght f@fmh’ﬁgtaeﬁeﬁlsé’é’éa‘%o{ Pl ngaqss relatively insensitive to

changes 11 (6obeloDt h e RUbIRLSE OMIRLS R, exih LBnpdOiBhONRens SPAL T2l

ref erence scri bi e 1 nvention, rase "nomnal free surface"
i s used herghdvet @ isniticstipplhpipotaisapipef]l I, rikkistindé age 2dmnwten WO

03/ 051783 PCT/ US0Q2/ 39445 -4 exit end 20 .is just subrrer%gz,d in the nolten
gl ass. The TREHEFEiRer SHsiere(reienedsto BeinAY feAPMIFOME nIRFRAl free

P oo LR TR ey el by ST R Bfobiy syt ond o
22 shows the direction of flow of molten glass 31, and 21 is the free
surface of the molten glass, the height of which relative to the height of
molten 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 molten 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



will be at essentially the sanme | ocation. Accordingly, in Figures 2 and 3
both reference nunber 21 and reference nunber 21 N are used to identify

t he i nt er vacws/osesseen nolten gl ass 31 and the surroundi ng p@ArvsIepiase 33
(typically air). [0011] It should also be noted that because supply pipe 9
(as well as downconer 19) are nade of Lﬁaque refractory materials (e.qg.,
platinumor a platinumalloy), neither the actual free surface nor the

nom nal freg;g EhHa@@ i9futheuBRldread ghase sRMRegMissUalhy refesenved.
However, their locations can be accurately estimted using physical

nmodel i ng (mgmbamQBlNudelsadgyo idemtiflyii thecooménal tee surfatwul d be noted that
thefrees ces 21 shown e fi arti ar n_Fi ures
8-9 and 11 a1 re sﬁ%‘f????ﬁ%ﬁl g%f EFBE&P;%’&% 8¢ © %l{heﬁ? SPfj

bei ng UndertﬂeO@Qth@hérh%h@(ﬁd%ﬁimﬂrf?ée surfReesndithe ata\am frFHéf@ﬁQH@' ex

shapes as a result of the nolten glass transitioning from a smaller
di amet er comtlbt ateessendiaglr thti samtecocetindui Acenrdingledn Bignfes 8. ardrd her

know edge he exact | t f t f
U T ace ancWereioriin naRe ALl FrsThBEE ROBREE PN BrAGSFRE L he
I nvention Zlﬁfgﬁ%rfyEt‘ﬁeqm?éﬁé@@%eh%éiﬁtlﬁbfteﬁ‘%@% 3%&&%%%!}9011}1@%@ ni shed

gl ass for ects, specifically, for devitrification and blister ~defects,
one can detamnosghéfe 8Bdtyypaallplairiel ati onshi p bet ween the downconer and

the nolten Ias is wthin ratl range defined _by.the invention.

5 LD G ad088 001 2] MRS Boiedt BT Dresass PORBY Bibe (@S e
applicatio he

manuf actur;hsopeﬁvlnq&lil & @b g?%?ﬁ] ?égfgga%ﬁ%?@%ﬁgpf?ﬁ%&%%gﬁ%m7 and EAGLE
2000. See, pldtinurRadea t;ﬂabslm;lm R1R%4, Bifheo tibemecaughfredrsurdaceahor dhd

6, 319, 867 to WD 03/ 05178 PCT/ US02/ 39445 -5 Chacon, et , _respectively,
the rel evarfRodnal Bgs sir Wﬁ@f]ﬁé‘? g10lieR glasst g %@rsé]la#%’b‘f/bsreé?’% ence.

[0013] EAGH,¢R00r 9SS 188RichSEhh G §ONLERELPEs RO [ IBhE physical

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
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 Glasses
[0012] 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



63.3 wt.% while 1737 glass has a silica content of approximately 57.8
wt. % Because of its higher silica content, EAGLE 2000 has a greater
tendency wo @@sissi fy than 1737, e.g., to formcristobal i trgT/tsSee/3hsgh
tenperature crystalline formof silica. [0014] To address EAGLE 2000's
greater tendency to devitrify, its for El ation includes a higher

per cent age of boron oxide (B203), specifically, approximately 10.3 wt. %

B203 f or EQ?J&CO%QQP a¥ehe ectﬁ%@ﬁ,ﬁ?ﬂﬁ%l@{/dngpﬁr%n%&f@ﬂlﬂbﬁ&e [ 0015]

Not wi t hst andi ng t hi's hi gher Tevel of B203, during trial manufacturing
runs, consiideoaiwrated itstrohabitrefateniceri fi cati on was observed when EAGLE

O e B AT AU b oS R A SR Lo SR o1
devitrifi C%st.g%t.%%ﬂﬁg! tFdf gg%? R4s @f siﬁé@c%nt@ﬁ@%f&@??xﬂﬁétél&@ﬁ.&

observed in e conpression b at the edges of the glass sheet (i.e.,
t he beads eng#geBebyushefdtahigieresilicamemtyngntAGhk 2008 hgs ahgreagéiout t he

gl ass sheet, including the al i ortio f the she i nt ended

ul timat el y tEBIFBFIMLE| Yﬁ@ﬁyggl@é}ﬁéﬁgz e[gaog%f?ffﬂéxb?té?gé‘ﬁ%e’i ‘?ﬁ’\?g]ﬂ‘(% nis

concer ned %;‘%éég@ﬁu}é Eél'é’cﬁlﬁrﬂsefoﬁ?‘érf% ;@f this devitrification and with
ttods and ap

provi di ng ne par at us or elimnating this defect w thout
i ntroduci ngooukdr defBrhddréspRAGLE &000's gresteertededfacy dp dawiuifyhets

finished gl ass sheets. SUMVARY . THE | NVENTI 0017].In cordance with a

first as peé@{@%@@ﬁﬁé‘ﬁhﬂ‘%‘?ﬁ ﬁr@%@%?e&wrﬂﬁﬂg?%ré’%og’éﬁ @?{r‘ system for

use 1N PrOdEl e ARE ey iloasnaPiya1 0 Bt op BHOACRS TAGTE bBOOGerbdl a M1 T st
I'c as st eh I

conduit (9) aracteristi'c cross- sectional dinension
(e.g., a cragsosbehitelyad. 4divasetfer 1887about 8.5 inches); and WD 03/ 051783

= second dAREN: or | e avicnoSHBR N WERHEE] Of oD g ST BB URE- sect | onal
manufacturing runs, considerable cristobalite devitrification was
observed when EAGLE 2000 glass was manufactured using equipment
which previously 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. | |
[0016] 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
[0017] In accordance with a first aspect, the invention provides a
molten glass delivery system for use in producing sheet glass by a
fusion process comprising:
(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



di aneter of about 3.5 inches); wherein: (i) the first conduit (9) receives
nolten glass fromthe second conduit (19) ; (ii) a portion of the first
conduit (@0 euwsiBands a portion of the second conduit (1DCT/{S02i3)445he
first characteristic cross-sectional dinension is |arger than the second
characteristic cross-sectional dinension.so that a free surface (21) of
nolten glass (31) is forned between the Tirst and second conduits; and

(iv) the first (8) andssesoadontit Frndhich aLe Doskit onedophatiive to one
anot her (e.g., b(y? novi ﬁg&?ﬁe folhr st1 E?Rduit ~or by noving tﬂe Fsecqnd condui t
or by novi ngcbathchdmndteristicamdsserohidnad ddumens)os ¢e. gt hacrosre sspaenal

rel ati onship betwee he exit. end (20) of the second conduit (19) and the
free surfa agﬁyrg?ah?ytréﬁt@qﬁl@s ss (31) results in neither substanti al

nunbers of devitgifigation defects (27, 29) (e.g., commercially

unaccept abl e nunbers of devitrification defects) nor substantial nunbers
of blister defedi)s (e fistgondwitni®) cteives moitart gptssoirerm it eesond
blister defects). in the finished sheet glass for a glass that is
devitrificdd 1§éﬂ%}?ti ve (e.g., a glass which conprises at |east 60 wt.%

Si 02 and/or at |gast Qgpgtvig{%l%- AR (B Sardansss WtditRosrand

aspect, the invention es a net or ‘providing nolten glass to
appar at us (sktohd, ddnpdutti(dB); produces sheet gl ass by a fusion process, said

rethod compr ol ng (o} PO Sing 8 gt conduil, () hich hec RIS
L19) 0o B8, B SXLdn el 00 SO IRABELAC N L6 i e,
di mensi on heinfgce (@) @f midhian ghisd (Bil) $¢ forvhed detweentthe firdssmdectondal
di nensi on; CV(\)%&%&S&; 3 PCT/ US02/ 39445 -7
(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.% SiO2 and/or at least 9 wt.% B203).
[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 being smaller than said first

characteristic cross-sectional dimension;



(c) nesting a portion of the second conduit (19) within a portion of the
first conduit (9); (d) flowng nolten glass out of the second conduit (19)
and i nt owdhe/s178st conduit (9), said nolten glass form ngp@/fsesasrface
(21) between the first and second conduits; and (e) selecting the relative
| ocations of the first (9) and second (179) conduits so that the spati al

rel ati onship between the exit end (20) of the second conduit (19) and the

free surface (21l)cjof thwsting besorgloasst t}{&éécdﬁ@bhadlpg.%l MHEIF ubst anti al

nunbers of devitrification defects nor substanti al rs o i ster
defects in fR&tiPAMR sﬂ@jﬁ}s‘ﬂ‘ffe@in@ﬂlﬁs@ sfor glass that is devitri f| cation

itive. St d t f t f bl
per Tormed by: (i | Dhovil PRET PR BR8S dh oL oD FORORI () Bihr ¢ { aviy
from one anmﬂmﬁ'tﬁe siost B@ﬁdﬁﬁe(%“xéélder%lﬂe@%la%fs fbﬂ%ﬁ%%@ﬁ@e(‘sﬂ}%«% gli)g 'S

suffici entlg)pabove a nom nal free surface he nolten (31)
so that sub é‘ﬁ@?@lthﬁdﬁﬁé@ld)ﬁemm@tcenddatse(ami appear in the finished

heet gl ; d h f t d dui t
Togethar  (towar 0 ond et FE aerie dhipstane L hRUiseds) srdmacone:
defects no (19ngeidaRpewrtHdt t‘li&esﬁétf"élsfb@guéﬂ@ﬁip Bls?\%ée A1k EgﬁQQpFrst

preferably, step (e) also includes the further * step novl ng
(9) and secohth¢ §9?0@6rmmdtsltt(b%)e@hérth(%tfomsdlsfawr(@latraxﬁtthermohenog”ldsg he

t wh hst f Dbl.i st def ect | th
P shon snEH RN i peHBRE ke p%ﬁneafgéfgéﬁéﬁgﬁéﬂaer@ﬁfpp%?éogf” ©
devitrifi Caéub@t&iﬁﬁ@ﬁﬁﬁrﬁﬁbr%pcﬂe‘@lﬁsﬂd‘ ts] gnﬂlﬁhﬁﬂlsﬁ%gﬁglﬁg%@@asé%r gl ass

that is devitrification sensitive. e note rtrification
def ect s nor gassythedlie deﬁ'o’mlfmactmm@edenejeop so that one will have to

Condui £ have beBRmbIdl TisoaogebarbE e Beation UBFUETaon t he of her
hand, devel perfoadied yywhen t he conduits are too far apart.
(i) moving the first (9) and second (19) conduits apart (away
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
(ii) moving the first (9) and second (19) conduits together
(towards one another) until substantial numbers of blister defects no
longer appear in the finished sheet 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 other hand, develop rapidly when the conduits are too

far apart.



WO 03/051783 PCT/ US02/ 39445 -8 [0020] The "noving" of the first and second
conduits in the preferred procedures for performng step (e) can be

achi eved o wosiisg the first conduit, the second conduit ,paavussetsuds he
first and second conduits. Typically, just the second conduit will be
noved. [0021] The reference nunbers useg%_i n the above summaries of the
first and second aspects of the invention are for the conveni ence of the

reader and O[ycﬁzhgot 'nfﬁ@dﬁﬁﬁlﬁgaafﬂﬂ%@%gﬂaﬂatsé%rﬂdn&&&@uﬁgqﬁ@ﬁ- limting

t he scope i nvention e generally, it is to be understood that
bot h the f opedeaired Igmmedairedéex: pepﬁomnngrﬂiep He) cdwmlbeoadimigvdditat reing

description_are nere Iar nve 0 are inte ded to
provi de an %’s?eg rtfilu]grglg %Sﬂbe(?r Eool{}],‘a?lh%ﬁtrﬁ ang3He
character ofy] tén"ﬁﬁﬁbé?l'?y aﬁ;ls'ttthbsse&)h@' SR uBR T HOESGR LTI ON OF THE
DRAW NGS [002 Figure 171’s a schematic drawing illustrating a

r epr esent at[0O@2Xonst rTice |referbnce aaumbprs' useddnatice ahove epinpmafrms ofsihd n an
over fl ow downdr aw, f usi o proc maki n | at ss sheets. 23]

Bl gure 2 | SR eai rRE PRl dRGEEn o FRGATTaR oy A ROT SRE CO T iSRebhtse
downcormer %d%rseﬂ’ﬂf’%)‘e E‘lo‘%‘% cﬁé?d tHefK] Eoﬁﬂﬁn@f Heliite CQBRr IS bel ow

the nomnal Tree surface of t nol ten g ass In the supply pipe. [0024]
Fi gure 3 i slimitiagpaededpd @ﬂ/\th]a‘ 1rt\ifm1t}amcMm detavedly, ithes tadoenconer and the

supply pipe of Figure 2. ure 4 is phot om. cro ph of a
crystal li neu’a@F’é'i?POd(t@é\F tfqt?]fﬁ;lt%g gﬁmépé‘ %@?ﬁr&‘é eﬁfﬁ@pefwegaﬁ ttg]ﬁ‘ t he present
i nvention oF shehwifgosur f ace
enri chnment Og%agﬁggﬁt%£19§%gdﬁiﬁgiﬁﬁ%é%}§{bgyég ot aL{rJ%spectl ve Ol?0027]
Fi gures 6A amnd o8 iatengddtts mboidengn sivetaies deftlaafnewnrlmffor 8203 for 1737 and
EAGLE 2000 gl ass, respectivel {1

understanding the nature and character of the invention as it is

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
(devitrification defect) of the type which the present invention
addresses.

[0026] Figures 5A and 5B are plots showing surface enrichment of

SiOg for 1737 and EAGLE 2000 glass, respectively.
[0027] Figures 6A and 6B are plots showing surface depletion of
B203 for 1737 and EAGLE 2000 glass, respectively.



WO 03/ 051783 PCT/ US02/ 39445 -9 [0028] Figures 7A and 7B are plots show ng
surface enrichnent of Si02 and surface depletion of B203, respectively,
for 1737 vloasws(@pen data points) and EAGLE 2000 gl ass ( saT/ukodasas
points). [0029] Figures 7C and 7D are photom' crographs of the top surfaces
of sanples of EAGLE 2000 and 1737 gl ass,,respectively, after a heat
treatnent at 1300C for 96 hours. [0030] %‘ igure 8 is a schematic diagram

illustrati fr[g,dgegﬁ j Uncﬁ‘%ﬁ?esw WBE7 B acievmeeérehoaaﬁ U ¥nPlchenvhiese the

exit end o downc is above the 'nom nal free surface of the nolten
gl ass in t ®iOsapdlsuaqedepiRl] of Bgseréspestirelyxioandedl’ glans @perhe

H gur 'ai%:?cia“%eﬁw%mﬁ%é&gﬁ 300 gaSeltlleBe BB Yot or def ect) of the
ﬁggseselntcatqd\%%; efﬁgﬁl é@%@ %ﬁd??%ﬁﬁ?ﬁ%g%%ﬁ?gg%%ﬁ%ﬁe ﬁgfﬂg}én;?gs line for

gl ass dr awsuidaced bf e&nqslss@{f EApRLEX2080 elnd 0737nglakkmetspestiviely, dfter a | ong

axis of 239 microns and a short axis of 42 microns. Larger and smaller
di nensi ons %b@aéémﬁiiﬁfl‘f%ﬁfaﬁé%)@tg for InheUk$nd. The phot ograph was taken

| ooki ng do t he i agram
illustrati Y@‘ﬁ]"é ] ungllf‘&gﬁ‘ S%?%eé/esec%%a %oﬁc%aﬁngﬁﬁgﬁa%g%ﬁgg&h%g ere the
exit end ofpéthreerd@WiSPRESmicS a@ﬁerﬁu@wmlpb wheretie brit drcef shief ace of
the nolten glass in the supply pip ¥0034] Figure 12 is an expanded Vi ew
of the juncdowncoetandsrahave tlm)wam;nel igRUHece apphg meliendlass guitke1l.

[ 0035] The forelgm ng drawi ngs, which are incorporated in and constitute
part of thelé ation, illustrate various enbodi nents of the

i nvention, [0@)31 oget thgu/Fetgllé hf dgsaiddet vieRv of ey guhotienetimechnthe
principl es of the invention. It is to be understood, of course, that both
the drawi ngdowneories aks ¢hepuiray anpcofflignse 8ry only and are not

[0032] Figure 10 is a photomicrograph of a gaseous defect (blister
defect) of the type which the 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
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.



restrictive of the invention. WO 03/051783 PCT/ US02/ 39445 -10 [0036] The
reference nunbers used in the drawi ngs correspond to the followng: 9

supply pip® @bscsBl ection trough 13 isopipe 15 root of | FI/Psd2/BF448r r OWS
schematically indicating drawi ng equi pment 18 entrance to supply pipe 19
downconer 20 exit end of downconer 21 ac;lt al free surface of nolten gl ass
21N nom nal free surface of nolten glass Z2 arrow indicating glass flowin

supply pi pe[oztiégfa”p' § %fre%gn%etzrgﬁ&tﬁér@%se%ﬁir? ¥he rrhvéfiﬂgs %gﬁéﬁ%&{d R\GE

2000 gl ass i stobalite crys 29 sac surrounding cristobal'ite crystal
31 nol ten gtlasfoliowsuppl y pi pe 33 atnosphere above free surface 35 blister
def ect DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0037] Figure 4 is a

phot oni crograph 8f a SFPPLEH#PFte crystal of the type that was observed
when EAGLE 2000 Qllassckﬁﬁéct%ﬂg\tﬁéﬁgﬂ into glass sheets (thickness = 0.63
mllinmeters) using equlpnent [ previously had successfully processed
1737 gl ass wi thouB seisopipe devitrification problens. The reference nunbers
used in this figure refer_ to the follow ng: 23 -- EAGE 2000 gl ass; 25 --
support used in lprep&P?hef 9BEB%i crograph; 27 --cristobalite crystal: and

izg -- sac  surroypding Grd sLRRAL G Al fldBbatify HAWIRE SGEPrhdai his Tigure,
18 entrance to supply pipe

19 downcomer

20  exit end of downcomer

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 blister 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.



addition to constituting an internal defect, the cristobalite crystal has
al so affected the flatness of the outer surfaces of the glass sheet. WO
03/ 051783wie0B/05BB2/ 39445 -11 [0038] Anal ysis of sac 29 r excaaled/3s445i ca
enrichnment and boron depletion in the residual glass. In accordance with
the invention, this observation was interpreted as indicating the source
of the devitrification as sonething ot‘ﬁ@r— than normal devitrification of

EAGLE 2000[06:%% r esphbigs o QAcCEPinthied difiea @harhrB8heWnidt Botdrui dus
tenmperature. In particuldr, this observation was interpreted as indicating

hi ghly si | i depleticirchrethglrasislued glass.s burceondande witlevhe ihfermeédonorhis[ 0039]
In addition to the sac anal ysis hi.gh.| evel ,of devitri.fjcation of EAGLE
2000 gl ass %?W%’éﬁﬂ/‘é’&sdﬁrt%%ege‘fﬁéﬁ& 108 the SRUWES QSR on  of i sopi pe

13 and supplyyiBhREaAol 48 sLARRRR] b doMNGeHREmEL dihiric SR ratAQDE ed to

the hypothesis that the source of"the devitrification was free surface 21
at the juncR006 diesseesulthes fomcovingarfdhchgass lppow ip$ pieui0640] To t est

t his hypothesis, |aborat i pent . fornmpd to determine if

stagnant EAGEEPRURIONG) ABSPBEHGEH LarraRiahaighryomStagRard 3937 gf ass.

The exper | ”H{Hiéaﬂﬁg%?igﬁy %ﬁf@adenf’i%hfeal 1948 asﬁgi@éc?&r&f ofiht/ and EAGLE 2000
cl €aned, ept h

gl asses were cut, and stacked to a of approxinmately five
m | | i met er sdévitrifieatiangul ar pl ati num cruci bl es whose di mensi ons were 45

or ovi ded . cRlor abl bn Sk Gee (8168 4 BVBDE BHEIE B ISR bt act
o " 2 SSEAI R AR £ L e SO gparapshl g e
[0041] The of isoiphped nené uimmgdips Awidsirstpeuteohdavadofmarnt.e Tatis 1200C,
(reatment, QaMprEsaRelcd ihs PaRpLEsiedRes G raHeh Qride U GHieRd | n
epoxy, and pakimbed f-RlccChem:Gak ;AR Beihddh #e HoShicMer and the
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
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.



m croprobe instrument. Analyses were performed at 50 mcroneter intervals
froma point 40 mcroneters below the surface to a depth of 2.49

m | linmetewnodsiisscharacterized 1737 gl asses were used to paalsobnsuse t he
instrunment. WO 03/051783 PCT/ US02/ 39445 -12 [0042] Represent results are
shown in Figures 5A (1737 Si02), 5B (E_é%__E 2000 Si 02), 6A (1737 B203), and
6B (EAGLE 2000 B203). The data in thes igures is nornmalized to the

nom nal Si Oph@4e] B203RepRBEEMN Fakiifhard SBEwRPRY Bl tHe (F7ayssignglespst udy.
Not e t he usg) of differeggt vertical sf:al es for thgel?rfels737 (and E&g}g 2000

Si 02 resul t EAGLE 2000t 3i©YabA (3785eRt@sd), andf 0B (EAGLRG200Q Ba2n)) Theat
treatnment at, t he e ratures indigated. [[0043] .Th eater _enri chnent of
Si 02 and th_@atﬁ athFoT Gelive} Thandmaigedadte E‘Bg&n&i&g@?@&f{)?@ d to 1737
gl ass is evigefinfheions\@ee atdvaphs thé\/glaﬁé%vﬁﬁde% @%u?{?.r iNd deoth  iganopul k

conposi tion extends nuch farther fromthe surface for the EAGLE 2000 gl ass
t han for thdiffei87t vgktissl sddles foatlee 1603 7eenddBAGhHE 2000 e radudes.|Alli n

Figures 7A a 7 whi ch show, res tivel Si 02 enrichnment and B203
degl etion a‘E’Pg'Ge Eﬁ&%rpéfe?%‘i’teéi]tsr éteﬁéﬁth%‘t‘r {42518@ ?‘GF‘QP@?%?%%@: a?fpen dat a
poi nt s) andterg.égé;t Q0659ltkd data points). [0044] An exam nation of

sho

Fi gures 5B an wthat the silica enrichnment and boron depletion are
t enper at ur e[@RPpBhdent Theigrieatdreentiehalentodf ®i¥hd ahdehie @edteelsstofdB.®ei ng

especi al | r C. 0045] Figure _7C is a .photom crograph of the
tog surfazegq{fﬁé(ﬁé‘%#%%g) SEA@IE 2 tcgﬁgég %lrﬁéﬁég&flcg%mdégg? i%B‘:éﬁ above
and hel d i ”grelcé}?s.r %fdn%to%ﬁetﬂ%e@éﬁgtiwf i?éﬁ?bgﬂé cd fidndxtt388Gy Lhe
presence of rystals on the surface is evident. For conparison, = gure 7D

shows the faryktafroinebesunffacefof ttee BAGHLE A0f0Q gB&sglteas fdr éat 8d37n t he

sanme manner. Surface crystallization is al so_ observed for EAGE 2000 gl ass
after 96 hodasRedthidrBieheress %ﬁmEmnaﬁwsfz%wlyamﬂg&m?ﬁo%nﬂﬁ 1737

gl ass. which show, respectively, SiO2 enrichment and B20s depletion at 96
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 especially 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.



[ 0046] The surface crystallization test of Figures 7C and 7D provides a
convenient way to identify devitrification sensitive glasses. Thus, in
general twons/oserssevitrification sensitive glass is one WR@USRGY438
surface crystals when heat treated for 8 days at 1300C. Using this test,
EAGLE 2000 is a devitrification sensitive glass, while 1737 is not. WO
03/ 051783 PCT/ US02/ 39445 -13 [0047] Al though the experinents of Figures

5-7 are spegd4rpl |y Aﬁ%%%%}ﬂ&%%k BriEfEE A00guaes S173reddpsficdlle results
observed a?@ g@ﬁerally appl i cabl ef)to ot hertg?l ggs corrpositi%%g and, in

parti cul ar , canceraedewitteBAGLE 2060 andsen3T glass, dheniasoits oksd¢nvedtaregl asses
used to produceéilgD substrates. .The .vol ati | i(%% .of bor(?n. from.al

al uni nobor c¥TTT MY IPRCRIIS - AtheE Slas FPTHRSIHRRS & ™ Rﬁﬁ%‘flﬂ]lggil to nel ting

appl i cat i ongehdd @SSt &Hoh Sset 203 BluRtinHhefoJiRERES Slekes used ®speci al |y
e

prone to a loss of boron and alkalis to the furnace atnobsphere and a

subsequent produdnkaD stibsheteendiln nojagilidy ofibvronefronvalkadi atil e fraction
of the conposition. The.lgss.of boron.and alkalis |eads.to the formation
of a surf a_c%l_qlﬁ%‘?%%"@ﬁﬂ%ﬁ%@ rﬁlﬁﬁﬁ%fl?ﬁ Rsem; W&h é%curflﬁlé‘%%(i = &ﬂér@_ﬁifﬂ‘%ncr eases,
the conposi ﬁie@ﬁngfa\gﬁnéatfdﬂg.a@ﬁaé,@wicﬁqe stal]gﬂéﬁk et RALAWehiSerat G Sis

| eading to the growth of cristobalite. [0048] The data for 1737 gl ass set

forth in FieppesalbpproAe tana ldss ofiboneel hndsalkiadisbwhihe frrraicet hi s gl ass

duri ng nmanufacture, sho that although, 1737, exhi bits some | pss .of B203
ohd aom e EhRREre Andes 6o serBehRSHIIIECH G her PR gias R ol r

t hese Changl%énimaﬁﬁ BracBlodSst ﬁ{«@cﬁi’fpg%'i‘ﬂci&ﬁf:i’ﬁ[g 13} SAYSRR Bl d1RESis

devitrification problemas a resu f a stagnant free surface between
downconer lRadsdostppiormatiipe d.a Thdfadatlayaf higlgyrewids;d 68 sileaad Asf or

EAGLE 2000, .on the, other hand, well as.the results of trial
manuf act uri {if ?@?Pglfn%)bwcrfaﬁﬁ?S’?tﬁ?escﬁi“?é@“il%n &b Sﬁgsp§p5ffagetlgy tht4™pr obl em

B e e

concentrati[@048] i n tfherdatgefor 1737 glass set forth in Figures 5A, 6A, and 7,
as well as the behavior of this glass during manufacture, shows that
although 1737 exhibits some loss of BoO3 and some enrichment of
Si0,, 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
that this glass is susceptible to this problem. In general terms,
aluminoborosilicate glasses in which the SiO2 concentration is equal to
or greater than 60 wt.% and/or the B2O3 concentration is in the range
of 9-10 wt.% or higher are the glasses which will 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 SiO2 enrichment and/or B2Os3



of 9-10 wt.% or higher are the glasses which will be devitrification
sensitive and will require the use of the present invention to address the
probl em oWwodeswisizssfi cati on defects in the finished gl ass. HOQOE®p/39435
outline, the present invention's solution to the devitrification problem
for high silica and/or high boron gl assgf4js based on selecting the
position of downconer 19 with respect to nmolten glass 33 so that the free

surface of tdeplewbh eRaghdisenaderigrResrodutid® ot Rlist6bhNAL & Vel
| evel s of Si 02 enrichnment and/ or B203 WO 03/ 0517813 PCT/ USO /%%%4% %éi4

depl et i on t haished iglassad to the production of cristobalite crystals in the
finished gl 0050 chi eving such surface activatjon is to
pl ace the g(?)émggﬁ)ner g%%gvaﬁ%%f %%1]11%?] e SEIrT S a%‘iﬁcg"gag%‘vﬁ orPlEcg thes 8

and 9. Thi soansaisr abbreastidfadee? bupicen | Nes hoVR i&hﬁg%ﬂ%&@h ree
surface. The glass which forns free surface 21 is continuously repinaced

with fresh § aEBissereatesg ag semfaashAeiwhich ke abavarbtaromitesdl e on of

boron oxi de t ur_at .t.he surface doges .have _an opportunity to

reach | evel S{l\?ﬁaecre'e d%‘%fé?%%% W@“é?]? gﬂ“&éf@%“‘t §u5#%€erc]-r9 Lé? EARFIRVUGURY £ i ni shed

glass. |n preshiced withi ey ol Qﬁménﬁ%‘fﬁ:}ﬂﬁ%@%lftsﬁlfiéaetﬁnazr&aCe 21
e typ

has been found to elimnate devitrification defects of shown in
Figure 4 frégpledian ef bocemiaxide shat miayg ogtasat theGatffatodeeehotithve an

end 20 of - doRREEhERo: & TRRCE Tl alliere SEnexiifr e Sareisan s peatrdiead (o
e 513 1 iestes et heprhogtyuemsenc WPy B MERRTTRIE
not wi shi ngires ufaruRd Iys beynfanindctd elimtihets devitfifiepeiat defctd bf tise
over the cdgPor AN TR bbb readon il assdge T exposed to
gaseous at n(mmmege 33HORRERYUSH hBorAe FhitPHTe NRre iR, QAPRESS. 1t can
ocally defi%rurpl tl'?ac‘éjl {olc)gticrig %hé gyecit 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

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 plainly a

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



nolten gl ass. As those deformations heal, they can entrap small anounts of
t he gaseous at nosphere (small bubbl es of gas) which are wunable to escape
fromthe waldmitgbass and thus end up as blister defects Rar/wdve/39448i shed
gl ass. Anot her possibl e nmechanismfor the for mati on of blister defects is
folding or |apping of the nolten gl ass af exits the downcomer. This
effect usually requires a substanti al évatl on of the exit end of the

downcorer akpyantBRtiBAM TRls ifsrﬁﬁbeéét'ugé‘gﬁe}?&)ﬁbfde@ lptrge?@ﬁ?é? [ 0053]

Al t hough on their face, these blister defects are plFain a probl em from
an oper at i ondénphiing aoflesiraile Idmayloaur ﬁ)rahheaelxaam:lmb@f tHe m&;v@ﬁio%ér?%

PCT/ US02/ 3944 he i nventi.on. be ause they provide a
procedur e f5FPath§eifﬂ fl}eyﬂq@malaé £S5 ST é%@ié{gﬁéﬁo tsp glagsexit end of the

downconer  [@bskiVve thta{B’co'ilagheelwﬁtﬁ%ﬁlssﬁF% a&furd, Jfec é@lbe%ﬂ?ghgss [ 0054]

In accordance with this proce one cah begin the searc or "a suitable
| ocati on f omseaheh éoaf & sarithige Ibbatidnvine dhe rexid thdtdieheakiownesshdpaiity, thieor
exanple, in roduces devitrification defects

b diti whi ch
e dovi ¢ 1 ERICET DSl ORIt & ¥ REIGERE CaSEN WhichpRAGEAS? can,
of course, BevatifRaldH8EdRSH 0 eﬁﬁ:nh@?th_ﬂes@r{c}n{ﬁ% ?T%asi h@}fﬁ@%ﬁ end |

procedure based on the teachlngs erein

upwar d unt i lof bhe siown«:ta‘hectcanamﬁeaurisﬂ bdeat o hiyisdrddcgtiansat e t hi s

| ocat i on, t?} oble VI rification defects. will be elimnated,

al t hough, eg mQﬁe%ms%iedd@nééEstea@hmg%hmm JTA&E, t he

downconer 'aoW&qHQPY@YﬁéﬁrH@&éiuiﬂgar@h ek élsg%] &e%ﬁdl saggg?{l&hg t he

finished glass. In practice, een oun (or even
some f urt hefindshedvatassioketkis Jocdtien, tat prioksert of dedieficeapncaifange of

devitrificati. defects i evitrification sensitive glass. Accordingly,
in this wayV ﬂg?ene]&@&FﬁFQ£ieﬂQ??‘é&hd@# eQYiEse, dhe mobdemsy oidelister slefeets

effect i vel VwalliHiaat pfichr o0 Aouddrhb Al hAlledSEORHIAR GhAPERS 11295 The
defects disappear in the finished glass. In practice, it has been found
that this location (or even some further downward 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
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 surface when the exit end of the downcomer is submerged, the
free Surfaée 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



blister defects can bring the exit end of the downconer into a |ocation
where it is essentially at the free surface, as illustrated in Figures 11
and 12, owoensasiisel ow the free surface, e.g., below the frrea/suebaas by
approximately 5 mllineters. Al though fresh gl ass does not overflow the
free surface when the exit end of the dowgcorrer is subnmerged, the free
surface can still be sufficiently act i vat@d t hrough nechani cal and/ or

di f f usi onal ot oi r f |

[0056] ALt ndtarst e Siefndt peiticlt Fndinl g0 riEAL AR, phElceRhly
confi gurati Olrﬁrzsaﬂnhﬁnu'c‘s&@ etgaeappmmmmmged) wditfeteraf has besin fuwut es 8
and 9 is preferred, prOV|ded the spaci ng between the exit end of the

downconer art@ WaEk goerassiiyecltds rthQ,‘?eu@fief seofothadhasssarewo 03/ 051783
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mllinmeters oxi mately

m | 1imeters,sprsfidapplication of me/\mﬁerﬁwmbeﬁ{gjhlﬁanctiton sf tiee qupm:hemt ood
that these are represent ative spacings, with the particul ar spacing used

for any spé@qdycasapfﬁll%sath%ﬁlﬁﬂosttﬁé) tr]i’\ﬁemqlm glaissg Basemheon Bie pregand
equi prrent (igglso&?&e su1 al%hsg)acu% ?8% Eﬁgoﬁaﬁ{&%ﬁ}’ l gprgle?lsts Based on the

pr esent a “sui spa ing“tor any part ar equi pnent

confi gur at I QoraithiaRidreand! @Sstevi glegsiviycaraty ben eaiddilydateirmined by
persons skilled in the art. [0057% Al t hough specific enbodi nents of the

i nvent i on havesspasrskiled dnithéd®nd i |l ustrated, it is to be understood that

and scope, HBPST, o AR g1t EERAORRRA S SRR BRI L

| ocation f0rde%%e@(ahdeiﬂdls@fat%ﬂe1@@%@&@nd&@§ﬁbd@th@@m&ﬁﬂc§ﬁ©hstdaﬁ\‘E a
fusion process is put into oper ation, but rather know edge from pr| or use

of the i nvém madewithattedppastieg fiom r’tﬁédm{?@h?ns?eﬁptrﬁeaﬂd\m@m@er @t a

doot 1 00 | OCAL ORI g SRR 0o PLBERANASE S BL D bITBLt
the exit end of the downcomer need not be used each time a fus1on
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 specific embodiments set forth herein

as well as such modifications, variations, and equivalents.



invention are in the manufacture of devitrification sensitive glasses by
the fusion process, the invention can also be used with glasses that are
not devi t widfo3patisen sensitive with no adverse effects and puaresweissd4by
beneficial effects in expanding the operating range of the process. [0058]
A variety of other nodifications which do _not depart from the scope and
spirit of the i nventi on will be evident 6" persons of ordinary skill in
the art frorﬁé%lﬁ% cIo re herein. The followwng clains are intended to
cover the sp e ﬁ%nts set forth herein as well as such

nodi fications, vari at| ons, and equival ents. WD 03/051783 PCT/ US02/ 39445
-17- What is clal med is: 1 A nolten gl ass delivery systemfor use in
produci ng shieet ¢\ aseltemglass dslivernpsriiess faowpe ininrgduciys sheet stassondui t
whi ch has a . fi raHFcharact eristic cr.oss- sectional dinension; and (b) a

second conduPt 2MHSEHT RRECESS SR EHRRand a second characteri stic

cross-sectional dhyrensd @pst ¥hgaaitwhidd hakhefitét shafetdtisticr@egkves nol ten
glass fromthe second conduit; (ii) a portion of the first conduit

surrounds a ssetioneh dimertséonsanend conduit: (iii) the first char act eristic
cross-secti onal nsion is r tha the Seco cteri st
cross-sectional glp nst §H¢ %dtcﬁggluét?@é‘é }Eatﬁ'?uace 1€?nﬁoar ‘Zﬁl Cfé)?s |s f or med
bet ween the d‘ﬂaﬁ«abt@w&@%@wse@ﬂsﬂm 8imefAdidd;v) the first and second
conduits are positioned relative to one another so that the spati al

rel ati onshi p bet wekerdihe exit end of the second conduit and the free
surface of (he miten 8l agsl eoulye L DelhAgt ybal Ll ahubere of
finished sh%tncgh@’ss for a glass that is

(iij  a portion of the first conduit surrounds a portion of the
second conduit;

(iii)  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; and

(iv)  the first and second 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 molten glass results in
neither substantial numbers of devitrification defects nor substantial
numbers of blister defects in the finished sheet glass for a glass that is

devitrification sensitive.

2. The delivery system of Claim 1 wherein the portion of the second
conduit which is surrounded by the first conduit is substantially

vertically oriented.

3. The delivery system of Claim 2 wherein the molten glass between
the first and second conduits defines a nominal free surface and the

exit end of the second conduit is above said nominal free surface.



devitrification sensitive. 2. The delivery systemof Caim1 wherein the
portion of the second conduit which is surrounded by the first conduit is
subst antiwidos/osymstically oriented. 3. The delivery systemaiushkasrss?2
wherein the nolten glass between the first and second conduits defines a
nom nal free surface and the exit end of the second conduit is above said
nomi nal free surface. WD 03/051783 PCT/ U882/ 39445 -18 4. The del i very

system of C,aim 3 wherein th a . he i om nal
free surf acé 'S ﬁgﬁ\g%ﬁv% ?fﬁtgﬁlrré{ g?e}sﬁgrﬁ‘é\@%r&% Y}ﬁeég%%%bgfw‘#{gﬁa% ivery
system of Clegithesd Wl ghé nobeirspacdgufatvas betWweeneXld milhtheaens dhe 3®m nal
free surface is between 15 mllineters and 25 mnmllimeters. 6. The delivery
system of Crailkieteferein the exit end of the second conduit is

substantially at the free surface. 7. The delivery systemof Caim?2
wherein the exit end of the second conduit is belowthe free surface. 8. A

nmet hod for @ ovi difigdeRtdsnsytagsof Claippd @heseihilehsppcR@ubesvéedicehe gl ass
by a fusion process, said nmethod conpri sing: a) providing a first conduit

whi ch has aekitrend eing tlee svomsiiad freq sgslaseds ihstakeesi he millbmeters) apd &A di ng

a second cond 1.t \%,hi ch has an exit end and a second characteristic

cross- sect i WM i fEHsi on, said second characteristic cross-sectional

di rension being smaller than said first characteristic cross-sectional

di mension; (c) nesting a portion of the second conduit within a portion of
the first céndui {The dslivévirsierppf elrigh &swheueinothe puitssubatitosdaendand

into the first, condui sal.d.molten gl ass formng a free surface between
the tirat  SREAUEBSIGNELT BL1ER FRE SRt
7. The delivery system of Claim 2 wherein the exit end of the second

conduit is below the free surface.

8. A method for providing molten glass to apparatus which
produces sheet glass by a fusion process, said method comprising:

(a)  providing a first conduit which has a first characteristic
cross-sectional dimension;

(b)  providing a second conduit which has an exit end and a
second characteristic cross-sectional dimension, said second
characteristic cross-sectional dimension being smaller than said first
characteristic cross-sectional dimension,

(c) nesting a portion of the second conduit within a portion of
the first conduit;

(d) flowing molten glass out of the second conduit and into the
first conduit, said molten glass forming a free surface between the first
and second conduits; and

(e) selecting 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 molten glass results in

neither substantial numbers of devitrification defects nor substantial



(e) selecting the relative locations of the first and second conduits so
that the spatial relationship between the exit end of the second conduit
and t he fweeosasi®ace of the nmolten glass results in neitlrET/BUDSKERt I al
nunbers of devitrification defects nor substantial W 03/051783

PCT/ US02/ 39445 -19 nunbers of blister defects in the finished sheet gl ass
for glass that is devitrification sensitPve. 9. The method of Claim8

vort i cal |y GIEBhEbnS! Fistey BLiccPs o5 PP sl e S R ARER R o

bet ween t he Jdvitgtficaatsh seaenteconduits defines a nom nal free surface and
the exit end of the second conduit is above said nomnal free surface. 11.
The net hod of C aim 10 wherein the spacing between the exit end and the

nom nal free9 surf ce ieiggﬁt%/}ﬁgé%%p%ru/}llge tt%resrl?%gd%%rt{&{ Io'fgﬁégéé%%&z. The

met hod of ddaim1l aci ng between t end an

nom nal freecsidhfiaeesibsbatMeRy vébtidally brehees. and 25 mllinmeters. 13. The
met hod of Caim9 wherein the exit end of the second conduit is

substantially at the free surface. 14. The nethod of C aim9 wherein the

exit end of .the cond .. canduii .i s,hel ow.t fre urface. ,15. The hod
of daim9 v%gr e?ﬁlq Hbet%ﬁtogtﬁé%ﬁ%’sg xﬁ%?%gﬁﬁeh@oﬁe?xsglaséﬁoqe t eeg{)ln%l ec{gﬁ%ui ts
defines a neHd8tcdhi@@ondlifiBr8cRAbs Sl €OMiRA] fre@ RIS andi the @k Radt b
first and second conduits apart so that the exit end of the second conduit

i s suffici enheyesbodecemduiidrialmivefsadd namingleree surfage. subst anti al nunber s
of blister defects appear in the finished sheet glass; and WO 03/051783
PCT/ US02/ 39445 - 20

11. The method of Claim 10 wherein the spacing between the exit
end and the nominal free surface is between 10 millimeters and 30

millimeters.

12. The method of Claim 10 wherein the spacing between the exit
end and the nominal free surface is between 15 millimeters and 25

millimeters.

13. The method of Claim 9 wherein the exit end of the second

conduit is substantially at the free surface.

14. The method of Claim 9 wherein the exit end of the second

conduit is below the free surface.

15. The method of Claim 9 wherein the molten glass between the first
and second conduits defines a nominal free surface and step (e)
comprises:

(1) moving the first and second conduits apart so that the exit
end of the second conduit is sufficiently above the nominal free surface
so that substantial numbers of blister defects appear in the finished

sheet glass; and



(i1) moving the first and second conduits together until substantial
nunbers of blister defects no | onger appear in the finished sheet gl ass.
16. The matdhasehsofs3Cl ai m 15 where step (e) conprises the fuwdineso2seap of
moving the first and second conduits together beyond the point where
substantial nunbers of blister defects no | onger appear in the finished
sheet glass but not so far as to cause Hfbstantial nunbers of

devitrification fectsto pe he finishe I sf-or gl ass

that is devi trikj tlcat Fb%‘”&gﬁrgﬁ i?vé %Secr%% E’Ifilq’ﬂ%%? %tgﬁ? erein the
nol ten gl asgyhasa @i Ahkms&Eeshlisten duieal’ 66 MEsesppeat Bashe Bhivhedo Si 02.
18. The nmethod of Claim8 wherein the nolten glass has a bul k conposition

whi ch conpr sbest glasiseast 9 wt. % B203. 19. The nethod of O aim8 wherein the
nolten glass has a bul k conposition which conprises at |east 60 wt. % Si 02
and at least 9 wt.% B203. 20. The nethod of Claim8 wherein the sheet

glass is used torpRk@cthodWItIAahel5 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.

17. The method of Claim 8 wherein the molten glass has a bulk

composition which comprises at least 60 wt.% SiOa.

18. The method of Claim 8 wherein the molten glass has a bulk

composition which comprises at least 9 wt.% B2Os.

19. The method of Claim 8 wherein the molten glass has a bulk
composition which comprises at least 60 wt.% SiO2 and at least 9 wt.%

B20Os.

20. The method of Claim 8 wherein the sheet glass is used to make a

substrate.



