; e3et et b|] @46j TAK >c WO 02/ 44102 PCT/ US01/ 45300 5 SAG CONTROL OF | SCPI@ES?
USED I N MAKI NG SHEET GLASS BY THE FUSI ON PROCESS FI ELD OF THE | NVENTI ON
Thi s i nvenai 02013102 ates to i sopi pes used in the producti onPGFUSHEER0010 gl ass
by the fusion process i  cularp. to techniques for controlling the
sag whi ch such isopi peﬁllhﬁlﬁHhﬂIW\ﬂ]ﬂ]WﬂIl. ng Use. BACKGROUND OF THE | NVENTI ON A
The Fusion Process The Tusign process is one of the basic techniques used
in the glass 15 naking art RG] produce sheet glass. See, for exanple,
Varshneya, Arun K, "Flat G ass,” Fundamental s of |norganic d asses,

Academ ¢ Press, Inc., 4, Chapter 20, Section 4.2., 534-540.
Conpared to ot her prﬂjmgﬁ@&@@&mgm inthe art, e.g., the float and slot draw
processes, the fusio duces gl ass sheets whose surfaces have
superior flatness 20 and*Bf#t hness. As a result, the fusion process has
beconme of particular inportance in the production of the glass substrates
used insthe manuf actgAg CONTROLIOF JISORIPESSUSEYS INIMAKINGhe fusion
process, specifically, the overfl ow downdraw fusion process, is the subject
of comonly assi gned USEIEETtGRASS\BY THERERTHEEN PRQAGHESS 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. AspiELSioRraeRtRENTIONE systemincl udes a supply pipe 9 which
provi des nolten grass to a collection trough 11 fornmed in a refractory body
13 known as an 'Tlsiephpentiorsdelabeetsisepipessisedandheratodantibasfsbeet achi eved,

nol ten_gl ass passes fromthe supply . pipe to the trough and then overfl ows
t he toégof glags by bl fusiomprogessand gp pagticplar; U’S@?’:ni 08 $OBHOR 4R dess,

thus form t t f. gl. o f ward and then inward al ong
t he outer ggﬁfs\é\%e‘éﬁlg S’ﬁﬁgllﬁg‘%}g?%g%ﬁ%gd%l%ggﬁge%ts neet at the bottom or
root 15 of BASCKGROINID OFCTHE INVENEBRONoget her into a single sheet. The
single sheet is then fed to drawi ng equi pnent (represented ' 5

schemati cal | y byAarr dike FapionBragessontrol s the thickness of the sheet by

the rate at whi t pe.sheet is.drawn glﬁwa%g f.rotmthe rOOt'dThEhdrgiw ng
equi prent i s | ocat et R PrUGRRASTE pR& of Pe ﬁélch%n%e?ﬁgﬁ the"SiBY% sheet
has coqked ARRiMLLEANS produde BREQY 81a60MSRE, fo ek 6011k aVhrMddyal AGuaaRI, prent .
As can be seen in FIG 1, the outer surfaces of the final glass sheet do 10
not cont act"FlatyGpess" Bandameatdlsi dfdnongdric é1lafsad)dcademip®rels; Ing, any part

of the process. Rather, these surfaces on t he anbi ent gt nosphere. The
i nner surf ops 1996 Chaptes 20, gﬁ%‘é?’% %\iri’ g%#@ﬁn @W@‘pﬁr fo et do cont act
the isopip i e 0 f the

i sopi pe a_ngjrg?%gste H}gﬁg"uﬂr ?Q@Eel %&{7 fﬁ?‘b@dﬁgﬂgﬁ %ﬁ‘ga#ﬁglaws%%%? .Sg(_%;ghht1 IS way,
the superi dusidn proepsy pratuces glass sheees whosé aaefaces htbe stiparibr fla¢ntssar e

achieved. As is evident fromthe fqQregoing, isopjpe,Z3 is criti.c to the
succes€0of anthsmeethnessr dksea gesyly, the fusiqn Brocessh Bagbeeome ohparacular ity of

the isopipa.is. . r i [{ance oS ang 1.0 . i geonetry affect
t he overal ﬁn&oég‘jérsl% 10’?151}91”@%%?1 tgglgglsqﬁggga%:r e?ganﬂﬁ?éi,&%%r&ﬁ%n, U. S. Patent
No. 20 3, 43fahtfactanélof BRaieas st displayeqoOm)i on No. 11-24@230.
Significantly, the conditions under which the isopipe is used nake it

The fusion process, specifically, the overflow downdraw fusion

process, 18 the 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 to a collection trough
11 formed in a refractory body 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 overflows the top of the trough



suscepti bl e to dinensional changes. Thus, the isopipe nust operate at

el evated tenperatures on the order of 1000C and above. Moreover, in the
case of wueo2omen2f | ow downdr aw fusi on process, the isopi peP@lEP01EHE0at e at
25 these el evated tenperatures while supporting its own weight as well as
the weight of the nolten glass overflowmng its sides and in trough 11, and
at | east sone tensional force that is transferred back to the isopipe

t hrough th&%ﬁﬂ?gi&éaﬁﬁé rbdinkSwoeiH@ 16 6RBIAss Bapefidwndovwnwhid anildt h of the
gl ass sheets that are to be produced, the I'sopi pe can have an unsupported
length 30 tHenlirbwarl slongdhennrter surface0of the Bepwepdihesbyp shestsoneeatg

o2l e SR B 1

o DLES" el PR b Boqt OFR A0 ioRiESpdiipesonsp easar oo have

been used or usi on proce known in the art,

zi rcon g ef LaediRREESIRDS JFR6WE I18),SwhiRiipsttolptheahickyess oftlooshaed bSi O2,
e.g., in such materials, ZrQ2 and Si Q2 together conprisi at. least 95 m. %
of the rmat éhé ahte af whidhhehe sheastds deawncwipn ram she 800t hEhedraWing bei ng

Zr 02Si &2 or, equival ently,. ZrSi.04. i - :

ooyl o s eimihant sdacated sEr D aBwnet ity B tHe RO s (i} AEREERACE:

their usef 't&'as'ch{)ﬁg 41{11 B@(&;‘n’hg Hgﬁa befcreRbAES gaxEs biritashgriduehe édabnidie. mi ddl e
e ength of the

of the unsuppor pi pe drops below its outer_ supported ends.
The present invenidsanbe seaoircFibed, the butarruréidesiod thedmad ginsssheef dar y

contributor to the sag of an jsopipe is {,he reep rate . 15 E = dE/g,IofOf t he
mat eri 40 f moincantah any p%rt@g&be °R§Slaﬁ(§%ﬁ 8CR oﬁfﬁge aFppe gpr%ilp%? tials,
creep rate as a functy of |L tIRShede b ower
| aw gxpr es 5?18 r?rB‘feStShgﬁ%g]F F’otvlﬁ%ﬁg S*l gfr‘j’lr(f?é Egﬁﬁéee?p}@&l 1EEI'@Iib(][%t)ea wher e%'?'e'i Ssrh@ P
tenperatur an]st&rfa&bs Mthe(vAhelfshicetd whictefirad e finahsheettdn c@Badkee

Kingery et a "Plastic Deformation, Viscous Flow, t%gd Crgg&i". .

| nt r oduct i chetisopipe dmitcehosgnuner paifapes fmerfogpthey af the oot eiSPRP 976,
704-767 and, jn particul.ar, uat i,on . Q. Being t b epl vat.i f
strain, theé ?’Eesa&fs Ryded in iﬂ‘é%gflg oféﬁa?maﬁghﬁgth/ ? ﬁ%&g@ggaﬁﬂsee@é]é%%ﬁati on
(1) crggp r. | S8falcas 58ehd findl FRVAIareiachievederr)n, the use of
equat i gﬁ Zﬁ%ﬂgﬁ ?ﬁtb%sﬂlg%gr%r eda to herei ﬁ as theal'?power | aw nodel . "

Lowering the crekpisatident fivhe thefaegaing.dspipe 13dk erifisal tofipwugcesupfs in
| ess sag during use. As discussed.in detail below .in.,actaor Lt h
certain aspdetizisym ﬂ?@%%v@h??ﬁtﬁc‘ﬂ?rh W?%ﬁ%t?ﬁgﬁytﬁghgg%%g?%%

| sopi pe can de r f | if Ii bRINANafis@sthatdveahlly pressed
30 zircon r%fﬁ?grﬁ%fgr%gﬁg&x%gﬁg&;%a ( gl?'?'lggjzl?gcg%nt enlt%nahi ch is greater than
0.2 wt . % angidcesSof tharpdcdssit S86, for axampldi OCemmomy, ddtS.dlateappNexi mately WO

02/ -4A02 -4 PCT/USOL/-1s300 0.3 wt. % particular, i as been found that
such a 20 r cH43 eKi0aandrdananessHadent i)b‘&gpa%% %r@é%‘l'%’%‘?(g than zircon

of about 0-1 wr . SHEACHIA S (ool RE bRk RRReR R R LB 600 the
titani a con{@Rkptible to dimensional 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

95 these elevated temperatures while supporting its own weight as well as the

weight of the molten glass overflowing its sides and in trough 11, and at

least some tensional force that is transferred 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 of 1.5 meters or more.



5 of a zircon refractory to be within the above r ange significantly
enhances the useful ness of the power | aw nodel of equation (1) in nodeling
t he sag ofoezapizpes during use. This enhanced usef ul ness PEFUB1458Mom

i mproved 95% confidence intervals for the nean creep rates predicted by the
model when equation (1) is evaluated for""a particular set of (err), T

val ues. Such i nproved 10 95% confi dence intervals, in turn, nean that the

sag which an isqpi i1l ,exhibjt i . he y nodel ed
daing.  for examiteviihtpand Bt dmAbEPaRRHORE faFpiRs 1 B ¥ O
accurate mMdehifgteAttrbi ROGRBRANyIIRsad bidcks b réfeyetosp materiated i sopi pe

desi gns since nunerous designs can be evaluated theoretically with only the
best 15 carftieniet @ bainedisepipet)edlf partaeulas) isesiadicallytnrepsesheiredst i ng.  B.

Zircon Refragtories i ndi cat ed, above, the esent. invention rglates to
i sopi pes cdRPES 'IQﬁﬁ%V%F?%HS?‘ﬂFQ ggﬁﬁﬁppﬁ%‘%ﬁpﬁﬁ%g‘etf}lﬁgﬁip&og%%%e %rati on

- Wi thin gpe%{(}gﬁfiﬂ bl s, %ggpﬁggfm%%ﬁ@scaw B RAIPQIMpbRA fiRiarayiof! e,

Kent ucky) ers a nu zircon refractories containing varying

anmount s of ZEMZandB8i0£%anpinesuchomiasetiab, Z8Og 3ndpBifdhtogeterspenpifisedt t o
contain 0.2 wt.%Ti Q2, its ZS-835HD product 0.4 % its Zi Ec}?n 20 product
0.7 wt.% deasti9swids vfole prasatial, with the theopeticalcamnastiaon af thej rcon can

A I By 2 2
o1 Sl gl By ARl Bt n

Nos. 3, 347, an escribe zircons having Ti
concentioat iwhikhdim® theit useful difadih piastictilarh Eopipesagstvibitl sagruebetbati n

zircon as a_raw naterial, TiOQ2 can_alsq be.a 30 c onent of clays used in
produci ng Zbecoiddlenf the ynpupported 1@}.1@3‘ @éi@n?’?eléggs g,e{;’ }téﬂytﬁ%d

3, 359, 124. V1' 2/ 1~ -5 _PC ~ (| [ t he use
of titania Eil}?p?f'géfg(ﬁl%ﬁ’ oﬁ%%% ges%g&%&é?@%déﬁﬁlq&%?g&ﬂ%? Bgﬁ?m&?? %9 }IIDat ent
No. 5,407,8573’§.\/\hi ch discloses (1) the use of phosphorus conpounds to

improve the corrosion resistance of zirconiumsilicate bricks and (2) the
use of titani umAliprkhdey esntailsitor éoithe sag@fiam ishpips igdhecaean¥aeof such

bricks.. Alth h .th hati .si i be .i d ddi
bet weort 0. 180T Joktk aa tBe Ayt o avgmitroads: % BhgP S indMeRtiforl ot ne
patent use ,gg;,ﬁsll{lgﬁgs}i%lfg}ﬂ%@%wfagg b5 AR LR A 1A% PRASBE Moddlgier r ed

conposition CcO zircontumsilircate, 1.5 w.%titanium

di oxi de, anlg,rQ-zx%vmr-1%wéxp?ree§i@ﬁmh@u~§11@«m@mm: 10 Wehrenberg et al., U S
Patent No. 5,124,287 relates to the use of zirconia in particle formto

i nprove the thermal s,lg(;char'egpﬁ%afryc)e of zircon refractor(ps. Titania is
enpl oyed to enhance grain growth during sintering. The patent clains

titani a congheis Ttisasmpeeanaerndll A, v a¥la) drd matetial Hepepdefiecoredants ani a
concentration is 1 w.%_ and when blistering is a 15 pro(?lqem only 0.1 wt.%
titani 20 s See&ingery gaalentPlastic Defomaation VisconaFiew, and {irappa concent r
ation of 0.2 wt,%was_ used as aosfakting 2 0 ] npl es.
Signi fi cant].znyt,1 oduction o ?)ﬁ .,all‘n_al(lzsda()i %‘%ltt](ﬂ@ls g Egém@g’réég?grn gi ﬁgﬂ%%?eﬁ??

titania in 2pigenrsadEliflRsticalLTBLAXIHBE 14.9 arBangaheciinealdrdmtfe ¢ means to
20 control the creep rate of a zircon refractory, or to enhance the ability
of a power $traimdbelunits obpeepeante abelangtblpngth/bime. oBaediiesia At | mat e

goal of reducing the sag.of an isopipe,nade of a.zirgon refragtory.. SUVWARY
OF THE | I\I\/E&'Cﬁlcégﬂ? Rt GiHies ag ﬁ'éeﬁ%g%’gﬁfl §2RIVeL 1y § jt}é‘&tuSSP%Fﬂ}‘étlon
Inventign t &)%ﬁlvf)éj Feferred 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 been found that the sag of an

isopipe can be reduced by forming the isopipe from an isostatically pressed
30 zircon refractory having a titania (TiO2) content which is greater than

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



25 inproved isopipes for use in the fusion process. Mre particularly, it
is an object of the invention to provide isopipes that exhibit |ess sag

t han exi ato edgi4i@opi pes. To achi eve the foregoi ng and ot hePCHBRHEAS300 t he
invention in accordance with a first aspect provides isopipes which
conprise a zircon 30 refractory that exhibits a | ower creep rate than the
zircon refractories previously used to produce isopipes. WO 02/i.1102 -6

PCT/ USO01/ ~S3 lbln accordance wi{h @ s h\ovent rovi des

i sopi pes V\Aa'%%tc/ﬁngpip?ég u%iur’\é\fbha? g??ﬁ%&%ﬂ?ﬁﬁ%ﬁ%ﬁ?}lﬂ&%gr%gr&g?ﬁ@@gp zi rcon
refract ori @gnplieyh Wby ntSEcie@pha®é vi&n iz$@Bh Refracttitefussdaptiapast foat can
be nodel ed nore accurately by a power |law nodel. 5 In accordance with a

, thi ][d aspte_cffomtik@i%)eya?di}mvipg@ﬁitm?aic_gupélpfe@f Mr(l-%!wc}fg‘ﬁ’a body having a
configuration adapted for.use i usji on ocess ai ody_conpri g a
zi rcon refract 039 %efﬂ*élﬁnp}]‘r%b%%%fw%{%ﬁ??}lgggi’# @ﬁngf)ﬁgl%'é}h% gﬁ?ﬁﬁn& 1r@%{r]eat er
.than 0.2 W % I 0 : RadghBardesWt . % and
| ess thén (?fﬁ'osﬁ g(lqm%eesf g%%l}%g?bg plFle %}%;ﬁﬁfeg%%e%és%ﬁﬁa% In accgrdan(é:e
with a fourhb wehdelkss bhehd py@st Low modelidfesuatiopi (13 n coodeling the sagoldy
having a configuration adapted for use in a fusion pr?cess, sai dd gggy

cogprz |5 8i ngllao%lplﬁﬁtdm'nkhg\i@ét?hw ?L%hagrselda}ssh ei}l}%@&ﬁ resWés I'roé%ém@miféj °11|80C
an psi_of, .| ess.than 0. -6 _inches c : r ess
han 0. 6 x CPBIGeRAR ST HeHES b LG oRoar e PR by file BIOEERARRY |
10-6 i ”Phese!dda%?ﬁmgpqgavam éﬁ?féﬂ"& MeRchRrdRt OF BT 1w, "Guch hapesvddaw
nodel, i.e., a po aw nodel fit to experinental data. In accordance with

this faert pswsReafidehdeibieds, irefuras mosan shasother efgewhidly ahdsopipderllat
1180C and 1000 psi of less than 5 x 10-6 20 inghle /inches/ hour Iﬂnd nor e
pref er abl y exdgbittdiing uge cand meke aeeHAkely medele P WIEFAMHE RCR i s

det er ni ned usi N d i i t, th
Movent i on phavr g PSS gl ARiFtie LLARGRE0 GE dckbak bddblgBPPORt TRE
adapt ed f Or%#aﬁgi dhithilddS tRB =Bility & @&olo dinprbwstyisepiiy dediggs airrer con

|1 C

refractory has a MCR at 1180C and 250 psi__and a 95 &_gécent confi dence
band (CB) fmumeadus M3Rgnschntbeaevalhetadthepratiralbawich paly Hagsbestan 0.5, the

MCR and t he CB hoth bein et efpi ned using,a power_ Law el . In accordance
with thése %?éhﬂégiigeso‘fel{lﬁ efeﬁ%%{mgr fg“?ﬁ‘éo‘%é”ﬂ‘%‘%“ﬁ??tgggt 1180C and 1000
psi is 30 al SOV\%BEf erﬁgf%e Iﬁ%&gﬁ@so.& where again the MCR and the CB

val ues used 02/i =1 -tS300 7 to calculate the CB to MCR
rati o at sai d teApéndicutal above tthegsrebavieinvantiodatedates tedsempeyy a power | aw

nodel . In accordance with a sixth asﬂoect, t he i.nvention Pr ovi.% s a net hod
composed of a zircon refractory having a titania concentration within :

specified limits. Corhart Refractories Corporation (Louisville, Kentucky)

90 offers a number of zircon refractories containing varying amounts of TiOs.
For example, Corhart's ZS-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
7ZS-1300 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.% TiOs, while the zircon used in U.S. Patent No.
3,285,757 had 0.29 wt.% TiO2. U.S. Patents Nos. 3,347,687 and 3,359,124
each describe zircons having TiOz concentrations of 0.2 wt.%. In addition to
being naturally present in zircon as a raw material, TiOz2 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.



for reducing the sag of an isopipe used in a fusion process that produces 5
gl ass sheets conprising formng said isopipe froma zircon refractory which
pur posel waemarizses Ti 2 at a concentration greater than BCDUBRI/HEMNd | ess
than 0.4 wt.% preferably greater than Q. 25 wt.%and | ess than 0.35 w.%
and nost preferably about 0.3 wt.% The above first through sixth aspects
of the invention can be used 10 separately or in all possible conbinations.

For exanple, th it hrui -t at i . i i cts
of the inventi o?tﬁgwgﬁgﬁgﬂ%ﬂ%gséﬁ dpf(r% 2’% él(r?grié Qﬁgtr)lﬂ ﬂgggtﬁaﬁér%@épfe val ues
of those | ijiAiGairbans} ataly.Be Pacsrt Neds Wor 8 thwhintadiselogep (1)athe ddendft at i ons

of the fourth aspect of the_invention (}i&?cl uding the base, preferred, and
nost pr ef emhegpheruseepmapounds to TBPIeVH thet Gasnesion Kepistangef AuentEt o MCR

ratio limtatigns of the fifth aspect, of the inyvention (inc i Ng.the base
and prefer F@&a_g? i’§_§%ﬁea%ﬁ}eti’eo‘fsetﬁgt§t@nﬂlﬁ BRI _.a%gi“‘%ianaér #131 1%[9%h§ mean
creep rate hhfhtREGRNSE QlcH PRckQUALhReRate Ritehb8tdteY €RAt Sihtétinglcadi ng t he
base, preferred, and nost preferred values of those limtations) can_be
combi ned wibehiniBoved M3Raddinigdbdtiveendl. 1 ovis%oind hev® df titaminspéiokids, alhe

invention (including the bhase and preferred pressure,val ues qQf those
li mi t ati ondf thaexamples pf the patgrd e ware gﬁlﬁlgﬁd” T"% ?ﬁ{éflagpg loxideapd, m

"i sopi pe" ) i . i IO Af Ui process
whi oh prod BEdRFaYe BPEEbrahbithptsifEh kS USRI rdoby HBLOR, U OCT
cones i nto 125 vaoRtiasinivkd Bidsdide, Hlrb6.5 w626 of h phobphbresis@dmpourekpect i ve of
the configuration or the nunber of conponents nmaking up the delivery

systemlOA so, t Welvprbkeng aplvdl foPatent No: 8;13ha%7 yelates ta Hirguseiof
11l e e L PR S LR Bl
Dr aper et @efrac@ﬁ%é.e@ibﬁ%gﬁéﬁﬁ% %%%ic% ord@h BroVtie M uingodiaterigyy Yor K,

1981, 193-212. WO 02/e102 PCT. _g_ Further, the word
" pur posel y"Thépatesgadaims tibaneceirmentratinl et weendd htwiate amd 4veta¥ts t hat t he

Ti Q2 concentration is intentional]y, selecte o cpntrol isopipe sag and is
not nerely Berprelepigdoabania;qongeniatiengsd WE-JW‘E??’&‘FPM?%&HEP&& ng

zi rcons f or 1,09, i ) : d 5 itkonal
var | ot 'ons RACPRGnrobGIRFRY HRtnARNGeas 105 faiaek Shbtel cHat PO HehRg

i sopi pe sag aghRrcdmeehbRitivieof 0.2 whid way wekdasposeirtingmmbeehl fop soapr esent
the creep rate of zircon used in an isopipe. Additional features and
advant ages ¥fits examplasati on will be set forth in the detail ed description
whi ch foll ows, d i il | r il . ilel ed in
the art fromt hﬁg&éﬁ‘_&@@’i I\é\ér{leo(r’f)tr%&%gg (Jzﬁé jc%/&gﬁgjé? P%g%%1§g2ﬁ§r§§€ ion as
described Ngtf1iA inlzirdofstreldi8s ¥ @ﬁiﬂb?’ﬁ% titatia Rohbertratibaraophivg ngaoer al
description and the follow ng detailed description are nerely exenplary of
t he i n\Bht i amtradridieareep matmoalal zirsop refradiorsnonteenhaneethe akikibnof R f or

d t di t t d 15 ch t t he i nuenti i i
under ot and: L LME PLULS 800 5 CHRactar o AN LINSHLHGD ol coo
under st andi g ot HONERbE 81 isdilfle 3 £0d ERLAREREHabRrgNd conStitute a

part of this specification. T rawi ngs 1llustrate various aspects of the
i nventi on, SUMMARY HeF THENNWENESINI pti on serve to explain the
principles and operation of the jnvention 0 | PTION OF THE

DRAW NGS Fi gure V%?V‘éog_@h%ﬁﬁi'@g‘ém(% St P'I’leeﬁgggégg ﬁ‘g‘l’z‘gl F%F‘ég%‘flg?i ve
?8?5%%‘50%@?%?0%8 ggéﬁgﬁég(?ls {195 il Be FiLiGN pRY&Ssh! MMoANDH AMa Y SiqE aRr OCess
object of the invention to provide isopipes that exhibit less sag than existing
isopipes.
To achieve the foregoing and other objects, the 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.



Figures 2A and 2B are three dinensional plots show ng 25 experinentally
nmeasured creep rate as a function of tenperature and stress for zircon -
speci menwdeu+nge Ti O2 concentrations of 0.12 wt. % and 0. 3RCTHUSEK45300
respectively. Figures 3A and 3B are pl 0feS illustrating the differences in

creep rate variability at a tenperature of 1180 C for 0.12 w. % Ti Q2
versus 0. 30 wt. 30 Ti2 for applied stresses of 250 psi and 1000 psi,

respectively. gﬁgggﬁé%%ﬁ%é‘gi\?}%@%&h@gﬁ?% RV ENiGE Pgﬁdw}@%@' PCT/ U

S01 /.15300 As e pre I nvention tes to the use of
zircon ref KAGERICORD R RLadaeefveRirpahat on cospairivon thudt@n whiccessenher e
the zircon refractory has a Ti 02 content greater than 0.2 w.% and .| ess
than 0.4 wpreyiotsiSueseditorpnrluseiseripesdinsed crasp jadeshpkcan beppdeled; educed
sag as a result of t havi@eﬁ a |l ower nean creep rate than

e

ref ract or
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art. FA0 exawfdrablyt Aboubitdewt.%an be determ ned by neans of an X-ray
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t echni ques piecesnshid kodywonprisiheg arziron neftdetorypwbichdhas elmeajueteephi ch may
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desired. W I'ntendi ng in any manner, the present invention
30 will be g@w@r foth Yokt st hasbwst lakermfodel Givito gxpadmeintal datad 02L1. 1102
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0 30 ne 55 05" n acomdanes with as fourth aspeck, the sion tefrabtory alse. * ©"

preferably has a MCR at 1180°C and 1000 psi of less than 5 x 107

920 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 configuration 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 also preferably less than 0.5, where again the MCR and the CB values used
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properties, ese ures show that a zircon refractory having
a Ti2 Contwﬁbmfedaﬁmhdﬂe&naaml'%p Batellaatﬁamommcﬂf thetfoertht arpecbobtheavi ng a

tTLO?hSC’Sta? AP PG Gkudhh e Bateh PPEGF o4, GRDEOBL PHEJe Ere?omﬂapélérh | ;'t
Eauat s o by SRR Wpslr whAE YRENER ANGIRSREOHE SRR, Bkl dgcer

docunent at i §fpheSRSENtiBA: (indHhlliRdthe BER and prefemasd pll‘esebﬂe vahastaf@hme 3D
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i ng

obt ai ned i nlithiatiows). ﬁ@rmlmbt Hbetm@alcam rate g@ttammwﬂthef%ntb aPPe
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this figure. First, the rreglii §ep rate has been substantially reduced as a
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previ ously used ess sag during use hi ghly sirabl e
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substantially reduced hy the increase in Ti2 . .
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.
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to 8.2400.544640. 30118010002. 7302. 210 to 3. 3800. 4286 )
incorporated in and constitute a part of this specification. The drawings

illustrate various aspects of the invention, and together with the
description 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
25  experimentally measured creep rate as a function of temperature and stress
for zircon specimens having TiOz concentrations of 0.12 wt.% and
0.30 wt.%, respectively.
Figures 3A and 3B are plots illustrating the differences in creep rate
variability at a temperature of 1180°C for 0.12 wt.% TiO2 versus 0.30 wt.%
30 TiO2 for applied stresses of 250 psi and 1000 psi, respectively.
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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 machined from a single block of the zircon
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.



10 10 10y8109%& ()-!ts*, #10% .& ()-3 "pldB{Y:F.laf "109% ()- F109%& () -

109& ()-- 109& ()- F@LOY%& ()- 109 ()-)rwUdE{Y:F.! L!'10%& ()- y3

"109%&' () wo MR ) - 310%&' ()- 10%&' ()- st10%& ()- U)\ dE{ YPETUS01/45300

109& () - &Y(109%& ()- & 109& ()- s!$ 109&.()- $109%& ()- G 109 ()- \ %NCaB7:
10, ; MLOY& ()- !p7"109%& ()-5109& ()- 34 TOY&® ()- 2109 ()- 0, 109%& ()-

OPQ agFnN  s109& ()- 100& ()- | & 109%& ()-!&L0%& ()- 109& ()-L 109%& ()- 10

18’(;«%0% g _<:’T'|*\V #1300/:(/% 8? 3%1%%/&%18e/§‘céﬁtalﬁ<}ﬁgl8 %8 W% or 0.30 wt.% TiO2

, 2109 () - S)ve&é@ﬁ/ﬁalﬁéd e @ha)t RekiabthOBCHYporatichQ¥Buigville,! - 00/& ()-
B 'uj_@L910%&' ()- 10 10 10@ 10% ()- &0#10%& ()- ! ~&O#109& (

L1098 () - Kehithdkgd Bach Tot egresenteti o 3gpaate fimdygapnyl typlc_p(ljly&n@udeﬂocy& () -
10%& () - #%%rfﬁlh f‘( blc(i)Ei(s ?f%’f g%al %} suitable dimensions to produce an isopipe,
5 i.e., the blocks had lengths greater than 1.5 meters.

Creep rate tests were performed on 117 .specimens taken from blocks
having 0.12 wt.% TiOg and 142 specimens taken from blocks having
0.30 wt.% TiOs. A three point flexure technique was used to determine
creep rates in which a bar of the material being tested was supported at its

10 ends and loaded at its center. The applied stress in pounds per square inch
(psi) was determined in accordance with conventional procedures as set
forth in ASTM C-158. In particular, applied stress ¢ was determined from
the relation:

o = 3eALeSS/(2eSWeSH?2)

15  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 determined 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/SS>
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.% TiOz and 0.30 wt.% TiO:
specimens, respectively. The reduction in the scatter of the data achieved
30 by the change in TiO2 concentration is immediately evident from these

figures. In terms of producing isopipes which will have repeatable creep
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O The pé%ve(r)la \éoﬁel/q% é&uatlon (1) was fit to the data of FIG. 2A
5 and to that of FIG. 2B using a commercial data analysis package, namely,
"PableCurve 3D: Automated Surface Fitting and Equation Discovery,"
Version 3.0 for Windows® 95 & NT, software and documentation, SPSS
Inc., Chicago, 1997 (hereinafter the "TABLE CURVE 3D program"). The
values of the material dependent constants A, n, and Q obtained in this way
10 for the two cases are set forth in Table 1.

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 TiO2
content from 0.12 wt.% to 0.30 wt.%. This means that isopipes composed of
zircon refractories having higher TiO2 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 TiOs
content. 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 is

25  increased than when it is not increased, another highly desirable result
since predictability in a manufacturing 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.
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109 () - 1%(1/'og'x(e?m \glo(y%el(x%me[)rlr%%gg%;eegp l%':Sl:tes and 95% confidence bands for the
5 data of FIG. 2. Zircon refractories having a TiOz content above and below
the 0.3 wt.% value used to generate this data will exhibit similar MCR and
CB values to those shown in Table 2. In particular, reduced MCR and
CB/MCR values compared to previously used zircon refractories are
achieved when the TiO2 content of the refractory is greater than 0.2 wt.%.

10 The improved performance continues as the TiOz content is increased above
0.3 wt.%. However, oxygen blisters can be generated at the isopipe/glass
interface when the TiOz content of the zircon refractory reaches about
0.4 wt.%. Thus, in accordance with the invention, the TiO2 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 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

20 modifications, variations, and equivalents.



101f1"109& ()- 109 ()-3!109% ()-s 10% & ()-y"109%& () -
109 () - GHbHHHFI Wi dEbC 10! f!, 109 ()- * 10% ()- @ @
109&' () - WELO94R1Q) - %0%&' () - LSy 10%&' ()-w | JQIJIKAELC 10! f PCHUSOASEY0-
,5S109&' ()- s3109& ()- 1Z10% ()- 0! 100& ()- Y.' 10%&' ()- KRKSKTKUKWKKKL{\ =
10! 10% & ()-&F10% & ()-!1 &L!I 109& ()-SI'X &L! 109 ()-S 10 10 10810% () -
LLMV| NNNaB{\ = 10!, T10% & ()-,sg 10% & ()-!\-#10%: & ()-10% & () -
109 & () - 3& MLO% & () - NN) 0?0 OPPa?{\ =
10! ! f s$z#109& ()-!as$z#109%& ()-"@0% & ()- @' 10% & ()- Y 10% & () -
10% & () - POFOMOQQERAE{\ = 10! I ff510% & () -
@10% & ()-fS210% & ()-s010% & ()- ,.10% & ()- f-Z 10% & () - &RRSSSSSS&Sr S4
' 11&10% & ()-10% & ()- L10% & ()- 10FF 10FF
10FF! kI 7" 109FF& ()-1kl 7"10% : & () - &SSShTTT~UaBrS4 11 & 110% & ()-Z10% & () -
10% & ()- !&3"10%: & ()-3 10% & ()- 10% & () - ~UUUr VWW XA <r S4
11 a&#1090J& () - m f#109& ()-! X#109% : &TABLEG! 109% & ()- 10% & () -
-10% & () - ! XXYVYYY. Z}A2rS4 1111310% & ()- .!110% & ()-!\.!10%& ()-S,
10% & ()- S+10% & ()-

TiO, (wt.%) A n Q
0.12 1.04 x 10" 1.56 -73302
0.30 1.20 x 10 1.33 -79038
TABLE 2
Example TiO, T o MCR cB CB/MCR
(wt.%) (°C) (psi) | (10 in/in/hr) (108 infin/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 to0 8.240 0.5446
4 0.30 1180 | 1000 2.730 2.210 to 3.380 0.4286

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