31 March 2006 1 CREEP RESI STANT ZI RCON REFRACTORY MATERI AL3USERH Doos GLASS
MANUFACTURI NG SYSTEM RELATED APPLI CATI ON Thi s application clains the
benefit of priority fromU S. Application No. 10/738,425, filed, Decenber
16, 2003, the content of which is incorporated herein by reference. 5
BACKGROUND OF THE | NVENTI ON Fi el d of thellnvention The present invention
relates to a zircon refractory material that can be used to .wake a formng
vessel (isopipe) that has an i nproved creep resistance property and is 10
used in a glass manufacturing systemto nanufacture a gumm@u@w

Description of Related Art Com ng Inc. has devel oped a mm/mw as the
fusion process (e.g., downdraw process) to form high quali ty..thi n gl ass
sheets that can be used in a variety 15 of devices like flat panel

di spl ays. The fusion process is the preferred technique r oduci ng gl ass
sheets used in flat panel displays because this pr ocess/@%”gﬂmﬂm Ss
sheets whose surfaces have superior flatness and snoot hn to

gl ass sheets produced by other nethods. The fusion process‘Ggidescri bed in
U S. Patent Nos. 3,338,696 and 3,682,609, the contents of which are

i ncorporated herein by reference. 20 The fusion process nakes use of a
specially shaped refractory block referred to as an isopipe (e.g., formng
vessel ) over WhCREEPRESISTH NP CON RERYIA j ch 2006 2
neets at the bottomto fl(;F’rm a ?Iﬁl’} | e gl ass %@F%%Iﬁfﬁgghéﬁgqﬁs‘%pl pe
generally works well to foPhESMANURMEBYRINGSYSTEM pe is | ong conpar ed
to its cross section and as such can creep or sag over tinme due to the

| oad and to the high tenperature associated with the fusion process. Wen
the isopi pe creeps or sags too nmuch it becones very difficult to control
the quality and thickness of tHREGATED ARBBICATION way t his probl em can be
addressed is by i Ly hing: : ed to.m the .isopipe in a way

t hat changes itrsnP glh%gélggtll&n%?%%gr ie}sl&}tlr?gn(gwgg?’ilizﬁ‘ gﬁ%{’tcaﬁ“ﬁb&%ves its
resi stance t d0/73%435, fildj Bedembeiolte 2003 tHetventprites eiichiinitestpbard hBRIESy

DESCRI PTI ON g&x (% | NVENTI ON The present invention includes an isopipe
(e.g., formng device) made froma zircon refractory material that has an
i mproved creep resistance property. The zircon refractory material has a

conposition with at |east kﬁﬁg@ ; i 04 (98.75-99.68
W9%; Zr@ (0.01-0.15 m%?ﬁ%@h . W@WN Fe203 (0. 08-0. 60

wt 9 . As descFickkof thellnwéntiont wo addi ti ves including a binder and a di spersant
are added to bat terial e.qg., ZrSiA, Zr02, Ti02 and Fe203) which
are used to manuf’ff:;ﬁ(:‘l"tl%[?sgr‘?t I?Y?é’g%é ?e&ag?? ' BreRn B3P, Mterig) thatas b psedde  and

di sper sant ameksafbedingseReMizopipt) that HAgGERREvVel bR el | amterials

Misogipt) B 0}9 p PeAsBAEY fro diE
0

as 10q%: The_bi.nder. added_at 2.00 to 4.0
used in a glass manufacturing system to manufacture a glass sheet.

Description of Related Art
Corning Inc. has developed a process known as the fusion process (e.g.,

downdraw process) to form high quality thin glass sheets that can be used in a variety
15 of devices like flat panel displays. The fusion process is the preferred technique for

producing glass sheets used in flat panel displays because this process produces glass

sheets whose surfaces have superior flatness and smoothness compared to glass sheets

produced by other methods. The fusion process is described in U.S. Patent Nos.

3,338,696 and 3,682,609, the contents of which are incorporated herein by reference.
20 The fusion process makes use of a specially shaped refractory block referred to

as an isopipe (e.g., forming vessel) over which molten glass flows down both sides and



aids in the spray drying process, the granule strength andsj R

strength of a pressed zircon refractory body. The dispersant added at 0.06
to 0.25%aids in the wetting of the batch material powders by water to
produce a fluid m x used to make the zirgon refractory rr;atlerlal .dT_he

bi nder and di spersant are burned out when the batch materials and in
particul ar t Haceh #dkehptiomyte Sy asingle glasssherigyhthaughihg isenipagenerally workser i ng
process to fyinotehen & gﬁs‘scshe&sthéfsaﬁgslsw%i&gpp% 185 ok BRI ahhs sulfl®
present invention also 1ncludes e zlircon
refractory meaRereap orz:@ﬁwwerglmﬁgduen@ th;tlmdsmdto thﬁhnghgempqyzttmeabsoblytedf\mﬂhat ch

materials in | 1-0.15 wt

(0. 23-0. 50 Q%H‘%@g%"fé‘% ngﬂ%15$m§{§5§g§§nga °°n’{“§5° ég%eﬁ%{B%s Yehe ‘{%ﬁ%wd bat ch

mat eri al s; artoicdintmﬂt}gquhhiy:ahrhmmkness»éthetg&tscd;heatatmfelvaiysl#ts problbhﬁda&ﬁbd zircon

refractory mg nuf act n temthat uses t e zircon

refractorg ma%igrre fsaefiistl%}'(lfl%)q)ﬁ? ‘E? Y ttOE’g]ﬁ‘b P LORe A WRR IRt ehoRgss 24 at

| east one vessehydieil propitiesip aatitecion thitemprves itsrasistance @ fedpd) THESIS 8bnd OF

receiving the |ted hatch materials and formng a glass sheet, wherein at

| east a portll’bﬁ‘e(?fesg’glnﬁi"eflﬂ?‘}n ng vessel is nmade froma zircon refractory

mat eri al having a conposition including the followi ng elenents: ZrSi &34 (by

W9 ° and (3) gl ass shee tnnﬁig%&a&%ﬁmaﬁﬁr@%&%ﬁww material
wt%; and (3) glass shee r y

i ncludin at lea d.formng

nol t en glgass and?gﬁﬁ@%é‘gf"g%ﬁ nl&?‘éﬁ%#ﬁ%”%ﬁf 3813 %GOT&rm ng the

gl ass sheet, Zistrevrefractery mateiabthachag en immnvenifcrmlrelslstamapmentﬁ Thdfrci om a

f ...al having. W th | east .t he
ol Low g U TRE { By B R fs bOPuvg Fneobidsitny T o
(0.23-0.50 W9B75- M@t%ﬁz%(?oﬂiﬁ) 16t W4%); E{Rbﬁh@&?@%ﬂla@mﬁ%ﬁfmbmw NGS A
t esen I nventi on_ nmay e ad
o or onen ¢ oV LA R bt A DisS Seahdits YndFrand b deasomhare odednet i on
with the acmmnﬁatagam(eagmmsmwzpmz ax?dJFéé@D%hléiPQ@us’éd tnAifcude! S @

bl ock diagramillustrating an exenplary glass manufacturing system
i ncl udi ng anthe &BpeTpeiaeteny materind c Breckindes and disparsaat g7e edded ias 2 weisht Yoon:

based on the inorganic batch materials as 100%. The binder added at 2.00 to 4.00%

aids in the spray drying process, the granule strength and the green strength of a pressed
zircon refractory body. The dispersant added at 0.06 to 0.25% aids in the wetting of the
batch material powders by water to produce a fluid mix used to make the zircon
refractory material. The binder and dispersant are burned out when the batch materials
and in particular the pressed zircon refractory body is subjected to a sintering process to
form the creep resistance zircon refractory material. The present invention also
includes: (1) method for making the zircon refractory material comprising the steps of’
mixing a plurality of batch materials including:
ZrSi04 (by difference)
Zr0; (0.01-0.15 wt%)
TiO; (0.23-0.50 wt%)
Fe,O; (0.08-0.60 wt%)
forming into a shape the mixed batch materials; and
firing the shaped mixed batch materials to form said zircon refractory material;
(2) glass manufacturing system that uses the zircon refractory material to form a glass

sheet comprising;



FIGURE 2 is a perspective view illustrating in greater detg \Md&e2dggori pe
used in the glass manufacturing systemshown in FIGURE 1; 5 FIGJRE 3 is a
flowchart illustrating the basic stepi in a preferred method for producing
t he i sopipe shown in FIGURES 1 and 2 ¥“A accordance with the present
invention; FIGURE 4 is a graph illustrating a firing schedul e used to nmake
the sanple zircon refractory materials listed in TABLE #3; 10 FI GURES
5A-5E are 500X SEM inmages of the microstructures of a traditional isopipe
and sanple #s 26, 30, 36 and 53 of the zircon refractory material listed in
TABLE #3; FI GUREAdeastong vgssel Jor melting batohmaterialspandep rate (1/hour) vs. stress
(psi) between therhiadiedseliflecdHAERE nleREd BEh MaerAR }RA foRhingAG138MP| e #s 26,
30A and 36 of the zircon 15 refractory material listed in TABLE #3; FIGURE
7 is a graptheethwhereingplaasta partensefisgid foymingcvessghis madeGpm pzir¢an rpfacigsen t he
traditional zi.L . . I . s 26, 30, 36, 37, 39,
40, 35A, 51@%&{&%%?%%&%108&&%&2%8%%glezf?l?b%ou??re %éggt ory material listed in
TABLE #3; FI GURE 8 i sZeBiQys (pMdiffereate)conpares creep rate (1/hr) vs. density
of sanple #s 20 26, %\%@’( §P—O 1g7 0,39 and 40 of the zircon refractory
material listed in TAl % “F 9 is a graph that conpares creep rate
(1/hr) vs. porosity oTixanp3-e.5¢s1%p, 30A, 36, 37, 39 and 40 of the zircon

refractory material |[sted |n BLE #3; FIGQURE 10 is a graph that conpares
creep rate (I /hr) vsi:%@bmq-%ﬁ‘ﬁ%b%“dpf sanpl e #s 26, 30A, 36, 37, 39 and
40 of the z{3)gla& sh&k iA&d ing thiRhA REadtbiy nBfbrialindifhE 25 #3; FIGURE 11 is a

graph that conpares creep rat?@a_ll hr) vS. mcrostructure ratings of sanple
#s 26, 30A, 36, %ieastyye yensel fg nsitingthatch matesials prd forping mpltemglassi listed in

TABLE #3; FlI GURE, L2 i I.g%(gﬁ& 0 r / . %-e203
additive of 30 Easfé%%%% @s : %%&55%1 éi%gg&gfé’ﬁgﬁg H‘Xﬁ%ﬁ‘%ﬁ’e@%‘?}é%‘n
refractory lesst @portion ofissidaésdpipa isTiddle Fromt3zirc8d refifactody n2:0@131 HavinglaGURE 13 is a
graph that conpar.es cre r.at 1/hr) vs. 90 02 additive sanple #s 26, 30A,
36, 37, 39 %?H@gﬂ@‘b?’ﬁ?ﬁzgaiﬁtﬁ%’g’ﬂ‘("P”@?F PEYFy material listed in TABLE #3;
and FIGURE 14 is a grmsho;@&ﬂs-g@,es)afo/ep creep rate (1/hr) vs. % Zr02
additive of 5 sanple #s 26, 30A 36, 37, 39 and 40 of the zircon refractory
material |isted i n TABQEO0B0.IHEYA LED DESCRI PTI ON OF THE DRAW NGS
Referring to FI GURE 1mid, iR kGwBhPWN a schematic view of an exenplary
glass 10 manufacturing system 100 that uses the downdraw fusion process to
make a gl ass sheet 18&50; (PHB-I0E6)manuf act uri ng system 100 i ncl udes a
melting vessel 110, a fining vessel 115, a mixing vessel 120 (e.g., stir
chanber 120), a delivery vessel 125 (e.g., bow 125) and a form ng vessel

135 (e.g.. isopipe 135) BRTEE ﬂﬁéﬁfﬁ[b%?é%&%%ﬂfﬁﬂgse the glass
A more complete understanding of the present invention may be had by
reference to the following detailed description when taken in conjunction with the

accompanying drawings wherein:



batch materials are introduced as shown by arrow 112 and ngi Nﬁgggod%orm
nolten glass 15 126. The fining vessel 115 (e.g., finer tube recei ves
the nolten-glass 126 (not shown at this point) fromthe nelting vessel 110
and renoves bubbles fromthe nolten glass 126. The fining vessel 115 is
connected to the m xi ng vessel 120 (e.g.,3 stir chanmber 120) by a finer to
stir chanber conn i t; : L L ed to the
delivery vessel 1%@%129&1 lg'?iglr&%%g%%{e}ﬁnt&g}ago %%%n é%f?lﬁ%ﬁpﬂ%@ﬁ%@& 20 The
del i very ves§§$temmhmlé1§ andpepineTeadeh aesnrdghceeswithlthe pteseny imyentionglownconmer 130

to an inlet 132 1 .m vessel 135 (e. g....1.S0opipe 135) which
forms the gl ass sﬁgtg?w?ggap %ﬁéeg{l‘éer%gﬁblﬁ\?é%glglm étef g‘?tﬁ}.l {,hei@B%FB%ei 5)

whi ch i s nadéhd glassmianefaziuring systetreshoaa iioFKGURE €7 i al i n accordance with the
present_invention_] wn -in greater detajl. below with respect to Fl GURE
2. 25 Referring tgi@@%@ %,ﬂo‘fvﬁ@l"‘éﬁ?sgaté% l’aa?mp%?péb’ééi’?e@eﬁliwqgffmt he

i sopi pe 135 pusieing thetifupip sh6®n FEFIGURESUT AddQ i6%6¢2MAntO Qith RSréssmpPi pe 135
includes an oqpeni.ng 202 that receives the nolten glass 126 which flows
into a trough¥¥B¥™nd then overflows and runs down two sides 208a and 208b
before fusing togetdete at i r 210 is
where the two, sides ZOSglsaar!]\lgﬁ %g%s@%gt@gﬁhgrﬁg%%%mg%g%S%ﬂ](geletvvo

over f | ow wal Z8cesfrefigntary maigriplsdisteddn TABOEA3bef or e bei ng drawn downward and
cool edyg o form gl ) | e preci ated that the isopipe
135 an}jd the gl asg nmanu g%tsﬁéﬁadi%gmm%% Ogglr%’ IW&VE%%FF%?%HMI tonal

conf i gur at i om®pipadndmpdevésitts 3@ B6Mad hoXBOgirdon refidbesry hfagdrial l@sien Shown in

FI GURES 1 ag‘g@%,sti |1 be considered within the scope of the present

i nvention. 'in FIGURE 2, the isopipe 135 is long conpared to its

cross section so FIGURBG6isgpgaptambt dohphres Breep BRI ABuDH IS, sﬂ@@s(pﬁﬂ;et»%eﬁep over
tinme due to oad .and hi 5 tenperature associated with the fusion

i he | gh :
process. |f ‘}?3@%‘815?‘ guconsgiractary matqrial andsampledis 26, 304 anvedf qfthegitsomes

difficudt torgplorohatehf l@téaid tXpBAUsL hi ckness of the gl ass sheet 105. To
ensure that the iso igeﬁlSS does not creep or sag too nuch it is made from

batch materials i & araphcthat cpmppres dunsity Gendcdyer8.GBeeplrativgpeiwdeh tiee bi nder

and a dispe i o N i he_j sopi pe 135
(zircon ref rggﬁénfp%%éaﬁg%@r@lméf E‘a%h%cﬁhﬁﬁéﬁﬁgggéé%p %v%é?%‘?egéj 3%‘35?13?’ nce
property whefS,tbanplkited thexitche refitactar)i matedd listed T ABLE e di f f er ences bet ween
t he new i sopi pe tradi tional isopipe ar escribed in greater
detail bel ow wit kllF?Ir%espe%fs at%aptlh,&g{llggnﬁff’s e?pi’r{ateéf/}gﬁ’é' nsity afisamale #5 sopi pe i s
made f20om a 26,30An36, 87,r3ind MY offtic@irbad re RN ehaberia RERPRITARIE 85 shown in
TABLE #1. 15 TABh[;El Wt eri alh&?t al Batched (. %9 ZrSSO™4 (E-mlled

Zi r con- - Zi r coni uh'S; A& 8EIPrNgt campaTesCregPapte (WP s noyosity b st (A ass

consi sting o6, 308236, 37,02 aaad0 b kRccaQUrddisty nidvesht Réts QT ARG Bt esent
i nventi on have cqnducted experinents and determ ned that an 1 Sopipe 135

can be from a zi ridGNREekdisaeEph thascampasss crgsnrate fidh) s, youngs-modulus of
sample #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory material listed in TABLE
25 #3;

FIGURE 11 is a graph that compares creep rate (1/hr) vs. microstructure ratings
of sample #s 26, 30A, 36, 37, 39 and 40 of the zircon'r,efractory material listed in
TABLE #3;

FIGURE 12 is a graph that compares creep rate (1/hr) vs. %Fe, 05 additive of

30 sample #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory material listed in TABLE
#3;



20 enhanced creep resistance property when conpared to thexzi
refractory material wused to nmake the traditional isopipe. 3#&@%@%@%@0”3

the inventive conposition of zircon refractory material used to nake the
i sopi pe 135, with the ZrSi ™, Zr02, Ti02, Fe203 listed in weight percent
W% 25 31 March 2006 6 TABLE #2 Materi aBfPreferred RangeMore Preferred

RangeMost Preferr . (A% - I | i - = oy iy

b8 9806 6805 re00 T LRTREIR4E! Babtlihal ompalts %?ﬁgf%éa{lg’?'p"s' %Ti0, additive

Zr 020. 010. 156a02k #3 26, 130 34,3713 D@6, 930 theOlrcABRa00ry30Merld listed in TABLE
Fe2030. 080. GQ@, 0. 600. 120.45 * It should be noted that ZrSi &4 includes a
known anmount 0f "Ti 02 and Fe203 in addition to the listed Ti02 (0.23-0.50
w % and Fe203 (omzsmaI Ea@ismgﬁphlﬁlfﬂdmpafew?epfawmﬂ@)@g%oa@(zggdme%%sesg
conposijtion wt t t ol | ow el enents: ZrSi &4 . 75-99.
wog 7 0o Gueoateds 26 ot W, ibandcinthy AroSnredpstonmepterialiged b ARLD. 60
w9% . As desgmibed in greater detail below, two additives including a

bi nder and a di spersant are added to those el enments--batch materials

ZrSi o4, Zr02, 10 Ti 02 and Fe203-- which are used to manufacture the zircon
refractory material. T i DECRPTT qgﬁ@ as a weight %
based on the inorgani chg%%‘c mn’gtnerl al' s a?ﬁqﬁglf%ﬁﬁ)ﬁés‘ bin (Sar added at 2.00
to 4.00% ai ds i n Reéringte FIGWRE dgthpreds shown atshleengptia vidweof antexanglhdy ghazsl t he

green reng . d, n refractory.body. The dispersan added
at 0. Ogd to O%gﬁ/‘;aglﬁﬁgé ?}ﬁéﬁhle%\gé%@ f'eﬁégeo owdEe gi‘f‘c?ﬂﬁ?ﬁfsé?? H\aﬁ‘g?)%‘?lsge%y wat er
to 15 producé0a Theglass manufastaring systerkE0tifdudess & eRMting8fsRET 19 ¥ il 9kdsa@l . The
bi nder and 'Ssper.sant are g rned, out when the pbatch materials and in
particul ar t L > SrE g yessel 12 Re-gv QIFEWWJZ%EIQCIP@YSW%é@%@-g&»@oﬂl 9t eri ng

process to f eiida fdRingvesel I85! #8hipé 15D0Mhe ﬁﬁftfng%éaélymﬁv}@ﬁér@lhe disthe
preferred engodlnent, the bi nder is polyethylene glycol an exa e of
whi ch is sol 82Eherateripls aredntsaiycstbasshorn Tarmpndle PEOEGI formawmltoy gBesy 20

Crem 3 MBS0 i e 8 QST B ASLLGLERLLB A BuRUR @R, o

pol ynet hacryl ate and water an exanple o € brand nane
of ~Darvan Cshovads thispaimt) fremdhe ielting Geegdig and rmoyes bhhbleEframltheadolrdnr con i s

a basic refr r Lde: is<frequently. used.in gl t ank
appl i cat i onsgﬁ%(s)lz}céégﬁ%gﬁlggg%sggé\slé‘{cogﬁ?c eéirfglﬂ? Iﬁléwgrvﬁgle@sl?\ﬂ%g” 8 759% of the
zircon 25 refanbet 120y byratfieer talstir cHambéri comumdcting fibe X2 eTHe ki) vesiela] 281§ ong
m neral i zer Qr d%nqs]ti fﬂiﬁC(? Jon addjti ;)e t hat, i % used to increase the density
and strong pEgected o the delivery yesspl 125 é{taépg,cham er to bowl conneeting tube 127.

20 The delivery vessel 125 delivers the molten glass 126 through a downcomer 130 to an

inlet 132 and into the forming vessel 135 (e.g., isopipe 135) which fofms the glass sheet
105. The forming vessel 135 (e.g., isopipe 135) which is made from the zircon
refractory material in accordance with the present invention is shown in.greater detail
below with respect to FIGURE 2.

25 Referring to FIGURE 2, there is shown a perspective view of the isopipe 135
used in the glass manufacturing system 100. The isopipe 135 includes an opening 202
that receives the molten glass 126 which flows into a trough 206 and then overflows
and runs down two sides 208a and 208b before fusing together at what is known as a
root 210. The root 210 is where the two sides 208a and 208b come together and where

30 the two overflow walls of molten glass 126 rejoin before being drawn downward and
cooled to form glass sheet 105. It should be appreciated that the isopipe 135 and the

glass manufacturing system 100 can have different configurations and components



31 March 2006 7 material. The iron oxide (Fe208) addition Lﬁd ?&Fiboﬁ strong
m neralizer, nore so than Ti Q2 that is added to increase e densitication
and bonding of the zircon refractory naterial. Both the TiQ2 and Fe2(3
increase the ion nmobility and diffusion by reducing the activation energy
barrier during the process of sintering fdescribed below) the 5 zircon

(o o Db vaneryil thoskfoth BAGURRST: and Zid3Uft b o el i S e iR ="

or gani cs thatth@prdsehtrinvdmeon processi ng of the zircon refractory raw material s
the o ntering probeSiTHaEIHBES Weroripidas ilanbuiicads behes eimRer to
forma conti fuisitsportatuchsteit 136;11;%185@@%1&&'&:&6%0@&1&{6&& to th @8 @84 Bigh 10 of
this dg;sﬁl cation and bong thttdet erm nes the strength and the resistance

to creep in GOPRETYYIR AFACIAlE Rriysinmproeess) Iiths isopipeol3derecpecs sgpiope 135.
The zirconi anfuéh @h 1m%es|dﬂtﬁ:ﬁl?totdanﬁ§1| tRe ﬁ’tfaﬂ? :Ing Qe 8RrSd %Jm E&Y\ever H
there is a glassy phase in the body at elevated tenperatur e zirconia
reacts with dfe wuﬁeﬁhw@@p&@s@slﬂnmtmm orrsag toormeuchdi is omde fthinch may

i nprove the t.he 5 overal |

m cr ost ruct u?g@%%{aﬁﬂgﬁﬁcp& if&1 11[(%?‘{)‘/1'()09{1%‘@%29 alo{{%)wqﬁgﬁ} e’baél fot ed t hat
Fe2@B is notlispgredntiboth nf whicly andnmthetfomtiag stageacfshet Bopipaps (ziredn efiscthgcause it
can c ode an or the nelt i s, does not appear to be a
pr obl glrr%r in the e(r:lﬁﬁrw Z‘h h a%lﬁ)‘b’lnfpé%‘fed%e%p ‘T?ﬁﬁfaé"?i%m??@tw@é’ﬁ‘ﬁpaaﬁeé OZ‘B con
refractory nahditioml Bopipat Tﬁm&erempbawbtlﬂhé new iopipé |11351arfdhfhdﬁfoﬁﬁle”9nt i oned

i nventive range. and so Whl cg could be used to mak desi rabl e

i sopi pe 135. SRBRF AT dFs°§‘ &r%‘@r giail Belowivaith respset te ﬂ"éBéﬁSdﬂr 2 apdB.di sper sant
which are part of ThdeadRhsNsdpRies inﬁé@fr&rﬁ%tzngﬁmfrg(g rﬁlrﬁ‘?até‘lai fffinPpt ch are

burned out when the batch materials are subject 0 a sintering process
to formthe eqr@eoﬁltxowéxoamtm%%&#l refractory material. TABLE #3 shows
each ofs the conpositions in parts by weight and 25 also shows various
physi cal properties: TABLE #3 31 March 2006 8 0 ", $000000000000000000000 O
00"a' d' V~''~"7"tY~te}' NNMMWNVMMVMVWM  TARIGENANN 0 0ooo o OONN o000 p

Material Total Batched (wt. %)
Z1Si0y (E-milled Zircon--Zirconium Silicate) By Difference

TiO;, (Titania) 0.30%

108BLF (Glass consisting of SiO,, Zro, and Na,0) | 0.30%

The inventors of the present invention have conducted experiments and
determined that an isopipe 135 can be from a zircon refractory material that has an
20 enhanced creep resistance property when compared to the zircon refractory material
used to make the traditional isopipe. TABLE #2 reports the inventive composition of
zircon refractory material used to make the isopipe 135, with the ZrSiO4, ZrO,, TiO,,
Fe,0s listed in weight percent wt%:

25
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TABLE #2
Material Preferred Range More Preferred Range Most Preferred Range
ZrSiOg*  (E- 98.75 99.68 98.75 99.65 98.95 99.55
milled Zircon--
Zirconium
Silicate)
Zr0, 0.01 0.15 0.02 0.15 0.03 0.15
TiO, 0.23 0.50 0.23 0.50 0.30 0.45
Fe,0; 0.08 0.60 0.10 0.60 0.12 0.45

* It should be noted that ZrSiO, includes a known amount of TiO, and Fe,Q; in addition to the listed

Ti0, (0.23-0.50 wt%) and Fe,0; (0.08-0.60 wt%).

The zircon refractory material has a composition with at least the following
elements: ZrSiOy4 (98.75-99.68 wt%); ZrO, (0.01-0.15 wt%); TiO, (0.23-0.50 wt%); and
F 6203 (0.08-0.60 wt%). As described in greater detail below, two additives including a

binder and a dispersant are added to those elements--batch materials ZrSi04, Zr0O,,

TiO; and Fe;03-- which are used to manufacture the zircon refractory material. The

binder and dispersant are added as a weight % based on the inorganic batch materials as

100%. The binder added at 2.00 to 4.00% aids in the spray drying process, the granule

strength and the green strength of a pressed zircon refractory body. The dispersant

added at 0.06 to 0.25% aids in the wetting of the batch material powders by water to

produce a fluid mix used to make the zircon refractory material. The binder and

dispersant are burned out when the batch materials and in particular the pressed zircon

refractory body is subjected to a sintering process to form the creep resistant zircon

refractory material. In the preferred embodiment, the binder is polyethylene glycol an

example of which is sold under the brand name of Carbowax PEG 8000 (made by Dow

Chemical Company). And, the dispersant is polyelectrolyte such as ammonium

polymethacrylate and water an example of which is sold under the brand name of

Darvan C (made by RT Vanderbilt Company, Inc.).

The E milled zircon is a basic refractory oxide that is frequently used in glass

tank applications. As can be seen above, zircon is generally over 98.75% of the zircon

refractory material. The titanium dioxide (TiO,) is a strong mineralizer or densification

additive that is used to increase the density and strong bonds in the zircon refractory
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material. The iron oxide (Fe,O3) addition is also a strong mineralizer, more so than
TiO, that is added to increase the densification and bonding of the zircon refractory
material. Both the TiO; and Fe,Os increase the ion mobility and diffusion by reducing
the activation energy barrier during the process of sintering (described below) the
5 zircon refractory material. The binder (e.g., Carbowax PEG 8000) and dispersant (e.g.,

Darvan C) which are mixed with the batch materials are both organics that aid in the
processing of the zircon refractory raw materials but are ultimately burned out during
the sintering process. It is through the sintering process that the grains grow and begin
to bond together to form a continuously bonded zircon refractory material. The degree

10 of this densification and bonding determines the strength and the resistance to creep in
the zircon refractory material which forms the isopipe 135, The zirconia (ZrO,) does
little to help densify the material. However, if there is a glassy phase in the body at
elevated temperature, the zirconia reacts with the SiO, in the glassy phase to form more
zircon which may improve the reaction path or densification which improves the

15 overall microstructure of the zircon refractory material. It should be noted that Fe,0; is
not useful in many traditional glass tank applications because it can corrode and
discolor the melt glass. But, this does not appear to be a problem in the current
application,

TABLE #3 list exemplary zircon refractory materials that have compositions

20 within the aforementioned inventive range and some of which could be used to make a
desirable isopipe 135. Again it should be appreciated that the binder and dispersant
which are part of the batch materials that make up the zircon batch are burned out when
the batch materials are subjected to a sintering process to form the creep resistant zircon
refractory material. TABLE #3 shows each of the compositions in parts by weight and

25 also shows various physical properties:

TABLE #3
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In addition to the exemplary zircon refractory materials listed in TABLE #3, it
should be understood that there are other compositions and other types of binders and
dispersants not listed in TABLE #3 which have yet to be sampled and tested but could
be used to make a desirable zircon refractory material (e.g., isopipe 135).

5 Referring to FIGURE 3, there is a flowchart illustrating the basic steps in a
method for producing a zircon refractory material that has the shape of the isopipe 135
in accordance with the present invention. Beginning at steps 302 and 304, the batch
materials including ZrSiOy, ZrO,, TiO,, Fe,03, a binder and a dispersant of the zircon
refractory material shown in TABLES #2 and 3 are mixed and formed into a desired

10 shape which, in the preferred embodiment, is the isopipe 135 (see FIGURE 2). Then at
step 306, the shaped batch material is fired/sintered in accordance with a predetermined
firing schedule (see, €.g., FIGURE 4) to form a refractory material. Lastly at step 308,
the refractory material is ground/polished to form the zircon refractory material (e.g.,
isopipe 135).

15 The exemplary samples of zircon refractory material listed in TABLE #3 were
made in a process having five steps including: (1) batching; (2) mixing; (3) spray
drying; (4) isopressing; and (5) firing. Each of these steps are described in greater

detail below.

20 Batching
All samples were initially prepared as slurries. For this experimental phase, the

process included preparing small batches in Nalgene containers. The batch materials
ranged from 70% to 85% oxide solids from the list in TABLE #3 with water ranging
from 30% to 15%. The water was first added to the bottles followed bylthe oxide

25 powders in descending order of amount. Then the organics (e.g., binder and dispersant)
were added. The binder (e.g., Carbowax PEG 8000) dissolves in the batch water and
the dispersant (e.g., Darvan C) aids the wetting of the powders by the water to produce

a fluid mix.

30 Mixing
The Nalgene bottles were placed on a small roll mill and allowed to roll

overnight or between 15 and 18 hours. This was necessary to insure a good
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homogeneous mixture of the additives with the zircon. Typically some grinding media
is needed to break up any agglomerates, however, there did not appear to be a need

with the powders being used in these experiments.

5 Spray Drying
The slurries were spray dried using a Niro Mobil Minor spray dryer. To prevent

settling of the slurry solids, the slurry container was placed under a Lightnin mixer with
a prop shaped blade on a shaft, which positions the prop close to the bottom of the
container and the slurry was continuously mixed. The slurry was pumped to the spray
10 dryer nozzle using a peristaltic pump. The spray nozzle was a two fluid nozzle with the
slurry passing through a center feed tube and there was a concentric ting of atomizing
air around the feed tube. This air broke up the slurry into small droplets, which were
then dried in the chamber of the dryer using preheated incoming air. For larger batches,
a larger dryer with a rotating nozzle or wheel could also be used. These dried granules
15 settled to the bottom for collection. The basic spray drying parameters set for each

sample fell in the ranges shown below in TABLE #4:

TABLE #4
Variable Tested Range
Slurry % Solids 70% to 85%
Slurry feed rate 1.0 to 2.0 (pump settings)

Atomizing air pressure | 1.3 to 1.8 Bar

Atomizing air flow 45 to 52 cfin

Inlet temperature 300°C

Outlet temperature 93 to 107°C

20 Isostatic Pressing
Before pressing, the spray-dried granules were sieved to remove any large

agglomerates which may have been collected from the spray drying process. The mold
set consisted of a perforated metal can that permitted fluid to flow around a rubber bag
which held the granulated powder. The bag was made of Neoprene. The bag had a

25 plug located in the open end where the mold had been filled. The plug had a spout that
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enabled the evacuation of air prior to isostatic pressing. To fill the bag, the can with the
bag inserted therein was placed on a vibrating table and the powder was slowly and
continuously poured in. When filled to the desired level, the plug was inserted, the air
was evacuated with a vacuum pump and the evacuation tube was sealed off. The mold
5 was then inserted into the isostatic press.

In this experiment, an Autoclave ATCV 30607 isostatic press was used. The
mold containing the granulated powder was placed into the press chamber. After the
enclosure plug of the chamber was inserted and sealed, the chamber was completely
filled with water. At this point, the overflow valve was closed and the pressure was

10 applied by a high-pressure water pump forcing liquid into the sealed chamber. This
then compacted the powder inside the bag with pressure applied in all directions around
the bag. A pressure of 20,000 psi was used, this point was held for one minute. After
the pressure was released, the plug was withdrawn, the sample bag removed and then
stripped off the compacted sample. This was then labeled for identification and

15 shrinkage marks applied with a scribe. The sample was now ready for the firing step.

Firing

All samples were fired in a gas-fired laboratory Bickley kiln. The samples were

placed on a secondary, raised hearth to give better temperature uniformity. A layer of
20 zircon grog was placed on the hearth before setting the samples in place to seat them

evenly. The firing schedule for zircon could be long or short depending on the sample

size. The current samples ranged between 1” to 3” diameter and 5” to 18” long. For

these sizes, the schedule shown in FIGURE 4 was used with a top temperature of

1580°C. 1t should be appreciated that the larger pieces or samples of zircon refactory
25 materials would require a longer firing schedule than shown in FIGURE 4.

Once the samples were made, test pieces were cut from each. Some samples
were then subjected to a variety of tests that measured creep rate, microstructure, firing
shrinkage, Young’s modulus, density and porosity (see TABLE #3 and FIGURES 8-
14). For example, TABLES #5 and 6 list several properties and visual observations of

30 the traditional zircon refractory material and sample #s 26, 30, 36 and 53.
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TABLE #5*

Traditional Sample 30 Sample 26 Sample 36 Sample 53

Sample
Creep 4.07E-07 7.84E-07 2.67E-07 2.13E-07 6.17E-07
Microstructure 0 -3 +3 +4 +2.5
Firing Shrinkage N/A 6.5% 9.25% 8.5% 9.5%
Density 4.06 g/cc 3.74 g/cc 4.00 g/cc 3.97 g/cc 4,17 g/ec
Porosity 9.8% 18.5% 10.1% 12.2% 6.9%
Youngs Modulus 27.08 Mpsi 18.97 Mpsi 25.15 Mpsi 25.55 Mpsi 28.492 Mpsi
%Ti0, 0.30% 0.30% 0.30% 0.30% 0.40%
%Fey0, 0.06% 0.06% 0.30% 0.30% 0.30%
%Zr0, 0.00% 0.00% 0.00% 0.12% 0.03%
%binder N/A 4.00% 4.00% 3.00% 3.00%
%dispersant N/A 0.09% 0.09% 0.09% 0.09%
%Solids 70.0% 70.0% 80.0% 75.0% 75.0%
108BLF Glass** 0.30% 0.00% 0.00% 0.00% 0.00%

* It should be appreciated that the creep data listed in TABLE #5 is not standardized to the standard used
in each test.

5 *** 108BLEF is glass consisting of SiO;, Zro, and Na;0.
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TABLE #6 (Microstructure: Visual Observation)
Criteria Traditional Sample Sample 26 | Sample 36 | Sample 53
Sample 30
Porosity:
Total 0 - + 0 +
Size Range 0 0 + + 0
Distribution 0 - + + +
Interconnectivity 0 - 0 + +
Sintering;
Point Contacts 0 - + + +
Bonding;
Solid Bonding 0 - + + +
Residual Granules 0 - 0 0 +
Uniformity 0 - + 0 + .
Gen. Overall 0 - + + +
Appearance
Final Rating 0 -3 +4 +3 +2.5

Rating: Traditional Isopipe 0
Better: +1 to +5
Worse: -1 to -5

Referring to FIGURES 5A-5E, there are respectively shown 500X SEM images
of the microstructures of the traditional isopipe and sample #s 26, 30, 36and 53. As
can be seen, sample #30 contains the same level of TiO; (0.23%) and Fe;0; (0%) as the
traditional isopipe but with an addition of unstabilized ZrO; powder ithad poor
properties and a high creep rate. In particular, the microstructure of sample #30 was
very porous and irregular. This indicates that ZrO, without Fe,O; inhibits densification
and good bonding. And, it can also be seen that sample #s 26, 36 and 53 with 0.30%
batched Fe,O3 had microstructures and properties that were better than the traditional

isopipe.
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A brief description is given below for each sample listed in TABLE #3 with an

overall microstructure rating given at the end of the descriptions for each sample. It
should be appreciated that the descriptions/evaluations provided below can be
considered subjective but the given descriptions/evaluations helped the inventors to

5 identify some of the more desirable samples.

Sample #s 1-20: Used only to develop a slurry suitable for spray drying.

Sample #21: This sample appeared uniform throughout, but very porous. The pores

10 appeared continuous throughout which made the body look like a dense sponge. There
was only a little evidence of the original spray dried granules at the low magnification.
There were clusters of dense material but the bonding in general was poor with many

point contacts. Rating: -3, much worse than the traditional composition.

15 Sample #22: This sample was not processed due to a poor slurry quality which would

not spray dry.

Sample #23: This sample was very porous with a wide range of pore sizes. The pores

appeared very open as expected from the porosity. The solid regions exhibited patterns
20 of the original granules. There were dense regions, probably where the original spray

dried granules were located. These were not strongly bonded together. Rating: -4,

much worse than the traditional composition.

Sample #24: This sample appeared fairly dense, however, it was not very uniform.

25 The porosity was both large and small and much of it was interconnected, showing
areas of potential weakness. There was very little evidence of the ori ginal spray dried
granules. There was some continuous bonding, but it was not uniform and some of it
was at small contact areas rather than at large well bonded regions. This structure may
exhibit good creep characteristics due to its high density, but it may not be as good as

30 could be expected because of the bonding and the porosity distribution. Rating: -1,

close to the traditional composition but bonding was not as good as it should be.
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Sample #25: The uniformity was good in this sample which had a good pore
distribution but it also had some clustering. Some faint remains of the original granules
were seen. The bonding appeared strong throughout. The porosity appeared to be
partially open and partially isolated. In general, the porosity appeared to be coarser
5 than for the standard body but there appeared to be better continuous bonding. Rating:
+1, slightly better than the standard body even with lower density and higher porosity.

Sample #26: This sample had a well distributed and uniform pore structure but the
pores in general were larger than the standard body. In general, the sample appeared to
10 have some isolated pores with few regions showing much linking or connectivity.
There was some evidence of the original spray dried granules. This did not affect the
good bonding between dense areas. Remaining glassy phases appeared to be in isolated
pockets. In spite of the slightly larger pores and the dense areas exhibiting the original
granules, this sample was uniform and well bonded. Rating: +2, better than the

15 standard body mainly due to the more uniform pore structure and good bonding.

Sample #27: This sample had good uniform pore distribution throughout with a lot of
small pores but some large pores were also present. There was some connection
between larger pores, mostly along what was the original granules even though the

20 outline of the granules was not highly pronounced. There was very little glassy phase
present, probably due to the addition of zirconia in the batch which would tend to react
with the silica in the glass to form more zircon. The solid areas showed good bonding
throughout the body. The overall structure looked good even with a few larger pores
present. Rating: +2, this body is better than the standard body with better bonding of

25 the structure.

Sample #28: This sample exhibited a mixture of many small pores and some larger
pores. The outlines of the original granules were easily seen. There were a lot of small
bonds formed throughout the original granules with less in the well bonded areas. This
30 indicated that the bulk of the porosity is open and the bonding throughout was probably
poor or weak. Any glassy phase appeared to be mostly in pockets within the large

dense areas. Many bonds appeared to be not much more than point contacts between
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zircon grains on the surfaces of adjacent granules. Rating: -2, the high density looked

good but the microstructure looked poor compared to that of the standard body.

Sample #29:  This sample had mixed porosity with many small pores, which may be
5 closed, and many large ones, which, in some places were interconnected. The outline
of the original spray dried granules remained with the larger pores being between these
granules. The bonding within the dense areas (original granules) appeared strong with
fair to good bonding between the original granules. Little glassy phase appeared to be
present. Where there were many small pores, the bonds appeared to be small at point
10 contacts. Overall, the body was not as uniform as the standard sample and may be
found to be slightly worse in the creep test. Rating: -1, this body could show creep

results that approach the standard body but the bonding is not as good.

Sample #30: The pore structure of this sample appeared to be very spongy. The spray
15 dried granules were easily seen. The granules are not as dense as seen in other samples.
The bonding between granules was poor in most areas. At the higher magnification,
the individual grains within the granules were easily distinguished indicating poor
densification. This body may not perform well in the creep test. Rating: -3, this body
rates very poor as compared with the standard sample.
20
Sample #31: This body was used to see if the Carbowax binder could be reduced to 2%
successfully. In this body there were areas of good bonding but other areas of poor
bonding and extensively high porosity. In the poorly bonded areas, there appeared only
to be small bonds at contact points, but with much open porosity. Generally this body
25 is poor when compared with the standard body. Rating: -2, the pore distribution of this

body was not favorable and the bonding throughout was not sufficient,

Sample #32: The porosity in this body, while high, was fairly well distributed. There
are some large pores, which appeared to identify the original granule boundaries.
30 Also, there were large areas of interconnected pores. The bonding between the dense

areas tended to be small contacts but uniform. The structure was not uniform



'~YM 31 March 2006 10 In addition to the exenplary zi rcon31 L-aC3 6y
materials listed in TABLE #3, it should be understood that ere are other
conpositions and other types of binders and dispersants not listed in
TABLE #3 which have yet to be sanpled and tested but could be used to nake
a desirable zircon refractory material (1. g., isopi pe 135). 5 Referring to
FIGURE 3, th i f tratin asi G s.in met hod
for produci ngl“‘é hf’}‘fgS’ raé"raF 3%?08?9“#@? fipe B?‘%fl g tly e§ﬁ’%'é“8? thithe
i sopi pe 135 samplam@bmmehwiﬂaardrsexnprememededwmeﬁtunﬁam ESRIf0MdY at steps
302 and 304, the batch materials including ZrSi 04, ZrQ2, Ti 2, Fe203, a
bi nder and a dispersant of the zircon refractory material shown in TABLES

#2 and 3 ar e SanpR#33NInisQhMBE ckilbifdPodRil, Bhe bP
preferred errbod?rrent |§ t he |esopl| peeb013 % seg Fﬂﬂﬁ%rwg%ﬂ%ﬁﬂglfw%fep 306,

the shabed baft b sigadasd bedy. iTheprea appepred svell dlistributes Gioterof thevarighabspray
predet er m ne f a refractory
mat eri al . Laggl ({/élg%lngs %B%gdgi)ﬁ n{ﬁhgﬁ?agﬁ?ag% o@fﬁ?@ﬁ %4 ?)%{fvg &n%noaﬁ?ragl pol i shed
to formthe 2ppesrsd goed with oolyy fownemrovaor(taet goint bonrdmpTlme W&S)som&ﬁuglaﬁe

exenpl ary sa zi.r.con refractor teri S TABLE #3 were
made in a pr cljggz)uﬁav flrld pepé’egtt%ﬁ%mle%@?ﬁa?%m tt‘ik ‘%’&?(‘?ﬁ 6‘“( m Xxi ng;
(3) spray dgl)assy@has(edabpemwmma@olmd Rafihg:f +1,ithOmickaglict@t, ihResealst eps are
descri drn er 20, Bat chi na Al | sarrples werernrtrally
pr epar Eﬁﬁ?ﬁc gqual rq{ﬂﬁ?@ wl "eﬁ"tf”}ﬁjéﬁﬁé% dYphase, the process included
prepari ng small batches in Nal gene containers. The batch materials ranged
from70%to 85%0xide solids fromthe list in TABLE #3 with water ranging
from 30%to 2¥9Ble¥AE This bpdyled fairly sell distretontadcporastty with theenwrd tdssligidlyby t he
oxi de 25 powges, cs (e.g

bi nder and di srirﬂs%bggl??&?\g@é%% eg%'?gééy ﬁﬁﬁgﬁvas a{m)%@as ‘Jégl lg{%\/\gwePEG 8000)

di ssol ves i npiesgat. pEhecdenegpast of dlrecktructine Vzhssrparwdhbon@ed @rqugﬁhnvmré:) ai ds the

f h
Nal gert? ot + 1 uRROEN el e S o Ui Sy iRl eyl "0

over ni ght or plinet aypeared fo BsinaliGinb sotated. The svetals bolRIGRSHPsYed 19 bk Bare a good
31 March 200 11 honoge s_m.xture of the additives with the zircon.
Typically so B‘F?rg“% Yo Rafing: 12 the better hopding suggestsl thatdhis 5adf at es,
however, theﬂ@um@lhmmeﬁ@mptﬁaatmt@dm%d with the powders being used in
these experinments. 5 Spray Drying The slurries were spray dried using a
Niro Mobil Mnor spray dryer. To prevent settling of the slurry solids,
the slagrry coimst o MRS i shaped
bl ade on a shafrt@~l> whi ch ?)ag{sr tl?dgrlrgmg &oa lﬁgc %ggld@tﬁkne%w‘frg%mg@%h

cont ai ner andhdihag petes hayingeneralovere hcgsumay poiiex @xthe Stmlasd hodyy Ihapseapadnped t o

the Spray i have an open pore structure but there did not seem to be any areas of pore

concentration. There appeared to be a good, continuous bond throughout the body.
There was only a slight residual trace of the spray dried granules. The glassy phase

25 was minimal and well isolated. In general, there were no zones of weakness. The
lower density was the only thing that may affect the creep, however, the better bonding
probably compensated for this. It is believed that the lower Fe,O3; was the cause of the
lower density and higher porosity. Rating: +1, this body should have better creep
performance than the standard body.

30
Sample #36: This body was very uniform with most pores reasonably small similar to

the standard body with only a few larger pores. There were little signs of spray dried



10 dryer nozzle using a peristaltic punp. The spray nozzl e3\1\q\zarg%§mfl uid
nozzle with the slurry passing through a center feed tube and there was a

concentric ring of atomzing air around the feed tube. This air broke up
the slurry into small droplets, which were then dried in the chanber of
the dryer using preheated incomng air. ¥or |arger batches, a larger dryer

wth a rotati or. | could al so be used..These dried, granules 15
settled to thgﬁgfé’? orﬁ%FSo rTh\é@Fq%grc%llmgﬁl.a aﬁ%%oln@‘)@%]rt ?/SIH%}P%B’ pﬁ%drugﬁ@t ers set
for each samplreudifonh siractifee Thanpesiabhawweryoetibbvnided thAslighodt4 OnTy ARk 4

Vari abl eTest ed Range Slu r%% % Sol i ds?&%to 85%(@1 urry . feed ratel.0 to 2.0
(punp setti n§OPUP ﬁ*aiﬁyrpéa i YYas preset apg it agpqappdjsodatesl,  Thig Bierostryefurgiwass | owss
to 52 cf m I nhRich hpei Rt BN stiddalddody  RBGTALY! @RDol) sHRTCedthid pegt at i ¢
Pressing Before pressing, the spray-dried granules were sieved to renove
any Iar5ge a§GFRIfEMEt es whi ch may have been collected fromthe spray drying
process. The nold set consisted of a perforated netal can that permtted
fluid to flow around a rubber bag which held the granul ated powder. The
bag was madeS@RpKESHr Ehie bodyheasnery dende dues thelhighet lbreliofej0r. Howewggthisend

where the no | I had, . out that 31 Narch 2006 12

enabl ed t he é@gtgz\ﬁgtc%gtg@g}dég%rrﬁgﬁl;gggl a{%g%ﬁgsggf'lg?? % ety &‘b‘s IFYIRE M { he bag,

the can wi t hlargee poreagTheymeestappedrétan b moss clpied andiwere cenly Bisaibureg. trapl e and
ed in. Wien filled to the

t he pawder s slowy and  contjpnuousl 0

desir ?{ijl evef st ﬁrgaspﬁ)é q@%eéhef &%ﬁfv%ﬁgeﬁﬁ?nde(’\é@a%@%‘%?%&Pe\ﬁrﬂﬁufﬁ- vacuum
punp and t heTRutaodavdrPfittleWifs OB the DERInGIkpRfy dried BRANMEY. drhenp@sr dbi6lrd Jisert ed
into the isostatic press. In this experinent, an Autoclave ATCV 30607

i sostatic predee ofdle preesprraased torhgidye ladhe aiiginal gireoneerginawhich came mder was
placed into dieachb8sding dR5RE! but%e{vﬁ{g iﬁ@ﬁllﬂ?@&% 9&%81 tFlleﬂgg d'\)'faﬁhhlﬁ's(:hanber Was
tely filled wt wat

inserted and seal ed, the chanber was conpl er. At this
poi nt, the olpeked lgigargrystrongly bendeddedynBatinge +8r thisdadeshembl exbibitipobd ed by a

hi gh- ggessur&e‘%ﬁé{gﬁeﬂ&m forcing liquid into the sealed chanber. This then
conpacted the er I nside the bag with pressure applied in all directions
around the bag. A pressure of 20,000 psi was used, this point was held for

one mnute. After .Jdhe.pressure was released, .t he plug was w thdrawn, the
sanpl e bag rémﬂﬁj%@éamlﬁf’é%%agtv FIY PSRAnifem pargsityowhich waglagsehinen Thi's was
t hen | abel edpdrevityi Thepores wadeigefera@Ntlarser iy intke@mdaRIdoy 2PRerk Glredohid 2

scri be. The sarrplag was now ready for the firing step. Firing Al sanples

y 3
were fired jgteqd glglpgafe@d)oreg@&sgp@? yrebag s clystaring ofperes affsicadingee  pl aced
on a gecondamy origiAdlSpidy AAAd bfandis \gérwe@%wd%ﬁt. trﬁﬁl?ﬁ@ﬁg&g& dﬁ@{lén%iq ty. A

| ayer of 20 zircon grog was placed on the heart setting the sanples
in place to dsBsareasevhiclashaed ratiproops bandingse trbiabentandterial z The glassy pbidsd  be | ong

or short depgndinitdAe td¥he F2IPIRition and was located in pockets within the dense

regions. In general, due to the high porosity, its distribution and the weak bonding

throughout, this was a poor body, which will probably not be good for creep resistance.

25 Rating: -2, not a good candidate composition.

Sample #39: This body had a high porosity with non-uniform distribution and large
pores. Much of it was interconnected such that it would probably affect the creep
adversely. Because of the pore distribution, it was difficult to pick out many of the

30 remains of the original spray dried granules. The bonding was poor with very little
well bonded areas present. It appeared that the higher level of ZrO, may have inhibited

bond growth. There were a few bright spots present, which were probably residual



si ze. The current sanples ranged between 1" to 3" dianeter "2 18"
| ong. For these sizes, the schedule shown in FlI GURE 4 vvas3gggaaaw(§(ﬁ a top

tenperature of 1580C. It should be appreciated that the |arger pieces or
sanmpl es of zircon refactory 25 materials would require a |onger firing
schedul e than shown in FIGJRE 4. Once t®® sanpl es were made, test pieces

were cut fromeach.. .S anpl e te.then, subject to.a variety of tests
that neasured ereep’ @Hgl?fstﬁq%g?’vbtﬁtﬂ?elvﬁcﬂﬂ%&eﬁ}aﬁy ase; Hsmangeelasf¥ung' s

modul us, densiateriabapdedred @soniall ifsiated JRAREE i @naifidd Mot RESnS- -31 this bdd9r

exanpl e, TABLES #5 a l(rj 6, )1t several properties and visual observations of
30 the tradi t"’loBlrﬁld%mbfp yce&HletZ’tha‘EF"(Prr?S%teri al and sanple #s 26, 30, 36 and
53. 31 March 2006 13 TABLE #5* Traditional Sanple 30Sanple 26Sanpl e

36Sanpl e 53 Sanpl e Creepd. 07E- 077. 84E-072. 67E- 072. 13E- 076. 17E- 07 _
M cr ost¥ uct uPamplg #40:4This sanmple harya ggh peresitye Whisb vEs@or8aiBor5 1D disebDedsi t y4. 06

Youngs Nbaul a9 5o Rpei e B” ffes AudeSf R SRHRC RS and - 777

o] : . . : :

o ogo. 30%0. 809@LGONEhe3BNE: A CHIFRRORAN : M%éldﬂ:_ &;o!eoﬁ/%ﬁpéiﬁém()% ogg(s%@(t) ngcbo/

%Zr 020. 009®. QO%8. 00%8). 1.2%6..03% %bi nder N. A4, . : : 0

f;g |r sper sant &%ﬁb@%&gﬁé%%}ﬁ%%}g 95’615“5% %‘f"b%‘%% s FRHEIPYHBOBS, 108BLF

A ass**0. 30%6r Ak BPHO poRdistAbStich. gittlﬁﬁlaugéinﬁlﬁe(ﬁlﬁﬁh mft@u @iéﬁﬁllg& Eﬁfeg&ﬁ'? Creggﬁ
ta ljisted |n TABLE #5 is nqt standardi zed -to the standard use in

? R e L‘Ttlngtf’&lPa%l?tsc?#?éing‘t r%»@“% odgjigyot agopdoardifiaiea20. 31 March 2006

14 TABLE #6 (M crostructure: Visual QObservation) 5 CriteriaTraditional

Sanmpl e Sanpl e 26Sanpl e 36Sanpl e 53 Sanpl e30 Porosity: Total 0-+0+ Size
Rggrg)eooﬁgp Sample #EB This samprlg)had avery higﬁ)porosity. The pores were larger than in the

standard body and were interconnected extensively as would be expected with such a
low density. There was densification, but in isolated areas. These areas were not well

15 bonded to their neighbors. The glassy phase appeared in grain boundaries and there
appeared to be more of it. This body would probably show high creep levels. Rating:
-3, the creep rate of this body would be way too high to be a candidate.

Samples #41-G1 thru #41-G5: These sample can all be described the same as #41. The

20 presence of the grog was not evident after firing in any of these samples. Rating: -3.

Sample #41-L: This body is from batch #41 but was a much larger sample than #41
sample. Its composition was almost identical to the standard. It was very porous with a
wide range of pore sizes that were very non-uniform throughout. There were pore

25 clusters and strings, which could weaken the structure. Some of the original spray
dried granules were visible. The bonding did not appear to be well developed and
continuous. Many bonds were not much more than small contacts between grains.
There was a glassy phase but it was primarily isolated. The pore structure was very
open throughout the body. Rating: -2, this sample was much worse than the standard

30 body and would probably perform very poor in the creep test.



Di stributionO-+++ Interconnectivity0-0++ Sintering: Point 3?%&618265" +++
Bondi ng: Solid Bondi ng0- +++ Resi dual G anul es0-00+ Uniform .-5?. n.
Overal | O-+++ Appearance Final Rating0-3+4+3+2.5 Rating: Traditional

| sopipe O Better: +1 to +5 Wrse: -1 to -5 Referring to FI GURES 5A-5E,
there are respectively shown 5. QOX SEM i2tages of the mcrostructures of

Sanpl ¢ #30 cORPRTAN R ELirbE A Roh] debisytpobmy: ThoPuEoNIecbava the
traditional ilapgitpe dibtlicﬁmﬂhdaﬁdﬁ@di \?éx@@\lféhiy &ﬂ?btﬁl@c}.;'lr"ﬁcq%t ﬁgrn%%éa?g\é\?% o L Ir gad
ti,es and a hi creep rate. In particular, _

02 A4 o R O ol b e s i o0
wi t hout Fe203ppeaiioldelafiy th réds%@higﬁ!ﬁoro@%}d, “ngc%% r&@ﬂeﬂ%ée @hg&j;b lgaﬂ al so be
seen that sanple #s 26, 36 and 53 V\{I)th .30_/015d at che e“_ta I

m cr ost¥ uct usBall amenns phglassasreshet: bukdtrveasiwisoleted phekotst I‘Téeplngniafspmya )
ampl 611 st eo TEEPART R 5 PR BvcHE AR Bh Ml Sl St M o

sanpl e i

threTp end of t hetted o theptandard. Ratingat h.5sthispsheple ldoks promibitlg el witpyreabat ed t hat

t he descri pt| uat i ons provided bel ow can be considered subjective
but the gi \F/)eh&gpz{snyﬁeﬂﬁ %encsr7eé)\}§ﬁt'uat I ons hel ped the inventors to 5 identify

sonme of the nore desirable sanples. Sanple #s 1- ﬁo: UsedI only to dgvel Q]P a
lurry, suitaple far dryi .Sanpl e #21: This sanpl e appeared uniform
b ougfout . - DEPIoaFy TR Y sinala it ism8e weete pisihe taedsnd s okt kadghout

whi ch nmade t haigheGhordsRPKThe fRestwsle N ger HPQNOHA tﬂi@ﬁ{gﬁ%r q%gc\%itgg(j)rms%xlxéi the

evidence of the original spray dried granules at tl ow magni ficati on.
There were ciidicpiss @abthemh%réwatcemeanegwue thestapdmd sangple withesmeHerlpomas poor

w th man | E N : . adi tional
conposi t iyo n I.Oﬁﬂf gibgégndgltlg&{gz% é?sg&fh?llsagggﬁg P’vg%g Sér%@% E%F étg%gl&;a%&dhf © g?)nsg poor
slurry quali @ryawf ithisbagyyyate wab deegbopag antt well bonded together. While there was an

15 occasional large pore, the pores were not connected in a manner to create weak areas.
The original spray dried granules were not obvious in the fired material. There was a
small amount of glass, but it was isolated in pockets and not in grain boundaries.
Rating: +3, while the porosity size was larger and the pores highly interconnected, the
good bonds throughout should give this sample good creep results.

20
Sample #44: This sample had a good density with uniform pore size and distribution.
There were a few larger pores but it did not contain much in clustering of pores. The
bonds appeared to be strong with only a few weaker point contact bonds. Any glassy
phase appeared well isolated. Rating: +2.5, with the good density and porosity along

25 with good bonding, this body should exhibit better creep than the standard body.

Sample # 45:  This sample had a well distributed porosity but with some pore clusters

but not large ones. There did not appear to be any large pores. The bondiﬁg appeared

good with a few areas showing less bonding due to some point contact bonds. There
30 was nothing which suggested large weakened areas. There may be a glassy phase

which was high in Si. Overall the structure looked about the same as the standard but



Sampl e #23: This sanple was very porous with a w de range P?ﬁr A ZEes.
The pores appeared very open as expected fromthe porosi t?fl 8ﬁ%§¢6|zd

regi ons exhibited patterns 20 of the original granules. There were dense
regi ons, probably where the original spray dried granules were |ocated.
These were not strongly bonded together.2Rating: -4, nuch worse than the
traditional co sitiqgn. .Sapgple #24: This ,sappl e eared fairly dense,
however, it m‘ﬁgﬁpaﬁlgghe5§?%f1tﬁ'n tg}%ﬁ’% 5}’;5’8{53‘??'? %P‘\ah@elﬁﬁf’ﬁ“le%?r?jéheand smal |
and nuch of istaniag bodit er connect ed, show ng areas of potential weakness.
There was very little evidence of the original spray dried granules. There
was sone continuous bonding, but it was not uniformand sone of it was at
Smal | cont aCiSaabRAMG! Thit8implBANd 8od RHAR MEohAMRESEGG RTINS
structure may,  exhibit good creep characteristics due to its high density,
but it fray ndistHuteds Thersvesea S loeagr porbebus ey sveetiligtsbetead endodot thstetodndi ng
and the porosgiyt Yo i Wi j I DG o to.the tr.aditjonal
conposi tion but %orlllggi[ ng%gﬂﬁg%éﬁggé‘g%%lgoélgs?ﬁ&g?in(;%ﬁfﬁd%ge.w%pl%l\?ﬂw@f‘fs'ZOOG 16
Sanpl e #25: The glasdyfpbaseiwas issdmedy dlinird wastahnest aaindicatiohofthe biaging ggmars.por e

di stribution A I ad.. sone, cl ust er.i ng. me faint remains of the

ori gi nal grar%?lyltl ' -'t-z\ixslg (Eagdsh;%ngl.ty"?ﬁ%d ﬁ%ﬁmgnﬂwé{%d’@gg@aw§ﬁ'rong t hr oughout . The

porosity appeared to be partially open and partially isolated. In general,

the porpsity.appeared. 1.0 be cogrser, 5 than for the standard body but there

appearLdé to E&‘RE‘s?ﬁ@r T@Bﬁﬁﬂﬁﬁgblﬁgﬂwor%ﬁi%:hghtﬁllf,leaéFheghtfﬁoﬁ Siceer than

the standar dthioelys siviar tybdniplé SV ardBBboh had U5 BE,005¢ wQ@%rBﬁébtlydtg$€ﬁF,l e #26:
u

This sanple had a well distributed and uni formgore structure he
pores in gen&dustiopondhs igenya the sample: ot light@ad derk exggs hadniformepae, t he sanpl e

appeared to uiaNs sAH ﬂo%l@stté?ﬁ’l Pﬁ(eetﬁ)n&f-ng ?%Jeglyé’d rs&?r'xg? \HnIZh %Iﬁ’l?\g:f%gffgégray

| i nking or connectivity. ere S sone e ence o0
dri ed granul exntactpeist honds. Becawsk flectamples wegromd phlished well, iewasdard @ense ar eas.

Remai njang gl to be. in.isalated oEet.s,. I.n spite of

t he slnflsght l'y Tar é@?@glg%gg&g%%[teﬁ%we &t @%&8%@@%@3‘?3?‘?‘% AtIHIS YRImaL g

granul es, thWsthgtsrifghalensity, potidftonding andd w¥ed & high BddeduliRa thidippedrad ohtat er t han
the 15 standarogsbog% %B}hgl%‘ due, to the nore Hni form pore structure and good
bondi ng. Sanpi%® #pE PRI é?ﬁf‘le"é’f‘ﬁ%faasgaﬁaﬁfr‘ﬁ’rf ¢ AR foiiag:gt3ithis pamnlen

t hr oughout wéHohldgpetfoim @Ell irsth@kleepREES but sonme | arge pores were al so
present. There was sone connection between |arger pores, nostly al ong what
was the original granules even though the 20 outline of the granul es was
not hizehl y psanaumerd THINGRBINRS tYetidhdsd ddubi BB resent

probabl y due z%h('i)}ﬂt he additi gﬁégf‘i z]?{r.(:l%}}le%sg&elhgrllglts%ée@%ﬁﬁéﬁoﬁgieghepp\%ﬁﬁlwc?r% end to
react with oAbl agf) frem theanqapuredyperosityt moftiyr inolated. eThis sampie wahigresed asthar eas
showed good RERALRddridaNL; {08 over al | ructure.l ooked good
even with a %?@r geéra %g$£89%?ese%w@é?% :3'55,arteﬂ11€tth589f§”?°§“%’etter t han
t he st andar dvascdightwbuffiotten ther toltlemnidimghitef the dnterr vas 8irk UThid idicaRallthRdt €he28:

Thi s sanpl e .exhi Qi m xt ure of smal | pores and sonme | arger pores.
The outli nesl?%'f%? hIéO%g?l?élfeﬁg?nlﬁwgﬁﬂagk%ﬂ&é‘?dgg p@%gg%ﬁr_ld, Peeopee afdack a | ot of
smal | 25bondsoffan opachorhstaisping wierd i eadilly G-Baillized NedoBiig ibReleShe | N the wel |
bonded areas.. Thj s 30 indi ﬁgt ed that the bulk of the porosity 1s open and

t he bondi ng T¥t%S GiveRas pPrslsd i Yoth gesas- Breragpararedrapegmali pgckstras e
appear ed t o digsypisabe that Werb Vel $osated ubh that 8ul 268 ect creep. A slower firing

schedule, which is kept well oxidizing, should help lighten the dark interior.

Discounting the reduced center, the microstructure appeared well developed. Rating:

30 +3.5, this sample is much better than the standard. It should yield good creep results.



dense areas. Many bonds appeared to be not nmuch nore than geicit9fdeACt S
between 31 March 2006 17 zircon grains on the surfaces of adjacent
granules. Rating: -2, the high density | ooked good but the m crostructure
| ooked poor conpared to that of the standard body. Sanple #29: This sanple
had mi xed porosity with many small pores3 which may be 5 closed, and many
| ar ge ones, LN, uaky . SoMe Al. re interconnected. The.outline of the
ori gi nal spr\agejngirli#ggr}\granul@gggﬁr%%%ggarﬁfaﬁi%Wéﬁpgrub%?msd%rsézfaB i ng between
t hese gr anuldgribulibe with ediyrag ostdstonal ladge peken She strhiease (vas vegy well berdeaul es)

appeared strong with fair t od bqgndj.ng between the origjnal  granules.
Little gl assy ’%ﬁ‘a’g@“ﬁ%8;?’8%}&0%&8&0"3?'3@5%10@%évtaélot“f?éFhén\ﬂgﬁh@ Hbhy smal |
pores, the beafple#ppernaibuigh bbt vedipressad fipithe sahld Hafhlof6iray dfdger al |, the

body not as uniformas the standard sanple and nmay be found to be
slight!1¥y wor %HPEST e @fé@ﬁcqwf_zen@qspﬁgqls_t@,usg Rf & Vibetips tableita helhow cr eep
resul ts that jariPAGRbretulfott E&ﬂﬁ‘{g%lﬁﬁ@hé Rl wal AnoL nﬂieggsidlﬁbglﬁtea&?ceg)?()d'
Sanpl e #30: The pore structure of this sanple appeared to Very spongy.
The spray 1thedwigagl sprasngrpadesyeasaeadisibissnt.s Eeare wihlittlgighassy phesegresentomndas
dense as seeR Jn; | 88 .ihi i b n.ar.anul es S _poor in
nost areas. Rtwgtgﬁ%qﬂ%r%?%g%it?gggq)%)%ﬁgd% eeae[{’en IF(\:/IF%LPaef tlda?aéﬁcﬁ Mithin the
granul es wer eansgle #35/ardithe staglardsdamgllel ndi cati ng poor densification. This
body ngy nhot performwell in the creep test. Rating: -3, this body rates
very poor as conpared with the standard sanple. 20 Sanple #31: This body

was used to Seeplef37Ae Ty haaiptowis ondof the duhstst BEmpleerma®totids Boft. Tt had
successfully. In this .bog%éihere were areas, of good_bondi ng but other areas

of poor bondfH{PV4RYFORRE Vs paityfingasdgsifesmly distritiyiedp dbe byndingnded ar eas,
t here appear ﬁﬁ'o%gbl)‘l coﬁéi’st&?ofiﬁ@l'—ﬁonﬁéﬂ"géas%&ith%w I&ﬁztepoﬂﬁ'cgﬁﬁct e Is, }[ﬁ"ﬁgl{ghguc h

open porosity. nerally this body 25 is poor 2n conpare
st andar d bod{rerergtargsg of exgessivig@orslustess. <ne foatuieorhigdf washlifferemsdibyn ewikiernot

favor algl e an : ! ; qﬁleg% i Ci . mpl e #32: The
por os?lt@ y in %@&ng&g%%lfyghm g ?{é&/‘gs aél:&?%/é%eéalmdaﬁg rsﬁierrlr’%%?g«iﬁﬁs ere are
sonme | arge ptheaurfaoghiThis coyp baveduben dud td dnmboimpietd binded bumbmatuegs aridefser

boundari es. I e re |l arge.areas. of interconnected pores, The
bondi ng bet \/\gognnﬁtcﬁéeh %fgﬁesé(’%v%fseoa{gu? %’n&% sﬁghtg'ewg"r?ﬁ W‘tﬁgl?ﬁq%’f’rsp% YO f or m
The st ruct ur allomdsg readxidatiod ey tive BihteMar wbled G the toptiHnpuehstimreWTbRogégas of
consi derabl e, fin orpsit ting:. -1, the structure of this sanple was
close to thelh ﬁ%ﬂ@?‘iﬁ%%“eélﬁ&ﬁo“ﬂé’éd‘é@ thaHew timeror hindeg hument@ad ron.  Sanpl e
#33: Doi s sasmlifios $hic6dlingdroROe st timp &R, ahisMibnl nYElR 2, the
pores 5 in the standar é@body. Tr?te IE‘Sr es appg'ar ed \Rell 8t!t§%€é|?&>g%12:&% Some of

the origi nal TR ¥ys veay lidla slssirnhpeesviiphwas loeptestin ispdased piicketp pRatingd +4he
bondi ng bet WagnaAERHEd MBSt nAPREAIRHe SRADNE Beel s . oM R?ﬁélgfgre én(r%in: gct

poi nt bonds. There were sone larger pores, But they did no

connect or |3lspchighhEiModulus, thisepmpls sheuld exhibit a vefhbw glegsmie. phase appear ed
smal |l and isolated. Rating: +1, the mcrostructure, in general, 10 appeared
equal to or better than the standard body. Sanple #34: This body had fairly

vel | @bstri bisnepde {40 Thisysampletwas heryporons ith eige fold Ghichiye open throughout

but uniform. There was some good bonding but, with the high porosity, there were

extensive weak point contact bonds. The microstructure looked spongy. There was

considerable signs of the original spray dried granules evident. There was some glass

phase where granules meet which appeared to have prevented good bond formation.
30 Rating: -1, the microstructure of this sample, while not considered very good, the

continuous, uniform bonding might yield a creep close to the standard.



| arger in general than for the standard body. There was an Fg@g&rgﬁ% | ar ge
pore present. The dense part of the structure was very meP onded

t hroughout. There 15 remained only a small amount of visible original
granul e surfaces. The residual glassy phase appeared to be small and

i sol ated. The overall bonding appeared 24 be better than in the standard

body. Rating uI d

exhi bi t bettE?m@Fgé%&t Bl B ARER 0 g"]g‘g‘§?{°§§b§‘%ﬁ5“ﬁtb@k%§§£g‘¥% 2ol e had
nor e por osi tyammamamsrlm\ponhenrterﬂaxgerﬂlbmurmestmxtardmtduhae wambnbxaetauer es that
i n general e lLarger ores Ji.n the ndar d b appeared to
have an opemﬁﬂf)tFé“gs?ﬁ\i ﬁ?lBgB’ﬂfg‘f“r‘?épérea‘fblﬁhlﬁy‘@é%?ﬂlﬂgyw 9&5?6’];}? of pore
concentr at i Ofon-Ukif@ p@&mmaeb fesulfe@ irtwektdndia g MheRURLS a2 9B duldtepigieut t he
body. There was only a sli residual trace of the spray dri ed granul es.

The gl dssy phdicationappgared tha 'r%ﬁﬂer IARFeRNg SaVe BoER uiform ﬁmﬁﬁﬁe?@ﬂf itipBer e wer e
no zones of WRRKRRSRer pIéaan qwa%de@&m& xoarya&uw@mm'aétt&m ﬁém&? af fect

the creep, however, the b ding probably conpensate for t I t
is believed stmrdermbwnmomsme%use of the |ower densi ty and

hi gher porosity. Rating: +1, this body shoul d have better creep
performance than the standard body. 30 Sanple #36: This body was very

uni f or m wi t hSamyge #4r ekhis apbmiadippres bas bvealydistebuted THebewsstsamear d body vvi th

2006 29 *par CPEFERE e BRaE 0 ereres b e Phoorh o REVBYet HER BropB o

sintering tOcdilltlﬁﬁhiﬁeTﬁebmlix% dtis ek anSdller) CEveh Qo, Ji]@eéf@d BdtfePbodé@harer y wel |
bonded throu‘%gout a smal |l amunt  of (Izjl assy phase was Eﬂesent and it

appeared iso ts@ﬂdar‘fﬁ‘ﬁﬂnéi’l?n Mapy peaschad censigegablepping Cﬁﬁ?@ bapdst dakng: Hela t he

standar d_bodyes il tsbe chilAeRWiheSHRME DIt good 5 cr eep esul ts.
Sanmpl e #37: This body was very dense due to the higher |evel of Fe2(3.

However, this probably created a higher |evel of glassy phase at high

t enpery ture ul Snsgm;p ared, to be
rmstly%cl ose%&gﬁeg\%\&/er e[thllven ﬂ:ag*) egégé%g%ﬁgéﬁgtggﬁ)oeasl cEne t oget her
and forned vmn@onmlhrbughondenﬂl Bo bla@nomscbrugmsmehhafferenous:mmsa therd lypearedas very

little signs t he. ori ginal rie r.anul e Th ul ar structure of
some of the tﬁg’r ST (}oebaebaeq%ldsst g %ﬁgy{sgija{eglén 8??“6? ﬁlg{P %OPQ@?\“B’FQF?]@“ i ch
cane into maﬁmhuhd{mﬂengﬁbaﬂ@ﬁbhﬁéss Mﬁnybﬁ&%diﬁadbéxﬂ@kﬂeﬁdevﬂﬁﬁtes bet ween
t hem Q/eralh‘% thli a dlike a very stronqu bonded body, Rating: +3,
this body sHMng &xrs% gb‘aami%osevetw byt Brobatly raly eapyalent O#QEhtlyl'h‘?tB“ body
had vepy nonhiinkeiAR@sAsi1d.y, Which was |argely open porosity. The pores
were generally larger than in the standard body. There were sone

ext ended/ el ongated pores present as well as sone clustering of pores. The
out | i nes of or The
bondi ng- vas Sier i (T ap Rk Al neflp pRR A ET G Sk SARBYE, 1% o
adj acent natlimitesd sizeT o lgiga pores plawsseen. \&hs bonding epj:eahaéveny strh% WitlCfmaetdi t i on

d | d |, . d t
the high porisaicplsSoRRE SEads WAk Repdiee SRR Randefdien bR BRI - (i s
was aZ2poor bhetywemrhbt:ds imetcbnreced abilystéaat Ahg glgaodasiisvlated. Geiting €$2.5] ance-

should perform better than the standard sample.

Sample #52: This sample had a very uniform structure. The pores were slightly larger

than in the standard sample. They showed no clustering leading to weak areas. The
30 bonds were well formed with few point contacts. There appeared a little glassy phase

but it was in isolated areas and did not affect the structure. Rating: -+3.5, the general

structure is better than the standard sample and should perform well in creep.



25 Rating: -2, not a good candi date conposition. Sanple #39; J &ﬁdy had
a high porosity with non-uniformdistribution and | arge pglrle\'gmﬁ/ﬁc of it

was i nterconnected such that it would probably affect the creep adversely.
Because of the pore distribution, it was difficult to pick out many of the
30 remains of the original spray dried gbanul es. The bonding was poor with
very little well bonded areas present. It appeared that the higher |evel
of Zr2 may have inhibited bond growh. There were a few bright spots
present, whi Shmple#s3pThbpdbsityrvesineilalistFutdd rSomeAlightlyPlargezporeORerabéenn di d
not tract w the silica jn.th | assy,.phase. Remainin | a mat eri al
appear ed as HﬁF Iwef%i(?F%{tcg’d{e d’é‘f(g“ﬁ"garﬁﬁ"égngﬁ? g%‘lﬁh%%%?ier}g&’%finéﬁég ¥erg hj s
body woul d pfiglagbl poix Bdbict bétidehThe G8Ry PR Was high iRMBdFAA iis shhtipfe Sanl e
had a high porosity, which was non-uniformy distributed, —and some pores
wer e rat her Whichds brohahlya siga thapthe paerndipresentiivyay small sQtherydsathe glossnat i on i n
the dense ar gagafiitn LhIPREIARAGRAS RARECS2 SDARAGHICIGI b Blan 0O
continuous bonding. The remants of ofiginal spray dried granules were
nmost |y gone stendansarande. blhetdneep fpest wasiiunand shows@nl 7EL7 for thds spimpdesasr enmi ned but

what renmai ne @gg : N1 S0l at et.s tipg:, - thi s body
is not a goog0 n%?t(rggg éo%%ga%f)fﬁgdﬁﬁ%r&%égggg%ﬁg%&f tgg\(/)zﬁ\gsﬁfléqﬁdporosi ty.
The pores wesamglarger than in the standard body and were interconnected

extens* vely as woul d be expected with such a |ow density. There was

densi f Ocati on, but in isolated areas. These areas were not well 15 bonded

to their nei ghhgles#54Tdna #3basisrviePwars RotduREREMManidIhait BhiBhd WeRsiaii es and there
appeared to be nmore of it. This body woul d probably show high creep |evels.

Rating: -3, PRRESEEPCT ate of this body would be way too high to be a
candi date. Sanpl es #41-Gl thru #41-G5: These sanple can all be described
the same as #41. The 20 presence of the grog was not evident after firing
in any of the¥eple&b§| Eais saenlé bag:a unifornspensidistsittion. Thihbendimggip geserily om bat ch

#41 but: was e H4 anpl e, t.s_conpositi on was

al rmstul t5i dent?ca: ? %Lﬁng gttagﬁ%gérdgp&tFt?éhv{gl%&\;ééﬁlgg%cregLt}Ee W@Hggr ﬁ\%i&%err ange of
pore sizes tHi&l wasmet suffigiern for-gaod demsificativman gleombinatidresfahevoe Ther € 25
clusters andbstdri rl,?as, whi ﬁeﬂ.cou d vveakeq t he $t.@u§ture. Some 0[3' t he

origi nal spr PTG TRIOYFERY ESURE Famare i prea. PHIL BeFaFRGedTds oRBte-4bear to
be wel | deveT opadustindf ofeiedstindbrd $smplRRYtIE NElS thiegathpléts bos thalee t han smal |
contacts between grai Pe[sj There was a gl assy phase but it was primarily

ctu

i sol at ed. Th%a“biélfdesaglﬁ’ re was very open throughout the body. Rating:
-2, thips sanpl e was much worse than the standard 30 body and woul d probably
performvery poor in the creep test. 31 March 2006 21 Sanple #42-L: This
sanpl e had Rsaledawrange plogkeesplis(vetishgwn IIMBABBE#3):were slightly |arger than
in the standard body, but were evenly distributed. The bondi ng was a

m xture of sone contact points and | arger bonds between dense areas. There
did not app¥ample $538Uk+l: Tlis speple eascubfromnithghlappersealé-uy blovk froi thoblbek af f ect

(e Bon ot a%hehseod Ty SR L) 3 B B e ot oue
i n thi2§ bodyTheThierostrestarelof thishody waevérg akiFordl wighhd Yreas of weakness such as
pore clusters or strings of pores. The pore size was small and uniform and the pores
were well distributed and isolated from one another. This is the reason for such a small
measured porosity while the calculated porosity is about 7.9%. The small amount of
glassy phase was well isolated in pockets and not throughout the grain boundaries. The
30 bonding was continuous and appeared excellent. This resulted in a high E-modulus.

Rating: +4.5, this sample had a microstructure much better than the standard sample.



better than the standard. Rating: + 1.5, this sanple |ooks gi\gm ?‘% and
W Il probably performwell in the creep test. 10 Sanple #3 sanpl e
had a density greater than the standard sanple and yet had a higher
porosity. The pores were larger in size and this higher porosity for its
density indicates that they where well Zﬁonnect ed while the standard sanple

the por osi ¢y 7 FE gl R Yebuodfls TRME6 oG BEG Bos e 5808 opea and

wel | bonded tsagplehiethe cWifep kedt.t here was an 15 occasi onal |arge pore, the
pores were not connected in a manner to create weak areas. The original
spray dried granules were not obvious in the fired material. There was a

smal | amount S@ﬁlp&'#%gSSUJDLB This sﬂﬁﬁle' ARt GA tHehoRQRIGE it b"l’d@ﬁ a?%edctie{l fs2i N
boundaries. Rating: +3, e porosity size was |larger an e pores

hi ghly 1 nter élt‘frfﬁ%‘ét‘\é"’é belﬂlﬂ@%@é@@%@m@&y therseing ierpstelsid ahdgirapertiehas sanpl e
good creep r@ﬁHﬁIESUlzp ’ﬁ?éf‘ﬂv@re%&smaihq_ RAlR! anbat @'agfﬁ&% rglﬁféﬁlt& %IG\M th

uni form pore size and distribution ere were a arger pores but it
did not cont awﬂltmﬁuhe polished sectien making tho svrfare apprar ndficmblsumfmm@rfm The be

strong with nt act. bo SS hase

appear ed vveI }s{%lalg%ﬁlgltm%g{ﬁ%wgr% Eé}gﬁ'qesuﬁlf?%ng&?ob&n \é%gtflf é?fB‘Pporosi ty

al ong 25 vvitlaxcgeﬂad ah¢ﬂr¢|gm;sypﬁasswmsmatsd1mhdgem Rihile bﬁiem{ o than the
st and bo Sampl.e # 4 e had a wel | dlstrlbute por03|ty but
with :{)(Ere oﬁgfeﬁﬁnlr}généf’@ EQ}F Taﬁ%f’tsbl‘i’%ng%‘ﬂﬂh%lmﬂ?ﬁ@rtée Wmplofiem Shedenp el the be any
| ar ge pores pibbe bondi ng appeared good with a few areas show ng | ess

bondi ng due to sonme point contact bonds. There 30 was not hi ng which
suggested | arge weakened areas. There nmay be a gl assy phase which was high

in Si. Overall threftringb PICURES rd but 31
March 2006 22 w t‘3 n% gher enlg—??ytﬂg%ghlgg&ra&?%eﬁ%ggggy tﬁsﬂgﬁd have

about the s aﬁﬁaﬂﬁr‘@éw th%CI’@ﬁEf ate pfdiffercnt Zinsay ref$awm matérigs mad in ascongenee had
good dgnsi tywﬁﬂ%erfpa%ﬁtl &{il FildGn R 831‘ t %V@ 311\,@1?{ dse%&%h g@?%{;@ge Lhere were a

few | arger pores but they were arser ZiteP e "hondi ng
was good thrmﬁ@btommavpmailmsid’yABbE#m bonds and a few point contacts. The

gl assy phase was s.al.nost no indication of the original

granul es. Rati ngf{est-%?ng?o mgﬁé\%? hw&fdlﬁ‘(ﬁﬁ@ D £QmPENE ArEPE-ET or m wel | .

10 Sanple #4(n/hoﬁkpns siebpsi) Betibdn theﬁlacﬁnaxlare %i;dg%&ga%%igftaﬁnhgghgﬁ%gﬁﬁgZgge
0

surface. Sln%qe é g%a{s simlar to sa
it was probaffhy0adad #¢of the zirgqudefiaciosy materighlistsd i TABLE#% sanple. Both |i ght
and daok areas hﬂ(%fékﬂhé&fmm@7 Fhepd i lmkwafép %Pagh%mgﬁfr%odl%lﬁ#@ég;w The

bondi ng appeared strong with only a few snma nt act Because
the sanpl es Vief&emistio hgimicemibg tr\q\@ppnal pirconaefractory ntatﬁnaBalldwahmatsetnpheogl assy

T £y A g SRR b A el 11
good sanpl e.green of thieg hmnldmhdwn khahare asniepioé y edke lifeds 6@est ridat Amf each3, thi s
ad t he hi gned rn el sehle b TR 6o cotipts Rk Gpeisedind | and. From
t he m2&sur edefecmos paiyt. Fomsith yf the fludiestd shobil the s@ep}a@es\mseaa{ asiadisas the
standardized to the creep of the standard sample in the test.
Referring to FIGURE 8, there is a graph illustrating the creep rate (1/hr) vs.
density of sample #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory rﬁaterial listed
in TABLE #3. As can be seen, the creep rate decreased as the density increased. The
30 data exhibited a good correlation with the density
Referring to FIGURE 9, there is a graph illustrating the creep rate (1/hr) vs.

porosity of sample #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory material listed



| arger cylindrical size. It also contained 0.60% Fe203. As ZI‘{Ie?&QO he
outer portion was a light buff or tan due to the iron \/\/nil3 &' cent er was
dark. This indicated that the iron and probably the titania were partially
reduced during firing and, because of |ack 25 of an open pore structure,
were not easily re-oxidized on cooling. Yowever, the microstructure was
wel | bonded i re t.0, be smal |l pockets.of glassy
phase t hat WEIPER%}E“ I#%i o) %latn-egg%éeutﬁgltg ﬁ%{lﬁg%obﬁweﬁﬂeegﬁtgﬂ% ROFOSEY, Was"s| ower
firing schedisbgpoduvhich wias edpeptd bechhiseuiadity isnelated hoddngity This frénghté en t he
dark interior. Discounting the reduced center, the mcrostructure appeared
o¥SRIG

wel | devel op&BPTORAFTEFR,SUPPE theyirend spep URE $ruch better than the
standard. |t shouRefeptingt6 FUPURE Q0 ERéte isSathbiSillusiatiNp felredf Ofte a%g)v%anpl e

#35-A: This sanple appeared fairly uniformin poroSity size an

di stributi gny\?\li‘”cgﬁ plps ghsagwlertsiZon30A-134r e 3P 8nd40 gfitbe Zironeefisedrnas very
wel | bonded il Mstddl iR ITABNEDAS. SABdah bEQ @R erfordh bRdSLd Wi | ower
than in the early sanple #35 even thou%khl’a@qtc% é]\greo p%sers?lglél%?%@r(ﬁt e same
bat ch of spr #igregfingyounggmedunesThigwes ekpedted einesshdpoungemodiiesie stramgly s t he
use of a vib ' <0 help develop a nore uniform packing when the
nold was fil P@gh%éﬁ?%§}t ual appearance of the original spray granul es
was nearly absent Refétrmgdo WEEURE 11, thergisasgyphillasmting @rerdep savsl(1/lir) venas

i solated. Rati.ng:. +3. this hody  sho h etter creep performance than
sanpl eﬁ)#35 aﬂldcrgsr%%wg‘fearﬁfégsd)?ggﬁlﬂf: gs %igoéaaﬁpz @3"“?51,49 O*Crﬂ?§g%°é’rfﬁf’@t%é{s one of
the densest marepibkifstoienl @ ABILB#3. Adai, te-trehd ofidehroWBy dredpP¥rBRAMSE LY, Whi ch
was nostly fifqrhg and lﬁjf‘gi%fo my distributed..The bonding " throughout

B taf Ry

consi sted of flQred g9 : oy trpeBeaPhs PRRIGIE N 8d8nt act bonds. There
were no areas of AXEAYEIské RFIGUREYSLNY the stfic HESDATD s Bith35 rdldf er ent
ar Kker as :

fromearlier 15 sanples is that the color in the center was

conpared to have thehighastgreep ratse They shove depueasing satesrdsithe Eiflulivintreased fremn due to
i nconplset e by I Gl the powders or
due to bei ngb'g |gt?1tb Fg%%gﬁ%eggﬁ ﬁ@h@ﬁ’é@gﬁlegggd ?ta}ﬁa %Wﬂflflﬂ"f‘g tthg

r e- oxi dat i onrages heveeeitimat @30%for 0.60% e, drne tidveest apeyf dafiplegi36 dBPO.BALUFfR. TO

correct thi AN sghedul e . I e.used to alJow tipe for

bi nder bur nou tagﬂz’gc?}e%f@hgsﬁgizgg’t?@ﬁ dhk@?ﬁ%ﬁﬁﬁg‘cgrdb&?‘?tﬁgpeﬁbﬁ JP@!ﬁﬂ%ﬂs&Y’ur e.

Thi s shoul d itappeafefl échavelar effest bo tHEBiiE&ing nldtBiRsi@MichFéctbd tht bsndm@ssy phase
whi ch was | ocat efhi n_.i s&l{)@hgﬂﬁ%{)c ets. Rating: +4.5 this sanpl e -had the
best m crost ruct UWETHAR % hete 1 A gEaph allustroying the ereenfatedidy) vand  al so
hi gh BoMddul UFe, 0 ilditisesmbhpRie ab Boax Bs 07! 3Panief0Vof Vit ERRLBhe. 25 Sanple

#40A: Thi s sanpl e ,was_ve&éégor ous with the pore structure open-throughout
but uni f or mMatEEsldistzddn T ddoin thisremnhgth three somple #3903 ndtransthe y, t her e
were  ext ensjel &ith8RKhi PRy 3F t ' ) (o) spongy.
There was cqnsilder abl e rsi.eeggﬂéos%ﬁthﬁg%gg?lgfl ngﬁ’a?goglg&gé?lg%bl'é&ér%%ﬁ'gg%evi dent .
There was sohi®:gideds The pddieondfaraze Gitarowaed theeteepinate. nTispmpleddd 26 B6have

o et 990 TR0 P08l S TSRO B
m ght 2§i el d sampledis26c3Gamd 1D Thedesttsamplaols wth thdlowbst 228 radhad 0.30%
Fe;03 but also had higher ZrO; which may have over shadowed the higher iron in
sample #37 which had a slightly higher creep. This cduld have been due to an
interaction of these additives that affected both microstructure and creep.
Referring to FIGURE 13, there is a graph illustrating the creep rate (1/hr) vs.
30 %Ti0, additive of sample #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory
material listed in TABLE #3. Here, the sample #s 30A, 39 and 40 with highest creep

rates showed the effect of the TiO,. These three samples had no iron. Again, the best



Sanpl e #43A: This sanple had a density equal to the standaé?yg %&%s t han
the large sanple #43L. The pores were larger than in the }P and
there was considerable clustering. The bonding was good in areas but they
were snmaller in some areas. The non-uniformpore structure resulted in
weak bondi ng where there are pore clusté8s. The 5 indication appeared that

a larger iso ressin iform ture after in

smal | er pres@F %t*%% 36%ng§ﬁf]§cg8%§ﬁh%ﬂrﬁasaé%ﬂnmup ‘?)trellt{)ér%&‘@gagr esults
than the st eamyﬂe 63 Dot thee irabhad thehighs DAt iRGdSBIRIR tHékstbep é@rrntté'se#@
Thi's sanple %&Sﬁéo ss, evenl y distributed. There was sone 10

cl usteri ng. VeRd epplittle dibteranceanddthe raltshsre maydherthie her bodi es

even though pperiffefifal US. The bonding areas were snaller. Even so, it

appear ed better boded than the standard sanple. Many areas had

consi dér abl e poi nRefewigde FIHIRE 4, there isrographillustiating thherepp)taémtlr’la) vs % be

equi val ent t ippear ed to

be good fromgtc?lgat%1 ggitrvglag?ért%? |§ ut |1~‘%)n0f tl§l§a@e&a§%§; 5?%14} %¥§1§§ﬁ%@t8§l ith no

| ar ge pores BABLEGHRe ’Ehezeapjxearbétod:wwsnajm teamgd. Howeeer atheaipbe#3 & witlbhe

consi der abl e stly iso ted | ocke t hro out the

structure but’ghg%%r%eve etIR? %egyﬂgﬁgfe resalt; éj%'rs%e(? dhat Qﬁ:@ BB¥At cont act

bonds were euaveemnencdaam stgtennglme@mdmu MhisorilbedRERssd bétdwir € but probably

only equivalent o ht LX better .20 than the standard sanple. Sanple
RFIVAERITS

#51. s sanpl e heyyeindiIGURES $r 1 lofellowedwhatas e cl ust eri ng
of limted &ipggted. ’\BothQ'iG?arﬂ(Feﬁﬁ3 WaE %o&ﬁﬁﬂteraﬁ?&s ﬁggﬁm%e@%%n% gvery

strong with alnpst no fp0| nt cont act bonds. ores were slightly
| arger than $iMEriag g Hinga My fer, thzfezméydmelmp@ct <m§r¢eptra$c then thecti®g i n
clusters. Anyhdb@BSni@sedt . £8 ter than
the standard sa I@ pﬁ‘@ ﬁgiagégﬁh hi éhg}%ﬁ%ﬁlﬁgﬁmgeﬁﬂ&ﬁg‘eﬁﬁ IPS bj‘ﬁf’eucture
The pores wefirgdg rccgmfrgctq)ramyeqnal t Waen the ZrOewad incressed vetinphes additiens showed no

| ust | The .30 |1 formed with f
poi nt Bont acteouinsbAeliR bR ion e paRe IRty 1 vas 10

i sol ated areas arebrdiles zigbniabp@ated thRavetah iftérdétdon stig thitGvitiiBe Bvo, tHee gener al
structure is be ter than the st ndard sanple and shoul d performwell in
creep. 31 vedeH Wﬁé’e %ﬁ‘ﬂﬂdeg“ have gpad bawlingwhigh Gancdegrepse th ereqpimiet ed.  Sone

slightly | argarbeRevedshabeiChPeitd beddls Be VaESom ﬁaﬁﬂhafﬁﬁé‘oéénsdn@téh dﬁﬁ‘ a”d
smal | . The bondi nglbwas very good. There were few pol nt cont

bonds. The di* thakibe heads gregtronger TAlsane free ZrOzHlﬂt@wbadnpt@aElyV\hl ch | S
probabby a_sedied difng e HARURY 108 gﬁ@anthut §ed§a@gm@tt%tlhua1 %Psevt? RS glen® 9! ass

appeared in small |so ated areas. better
than the stsamgaims; Sugnpewdy formed @r@epomlébavmsn crdtancangithslbm fin 4ddHion, f or

t hi | d less th
ol f char. of e peRARRERE TbOs il o SRR SRR G e 22 er o

not successfacomfrdmtthesiecoh mftabmy metesalvdiich smrm@ akeplateistthefiringSanpl e #56:
This sanpl e had The bondi ng, in general, 15

u}ml for g?é@ gl stribution.
was not as SUPRHE elalpp%?ﬁ% hat the higher ZrQ2 reduced the bondi ng or
the | aswer The effect of the zirconia-iron reaction can be demonstrated in TABLE #7.

TABLE #7
Sample # Fe,0+/Zr0, Density E-modulus Microstruct. | Creep Rate
26 0.30/0.06 4.00 25.1 +2 2.67E-7
36 0.30/0.12 3.97 255 +4 2.13E-7
37 0.60/0.06 4.12 285 +3.5 2.30E-7




Ti 2 was not sufficient for good densification or a conbin e two.
The bonding was sonewhat irregular fromarea to area. Sti ?? Il\}if)e[ilﬁlstia)é(():dréteep
rate was only 6.47E- 7 or about half of the standard sanple. Rating: +1,
this sanple is better than the standard sanple. 20 Scal ed-up | arge bl ock
results (not shown in TABLE #3): Sanpl e2853-SUl-T: This sanple was cut from

the | 'e-up block from the b h ts the top of th
ol d as it was belRE: BTl S RO ARG BeRdidepRly dfBgro iyl (O O 1N

ni crost ruct usdnpdé # BisloultDithve BRI owest Yredidked THBWdvEL sdifipla# 88 hadtheWdadeness such
trings. of The pore size was snall and uniform

| ust
and the por e¥alicyel & belipyedded. 3% drieetad pcbondiae sifest withehe lower b 0RE% Thi s i s
the reason fpgosuthe ﬁl&éﬁ?ﬂubturé%%ﬁ@ﬂedl@rb@%héﬁﬂy‘y@itér% 16886 YhPinGhe

porosity is about 7.9% The snall  anmount ass hase was wel | 1sol ated
in pockets aﬁ@Pht@fo?qm‘éu@m%mﬁh@ shewn i H, é@y dtdn@r@tatdydhdton@ bgas
conti nuous a t ?ﬁﬁ
Rating: +4. 5%% sanp ogélﬁgghg%lnpé%gg? uc%tjjé3eﬁagﬁlé naCOF I&Qaﬁﬁl e
standard sanpllé. 31 I\/arch 2006 26 Wth its density and E-nodulus, it

shoul d perform nuch better than the standard sanple in the creep test.
Sanmpl e #53-SU-1-B. This sanple, taken fromthe bottom of the block as
orientated as 5 Kallewing ate seme fsaiures, advanteges andhusereftbazircanirgfractosy same

M crosfyr uct Uf.e AN FRESL ifivenfiSn:SaNPl € SUL-T. There were two snal |

di fferences. %‘13 CB eclj}Wgs 1rmerne Irlel ated to the quality of the polished
section making the surface appear not to be umfornty flat. The second was

that the pores were sl i htI uni f or The bondi stl |l ear ed
excel l ent and t'he 1@“&%’ e?‘%"SPa%mr fergt ﬁrsﬁhe Wﬁplrgteaf)pearl ng

slightly 10 di ff%ﬁﬁﬁpipetvbh@h ﬂ@eﬁfs tigk tHeh@wh@i’pﬂﬁcﬂﬁ%dﬁnﬁ@ﬂHﬁ r@fngigrilar to
the sanpl e fromthe top .of the Dblock. Referring to FI GURES 6-13, there are

illustrated sever'® ltgpalgﬁmnnmwlswéwes Inst prpduction Hwe tha eanteadpingegabs of
di ffergnt zircon defh@apory materials made in accordance 15 with the

traditional zircon refractory material and/or selected sanples of the
zircon refractory nateri al listed in TABLE #3. Referring to FI GURE 6,

(pst) bt ween: tnat f s B0 SR Bat PefiiSHRY 6 S mdp iR i 5e o6
30A and 36 of thewlncl’r medns tiedt tongérdsopipee vdll baheededs tUHidrdfore, ifBlekertigore2 0

Referring to FI GURE 7, s illustrated a graph conparing density
(gnfcc) vs. credSSeptyli t%‘%@‘f‘i/&b%ﬁe?ﬂfétet a‘&‘?‘ﬁ?%ﬁ’%ﬂs F‘PE%S‘%Peflé’fm‘éE? BRe§ETtat er i al

and vapi ous sanpliggenfién. the zircon refractory material listed in TABLE #3.
It should be appreciated that each group of three sanples shown that are
connected by one line is one test run. And, each test run also had a 4th

sanpl e that wag t'l?l% zkE&l‘Eﬂofrh& mat Bﬁh@’?ﬁ%ﬁt H@%nttbi%‘éuﬁ% B ve %sédﬁz) erence

poi nt. For each ur tests rates or each sanple is
st andardi zed to tltméce@theepmmiontﬂtteOEthaglﬂwrdamlzfavpirmgwysteme test. Referring to
FIGURE 8, there is a graph illustrating the creep rate (1/hr) vs. density
of sanple #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory materi al

|i steds o The preferred glass sheets made using the zircon refractory material are

aluminosilicate glass sheets or borosilicate glass sheets.

 The preferred process for manufacturing the glass sheets using an isopipe made
from the zircon refractory material is the downdraw sheet manufacturing
30 process. As used herein, the downdraw sheet manufacturing process refers to
any form of glass sheet manufacturing process in which glass sheets are formed

while traveling in a downward direction. Other forms of downdraw sheet



in TABLE #3. As can be seen, the creep rate decreased as t?ﬁg&ie‘g}s%é%
i ncreased. The 30 data exhibited a good correlation with ) y
Referring to FIGURE 9, there is a graph illustrating the creep rate (1/hr)
vs. porosity of sanple #s 26, 30A, 36, 37, 39 and 40 of the zircon
refractory material |listed 31 March 2008027 in TABLE #3. As can be seen,
the correlation bgtwee reep rat n I osi was_. al so good which was
expect ed because W%R?@n}%gﬁlgﬁé{&%@e%&g‘@f@éé.dra?‘ﬁfognlnigé 1a8€5- i npr ove
creep supports the trend seen above in FIGURE 8. Referring to FI GURE 10,
there is a graph jllustrating the creep rate (1/hr) vs. 5 youngs nodul us
of sanple #s 28, Seppresspt nyentionds pasiipulanly ysefulfer formingrhighaneltiog erlyigh nat er i al
listed in TABLE #grmiffiftlasl SncdRbike tileSieEh ﬁ’a‘%@tn?erl Eﬁﬂﬁgs.'m{ew&qrw th an
i ncreasing youngs nodul us. This was expected since the youngs nodul'us is
strongldy dependepresephingdeniionicould Re beneficiabjintties iFar@EREIE, of nie LEDI gasa. gr aph
illustrating the creep rate (1/hr) vs. 10 mcrostructure ratings of sanple
#s 26, 30A, 36, 37, 39 and 40 of the zircon refractory material listed in
TABLE #3. Again, Altimugh endembodimprteyihegprasemn dyventor o bediciflustfa@ldliowed cl osel y
to the previous three graphs o&dFI %élﬁtES 8-.10. .As Caﬁ?f&% seen in Fl GURES
8-11, the saRfPEPUYmEJArawings and dosgribgd in th foregojpgDets PIEPHy Heheuld  eep
rates. They bhnefiRd €S tHdnvatiesisadt kliRedlto @2 dnfbodiMedneas&dscltl Miisl5 0. 23% to
0.30%@nd t hen 0.4g3/o The other sanple #s 26, 36 and 37 with | ow creep
rates Wave efaPARlF cHNURYR B TeRIBEOMES appdifications gnd substitutions witheyt depmtiag had
0.30%iron luh il dftieathelififoniibo@BRR fofth GRo Bothed BYihoWiidvbink Bingy 02 dli d not
appear to drive density, it appeared to have an effect o the sinteri ng
mechani sm whi ch affected the bonding. Referring to FIGURE 12, there is a
graph illustrating the creep rate (1/hr) vs. 20 %e203 additive of sanple
#s 26, 30A, 36, 37, 39 and 40 of the zircon refractory material listed in
TABLE #3. In this graph, the three sanple #s 30A, 39 and 40 on the left
with the higher creep rates all had zero iron but had fromO0.23%to 0.30%
to 0.40% Ti O2 added. The addition of nore Ti Q2 |owered the creep rate. The
sanple #s 26, 36 and 37 with 0.30% and 0.60% Fe2OG3 were all close in
creep. The Ti2 is constant in 25 sanple #s 26, 36, and 37. The best sanple
#36 with the | owest creep rate had 0.30% Fe203 but al so had hi gher ZrQ2
whi ch may have over shadowed the higher iron in sanple #37 which had a
slightly higher creep. This could have been due to an interaction of these
additives that affected both mcrostructure and creep. Referring to FI GURE
13, there is a graph illustrating the creep rate (1/hr) vs. 30 9%i 02
additive of sanple #s 26, 30A, 36, 37, 39 and 40 of the zircon refractory
material listed in TABLE #3. Here, the sanple #s 30A, 39 and 40 with

hi ghest creep rates showed the effect of the Ti Q2. These three sanples had
no iron. Again, the best 31 March 2006 28 three sanple #s 26, 36, and 37
for creep all had the sane anount of Ti02. The mddle sanple #37 of these
three had the higher iron but it did not drive the creep rate. These three
sanpl es showed very little difference and the results here may be within



experinmental error. 5 Referring to FIGURE 14, there is a ggz& ifl#ﬁ(zétrating
the creep rate (1/hr) vs. % Zr02 additive of various sanpl BF

i mproved zircon refractory material listed in TABLE #3. There appeared to
be no major trend. However, the sanple #36 with the highest Zr02 | evel
gave the best neasured result. It is suspected that the Zr02 may have

i nfluenced the sintering nechanism TI8ls will be discussed bel ow. 10 Sone
general observations shown in FIGURES 8-11 fol |l owed what was expect ed.
Both Ti 02 &¥eAPER03 were good nineralizers that enhanced reaction and
sintering during firing. By far, the Fe203 had nore inpact on creep rate
than the Ti 02. The ZrQ2 appeared to play a |ittle role in increasing the
density or lt he fZsenacfractery material haviegia oqmposition énaludingthe follewéng al . When t he
Zr02 was i gehefsed, with other additions 15 constant, the density of the
zircon refractory material often decreased. Iron plus zirconia appeared to
have J%an interaction &8k O8ZS-9X68 wt¥ohe two, the density can be |owered and
still have good bondj i gh decrease the creep rate. It is believed
that this happened (liiergbg{Jd'/s\éie]f g‘t%se%%\cti on path may have been altered during
firing such that theiOp@23-@s@wtky onger. Al so, the free Zr02, as batched,
probably 20 reacted i firing wth any free silica, thus reducing any
resi dual gl ass whil 6%3@%3'6'@a‘?@’)ti me; this newy forned zircon could have
been enhancing the bonds. In addition, the presence of the free Zr02 may
have reducgd thﬁ'tendengxﬁ of dissqciation of the zircon fromthe zircon

r ef rifct or y2mat ethegircqhredicterypatenal of Clawa 1nwherein 53id ZgiOuiinalydgs at enper at ur e
appr oacheskdfln f LJ: {.@n bt @l i n be
denonstrated in 'IgAltéfoEfﬁB@Z %ﬁéﬁ?ﬁ@ %%dr%grékaﬁ&?mﬁo'bﬁ 830 ‘ﬁ%%(?peb?

#Fe203/ Zr 8% 6Q YEokpdul usM crostruct . Creep Rate

260. 30/ 0. 064. 0025. 1+22. 67E- 7 360. 30/ 0. 123. 9725. 5+42. 13E-7

370. 60/ 0. 064. 1228. 5+3. 52. 30E-7 31 March 2006 29 Fromthis table, one would
expect frodn t hellwairson rpfrantely enatroidiif (aimd| an@swheeinp bindér aad a dlapeiasit have t he

| o t cre I i ver .. sanpl.e h t | oper value, It is

bel gved ¢ Raeat s SREE Retiod BiBidiesSiu 20 TiCennd Ruos el Whichire o. 300
Fe20B. Theuseil trmalersaidizirten RfiacoBipei WhewinkeidYindh hid/sakEditResaht sanpl e #
36 and in thebSrp?([axﬁBHQf cr.eeg vs. mcrostructure shown in Fl GURE 11, they
di d cor r el ¥i'& PUPEC QU SUTIRE HanteHng progess taferm said Zisean rgfractesy matesiabanpl es in
TABLE #3 have been considered in FIGURES 8-11. Follow ng are sone
features, advantages and uses of the zircon refractory 10 material of the
present i rivent ilba zircopefrasiany msiqsisbof Glaim Hiwhetein sdid binderriepolpethydene nat er i al

| owgps theﬁlﬁrogep rate of an isopipe which neans that the new i sopipe can

| ast nmuch Tonger than the traditional isopipe which reduces |ost
production tinme that can result in great 15 cost savings. 20

5. The zircon refractory material of Claim 3 or 4, wherein said dispersant is

polyelectrolyte.

25 6. The zircon refractory material of any one of Claims 3 to 5, wherein said

dispersant is ammonium polymethacrylate and water.

7. The zircon refractory mateﬁal of any one of the preceding claims, wherein said
) zircon refractory material has the following composition:
30 ZrSi04 (98.75-99.65 wt%)
Zr0,(0.02-0.15 wt%)
Ti0,(0.23-0.50 wt%)



It is believed that a wi der glass sheet is likely to be ma ?Rﬂggyﬁ in the
future which neans that |onger isopipes will be needed. There e, 1t is
even nore essential to reduce the creep rate of the isopipe as
denonstrated with the present invention. The zircon refractory materi al

of the present invention could also be used to nake other conponents of
the gl ass manufacturing system 25 TI$ preferred gl ass sheets made using
the zircon refractorﬁ%gaéffi@% are. alumnosilicate glass sheets or
borosilicate glass s g ©.10- %“%gkferred process for manufacturing the

gl ass sheets using an isopipe made fromthe zircon refractory material is

t he downdraw sheet manufacturing 30 process. As used herein, the downdraw
sheet manufact urlibagirspnselestory waterial of any opg f Elgimp loip 6gWherein said gircon
manuf act ur irgiehcRiPHESal hiks MO FoRbwilzsppSitRat s are forned while traveling in
a downward direction. Qther forns of downdraw sheet 31 March 2006 30
fornmg techni ques i%&IQI88HHMEISP wit%lr aw and redraw form ng techni ques.
The present inventi i AR b rly useful for formng high nelting or
hi gh strain point gﬂgéglgﬂgg§§H%?ke the ones used in flat panel displays.
Mor eover, the 5 presHO(0.30/@45 wthé) coul d be beneficial in the manufacturing
of non-LCD gl ass. AI}; h@g@{} %%di ment of the present invention has been
illustrated in the &€ g(%g n awi ngs and described in the foregoing
Detail ed Description, it should be understood that the invention is not
limied to_the qdi ment disclosed, but is 10 capabl e of nunerous
rearf'oangerrgnt s, %H%ﬂfcf’? E%L’F‘F@ﬁ'sm%{ﬁ‘lﬁgmtof‘? a@hmgceaﬁlgﬁlgms, Yagregntheng  fromthe
spirit of Eif@niréiuemnly BiMedd isibd Ml didys daguatRiingestdyy the foll owi ng clai ms.
31 March 2006 31 5 CLAIMS: 1. A zircon refractory material having a
conposition including the followng elenments: ZrSiO4 (98. 75-99.68 w %
Zr2 (0.01¢0. 15, w9 ' ~ 9 .08-0.60 w9% . 10 2.
The zi rconlé)'ef r%ﬁeﬁ%} f%‘?‘fc&g&%ﬂg@%tﬁy n\?\ﬁ%ﬁ? sﬁgdgné%gmgcr%?p&mﬁncl udes a
known anouthe stgpsdk O2 and Fe2O3 not counting said TiQ2 (0.23-0.50 wt% and
Fe2 (0.08-0. 6O.wt0@. ﬁf gpet lii rean re;ract.ory material of Claim1l or 2,
wher@in a bi ndePXHisf Bl ok pagh matesials ipeuding o t o bat ch naterial s
i ncludi ng Zr Si O4i  Z1A&Ri0, (hyQhiffareticdye2C3 al | of which are used to nmake said
zircon refractory rjal rein said binder and said dispersant were
burned out during gﬁéﬁﬁbgpﬁﬁggﬁéﬁbess to formsaid zircon refractory
material. . 4. The zi rgonoreiosuekegy material of Caim3, wherein said binder
is polyethylene 20 glalcol )

Fe,0; (0.08-0.60 wt%);

20 forming into a shape the mixed batch materials; and

firing the shaped mixed batch materials to form said zircon refractory material.

11.  The method of Claim 10, wherein said step of forming includes:

spray drying the mixed batch materials; and

25 pressing the spray dryed batch materials to form the shaped mixed batch
g materials.
12 The method of Claim 10 or 11, wherein said ZrSiO4 includes a known amount of

Ti0; and Fe;03 not counting said batched TiO, (0.23-0.50 wt%) and Fe,05 (0.08-0.60
30 wi%).



5. The zircon refractory nmaterial of Claim3 or 4, wherei n3?§j[aq.clg'b&%ersant
is polyelectrolyte. 25 6. The zircon refractory material 0Of "any One of
Clainms 3 to 5 wherein said dispersant is amoni um pol ynet hacryl ate and
water. 30 7. The zircon refractory material of any one of the preceding
clainms, wherein said zircon refractory material has the foll ow ng
conposition: ZrSiO4 (98.75-99.65 % 33Zr2 (0.02-0.15 wt% Ti2
(0.23-0.50 wt%9 31 March 2006 32 Fe2C3 (0.10-0.60 % . 5 8. The zircon
refractory Fat er T mefhodnfyClaimd 00F1 at]12; wierein a binder andhe digpansagtavete added ton

fract ' : | o4 b P8 withS 8.,98-99. 55 Wt ¢
7o (0. 05 1Bl A9 ofl A BOGATRRED, YRR il Wipglgistd, 000"
The zi r con Zieen rgEaciery maserial whereisrsaidipjndspandomid dispepspriceatt hymed eits, wher ei n
the zircopyf éo{riﬁg{regié%gﬁ@ésﬂdﬁhn'sﬁd'iﬁ reflacord nidctaflBNUT act uring. system

10. A met hod Ing a zircon refractory material, said nethod
conpr¥sing the steps of. 15 mixing a plurality of batch materials

i ncl udi ng: {4Zr Si i Z 0.01-0..1 9 Ti 2 (0.23-0.50
w9 Fe2adt(o. ShE pefba it %ﬁ{,gg@%@ %" bigad ‘%P%Hegh’é%‘}%ﬁ?:‘xed bat ch
materials; and firing the shaped m xed batch materials to formsaid zircon
refractory terjal..1l1..The thaod .of .Cl aim 10, wherein said step of
formng i n&gﬁdegl.lem tB?%?/f(](j?W ﬁg‘”p g’e“ﬁ?%%?ldo‘?fpﬁf%‘f Retyelgewrolyteny 25 pressi ng
the spray dryed batch materials to formthe shaped m xed batch materials.
12. The method of Claiml10 or 11, wherein said ZrSiX includes a known
amoult of 14 oo ThaeretbedelClaig 1% &4t I myherein gaid dispéresat FFp@@mopionp3- 0. 50 wt %)
and Fe2CB (ORARMAcfte 38 wited - 31 March 2006 33 13. The nethod of O aim 10,

11 or 12, whérein a binder and a dispersant were added to batch materials
including ZrSi 04i Zr02, Ti02, and Fe2(3 all of which are used to nake said

Elu; con 1 3I NACt Ofhe HRIHBH bPAny WHEbECRinRAY PY, MiSleinad Meddefichi il Wer e
has the following composition:

15 ZrSiO4 (by difference)
Zr0, (0.02-0.15 wt%)
Ti0;(0.23-0.50 wt%)
Fe;03(0.10-0.60 wt%).

20 18. The method of any one of Claims 10 to 16, wherein said zircon refractory material

has the following composition:
ZrSiO4 (by difference)
Zr0; (0.03-0.15 wt%)
Ti0; (0.30-0.45 wt%)
25 Fe,03 (0.12-0.45 wt%).

19. The method of any one of Claims 10 to 18, wherein the zircon reﬂaétory material is

used in a glass manufacturing system.

30



during a sintering process to formsaid zircon refractory i 5

14. The nmethod of Claim 13, wherein said binder is polyet hy?’{ei:l\\gﬁ[rg?g?:%q .

15. The nethod of Claim 13 or 14, wherein said dispersant is

pol yel ectrol yte. 1016. The nmet hod of O aim 13, 14 or 15, wherein said ‘

di spersant i s amoni um pol ynet hacrylate and water. | T The nethod of any one

of Clains 10 to 16, wherein said zircéd refractory nmaterial has the

foll owi n osi tion: rSi04 (by difference) Zr02 (0.02-0.15 wt% Ti 02

(0. 23-0. gog(m) grg%’ff)?a?‘ég 6‘3??.56’6(@%{@/6“?“?5?8. T%e net hf)d of any one/?)f

Cains 10 to 16at 1édeEdRIvesssPlofimeiting 6tch RfatepialsPand mat eri al has the fol | owi ng

WO 25Fe203 ( 0t BETBE YGRS by UGS WrunFHEO AT G R TDIES Brste 10 1o 18
e > PRI ; ; o] :

wher ei n t hgyegi, GRERIn o I dagtGl porilon BT Sl ifhnihS vedsd & rhilleFrotl 25ivcolReioftiy Ur i NG

system 30 31 March 2006 34 20. A gl ass manufacturing system conpri sing:

at | dast omatetislduwingfasompesitiomigclyding therfallewingelsmeatsd a f orni ng vessel for

receiving the nel tedlrggﬁ @Hﬁfeﬁ%égl s and formng a glass sheet, wherein at

| east a portion of sal 0 mng vessel is nmade froma zircon refractory 5

mat eri al havi ng a cdrPedl.Qli-@hs wité) udi ng the followi ng el enents: ZrSi 04 (by

difference) 2zZrQ2 (0.Q1- o Ti2 (0.23-0.50 % Fe2O3 (0.08-0.60

w% . 10 21. The ¢l g%@’%%é‘?g%wﬁ’q ng system of C aim 20, wherein said at

| east one vessel i RehOHO98D.6084124NY, fining, mxing or delivery vessel.

22. The gl ass manufacturing systemof Claim20 or 21, wherein said ZrSiX™4

i ncl'fdes a 15 known anount of Ti 2 and Fe2(3 not counting said batched

Ti @2 (0. 237(). SOrMgiass addufabigdfBsys@mAF-(Haib20MHrein%sdid af RBstPhéSssel

manuf acturing system of Caim20, 21 or 22, wherein a binder and a
di sper sant inclidesea raeltieg) finengomixing eredeliversvesselncl uding zrSi o4, zZr2, Ti 2 and
Fe23 all of which are 20 used to make said zircon refractory materi al

wherein sai d binder and sai d di spersant. were burned out during a sintering
process t 02%.or tsalass mapufentoring Sysicen of (laigpdleri2d| whepein sajth@rSifdsdradudes a

man "JIfSaCt ur f-(ﬁ’]ogvnsa\{nsotuﬁ ofol)f iOZCIan%i I@g&ﬁmt X@u%{igé Shid gailtg)eg iﬁgze (16.253).50 wt%) and

Fe;03 (0.08-0.60 wi%).

23.  The glass manufacturing system of Claim 20, 21 or 22, wherein a binder and a dispersant
were added to batch materials including ZrSiO,, ZrOz, TiO; and Fe;O; all of which are
20 used to make said zircon refractory material wherein said binder and said dispersant

were burned out during a sintering process to form said zircon refractory material.

24.  The glass manufacturing system of Claim 23, wherein said binder is
polyethylene glycol. |

25
25.  The glass manufacturing system of Claim 23 or 24, wherein said dispersant is

polyelectrolyte.

26.  The glass manufacturing system of Claim 23, 24 or 25, wherein said dispersant is

30 ammonium polymethacrylate and water.



pol yet hyl ene glycol. 25 25. The gl ass manufacturing syste Cl.al 3 or
24, wherein said dispersant is polyelectrolyte. 26. The S]Pgi\garChb&bz

manuf acturi ng systemof C aim 23, 24 or 25, wherein said dispersant is 30
ammoni um pol ynet hacryl ate and water. 31 March 2006 5 10 35 27. The gl ass
manuf acturi ng system of any one of Clainms 20 to 26, wherein said zircon
refractory material has the foll ow ng 3onposition: ZrSi 04 (by difference)

Zr2 (0.02-0.15 w9 Ti (0.23-0.50 wt?9 Fe2(3 k0= 9 28. The
gl ass manuf3ct urlihsglassmauiacrngsyste 38¥°/%3°$i m%é @OZ%Z%Qerﬁﬁgér%efzﬁncogai d

zircon re@éﬁ%&%%aﬁ%l%d Bk fdiewinglRempaditicani ng conposi tion: ZrSi 04 (by

di fference) Zr (0.03-0,15 wt% _  TIO2 (0.30-0.45 wt% Fe203 (0.12-0.45
wo%. 15 29. A ¢l asszésr‘l@e(ibyf’_tﬁeﬁ%e)oy a gl ass manufacturing systemthat
includes: at |east opg)\€626l15Wres)melting batch materials and formng

mol ten gl ass; and an | so(g)ige for receiving the nolten glass and form ng the
gl ass® sheet, wher ei nTi&h (0.2%&880 wa%porti on of said isopipe is made froma

zircon refractory nm | &) 10000 conposition with at |east the
fol | owi ng el enents: %%bi %% (3(%)?5_99_ 68 W% Zro2 (0.01-0.15 w% Ti

(0.23-0.50 wt9%9 Fe203 (0.08-0.60 wt% . 25 30. The gl ass sheet of C aim 29,

wherein sajg at,]east one.vessel . e td finj . 7. X g or
delivery v% sel ﬂl%%aséf.lam}fﬁ(étu%’?gasgsstc@%gég Ogjfe%gfgﬁl‘n%jfggg?’ %%eﬂﬁ%ledpéﬁé lr)llpsai d

Zr Si O4 i nciefidasryandteriahas avfoldwing conffio§ifiomnd Fe2(O3 not counting sai d bat ched
Ti @2, and Fe203. 32. The gl ass_ sheet of Claim29, 30 or 31, wherein a binder
and B di spersant wer@S¥daydifsranse)ch materials including ZrSiod, zZree, Ti QR
and Fe2G3 al |l of Vmi@r’@)ﬁ([@-@.%%ﬁh 2006 36 used to mamke said zircon
refractory material wherein said binder and said dispersant were burned
out during a sinteriH§:([¥@4xWt%) f orm said zircon refractory naterial .

33. The gl ass sheet Oﬁezég(@ilﬁl@%m%?rei n said binder is polyethylene glycol.

15 29. A glass sheet formed by a glass manufacturing system that includes:
at least one vessel for melting batch materials and forming molten glass; and
an isopipe for receiving the molten glass and forming the glass sheet, wherein at
least a portion of said isopipe is made from a zircon refractory material having a
composition with at least the following elements:
20 ZrSi0O4 (98.75-99.68 wt%)
Zr0;(0.01-0.15 wt%)
Ti0,(0.23-0.50 wt%)
Fe;03 (0.08-0.60 wt%).

25 30. The glass sheet of Claim 29, wherein said at least one vessel includes a

melting, fining, mixing or delivery vessel.

31. The glass sheet of Claim 29 or 30, wherein said ZrSiOy4 includes a known amount of
TiO; and Fe;O3 not counﬁng said batched TiO; and Fe;0s.

30
32, The glass sheet of Claim 29, 30 or 31, wherein a bindér and a dispersant

were added to batch materials including ZrSiO,, ZrO,, TiO; and Fe,0; all of which are



5°34. .The gl ass sheet of Claim32 or 33, wherein said di sgma&% b@
pol yel ectrol yte. 35.The gl ass sheet of Caim32, 33 or 34, 0%, g

di spersant i s amoni um 10pol ynet hacryl ate and water. 36. The gl ass sheet
of any one of Clains 29 to 35, wherein said zircon refractory material has
the follow ng conmposition: ZrSiO4 (98.75-99.65 wt% Zr02 (0.02-0.15 Wt %
15Ti 02 (0.23-0.50 wt9% Fe203 (0. 10- 0 6% w% . 37.The gl ass sheet of any one
of Claims 29 to 3 ereln aid 2| efract materjal has the

Fol Lo ng BERHEIRE Sl s tefaery Gilesa wherein S biormn said dispgsent 15 we o

Ti 02 (0. 30were/buriédbut Elﬂﬂ‘%\?a siferin o &8s t0L18m said zircon refractory material.

33.  The glass sheet of Claim 32, wherein said binder is polyethylene glycol.

5
34. . The glass sheet of Claim 32 or 33, wherein said dispersant is polyelectrolyte.
35. The glass sheet of Claim 32, 33 or 34, wherein said dispersant is ammonium
polymethacrylate and water.
10

36. The glass sheet of any one of Claims 29 to 35, wherein said zircon refractory
material has the following composition:
ZrSi04 (98.75-99.65 wt%)
Zr0; (0.02-0.15 wt%)
15 Ti0,(0.23-0.50 wt%)
Fe;043(0.10-0.60 wt%).

37. The glass sheet of any one of Claims 29 to 35, wherein said zircon refractory

‘naterial has the following composition:
20 ZrSi04 (98.95-99.55 wt%)
710, (0.03-0.15 wt%)
TiO; (0.30-0.45 wt%)
Fe;05(0.12-0.45 wit%).



