SAG CONTROL OF | SOPI PES USED I N MAKI NG SHEET GLASS BY THE FUSI ON PROCESS
Abstract: |sopipes for use in making sheet glass by a fusion process are
provi ded which exhibit reduced sag. The i sopi pes are conpo$edn®f00& zircon
refractory which has a nean creep rate (MCR) at 1180[err] C and 250 psi and
a 95 percelP ¥ dence band (CB) for said mean creep r HE@USIHHIY hat t he
CBto MCRratio is less than 0.5, the MIR and the CB both being deternined
using a power |aw nodel. The zircon refractory can contain titania
(Tidgerr]) at a concentration greater than 0.2 w.%and less than 0.4 w.%
A concentration of titania in this range causes the zircon refractory to
exhibit a | ower nean creep rate than zircon refractories previously used to
make isopipes. In addition, the variation in nean creep rate is al so
reduced which reduces the chances that the zircon refractory of a
particul ar isopipe will have an abnormally high creep rate and thus exhibit
unacceptable sag prematurely. 1 June 2005 WO 02/44102 PCT/US01/45300 -1
5 SAG COSTROL OF | SORRESAISEROIN MISOYGPESHEEED N B RINGHE FUSI ON PROCESS
FI ELD OF THE I NVENTION This invention relate 0 I1soplpés used in the
production .of sheet 10 pilédd GLABMSY FRHBFUSIKMEPROEASSi n particular, to
techni ques for controlling the sag which such isopipes exhibit during use.
BACKGROUND OF THE I NVENTION A. The Fusion Process The fusion process is

one of the I OFCHE NJ@ON n the glass 15 making art to produce
sheet gl ass. See, for exanple, Varshneya, Arun K, "Flat dass,"

Fundanental s of [t GAREowrelatesso isgpiprameedppdhe produstion ofgheain, 1994,
Chapt er 130, oGty Fud 2 fﬁg%@{ t s . known in
the art, e.%., tﬁgmf|0§fn§%§é§?§$d’r pfgggéggg%ﬂﬁﬁgeQﬁﬁ%SEE%ﬁuﬁy
he sag which such isopipes exhibit during use.
BACKGROUND OF THE INVENTION

A The Fusion Process

| The fusion process is one of the basic techniques used in the glass
15 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 surfaces have superior flatness
20 and smoothness. As a result, the fusion process has become of particular
importance in the production of the glass substrates used in the
" manufacture of liguid cryétal displays (LCDs).
The fusion process, specifically, the overflow downdraw fusion
process, is th_e subject of commonly assigned U.S. Patents Nos. 3,338,696
- 25  and 3,682,609, to Stuart M. Dockerty, the contents of which are
incorporated herein by reference. A schematic drawing of the process of
these patents is shown In FIG. 1. As illustrated therein, the system
includes a supply pipe 9 which provides molten glass tb a collection trough
11 formed in a refractory bod_.y 13 known as an "isopipe."
30 Once steady state operation has been achieved, molten glass passes

from the supply pipe to the trough and then overtlows the top of the trough




fusi on process produces gl ass sheets whose surfaces have superior flatness
20 and snoothness. As a result, the fusion process has becone of particul ar
i nportance - in the production of the glass substrates used nnuhb8eoos

manuf acture of liquid crystal displays (LCDs). The fusion process,

speci fi calwgp2i4sb@ over fl ow downdraw fusion process, i spdingsosudpect of
comonly assigned U S. Patents Nos. 3,338,696 25 and 3,682;609, to Stuart
M Dockerty, the contents of which are’incorporated herein by reference. A
schematic drawi ng of the process of these patents is shown In FIG 1. As
I |1 ust r at edohlvetlesides, tthas &y stingiwb shbdtd @8 ghsstipplflowpdgrenWarshaah provi des
nolten glass, to.a cqllection troug 11 formed in efractor ody 13
known as anth‘?%ﬁ‘&aﬁg."’k‘)whﬁ%’éers?‘g sof eels?ﬁi@?'arl[ﬁ%%wﬁé e%%@%eg%i eved,
nol ten gl a_S%hePE&%&ﬁorfré&r@&itéﬁhéﬁlﬂﬂ'i%w}ﬁ?e Hiyiiase tdgenah infh s over flows
the top of the trough 1 June 2005 02/ 44102 PCT/US01/ 45300 -2 on both
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has cool ed and becone rigid before comng into contact with the equipnent.
As can be seen i#s Fche geeniindIttle theomten sedaess of bee finplglasgy dheet dmeet do
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the final sheet are achieved. )
and are thus buried in the body of the final sheet. In this way, the superior
15  properties of the outer surfaces of the final sheet are achieved.
As is evident from the foregoing, isopipe 13 is critical to the success of
the fusion process. In particular, the dimensional stability of the isopipe is
of great importance since changes in isopipe geometry affect the overall
. success of the process. See, for example, Overman, U.S. Patent No.
20 3,437,470, and Japanese Patent Publication No. 11-246230.
Significantly, the conditions under which the isopipe is used make it
susceptible 1.:0 dimensioﬁal changes. Thus, the isopipe must operate at
elevated temperatures on the order of 1000°C and above. Moreover, in the
case of the overflow downdraw fusion process, the isopipe must operate at
25  these elevated temperatures while supporting its own weight as well as the
weight of the moli;e'n glass overflowing its sides and in trough 11, and at
least some tensional force that is tra.nsferred back to the isopipe through
the fused glass as it is being drawn. Depending on the width of the glass
sheets that are to be produced, the isopipe can have an unsupported length

30 oflb meters or more.




As is evident fromthe foregoing, isopipe 13 is critical to the success of
the fusion process. In particular, the dinensional stability of the isopipe
is of great inportance since changes in isopipe geonetry aflfiectogshe

- overall success of the process. See, for exanple, Overman, U S. Patent No.
20 3,437, aV0pzaamd Japanese Patent Publication No. 11-248A3Goey8seni ficantly,
t he condltlons under which the |sop|peéfs used make it su3ceptible to

di mensi onal changes. Thus, the isopipe nust operate at el evated
tenperatures on the order of 1000C and above. Mreover, in the case of the

over fl ow downdr a®o fukish<an P EREE A8 mandeng @@Lﬂitﬁxﬁlsmssplpemaaiaee Bker?5 these
el evated tenperatures while supporting its own welght as well as the

wei ght of t Feanypetapedfraasisosta lfqllmﬂﬁgsth@Oéﬁsdfé?e%ﬁﬁoﬂhmtﬂ?ﬁiﬁi’éh 11, and at
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- the fused glass as it Depéndi ng ont th of the glass
sheet s that reﬁectpnebbambehmwd tbtfermsmmme thetfamen@moaeaSu@@orted | engt h
30 of 1. ters .or, nore. 02/ 44102 PCTéUSOl/ 03 w To
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fromisost amroalaha PO 83,AnREK kentOFialseFF@LAM Si0RbeEIhaE cothpefics t he name
"I so-pipe"). g}art i cular, isostatical IK pressed zircon refractories have

been used tée&rs@ﬁ? Wtséﬁifblé%m%?ﬂ%lh@%ieé eqreiedcomppsitoniohshth in the art,
2|rcon refr Qﬁgg § nd Si 02,

in su?:%t%%? gg?]gggr 5%5‘89 ari%q% t gggﬁidm(%éﬁ%rﬁggsgl%ggast 95 wt. %
of the nat epeaformuhdecmuteidldo pehitial 1sﬁp1lﬂip@$xlhbﬁrﬂ1mfen§1bﬁal dhahesd al bei ng
Zr 02Si or val ent | 0 Even wi th such per nance
mat er | 2%«9 .Whlgl?kw @J@— ﬁ%eéélﬁf'é %%?ﬁ#bwlardﬁ?@&qﬁ"&ﬁ by Fﬂa%ﬁ’ég‘ 8t which 1imit
their usef ulhé bfigdle oP tIRALLASPHoRd 16 B'o@@ﬁe BRiRds BAGw SCushat  the
m ddl e of the unsupported | éngth of pipe drops belowits outer

support ed e fUBDo Iglﬁeéﬁhﬂpﬂeﬁ%l@ﬁnvwlqnsls@gmn with eomtwdime sichi ng such
sag. sag. '
A primary contributor to the sag of an isopipe is the creep rate
16 & = de/dt of the material from which it is made. As known in the art, for
many materials, creep rate as a function of applied stress ¢ can be modeled -

by a power law expression of the folowing form:
é=Ac" explQ/T) (D
where T is temperatﬁre and A, n, and Q are material dependent constants.

20 See Kingery et al., "Plastic Deformation, Viscous Flow, and Creep,"
Introduction to Ceramiecs, 20¢ edition, John Wiley & Sons, New York, 1976,

704-767 and, in particular, equation 14.9. Being the time derivative of

strain, the units of creep rate are length/length/time. Because in equation

(1) creep rate varies as stress raised to a power, i.e., o, the use of equation
95 (1) will be referred to herein as the "power law model."

Lowering the creep rate of the material used to make an isopipe
results in less sag during use. As discussed in detail below, in accordance
with certain aspects of the invention it has beeﬁ found that the sag of an
isopipe can be reduced by forming the isopipe from an isostatically pressed

30  zircon refractory having a titania (TiOz) content which is greater than

0.2 wt.% and less than 0.4 wt.%, e.g., a TiOz content of approximately




A primary contributor to the sag of an isopipe is the creep rate 15 s =
de/dt of the material fromwhich it is made. As known in the art, for nmany
materials, creep rate as a function of applied stress a cahJire 2agdel ed by
a power |aw expression of the following form s = Av" exp(QT) (1) where T
I's tenperavooeuand A, n, and Q are materi al dependent matsamsm 20 See
Kingery et al., "Plastic Deformation, Viscous Flow and Cré&ep,"

I ntroduction'to Ceramcs 2nd edition, fohn Wley & Sons, New York, 1976,
704-767 and, in particular, equation 14.9. Being the tinme derivative of

strain, the omikss. oInfﬁﬁﬁmait%a@,%ehmdﬁma%@g&métm@&irw in equation

(1) creep rate varies as stress raised to a power, i.e., a", the use of
equati on 25 eghibitgia Jowsr mesnerrenirate than girporprefrastoriesaiged in Hhe pasddp .

Lowering th EEESE apn isopipe results in
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| sopi pe e reduce formng th e from.an ostatlcally pressed
50 i Foolf 1 6 RAUTH JoRaIPRoba T e ebobe s REHECHHE PREs ot o1t han
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found that derpipes durinecwser é&lnaexlbal}cedmsgﬁémﬁﬁtm@t provimprened P eep rate

t han zircon | e f 1 ' ' aving a
titania cont. é}%ﬁ&&%&% ??al%?o%q‘%% .Q%}oab'l Cﬁggﬁ%thg%ﬁda(ﬁgﬁ hggﬂgﬁlgoegvgeﬁgf ound t hat
control I'i ng eyhatitn (s evadoatedifor a panticBarsat©bo, T edluast Sush invproeedd t hin t he
above range anl fi.cantly enhances the useful ness of the power | aw nodel

of equatifon 9619 comfidaprednieryalspin uy. Elﬁantéﬁfpﬂlﬁ@gd[hlph@nl}%lpem}l% enhanced
usef ul ness %ﬁﬁ%ﬁtt&uﬁxgé’%é m&%&@é@m@m@&&@&&%r Mahsmb, of he mean
creep rates predicted by the nodel when “equation I's eval uat ed for a

particul ar dwitecfereiit aratthesmo@elote technigwed More accurate modeling
greatly enhances the ability to develop improved isopipe designs since
numerous designs can be evaluated theoretically with only the best
15 candidates beil_lg selected for actual construction and testing.

B. Zircon Refractories

As indicated above, the present invention relates to isopipes
| composed of a zircon refractory having a titania concentration within -
' s_péciﬁed Hmits. Corhart Refractories Corporation (Louisville, Kentucky)

20 offers a number of zircon refractories containing varying amounts of TiOa.
For example, Corhart's 75-835 product is specified to contain 0.2 wt.% TiOz,
its ZS-835HD product 0.4 wt.%, its Zircon 20 product 0.7 wt.%, and its
Z5-1800 product 1.2 wt.%. _

As a raw material, zircon can have varying amounts of titania. For

25 example, U.S. Patent No. 2,752,259 reports that the zircon used in its
examples had 0.34 wt.% TiOg, while the zircon used in U.S. Patent No.
3,285,757 had 0.29 wt.% TiOs. U.S. Patents Nos. 3,347,687 and 3,359,124
each describe zircons having TiOs concentrations of 0.2 wt.%. In addition to
being naturally present in zircon as a raw material, TiOz can also.be a

30 component of clays used in producing zircon refractories. See U.S. Patents

Nos, 2,746,874 and 3,359,124.




10 95% confidence intervals, in turn, nmean that the sag which an isopipe
will exhibit during use can be nore accurately nodel ed using, for exanple,
a finite elenment or other nodeling technique. Mre accurat dumpdeds ng
greatly enhances the ability to devel op i nproved i sopi pe designs since
nuner ous de8pyHsezcan be evaluated theoretically with orfgi/dsesspest 15
candi dates being sel ected for actual copstruction and testing. B. Zircon
Refractories As indicated above, the present invention relates to isopipes
- conmposed of a zircon refractory having a titania concentration within
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The patent claims titania concentrations between 0.1 wt.% and 4 wt.%.
- The preferred titania concentration is 1 wt.%, and when blistering is a
15 problem, only 0.1 wt.% titania is used. The patent states that "grog" having -
a titania concentration of 0.2 wt.% was used as a starting material for some
of 1ts examples.
Significantly, none of the foregoing disclosures regarding the use of
. titania in zircons relates to employing titania concentration as a means to
20  control the creep rate of a zircon refractory, or to enhance the ability of a
power law model to represent the material, or to achieve the ultimate goal
of reducing the sag of an isopipe made of a zircon refractory.
SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of this invention te provide
25 improved isopipes for use in the fusion process. More particularly, it is an
object of the invention to provide isopipes that exhibit less sag than existing
“1sopipes. |
To achieve the foregoing and other objects, th_e invention in
accordance with a first aspect provides isopipes which comprise a zircon
80 refractory that exhibits a lower creep rate than the zircon refractories

previously used to produce isopipes.




of the exanples of the patent use nore than 1 w.%of titani um di oxide and
the patent's preferred conposition consists of 98 w.% zirconiumsilicate,
1.5 W .%titani umdioxide, and 0.5 W .% of a_phosphorous detpedidh 10
Wehrenberg et al., U S. Patent No. 5,124,287 relates to the use of

zirconi a iwofamiazcle formto i nprove the thermal shock wasisst/emame of zircon
refractories. Titania is enployed to ephance grain growh during sintering.
The patent clains titania concentrations between 0.1 w.%and 4 w.% The
preferred titania concentration is 1 wt.% and when blistering is a 15
problem only 0. In #éco?ddrdeanitla aistcditietbped thadialehtios bedvedestibatipégr og”
having - a titania concentration of 0;{% Ww.%was_used as a starting materi al
for some of¥INelcumpris d &rcey grTdCtR LRy N eERRATEHO R @ceR EERGETIRH scl osur es
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| sopi pes for use in the fusion, process. More particularly, it is an object
of the i nvemP®aSEaIdRAL; WEmridng pewcemmiractoryyhich puspessly ompriesi st i ng

| sopi pes. Tqa@%m £ ¥EndeRer hRINGHOLRY (R0 OWREY: L 1BES fhard 1@ WilBgention in
accordance wth a first aspect provides isopipes which conprise a zircon

30 refract ompyefetably exduités theincD.Lowe1% anédgss thae Ot3vamt. ¥hend mrasbn refractori es
1 June 2005 WO 02144102

| gg_}/bgglf)%%g el:atg)?y %&gﬁgwﬁﬁ@gpfﬂ h a second aspect, the invention
provi des i sopi pek asthiddhcs &AFH h Sen8h ka0 the ehvagiodrprotidat idopipegnpari son to
zircon refractorjes ggdev}ilagvliﬁl %cgﬁgd .ta%oﬁra(()iguge% fiofggé I%eg,fusri](?ns a creep rate
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| process, said body comprising a zircon refractory which has a mean creep
rate (MCR) at 1180°C and 250 psi of less than 0.7 x 1076 inches/inches/hour,
15 preferably less than 0.6 x 1076 inches/inches/hour, and most preferably less
than 0.5 x 1078 inches/inches/hour, where the MCR is determined using a
power law model, i.e., a power law model fit to experimental data.
In accordance with this fourth aspect, the zircon refractory also
~ preferably has a MCR at 1180°C and 1000 psi of less than 5 x 1076
20 inches/inches/hour and more‘ preferably less than 3 x 1076
inches/inches/hour, where again the MCR is determined using a power law
model.
In accordance with a fifth aspect, the invention provides isopipes
comprising a body having a cc;nﬁguration adapted for use in a fusion
25  process, said body comprising a zircon refractory which has a MCR at
1180°C and 250 psi and a 95 percent confidence band (CB) for said MCR
such that the CB to MCR ratio is less than 0.5, the MCR and the CB both
being determined using a power law model. In accordance with these
aspects of the invention, the CB to MCR ratio at 1180°C and 1000 psi is
30 aiso preferably less than 0.5, where again the MCR and the CB values used




nore accurately by a power |law nodel. 5 In accordance with a third aspect,
the invention provides isopipes conprising a body having a configuration
adapted for use in a fusion process, said body conpri si nglalupe 2605
refractory which purposely conprises T102 at a concentration greater than
0.2 wt.% awdop/egs2 than 0.4 wt. % preferably greater thecr/Gso24s3m . % and

| ess than 0.35 wt.% and nost 10 pref e_r,ia_lbl y about 0.3 wt % I n accordance
with a fourth aspect, the invention provides isopipes conprising a body
having a configuration adapted for use in a fusion process, said body
conpri si ng aozhlcalite teé CRClodMYRMatibthai fniRane6 M streat RveMad) at 1180C
and 250 psi of less_than 0.7 x 10-6 inches/inches/hour, 15 preferably |ess
than 0.6 x MEOPREHESIISAREEIHEH oM d nost preferably less than 0.5 X
10- 6 i nches/i nchegshhQRandhehR at&%h%ét§tﬁﬁh%émi§k?grdﬁ&é},ga RAetiRRMer |aw
nodel, i.e., a power |law nodel fit to experinental data. In accordance with
thi s fourt h faspswcingttihe saiof an isopipeasiedriy adlusion grrefe thit proflassa MCR at
1180C anc!.) 10 Osp%iﬁ %f Imess.th%g 5 X 18".6 20 ’%rnchesji nchgrslgoour aﬁg nor e
pref erabl®y I8 AR 9P iRE O N S ISOPRRSI AT # 2GR eE agily THE MR i s
det er m ned ysirpgsely ERMEFisdsANO; A0 8 @bnednbrataoidansaehwh O @t.b4 dhdlaspect, the
I nvention provides isopipes_ .conprising a body having a configuration

adapt ed for 19a8 Ohwh'%, pepispably gresteridea 0-35wd-% 8¢ lessiban §i3%gwh%:i r con
refractory ' nd 250 psi and a 95 percent confi dence
band (CB) f gﬂdg%?%%wﬁ%r&@ggﬁb?%%gqﬁh% CBto MCRratio is less than 0.5, the
MCR and the CB bdhh abbed firstdbtomghisiatl aspecig ofithpoineentioncanbehbsed n

accordance W th ese. aspect.s, of the .invention, the to R ratio at
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the CB to \I:@I;{ rati{p at. said tenperature and _stress | evel are.  determ ned
using a pov s¢: Rietepkedy and most preferred values of those limitations) can be

combined with the mean creep rate limitations of the fourth aspect of the
invention (including the base, preferred, and most preferred values of those

16 limitations) and/or with the CB to MCR ratio limitations of the fifth aspect -
of the invention (including the base and preferred pressure values of those
limitations). Similarly, the mean creep rate limitations of the fourth aspect
of the invention (including the base, preferred, and most preferred values of

- those limitations) can be combined with CB to MCR ratio limitations of the

20 fifth aspect of the invention (including the base and preferred pressure
values of those limitations).

As used in this specification and in the claims, the term "isopipe"
means any sheet forming delivery system used in a fusion process which
produces flat glass wherein at least a part of the delivery system comes into

25 contact with the glass just prior to fusion, irrespective of the configuration
or the number of components making up the delivery system. Also, the
MCR and CB values are determined using standard statistical techniques
for calculating such values from the fit of an equation such as the power
law model to measured data. See, for example, Draper et al., Applied

30 Regression Analysis, John Wiley & Sons, New York, 1981, 193-212.




In accordance with a sixth aspect, the invention provides a nethod for
reduci ng the sag of an isopipe used in a fusion process that produces 5

gl ass sheets conprising formng said isopipe froma zirconlrehe@dddry which
purposely conprises Ti02 at a concentration greater than 0.2 w.% and | ess
than 0.4 wo%W/ipexeferably greater than 0.25 w. % and | escrrodeansstn 35 W . %
and nost preferably about 0.3 w.% Th%%above first through sixth aspects
of the invention can be used 10 separdtely or in all possible

conbi nati ons. For exanple, the conpositional Ilimtations of the third and
sixth aspects of RurghdrMMRWhdTphiptebdwintied iRa8Enechibs WAFH B, and nost
preferred values of those limtations) can be conbined with the mean creep
rate |im t atiCBfRItRtiIaNsanemns that Hag) iz copcamteatiomipdntensionallnetlectedg t he

base, prefer z -af RS ey | ons) andl or
W th the B P REE Polps kbl HLAG AN Fi6) chitRifabn il B4 8°0) 2001 o
(i ncl udi ng therelvagena fuclndefsezireds frrensking ivalipesd nofy hdvedend 4d ari t at i ons) .
Simlarly, the .ean cre rate |j.mtations of the fourth aspect of the
Cnventi off (i"REIGAT YRR e gariglighe FHOGUL bras e re d SBRI0W ues of
those |initahicth t60n 6l B6IPE BRE ail/oh tC B bRV ARk of 4 Phi@llagns of the
20 fifth aspect of the invention (including the base and preferred pressure
val ues of t Hedelte renrasend by creap ratecef zingor eed pawr igopingt i on and in the
clainms, the termyy I Pe. : ' . B emused in
a fusion processAﬁﬁﬁ%ﬁb@%ﬁgﬁ%gggﬁéﬁﬁﬁ%#ggéf&%%ﬂ%?%hgfk#%§é¥d§%%%rt of the

del i very systéhe demmiled idasaim@bnoohichdbllosd, Antiie pgitasdl haistadfyi or to fusion,
i rrespective of t nf i t.i or.the.n er. of conponents . making up
the del ﬁ@’erﬁ?%%“&ﬁ?%ﬁﬁ%&%ﬂ{aﬁéﬁﬁ&éréﬁam&ﬁw?%@ PETIEREPHCRGY usi ng :
standard st girh&idif@athd REBALEHES dodcBibed Rofdih At RGo PUGHMMtHEBLHaLOM the fit
of an equation such as the power |aw nodel to neasured data. See, for

exanpl e, Dr &58 the fogegoinggrnerallesoripiden asd temfollewingfletailgdhn Wiey & Sons,
New York, 19@LcripkSii gﬂe%neﬂelﬂé%?nﬁQﬁﬁo%ﬂe Q&e‘%ﬂoqg ah IR 30 .. -8

provide an overview or framework for understanding the nature and

156  character of the invention as it is claimed. The accompanying drawings are

mncluded to provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification. The drawings
llustrate various aspects of the invention, and together with the
‘ deséription serve to explain the principles and operation of the invention.
20  BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic drawing illustrating a representative
construction for an isopipe for use in an overflow downdraw fusion process
for making flat glass sheets.
Figures 2A and 2B are three dimensional plots showing
256  experimentally measured creep rate as a function of temperature and stress
for zircon specimens having TiOs concentrations of 0.12 wt.% and
0.30 wt.%, respectively.
Figares 3A and 3B ave plots illustrating the differences in creep rate
variability at a temperature of 1180°C for 0.12 wt.% TiO2 versus 0.30 wt.%
30 TiOz for applied stresses of 250 psi and 1000 psi, respectively.



" Further, the word "purposely" when used in connection with Ti 02
concentrations neans that the Ti 02 concentration is intentionally selected
to control isopipe sag and is not nerely a Ti 02 concentr at f daneB0&h one or
nore zircons (including zircons for making isopipes) nay have had as a 5
result of wonpasizti onal variations wthout being the resulisonfss@ consci ous
intention to control isopipe sag and/orgto inprove the ability of a power

| aw nodel to represent the creep rate of zircon used in an isopipe.

Addi tional features and advantages of the invention will be set forth in
the det ai | edDEFACLEDIDBSCROIPTION G TRE INMVENTIOPRIt Wi ll be readily 10
apparent to those Zﬁi |1 e%aj%b the art fromthat description or recognized by
practicing the i nPeitqustedaaboresibeimseeeofdpwmiion relates tofhgaise afisireamood t hat
both the for&%bfbgieg%@ﬂﬁucgﬁ%sfﬂeag&%e%% ﬁ@ﬁngﬁbéeewgmréﬂﬂie%c%g L
description are nerely exenplary of the invention, and are 1ntended to
“provi de an ce&evioewhes affiQuewdeit fivataridion St awtilnand lees Hatnud.d veind. 15
characters of thed nvent.jon as |t is ¢lainmed. The .agcoppanyi ng.draw ngs are
"ol uded T o proviHetd TOREREPnt s EaCiaPRge of SEHER R TR GR 2o dnd ar o

i ncor por at edekuilt afithec@RSiticry haviagRalolve® imdahl GesiPRGE thapsicem. The drawi ngs
Illustrate various. aspects of the_invention, and together  with the
description refrpglories cRBRHY Asedin Pie agéi Fpeexamaleotherziicpp pefsactere i nvent i on.
- 20 BRIEF DEQGRIHAVE QMnédn Lidkp PRAYNGSo*: %&%5§ b?sﬁsﬁﬁﬂm%tlb% M Ng
illustrating a representative construction &r an | sopi pe tor use in an
over f | ow dovih@raW *finshesfinphesfeas. for nmaking flat gl ass sheets. Figures 2A

“and 2B are three,di nensi ona s showi ng 25 experipental |y, measured creep
rate as @ functi a2 lt’toﬁnﬁéﬁlhff t’r cgﬁge%ttql%b?“s?% eefraghery fhk¥Rehs havi ng
Ti 02 concentysas bdntidlofée Bankl(OB)-136 &08 ntbad3Qritlp Ate (SRS HWHiMEIMesdT gures 3A

and 3B are plots illustrating the differences in creep rate variability at
a tenper at urtbapp0¥ddle meangraep wate.oketi CB/MER sU850530h arconfidg®eTi 02 f or

app l_ i ed" STT 8335 e@lced o 91?411;:@@ gheiltqg{g zB%jm réﬁfc@&gfloif \éeﬂa\f'tlclhajl !‘['s%%ip%OOS

will have an abnormally high creep rate and thus cause the isopipe to have

15  a shortlifetime as a result of exhibiting unacceptable sag prematurely.
The TiO¢ content of a zircon refractory can be determined using
various techniques known in the art. For example, the content can be
- determined by means of an X-ray fluorescence analysis (XRF). The titania
"~ content of the refractdry can be adjusted so that the final product has the
20  desired TiOz content by irncorporating TiOz as needed in the batch materials
used to prepare the refractory. Thereafter, the refractory can be prepared
* 1n accordance with techniques currently known in the art or with improved
techniques which may be developed in the future.
Similarly, isopipes can be prepared from the zircon refractories of the.
25 invention using techniques currently known in the art or with improved
techniques which may be developed in the future. Typically, the isopipe
will be prepared by being maéhined from a single block of the zifcbn
refractory, although other approaches can be used if desired.
Without intending to limit it in any manner, the present invention

30 will be more fully described by the following examples.




WO 02/ 44102 PCT/ US01/ 45300 -9- DETAI LED DESCRI PTI ON OF THE | NVENTI ON As

di scussed above, the present invention relates to the use of zircon
refractories to produce isopipes for use in a fusion proceddunhadis t he
zircon refractory has a Ti02 content greater than 0.2 wt.% and | ess than
0.4 w.% WoBusctwza Ti 02 content causes the isopipe to echidsutusseduced sag
as a result of the refractory having qolomer mean creep rate than zircon
refractories currently used in the art”"For exanple, the zircon refractory
can have a nmean creep rate at 1180C and 250 psi substantially |ess than

0.5 x 10-6 Incheq,dt@@frﬁﬁéoh%&act%ﬁeh@o&%ﬁgGrlszbra) do $Ropeei.ent al so
causes the refractory to have a 95% confidence band ‘eé for said nean
Wi

creep rate (W%Ohﬂamn@ﬁﬂosnﬂes@rtﬁ@&acm&bmqmme&fm & rate, i.e.,
CB/MCR < 0.5 f he zircon
refractory o a p§¥ 169%@%%86@88&1%8%%9%%\% %%‘%w%% |d8 creep rate
and t hus causmiliifile bﬂ@kﬁ)nbmatmeﬂaﬁfeuﬁ;&la dihendiond foqirbdvceasn Bopigsul t  of

exhi biti ng unac errat re ) he Ti 02 content of a zircon
refractorg cafr ﬁﬁﬂﬁggﬁﬁﬁﬁa é%?ﬁ%gnﬁﬁ@ﬁniques known in the art.

For exanple, the G&@@ﬁ%t@@@vﬁﬁe Qﬁ’&ﬁﬁéﬂ&?@l’b&’pé&ﬁﬁ&?s%keﬁ'ﬁo’ﬁlbﬁﬁks

fl uorescence anal i\SS| [ The titania content of the refractory can be

adj usted so kwgdng H@W‘i%él‘lopla@ddéﬂ sna@meneteﬂancfeemrbé@:kmh@mrtgont ent by
i ncorporatin 36'\7& qgﬂee tjﬁ )8% f’eb: %l Esedgg%gter&n?r epare the

)
refractory. Ther ea/f‘ter he T re are I'i~accordance with
t echni ques cmreelerﬁtbs'nkwhmab‘axtdfethaﬂ:ﬂat@ﬂamalﬂrg teﬁtnfd)wadsuﬁmmdj #des whi ch

may be deyel o fu ure. arly, opi pes can be prepared from
the 2irci %‘ﬁeﬂa’adgf’?@ %??é‘ter25 erﬂxm%%fia o8 %Dé@m?ra%%reda?l} ently
known i n .t hegal) twa@ldePdridinbd iy Qeeeﬂiaxk@m GOS0 BroRYuiS Aeye! oped in the
future. Typically, the iso be prepared by being machined froma

singl e bl ockfoﬂﬂlmh%gw&éﬁg fm?a@lﬁu&ﬁly&mdﬂletdlﬁt{?gh covredeteppinsddiee can be

used i f deS|tthelaL 10tnhout intending to limt it in any manner, the present
|nvent|on

o = 3eALeSS/(2«¢SWeSH2)
16 where AL = applied load, SS = support span, SW = specimen width, and
SH = specimen height.
The bar was heated and its flexure as a function of time was
measured. A midspan deflection rate was obtained by calculating the slope
- of the resulting deflection versus time plot once steady state conditions for
20  the particular load and temperature had been reached. In particular, the
midspan deflection rate was deferlilined for the "secondary creep" portion of
the strain versus time curve. See, for example, the Kingery et al. text cited
above at pages 707-709.

‘Creep rates & were then obtained from the relation:

25 | é=DRe2eSH /S5°
where SH and SS are as defined above and DR = midspan deflection rate.
FIG. 2A and FIG. 2B are three dimensional plots of the creep rate
values obtained in this way for the 0.12 wt.% TiOs and 0.30 wt.% TiO2
specimens, respectively. The reduction in the scatter of the data achieved
30 by the change in TiOz concentration 1s immediately evident from these

figures. In terms of producing isopipes which will have repeatable creep




30 will be nore fully described by the foll ow ng exanples. 1 June 2005 WO
02/ 44102 PCT/ US01/ 45300 -10- Lots of zircon refractories containing 0.12 wt
.%or 0.30 wt.% Ti02 were obtained from Corhart Refractorildgn€défforati on
(Louisville, Kentucky). Each lot represented a separate firing and
typically wootiadeed nultiple blocks of material of suitmtil@soedisasnsi ons to
produce an isopipe, 5 i.e., the blocks had |lengths greater than 1.5 neters.
Creep rate tests were performed on 117 -speci nens taken from bl ocks having
0.12 wt.% Ti @ and 142 speci nens taken from bl ocks having 0.30 wt.% Ti 02. A

three point {l@xiid, FRCOGE RTS8 How HRIRI H11ddR refrh8®Py hatiag d N which a
bar of the material being tested was supported at its 10 ends and | oaded

at its cent eTlOzmétfmwlfawnsw 8@@%@@@%&1@%@%@@&}1@9%@@@@ was
det erm ned "i‘ {eql%r&g‘mhgvgf&ventlonal procedures as set forth in ASTM
I e

C—158 In par ress a was determned from the relation: a
= 3. AL. SS/( 2 SV\BHZje IioBvemﬂawené\IBlgf appticad(1) wadﬁt%the éampﬁEﬂGsaAn SW =

speC| men th jmen height. The b eated and its
flexure a8 a? %Fﬂ:a’&aafr? Eﬁ%?@@%& cqmpgerfadlata §1§awc 289 2e0%0h rate was
obtai ned by eglgathalh 3D): Qﬂ?ﬂoﬁh‘é&&%uﬂim@ﬁ%ﬁ@ﬁﬂﬂlEqﬂgtlgﬁfﬂl%%@n versus tine

pl ot once steady state conditions for particul ar | oad and

t enper ature le@e%ﬂ foreWandavs® 85 SalNil) @erwre arfedocyimpnbaliierd STt i on rate
was determ r. the " ndar eep. t he straiq versus time
curve. See, @%r ‘?{Pﬁ 8’?9’ %W?M%D OE5H8 e'q} pages
707-709. Cr eﬁﬂué@éﬁheina‘t@hﬁl deyendeht @ndtthts AOW bAE q eitaidednn thwaPR2SH SS2
- where SH and_SS are as defined above and DR = nmidspan deflection rate.

FIG 2A &d forthe bp eases arg ed fethandiabkal- pl ots of the creep rate
Using these constants and the TABLE CURVE 3D program, mean

creep rates and 95% confidence bands were determined for a temperature of
1180°C and a stress of 250 psi, which are representative of the
temperatures and stress levels which an isopipe will typically experience

15 during use. The results of this analysis are shown in FIG. 3A.

Two important facts are evident from this figure. First, the mean
creep rate has been substantially reduced as a result of the increase in TiOg
content from 0.12 wt.% to 0.30 wt.%. This means that isopipes composed of
zircon refractories having higher TiOs than previously used will exhibit

‘ 20 less sag during use, a highly desirable result. Moreover, the size of the 95%
confidence band has also been substantially reduced by the increase in TiOz
conf:ent. This means that an individual isopipe made from an individual
block of a zircon refractory is more likely to have its creep rate closer to the
predicted mean creep rate when the TiOz content of the material 1s

25 increased than when it is not increased, another highly desirable result
sinee predictability in a manufacturj:ag setting makes for more efficient
planning and operation.

To further demonstrate the controlling effect which TiOz content has
on creep rate, mean creep rates and 95% confidence bands were also

30 determined for a stress of 1000 psi, again using the constants of Table 1
and the TABLE CURVE 3D program. The results are shown in FIG. 3B.




val ues obtained in this way for the 0.12 w. % Ti 02 and 0.30 w.% Ti Q2

speci nens, respectively. The reduction in the scatter of the data achieved
30 by the change in Ti02 concentration is i mediately evi dédning 2805 t hese
figures. In terns of producing isopipes which will have repeatable creep 1
June 2005 waw/aR244102 PCT/ USOL/ 45300 11 properties, tHE/gsar4s3ef these
figures show that a zircon refractory lpﬁw ng a TiO2 content of around 0.3
w .%is clearly nmuch better than one having a Ti Q2 content around 0.1
wt.% The power |aw nodel of equation (1) was fit to the data of FIG 2A 5

and to that e rblifetidBiniskag cikep QTR dHidVeddFliBeRAsngThe TROL baBeat Banel v,
"Tabl eCurve 3D. Automated Surface Fitting and Equation D scovery, Ver si on
3.0 for W n&8%% greatesagimghizher strascleseld docurrent atl on, SPSS Inc.

Chi cago, 1997 (hey e@é&;ﬁﬁaa&ﬂ@s%ﬂéﬁ%’sﬁt%@ P TABS ne UR@@ val ues of

the material dependent constants A inthis way 10 for
the two cas@sogmam wedetbrmine mearTeiskp rdtes Hail¥h% tneddepombamalstfer #hed t he TABLE

et or m nga RO 8 T GEPoBRCT EAQRVIRR A SR o380 R e ch ar e

repr esent at itNe 03 wt. v@valﬁ@ﬁp@i@tgai@ﬁamﬁlsaiaws@maﬁmﬁsma@tM@R angopi pe wi | |
typically exgerlence 15 during_use, The results of this anaIyS|s are shown

in FIG 3A antn those shawe én abledd | Ieparticilsn, yadused MiR and i rst, the
mean creep dﬁi&fp@ﬁ&%%&l‘%ﬁmtt@?%é%bg%y u%g{gl/fiﬁ:%] ﬁ.aac&ﬁ?éél -O0f the increase

in Tio2 content from wt . % I'S neans at i sopi pes
conposed of ackievebwherfthadiQs ¢opgertafi thgrd;ﬁrghtmy fflgmatehdmm@ 8witddsl y used

will 20 | ess durin a hi desi.rabl e resul,t. Nbreover,
the. i 2d00t ThEdmgEsse Rt rmbnd coffifinad 28 il O S A Sp R b P b e by
the increase.3 wt.%. Bowt@d 68lgen HlisteriBah Be kBadraddl M’lﬁi!e%bﬂ:liﬁé/g]aﬁ@pl pe made
from an i ndivi dual block of a zircon refractory is nore |1 kely to have its

creep rate &Mgsiaee whenpbe TiPramberipithe mreonesiraciyry rapchesabaur102 cont ent
of the mat eb'.ﬁlaévt.%s. Thus, in accordance with the invention, the TiOz content of the

refractory should be above 0.2 wt.% but below 0.4 wt.%. )
15 Although specific embodiments of the invention have been discussed,
a variety of modifications to those embodiments which do not depart from
the scope and spirit of the invention will be evident to persons of oxdinary
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

20 modifications, variations, and equivalents.




25 increased than when it is not increased, another highly desirable result
since predictability in a manufacturing setting nmakes for nore efficient
pl-anni ng and operation. To further denonstrate the control fiJage @09%ct which
Ti 2 content has on creep rate, nean creep rates and 95% confi dence bands
were al so Bouzeter mined for a stress of 1000 psi, agai neargUsoy4Bbve constants
of Table 1 and the TABLE CURVE 3D program The results are shown in FIG
3B. 1 June 2005 WD 02/44102 PCT/ USOL/45300 -12- The reduction in nean
~creep rate achieved by increasing the TiQ2 content is even greater at this
hi gher stress level. Table 2 sunmarizes the results of using the TABLE
"CURVE 3D programto determ ne nean creep rates and 95% confi dence bands
for the 5 data of FIG 2. Zircon refractories having a TiQ2 content above
and below the 0.3 w.%val ue used to generate this data will exhibit
simlar MCR and CB values to those shown in Table 2. In particular,
reduced MCR and CB/ MCR val ues conpared to previously used zircon
refractories are achieved when therdApiB content of the refractory is
greater than 0.2 wt.% 10 The i nproved performance continues as the Ti Q2
content is increased above 0.3 wt % However, oxygen blisters can be
generated at the isopipelglass interface when the Ti 2 content of the
zircon refractory redihdet@bout A4 wt. % iThus,{in &ccordance with the
invention, the T102| conjgnt ()f1bJB@1o12r e’rra@g@ry showld, be| above 0.2 wt. % but
below 0.4 wt.% 15 Atheugh—spectiie uuuu.ncnls ot—the—{ nventi on have been
di scussed, a variety F%odi f-€&%1%

ond_totfhosel erh¥df ments which do not
depart from the scope and spirit of the invention will be evident to
persons of ordinary skill in the art fromthe disclosure herein. The
.following clains are intended to cover the specific enbodi nents set forth
herein as well as such 20 nodifications, variations, and equivalents. 1

June 2005 TABLE 2
Example TiO, T o MCR cB CB/NMCR
' (wt.%) {°C) (psi) | (10 infin/hr) (10°® infinihr)
1 0.12 1180 250 | 0.7197 0.5163 to 1.003 0.6763
2 0.30 1180 250 0.4340 0.3500 to 0.5390 0.4355
3 0.12 | 1180 | 1000 6.286 4.811t0 8.240 0.54486
4 0.30 118C | 1000 2730 221010 3.380 0.4286

MCR = mean creep rate
.CB = 95% confidence band for the MCR




WO 02/ 44102 PCT/ US01/ 45300 -13- TABLE I Tid2 (Wt %9 An Q 0.12 1.04 x 1072
1.56 -73302 0.30 1.20 x 1074 1.33 -79038 TABLE 2 Exanple TiO2 T a MCR CB
CBIMCR (wt.% (C (psi) (106 infin/hr) (10b in/in/hr) 1 0.12 1180 250
0.7197 0.5163 to 1.003 0.6763 2 0.30 1180 250 0.4340 0.3500 to 0.5390
0.4355 3 0.12 1180 1000 6.296 4.811 t!6 8.240 0.5446 4 0.3d reF09H00
2.730 2210 to 3.380 0.4286 MCR = nean creep rate CB = 95% confi dence band
for the %ﬁRt14'1 June 2005 What is clainmed is 1. An isopipe conprising a
body havi'hgta’torfi§ifat? on adapted for use in a fusion process, said body
conprising a zircon refractory which conprises Ti02 at a concentration
greater than 0.2 w. % and |ess tha .4 wt..% 2. The isopipe of Cdaim1l
Sherei n fhe 2PPcaRoRHS SBEBFLS EompPP b aiss ar A COREENL YA BR Glont er
“than 0. 25owt use aind al €ssion awcB@s35 sidoody ddwprisapype xfrcohai m 1 wherein
the zi roon Lef[agf by cnCOMB Se8. TI0Z o A coneeptralion of abaul, 0.3 wt. %
4. The isopi pe off ¢larm | erérn the Zrrton refrattory Ihas™a mean creep
rate at 0180 ahdhr2bQepsitiehm Nedswititan 0.5 x 10-6 inches/inch/ hour, where
the nean creep rate is determ ned using a power |aw nodel. 5. The isopipe

of claim1l wherein the zircon refractory has a
: 2. The isopipe of Claim 1 wherein the zircon refractory

comprises TiO, at a concentration greater than 0.25 wt.% and less

than 0.35 wt.%.

3. The isopipe of claim 1 wherein the zircon refractory

comprises Ti0; at a concentration of about 0.3 wt.%.

4. The iscopipe of claim 1 wherein the zircon refractory has a
mean creep rate at 1180°C and 250 psi of less than 0.5 x 107°
inches/inch/hour, where the mean creep rate is determined using a

power law model.

5. The isopipe of claim 1 wherein the zircon refractery has a
mean creep rate at 1180°C and 1000 psi of less 3.0 x 107°
inches/inch/hour, where the mean creep rate is determined using a

power law model.

6. The isopipe of claim 1 wherein the zircon refractory has a
mean creep rate (MCR) at 1180°C and 250 psi and a 95 percent
confidence band (CB) for said mean creep rate such that the CB to
MCR ratio is less than 0.5, said mean creep rate and said 95

percent confidence band being determined using a power law model.

7. The isopipe of claim 1 wherein the zircon refractory has a
mean creep rate (MCR) at 1180°C and 1000 psi and a 95 percent

| cenfidence band {(CB} for said mean creep rate such that the CB to
MCR ratio is less than 0.5, said -mean creep rate and said 95

percent confidence band being determined using a power law model.




mean creep rate at 1180C and 1000 psi of less 3.0 x 10-6 inches/inch/hour,
where the nean creep rate is determned using a power |aw nodel. 6. The
isopipe of claim1l wherein the zircon refractory has a nean creep rate
(MCR) at 1180C and 250 psi and a 95 percent confidence band (CB) for said
mean creep rate such that the CBto NBR ratio is |ess than 0JBe 208hd nean
creep rate and said 95 percent confidence band being determ ned using a
power |aw nodel. 7. The isopipe of claim1l wherein the zircon refractory
has a mnean creep rate (MCR) at 1180C and 1000 psi and a 95 percent
confidende banrd (EB)iforcosprikiran bbeemAEng $uehnfilairathen CRBlIdp@edMCR
ratio isflotja:sgs(t2 hann aO. 5,.said nean creep.rate and . said 95 _rpercent

confi dence band Bei néuﬁje?%rprﬁoﬁgasuﬁarfépgo SVETH AR A dRl 8™ June 2005
8. An isopifpeccanpmihichg & )bedyphhsvé ngia, eonti ghadniceat askapieditefor use in

a fusion_process, .said body. . c rising a_zircon refr )J ich: (i)
conpri seéca‘??og'fatma °c%ﬁ%eﬁjtlr)agggna gieat 6F°°Y eO.a% g\lfé(&%ﬁ& (?FS has a
mean creeggirafelats th80@ andt 260 ipsheofincagsothamh@ré xhdQehn creep

i nches/ i Lhour, . wher he .nmean cree rate.i.s determ ned using a power

| aw mde{}glas.i)#hdeeﬁeé:%ﬁﬁ%ée uosflrrT%l %i%?"éer\aﬁg‘rﬁeri“%d% ile mean creep rate is |ess
than 0.6 x 10-6 inches/inches/hour. 10. The isopipe of claim8 wherein the
mean cregp ratg.i han. .0. -6 i.nch %'n /h ...11. The
TSopi pe of ol ae B URSerh THa aanEr St A o (AL oBe SHL B0 R0 250 psi
has a 95tpencerfi xc3Af deses MantefOBusuch that the CB to MCRratio is

| ess than 0.5, said 95 percent confidence band being determ ned using a
power. | aw nodel. 12. The isopipe of claim8 wherein the zircon refractory
has a néfn clbepisatioeart 141306 Endhd 00 b Béad exsephaats de 1856

i nches/ i pghesd hpuyr j owher g, the RRaD gL gep rate is determ ned using

11. The isopipe of claim 8 wherein the mean creep rate (MCR) at
1180°C and 250 psi has a 95 percent confidence band (CB) such
that the CB to MCR ratioc is less than 0.5, said 95 percent

confidence band being determined using a power law model.

12. The isopipe of claim 8 wherein the zircon refractory has a

mean creep rate at 1180°C and 1000 psi of less than 5 x 107°

inches/inches/hour, where the mean creep rate is determined using

a power law model.

13. The isopipe of claim 12 wherein the mean creep rate at

1180°C and 1000 psi is less than 3 x 10°° inches/inches/hour.

14. The isopipe of claim 12 wherein the mean creep rate (MCR)
at 1180°C and 1000 psi has a 95 percent confidence band {CB) such
that the CB to MCR ratio is less than 0.5, said 95 percent

confidence band being determined using a power law model.

15. An isopipe comprising a body having a configuration adapted
for use in a fusion process, said body comprising a zircon

refractory which: (i) comprises TiO, at a concentration greater



a power |aw nodel. 13. The isopipe of claim 12 wherein the nean creep rate
at 1180C and 1000 psi is less than 3 x 10-6 inches/inches/hour. 14. The
i sopi pe of claim 12 wherein the nean creep rate (MCR) at 1180C and 1000
psi has a 95 percent confidence band (CB) such that the CB to MCRratio is
| ess than 0.5, said 95 percent confid@nce band bei ng det er rii #&5¢ 208bng a
~power | aw nodel. 15. An isopipe conprisi ng a body having a configuration

adapted for use in a fusiagn grocess sai d body TTEI’I Si ng&e1 zircon
ref r act oF 2 ch ¥t ¢ f) 2Rbnpri) sB&S T§ g Cée%%n‘iaétﬁt r¥ERbrAtgriddlelr 4% 1 June

2005 thapoGei Whna¥% ansl ddricknhasodriRareCheep o) e r6MR): Amedd80and 250
psi and a 95 percent confidence band (CB) for said a cree rat such
t hat theréﬁet%cﬁcﬁg?ﬁt?}b‘e i® rasch h‘%ﬁjf(*@ %s 157 ﬁéﬁngﬁd ’ Cﬁ bei ng

det er m nede ust *Pta ponwes dcrwrhimfAed .uslibg Ihpomizeslopjapemsaerj al m 15 wher ein the
zircon refractory has a nean creep rate (MCR) at 1180C and 1000 psi and a
95 percent confidence band (CB) for said nean creep rate such that the CB
to MR nati oThs izgsSpkhan O.&n tbewMiR iandhehei Gbatlirbetswy hdet er m ned

seed’in BFIBR Frbtetiinat PRAlTeabdrABE eiodre S meErRE  or g

said i sopnpﬁdefrro@nbandl mB)n fbef satt areppnwhiedp omtpr lsees h2 tat @B to

_concentrg{l,%on 9 eat ei han tﬁ)a RI ess bt ha%BO 4ﬁhvwd?% 18. The net hod
of clai Wherei R %e 2|rcon refrac conprises at a

concent r dét@migrdatieing hampo=251 av n%damd less than 0.35 w.% 19. The

met hod of claim 17 wherein the zircon refractory conprises Ti02 at a
concentration of about 0.3 w.% 20. The nmethod of claim 17 wherein the

zi rcon réfrackongthvals far neduricgeepe rade odt af 188 igred u260 psia of | ess than
0.5 x 10f§51on process that produces glass sheets comprising forming said
isopipe from a zircon refractory which comprises TiC,; at a

concentration greater than 0.2 wt.% and less than 0.4 wt.%

18. The method of claim 17 wherein the zircon refractory
comprises TiC, at a concentration greater than 0.25 wt.% and less

than 0.35 wt.$%

19. The method of claim 17 wherein the zircon refractory

comprises TiO, at a concentration of about 0.3 wt.%

20. The method of claim 17 wherein the zircon refractory has a
mean creep rate at 1180°C and 250 psi of less than 0.5 x 107
inches/inches/hcur, where the mean creep rate is determined using

a power law model.

21. The method of claim 17 wherein the zircon refractory has a
mean creep rate at 1180°C and 1000 psi of less than 3.0 x 107°
inches/inches/hour, where the mean creep rate is determined using

a power law model.

22. The method of claim 17 wherein the zircon refractory has a

mean creep rate (MCR) at 1180°C and 250 psi and a 95 percent




i nches/inches/ hour, where the nean creep rate is determ ned using a power
l'aw nodel . 21. The nethod of claim 17 wherein the zircon refractory has a
mean creep rate at 1180C and 1000 psi of less than 3.0 x 10-6
i nches/ i nches/ hour, where the nean creep rate is determ ned using a power
| aw nodel . 22. The nethod of claim 17 W®herein the zircon reftdgreotdpShas a
nmean creep rate (MCR) at 1180C and 250 psi and a 95 percent 17 1 June 2005
confidence band (CB) for said mean creep rate such that the CBto MR
ratio is“Pe§EdtNEn berg, (SR ForedAle sy CaReP ol S &ughobhatpdibceB to
conf i dengerbageh Haisndcdet €44H Med, Ush NP rd aROVREcp AW LRDERY . saidB95The met hod
of claim17 wherein the zircon refractory has a  nean creep rate (MCR) at
1180C an&<16d0t g taAA"4S 95 e PELAY A BBACES B d PeEsj- i 8afe! mean
creep rate such that the CBto MR ratiois |less than 0.5, said nean creep
rate and _said 95 ger cent_ confidence band heing determ ned using a power
Iam1nnde?3' The method of claim 17 whereilin the zlrcon refractory hds a

mean creep rate (MCR) at 1180°C and 1000 psi and a 95 percent

confidence band (CB) for said mean creep rate such that the CB to

- MCR ratio is less than 0.5, sald mean creep rate and said 95

percent confidence band being determined using a power law model.






