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(57) Abstract: Methods are provided for controlling the formation of defects in sheet glass produced by the overflow downdraw
fusion process which employs a zircon isopipe. The methods comprise controlling the temperature profile of the glass as it passes
over the isopipe so as to minimize both the amount of zirconia which diffuses into the glass at the top of the isopipe and the amount
of zircon which comes out of solution at the bottom of the isopipe.
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-1 PROCESS FOR PRODUCI NG SHEET GLASS BY THE OVERFLOW DOWNDRAMUReZ0EN
PROCESS GEE@ 55 EERENCES TO RELATED APPLI CATI ONS [ 0001] _Thi s g | i cation
clainms th enefit of and priority to U S. Provisional BL %5 i cation
Nunmber 60/ 343,439, filed Decenber 21, 2002. FIELD OF | NVENTI ON [0002] This
invention relates to fusion processes for producing sheet glass and, in
particular, to fusion processes which enploy zircon .isopipes. Even nore
particularly, the invention relates to controlling the formation of
zircon-containing defects in sheet glass produced by fusion processes
enpl oyi ng zircon isopipes. [0003] The techni ques of the invention are
particularly useful when fusion processes are enployed to produce gl ass
sheets for use as substrates in the manufacture of quuid crystal

di | OF THE | NVENTI ON [ 000 The f
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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 draw processes, the fusion process
produces gl ass sheets whose 20 June 2006 WO 03/ 055813 PCT/ US02/ 39391 - 2-
surfaces have superior flatness and snoothness. As a result, the fusion
process has becone of particular inportance in the production

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S.
Provisional Patent Application Number 60/343,439, filed
December 21, 2002.

FIELD OF INVENTION

[0002] This invention relates to fusion processes for producing

- sheet glass and, in particular, to fusion processes which employ zircon
isopipes. Even more particularly, the invention relates to controlling
the formation of zircon-containing defects in sheet glass produced by
fusion processes employing zircon isopipes.
[0003] The techniques of the invention are particularly useful
when fusion processes are employed to produce glass sheets for use as

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

BACKGROUND OF THE INVENTION
[0004] 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 |

‘draw processes, the fusion process produces glass sheets whose




of the glass substrates used in the manufacture of |iquid cybnal00di spl ays
(LCDs) . 6&%]3 e fusion process, specifically, the overfl ow downdraw

fusi on p{r‘ggess,ss ?s t he subj ect of conmmonly assigned U S PEIUSATYNbs .
3,338,696 and 3,682,609, to Stuart M Dockerty. A schematic drawing of the
process of these patents is shown In Ficgure 1. As illustrated therein,
nolten glass is supplied to a trough fornmed in a refractory body known as

an "i sopi pgutfagped deive upersrdlainessatred spmcdhiness.hds deesubchheved, nolten

| | ows the top of the trough.on bath sid to formt
Sheet's of OiS98 RIASESY PR RSP hPARICHIRIThRicF Ca o tBe ediction

sur f aces oby iiieglasaRibraias i S8R snaR@facklrd beliald pRga root of | the

i sopi pe, where y fuse together into a single sheet. The single sheet is

then fed t@isplaws gLlegui pnent (shown as glass pulling rolls in Figure 1),
ness of the shee the rate at t he sheet

whi ch cont the thic whi ¢

i s drawn y(i?]r om t nee E‘b‘%‘?‘? Wﬁ@eﬁ?’aﬁ’?f@hﬁ% i verilowy 88&%@%| I
downst r eanfufioh robegY, i§ It Rathjé oSt Adnfordlyefisidiasi €08l edtedRdngscone
rigid before comng into contact wth the equipnent. [0007] As can be seen
from Fi gur&388,686 anud 8;682608¢ e Stharhdl. Podadrtyl ofs schémmticddrawingsont act

. i d f f th ' ' duri f th
ot ocees.  Fk e PRIGeRe BT ahte Baterin b o R IRMERES dn RaiEhREFS. The | nner
surfaces aheréim, iB1tBal dlashReESpphBH a8 4 Wo@ﬁﬁ)rﬁié}?in ahegfacdgrFontact the

i sopi pe, but those inner surfaces fuse tog er at the root of” the isopipe
and are tHudplnosm as ant ieopipdy’ of the final sheet. In this way, the

e ORI 5 ok Daed i Ble BEESESS 10l bOSh LeiflvedSRb1Ehe achi eved.
glass overflows the top of the trough on both sides so as to form 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 of
the isopipe, where they fuse together into a single sheet. The single
sheet is then fed to drawing equipment (shown as glass pulling rolls in
Figure 1), 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.

- [0007] As can be seen from 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.

THE PROBLEM WHICH THE INVENTION SOLVES
[0008] An isopipe used in the fusion process is subjected to high

temperatures and substantial mechanical loads as molten glass flows




[ 0008] An isopipe used in the fusion process is subjected t20 hingB006
terrperatg,re(é and. substanti al nechani cal | oads as nolten %I ass flows 20 June
2006 WO V9/'B88¥13 PCT/ US02/ 39391 -3- into its trough andPEUASO¥oyt er
surfaces. So as to be able to wthstand these demandi ng conditions, the

i sopipe is typically and preferably made froman isostatically pressed

bl ock of a refractory material (hence the nane "iso-pipe"). In particular,
t he i sopi pmtbdts troefghr il yveadies dutem saurfacest 8biasatd pe pidssed zi rcon

refractory, .i.e., refractory co ed primrily of Zr02.and Si Q2. For
examie. | WishsEaid TheSe dhAatdad SIigoDs bt Sasibact ORI EIEN 27 o and
SiQ2 tog M}Qﬁ' I : 9 i ] t he

t heoreti c:#@%%nposi %?%?11%%? ﬁgéoﬁg%%u I P %?gﬁge%%%ﬂd%k%{r;&ﬁe%i val ently,
ZrSio4.  [eostial fhaancedhdangmevisdrpipe’)i degrartiomlar,ttheasopgenisdi scover ed
that a major .source oé |.osses in the %gsgufact re of Sht?t | ass for use as
LCD subst r%‘feé%r% Y {Rde, from Al ispstatic pﬁ?%ﬁzﬂlgccm EFERFEY 4Chétein  as
"secondar yrefid 488, Eéﬁf%%lsa;pargﬂéld'rﬁ R Varkd GO0 e exhenplel Brehe gl ass  as

a result of the glass” pas Into and "over the zircon 1'sopipe used in
t he manuf dsopipencampbecesse dfta hiasoheefrattotyher whick @réreahd a2t he probl em

f d i ystals b d.wi h .
devi tr1 11 CHEFOIEISOEPT o Jrascas Whyeh HubmAterL Viheer theareticel
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accordance with the 1 nvention, ound t zirconi a which

resul ts i [ODB®]zi r cdn axxcpstiahse witle hhaiavémiiow, itrthddbeehidissdveded! ass
sheets hasthia Sa r%rai]gxl Qogltcet Qfe Ioléggse rin %91(2. tni'lgxqafggtug'g %f Zsihre%(‘g rélass for use
as LCD substrates is the presence of zircon crystals (referred to herein
as "secondary zircon crystals" or "secondary zircon defects") in the glass
as a result of the glass' passage into and over the zircon isopipe used in
the manufacturing process. It has been further discovered that the
problem of secondary zircon crystals becomes more pronounced with
devitrification-sensitive glasses which need to be formed at higher

temperatures.

THE DISCOVERY OF THE SOURCE OF THE PROBLEM
[0010] In accordance with the invention, it has been found that
the zirconia which results in the zircon crystals which are found in the
finished glass sheets has its origin at the upper portions of the zircon
isopipe. In particular, these defects ultimately arise as a result of
zirconia (i.e.,. ZrO2 and/or Zr+4 + 20-?) dissolving into the molten glass
at the temperatures and viscosities that exist in the isopipe's trough
and along the upper walls (weirs) on the outside of the isopipe. The
temperature of the glass is higher and its viscosity is lower at these
portions of the isopipe as compared to the isopipe's lowef portions since
as the glass travels down the isopipe, it cools and becomes more

viscous.




i sopi pe.' In particular, these defects ultimately arise as &UlegeP006mf
Zi rconi r o2 and/or Zr+4 + 20-2) dissolving into_the nolten gl ass

i
at the t "éﬁ’éﬁ%fes and viscosities that exist in the |SBﬁT’H§°2§39?5Pough and

al ong the upper walls (weirs) on the outside of the isopipe. The
tenperature of the glass is higher andaits viscosity is |ower at these
portions of the isopipe as conpared to the isopipe's |ower portions since
as the gl §00k¥Javel Thwsolutikty sndidifisivitycobiisconth reumiten glase is\A scous.
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and the viscos i ncreases, | ess zirconia can In solution and the
rate of dlhéldsnosoldélonméih¢ rate phdiffihsien dmcasw heApthe glaS(Sr neans of the

cryotars (el TR GRAR s B aahite vk bepafie idar Bl M on”the 2 rcon
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| ong enough to break off into the'glass flow and Become defects at or near
the fusi omw¢1ﬁet&)andrgousm¢he zitgircimopype n ¢hkiragiosf 6f dveroatot becone a
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t he source of e secondarﬁ zircon defects 1n the finished gl ass was
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crystals have grown to a length of around 100 microns. Growth to this
Iength can take a substantial period of time, e.g., three or more months
of continuous operation. As a result, the identification of the source of
the secondary zircon defects in the finished glass was itself an

Important aspect of the invention.

THE SOLUTION TO THE PROBLEM
- [0013] In accordance with the invention, the problem of secondary
zircon defects in the finished glass is solved by operating the fusion
process under conditions that cause:
(@) - less zirconia to go into solution in the trough and the upper
portions of the isopipe, and/or
(b)  less zircon to come out of solution and form secondary
zircon crystals at the bottom of the isopipe (this coming out
of solution may be considered as involving devitrification
and/or precipitation of the zircon crystals).
[0014] Operating conditions that will achieve these effects include:
(a) lowering the operating temperature {specifically, the glass
temperature) at the top of the isopipe (trough and weir regions), or (b}
raising the operating temperature (specifically, the glass temperature)

at the bottom of the isopipe (root region), or (c) most preferably,




[0013] In accordance with the invention, the problem of secdW¥aey00&ircon

defects Lni shed glass is solved by operating the | ocess
under comqsf%gsn%kthat cause: (a) less zirconia to go int 8@@5@?98% n the

trough and the upper portions of the isopipe, and/or (b) less zircon to
come out of solution and form secondarys- zircon crystals at the bottom of
the isopipe (this com'ng out of solution may be considered as involving
devi tri fi demesing Beipperaging tgnparabiresit theeton andragsipg:thiesypefanion |

eratin L tion ] | Lev ese effects include: a) lowerin
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t enperature (_speg:ifical%il, the glass tenperature) “at the bottomof the
i sopi pe (r&tisppipaid usest to splvepdie ge 2] 3ircorp poeklen?,08ith e isye055813

PCT/ US02/ 39391 .- 5+ . [ i . at,jn at, t he and
raising t hogs%%%?‘g’ﬁdﬁ%%?é@g%ﬁgfsdﬁgﬂ&e tteﬁgpftbrgtmgé’mgégﬁgﬁgﬁ%p?f&g% [ 0015]
Pref er abl Visopipeer igehéial apANS] hnenigsrdensd Bhenge dthBettop 6fthd he isopipe
is used tg so]ve the secondary zircon problem either alone or in
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appr oxi et BEBOEPHL B NGBk b R et RS RL ot e

bot t om of prbdlémopi pe in solving the secondary zircon problem [0016] The

desir ed t_e[HB(irG?t ure T6l110<|=,j clilgstiggc? Ecgm%ter;&eretg juasrt]g{e%rts at the top and/or
bottom of the isopipe are achieved using heating equipment of the type
conventionally employed to control glass temperatures in a glass
forming operation. For example, lowering the operating temperature at
‘the top of the isopipe can be achieved by turning down (or off) any
heaters located at or near the top of the isopipe, while increases in the
-operating temperature at the bottom of the isopipe can be achieved by
increasing the heat output of heaters located at or near the bottom of

- the isopipe, and/or by using more powerful heaters, and/or by adding
more heaters.
- .[0017] Similarly, temperature adjustments can be achieved by

changes in the insulation and/or air flow patterns around the isopipe,
‘e.g., the insulation in the region of the root of the isopipe can be
increased to increase the temperature in the region of the root and/or
the air flow in that region can be reduced, again to increase the
temperature in that region of the isopipe.
[0018] The temperature at the top of the isopipe can also be
lowered by lowering the temperature of the glass supplied to the isopipe
from the melting/fining equipment used to process the raw materials
from which the glass sheet is made. By whatever means the
temperature at the top of the isopipe is reduced, for a given glass
composition, the result will be an increase in the viscosity of the glass

and a reduction in the zirconia solubility in this region.




bottom of the isopipe are achieved using heating equi pment 26fJuné@0@6ype
conventi | | oyed to control glass tenperatures in_a glass formng
operatio"(ril”.B 8¥SSZ{§<r2npl e, lowering the operating tenperat UFET’gtgoz"‘?tg?Pé top of

t he i sopi pe can be achieved by turning down (or off) any heaters |ocated
at or near the top of the isopipe, whie increases in the operating
tenperature at the bottom of the isopipe can be achieved by increasing the
heat output of heaters |ocated at or near the bottom of the isopipe,
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mat er i al s inventionhs déss thamnylldSsoktierteviel widieit By invaindiosr. Hesimsuldhe
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and a redygkifBatdt th2e de &30 @ré@ir’é@ﬂdﬂ%l q{/f%cﬂe}%'sa:éﬁghé”&eng& e 2006 WO
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Fi gure 2 gshotvshugsr dueends bf the ranyese ithe phacesst whgre secondary zircon

- crystals are more likely to form on the root of the isopipe.

[0020] Preferably, the temperatures shown in Figure 2 are used in
combination with a reduction in the temperature of the glass supplied
to the trough of the isopipe, e.g., a reduction from approximately
1270°C to approximately 1235°C,

[0021] The temperatures shown Figure 2 are glass temperatures
which can be measured using various techniques known in the art. In
general terms, for the upper portions of the isopipe {trough and weirs),
the measured temperature of the glass will be about the same as the

‘temperature of the outer surface of the isopipe, while for the lower
portions (root}, the temperature of the glass will typically be lower than
the temperature of the outer surface of the isopipe.
[0022] The temperature changes shown in Figure 2 are suitable
for use in producing LCD glass of the type sold by Corning Incorporated
under the 1737 trademark. See U.S. Patent No. 5,374,595 to
Dumbaugh, Jr. et al. Suitable operating temperatures (glass
temperatures) for other glasses can be readily determined from the

| present disclosure. The specific temperatures used will depend on
such variables as glass composition, glass flow rate, and isopipe
configuration. Thus, in practice, an empirical approach is used with
the temperatures being adjusted until the levels of secondary zircon

defects in the finished glass are at a commercially acceptable level, e.g.,




terrperat'ures designed to achieve a reduction in the |evel 030 Becadetary

zircon fromapproxi mately 0.3 defects per pound to approxi mately
0.09 def E)fné}ogsgﬁ pound, i.e., the level of defects with PREUSPIRMEH i on is
| ess than 1/3 of the |level without the invention. It should be noted that
the tenperature change (increase) at tlge ends of the root are greater than
the tenperature change (increase) at the center .of-the root since the ends
of the rooat adeveld lpssitlean (hérdefectspatapyuidrafdinishedglass. dne nore |ikely
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the gl ass aisek 1865 Bhatladdift SOTE 16 avbitPleveRTBEEEddHEar zikEh Aei&itsSur f ace
of the isopipe, while for the lower portions (root), “the tenperature of

t he gl ass atkave @ lpdelects pbe povmet. than the tenperature of the outer
surface of the isopipe. [0022] The tenperature changes shown in Figure 2
are suitable for use in producing LCD glass of the type sold by Corning

I ncorporated under the 1737 tradempimnisee U S. Patent No. 5,374,595 to
Dunbaugh, Jr. et al. Suitable operating tenperatures (glass tenperatures)
for ot her [@0P23es cdirope thedadrdgpinieti¢oainnkel skenrthalh¢hepresent di scl osure.
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practice, dfe@BRh it ARBE PRSAULE] Waslg Wididn processes which employ |
zircon isopipes. The methods involve controlling the difference in
temperature between the hottest and coldest glass which contacts the
isopipe so that substantial émou_nts of zirconia do not go into solution
where the hottest glass contacts the isopipe and substantial amounts
of zircon do not come out of solution and form crystals where the
coldest glass contacts the isopipe. In particular, the difference in
temperature is controlled so that the secondary zircon crystals which
form at the root of the isopipe do not reach a length where they will
break off and produce commercially unacceptable levels of defects in
the finished glass, e.g., levels of defects greater than 0.1 defects per
pound of finished glass.
[0024] Even more succinctly, the present invention solves the
- secondary zircon defect problem by controlling the temperature profile
of the glass as it passes over the zircon isopipe so as to minimize both
‘the amount of zirconia which diffuses into the glass at the trough and
weir level and the amount of zircon which comes out of solution and

forms crystals at the root level.

In an aspect of the present invention, there is provided




the tenperatures being adjusted until the |evels of secondaJung2eeh
defects in the finished glass are at a commercially acceptable |level, e.g.,
20 June 2006 WD 03/055813 PCT/ US02/ 39391 -7- at a level of less than 0.1
defects per pound of finished glass. In general terns, for glasses
suitable for making LCD substrates, the tenperature difference between the
glass at the top of the isopipe (e.g., at the top of the weir) and the

t enper at ur, ot:;t omof .the isopipe.(e.g., at the root)
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defects in sheet glass produced using fusion processes which enpl oy,
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is controlled so that e secondary~zircon cryst ormat the root

of the isdpé penslannof zireas Wwiiched@hBs Wiar &f $d1a¥ion dhd fb¥Balerpfaignd produce
comrerci ally unacceptable |levels of defects in the finished glass, e.g.,

| evel s of atighesost tpveht er than 0.1 defects per pound of finished gl ass.

In another aspect of the present invention, there is
provided .a method for producing sheet glass by a fusion process in
‘which molten glass is supplied to a zircon isopipe which comprises a
‘trough and weirs at its top and a root at its bottom, the improvement
comprising controlling the formation of zircon-containing defects in

-the sheet glass by controlling the difference in temperature between
the hottest and coldest glass which contacts the isopipe so that
substantial amount of zirconia do not go into solution where the
hottest glass contacts the isopipe and substantial amounts of zircon
do not come out of solution and form crystals where the coldest glass

~ contacts the isopipe.




[ 0024] Even nore succinctly, the present invention solves t{blung@8@ndary
zircon d bl em by controlling the tenperature profile of the glass
as it pa gg@%%? the zircon isopipe so as to nmnimze b8ENUSPHE S ount  of
zirconia which diffuses into the glass at the trough and weir |evel and

t he amount of zircon which conmes out ofg-solution and forns crystals at the

root level. In an aspect of the present invention, there is provided 20
June 2006 -7a- a met hodRiBF RESCRIPRIONHEEITHEIIRAWINGSusi on process in

whi ch  nol a L lied o a . zircon.i i pe_whi ch conprises a
trlough anmﬁ' ssgt ]isgi"ligltqg’ﬁl %ﬁ&hﬁn}a&ﬁ dgﬁw’ll{%sﬂﬁit#f%ﬂ?lgﬁle i?}grlmsle?rent
conpri si Ngr&ekeftdtivedoddtfiohod SRNIPBwORusTon §RBcS R MbRingahedlasd N the

sheet gl ass by controlling the tenperature profile of the glass as it
passes oveshedis. zi rcon i sopipe so as to minimze both the anmount of

zirconi a ' iffuses into the glass gt the tro .and ir level and

t he anoun}t,'\faéﬁk z]:j r cogﬁl\%}ﬁr%% %Oﬁghgma b“fag%‘f’ﬁﬁ %lﬁlsgﬁ%l?%lrﬁ}é?%sr%géﬁ at the
root | evel tephPeritatdehansls thaptahhse BAfISNd i VRS PraBtick tRei S  provi ded
a nethod for producing sheet glass by a“fusion process in which nolten
glass is swygnRte®-to a zircon isopipe which conprises a trough and weirs
at its top and a root at its bottom the inprovenent conprising
~controlling the formation of zircon-containing defects in the sheet glass
by controlling the difference in tenperature between the hottest and

col dest gl ass which contacts the isopipe so that substantial anount of

zirconia do not go into solution where the hottest glass contacts the
i sopi pe and substantial anmounts of zircon




do not cone out of solution and formcrystals where the coldekmegflfs
contacts ' I pe. 20 June 2006 WO 03/055813 PCT/ US02 - 8- BRI EF
DESCRI PTWI E DRAW NGS [0025] Figure 1 is a schemat ?@%’3’3%9299‘
illustrating a representative overfl ow downdraw fusion process for naking
flat glass sheets. [0026] Figure 2 is9 schematic drawing illustrating
representative tenperature changes that can be enployed in the practice of
the invenWhat isxdaimed i¥006 WO 03/ 055813 PCT/ US02/ 39391 -9 What is clai med
is: 1. In a nmethod for producing sheet glass by a fusion process in which
nolten glass is supplied to a zircon isopipe which conprises a trough and
weirs at its tom anfethddfr piodudinhatieenglddsehby apfidiengrocePIr i Si ng
controlling the formation of zircon-containing defects in the sheet glass
by cont r ol Whigh raiten: glrssasuyerpliest te @ zrcamisogipg svhich gomprissa@ over the
zircon i sopi S . 1 B.d ze t e | F.coni L ch
di ff uses ﬂ?@@é“%ﬁ"&éﬁs 4t WsFof ?‘g‘gg“hhr dolt i P BBhelh, tfc fEBPaReAtBAED
zi rcon whi edmeoisese evht@iliagltheiformatidnf 6f AEcor-yohdinial ddfid@sriaahel evel .
2. In a nethod for roducin% sheet glass by a fusion process in which

1.

mol ten gl a¥ReqtLlasppyicontrellingihecsampersinge pralihok Bipelaseasat

passes over the zircon isopipe so as to minimize both the amount of

zirconia which diffuses into the glass at the trough and weir level and
the amount of zircon which comes out of solution and forms crystals at

the root level.

2. In a method for producing sheet glass by a fusion process in
which rmolten glass is supplied to a zircon isopipe which comprises a
trough and weirs at its top and a root at its bottom, the improvement
comprising controlling the formation of zircon-containing defects in the
sheet glass by controlling the difference in temperature between the

- hottest and coldest glass which contacts the isopipe so that substantial
amounts of zirconia do not go into solution where the hottest glass
contacts the isopipe and substantial amounts of zircon do not come out
of solution and form crystals where the coldest glass contacts the

isopipe.

- 3. The method of Claim 1 or Claim 2 comprising the step of lowering

the glass temperature at the top of the isopipe.

4. The method of Claim 3 wherein the glass temperature at the top
of the isopipe is less than 1258°C.

5. The method of Claim 1 or Claim 2 comprising the step of

increasing the glass temperature at the root of the isopipe.




trough and weirs at its top and a root at its bottom the i%fphoeeient
conpri si l1ing the formation of zircon-containing defects in the
sheet glg@s&@gg%gntrol ling the difference in tenperaturegﬁg 3the
hottest and col dest gl ass which contacts the isopipe so that substanti al
anounts of zirconia do not go into solyglon where the hottest gl ass
contacts the isopipe and substantial anobunts of zircon do not cone out of
sol ution afd fofheengidioal of Gldre Stwbetindbst glgbasempsnatisiesat Hee reatopi pe.

3. The meth of Claiml or Claim rising the step of lowering the
gl ass terrp%fﬂ'ﬁﬂsé)pé?e I ETESET ma?ﬂé%%ggi pe. 4. The nmethod of Claim 3
wherein the glass tenperature at the top of the isopipe is |less than

1258C. 5. The nmethod of aim1 or Aaim2 conprising the step of
i ncr easi ng7¢ he Theagsethodpel GlaimeSavhertein tbettepiparasurs opineeseoat thae 2006

WO 03/ 055513,P S02/ 91.-10-.6. hod,of Claimb5 ' h I
1O O3 OSSR FOT kSRR Rt e hE BhRdutl MARThS ABEE TRk o' 25
met hod of &} @igndptwherein the tenperature increases at the ends of the

root are greater than the tenperature increase at the center of the root.
8. The nmethod of Aaiml or Caim2 conprising the steps of |owering the

| t t he Lsopi d.i ] t |
Cemperatory at [he treseas! Eiin L3 GRtRy A o AR b st o whor ei n
the gl ass loampiigthe glais tehepdrapurdht the tbp UFithe is6pipesend Macrebdd®e and the

gl ass tenperature at the root
the glass temperature at the root of the isopipe.

9. The method of Claim 8 wherein the glass temperature at the top
. of the isopipe is less than 1258°C and the glass temperature at the root
of the isopipe is greater than 1120°C.

10. The method of Claim 8 wherein the temperature increases at the
ends of the root are greatér than the temperature increase at the center

of the root.

11. The method of Claim 1 or Claim 2 comprising the step of lowering

- the temperature of the glass supplied to the isopipe.

12.  The method of Claim 11 wherein the temperature of the glass

supplied to the isopipe is less than approximately 1270°C.

13. The method of Claim 1 or 2 wherein the temperature difference
between the glass at the top of the isopipe and the temperature of the
glass at the root of the isopipe is less than about 90°C.

14. The method of Claim 13 wherein the temperature difference is
less than about 80°C. ' '




of the isopipe is greater than 1120C. 10. The nethod of O 2%Mu8cdht ein the
t enper at i ases at the ends of the root are great
HofotRgig PR o aim 1

tenperature I ncrease at the center of the root. 11. The
or Craim 2 conprising the step of lowering the tenperature of the glass
supplied to the isopipe. 12. The nmethediof C aim 11 wherein the tenperature

of the gl ass sugpl ied to the isopipe is |ess than approximately 1270C. 13.
The met hodlef clapmnathad of Gaineilnor Rlaime Apehareinaingdn ergstals “%@@lmeen the

glass at t ' i n t I t I t he
Dot o 1 nioirhal e -pBE HoTAR REAIE Cnifyd GHOTE Bhill Broftc ifand ofl |
wher ei n t heotranpetiaily neadicépetdndevdls of idesects ianthabtinish8dGlagd. June 2006 WO
03/ 055813 PCT/ US02/ 39391 -11- 15. The nethod of CAaiml1l or Claim?2 wherein

zircon crystals which format the root do not reach a | ength where they

b k off d 1 all : inth
{1 i shed gfass. T3 HehdeBIRIARE N S HPRAGAREAR, R B Bh8 Bedt bR TR, roon
crystal s which féianmatahetioet isdkept bek@ptaboritohd@ boictoA®0 m crons. 17. The

met hod of Claim 15 wherein the | evel of defects in the finished glass is
| ess than or equal to 0.1 defects per pound.

17. The method of Claim 15 wherein the level of defects in the

finished glass is less than or equal to 0.1 defects per pound.




