WO 2011/ 073945PCT/ 1B2010/ 055887 1 Refractory product having high zirconia
content Technical field The invention relates to a novel fused and
cast refractory product having a high zirconia content. 5Prior art Anmong
refractory products, a distinction is made between fused end cast

products, which are well known for the construction of glass-nelting
furnaces, an@O Ziinies®d products. |In contrast to sintmdgep{deasagp. fused
and cast products generally conprise 10an intergranular vitreous phase
bi ndi ng the crystal | i neR&frait6y pr&@Rit RBL , sed by sintered
products and by fused and ca@?ptpr)r oducts?g%?{\égmtag%&ﬁ“gal sol utions
adopt ed for Tadhmicaffisidem are therefore generally different. A conposition:
devel oped for manufacturing a sintered product therefore cannot be used a
priori as it is fofhenavenfierctaiatésiy andves bdediand cas tefREOHUSbIucBRaViNG £€. ver sa.
15The fused gl icash cBioducts, often called el ectrocast products, are ;
obtained by nelting a mxture of suitable raw materials in an electric arc
furnace be(_anqy ot her technique that is suitable for these products.- The
mol t en erT3 d% then poured into a nold and then the product obtained
under goes a contr%ﬂl ed cfo%h)i n% c?jcl e sp that it is brought to anbient
tenperat ure w t hol\"RF JBHAGRY PHRTFGSoP SHSlPGlion is sady efpen fuspsaancnepst 20by a
person ski | | raducts, whighaare well known for Al egnstrnetiohUs ethsenblina FamBdadesd S, t he
el ectrocast Qﬁt@r@H‘ﬁPvﬁu%Lth high zirconia content are renowned for their .
quality of very high corrosion resistance w t-hout coloration of the glass
produced and with i anG I f used and cast,
Dt oduct s, i th i gl S eant Shich8h FogdeR X% aplr 2o PR Behkoly SR a0y
to prevett tden %’WQTWQBH‘S phase Sidnadhe eetabing goine dogsther.Sineireeblgmesent i n

t he product .pobbe byosinteieti Ofrofifcts? bhd &Y fuSed Bnd aatt PRl andl M€ Steblnidab
acconpani ed uﬁgnsdeé:orfaﬁs |q.vokume of theg order of-20% thus creating
mechani cal SiTeSsESPRIAP" 31 Ied af%, tepelrg gggerally different. A copposition1 022
descri bes f uisedopatidorasiuftoity atshteed pradughharéfoeaaitot eentens p@tdiat contain
7.0 to 11.2 o %affincin ' ‘ . %0f. P205, 0.05 to 1.0 wt. % of
boron oxi de IB%?I;{?a gﬁaég%la@%&%n%%a\%&p%%’ 5?{@56?'3-16%0_ w :
2011/ 073345PCT/ | B2Ad Ris8® 8RBLast products, often Eﬁl%te?e%ﬁogégg%rgwgé'a%ec\?&tgigliesde d and

cast products vvilth hi%g| zirconia content t cont al o of 102,
0.1 to 2.0 WY.Tog ainBlyee ofguiapla gwinaterils in@p Elestic af funnerorby @8y 0he05 to 3
\gt .3% W?f (yBa]? tecHBiqGs ﬁa&@%itﬂﬂugfoﬂthgg%[brﬁ%&;@ gﬁé & mmgm is:jth&?go@élﬁ?ﬂo%s S dt h ?n
. /00 - gescri pe usead and cast proaucts
with high ziﬁ@%%ﬁ%ﬁgﬁhee%rf’g‘f@ﬁS%‘E‘ES?GnP%‘?ﬁﬁg"fstaoc"@gv\‘i%?%’?J'PQ§1@5f’2?° taditiso 2.0
Wt . % of Al 208ought Embient iePnparatdre efithdiet 20acking. ThiSodematidn & wliedtphealid@3 + CalO

The prodyct gelfblR sRiiQbHRbLand marketed by the Societe Europeenne des
Produits Refractaires ("European Refractory Products Conpany") and covered

by Among the fused and cast products, the electrocast products with high '
zirconia content are renowned for their quality of very high corrosion resistance
without coloration of the glass produced and without generation of dafecté.

Conventionally, fused and cast. products with high zirconia content also;.»-
25  comprise sodium oxide (Na,0} to prevent the formation of zircon from the zirconia and
siiica_ present in the product. The formation of zircon is in fact harmful since it‘is
accompanied by & decrease in volume of the order of 20%, thus creating mechanical
" stresses that give rise fo cracking. ' '

FR 2701022 deé;cribes fused and cast products with high zirconia content
3_0 that contain 7.0 to 11.2 wt.% of SiO;, 0.05 to 1.0 wt.% of P.Os, 0.05 to 1.0 wt.% of
boron oxide B;O; and 0.01 to 0.12 wt.% of Na,0 + K0,



10 patent EP-B-403 387 is now widely used in glass-nelting furnaces. Its
.chem cal conposition conprises about 94% of zirconia, 4 to 5%of silica,
about " 1% of al um na, 0.3% of sodium oxide and | éss than 0.05 wt. % of P205.
It is typical of the products with high zirconia content used for ‘
gl assmaki ng furnaces. These products have good performance but

there is stiwd2eifigrdabor a fused 15product with hi gh peHfigogioisgedt ent
of fering good feasibility and long service life, notably en It 1s used in

a gl assmaki ng f ur pRer sk dclbbeR 88 tha B HARR. RlTol 9 3ALi Sk N o

need. Summary .of the | nvention . ntion pr opos@ts a fu_'s‘ed
and cast refﬂ}/aéé‘?@f’"ﬂ? Siedtiet €S Pl -0 Wh%e s AbOs.clp? ogd8 Wbtk eidiogint  based
on the oxi desidaBgOd, 010530 B ok ofEHaClOBRO + Mgy, ARd 6 LBRY 6BRA L, éf(Na%@Qofﬁ p Hf 20: <5%

-5i 02; 2% t 0 .10%.- + Ce02_+ + MyO 0.8%t0 4.0% 25- B203: 4. 5% -
B203: 0. 09 X ai“%%‘“?@ﬁsm?%&ﬁﬁez@?&@a Mj0)) x S102 - Al 203:0.3%to 2. 0%~

Na20 + 0:5 0. 5% v 9 - Fe203 .+ hp2: <0 55% -. ot her species: <
1. 5% W 2012/ o7%535%%%??&8%%%@%@%?ﬁé(‘)‘%?tc?ﬁ“g'%ﬁ TR VIR BBt ent 1 s
great er t hafhacorgin tor&wies5,Si0n 0 ot @wi.%iL6s, @614 100t FoN®0 that the
content of Ga®B.510 &aluit, MO, s ceater than or ~equal to 2% 5A block of a
tank of a glassmaking furnace is subjected in service to a tenperature that

decreases from i tEhe pogudt IER OTH5ASbdOMel ant hGarkeabd B9 1 86eté 'HiRipeb@re”) to

its exposed ! ut sj.de_of t t an "cold face"). Now, a product
wi thhrgn 2ioeE Rl RIS b Gafoam e phbou Copey b comresbi mum
expansi df b@eatRee RPtErE03 WTpisr aawimadelio Lisdch es glatswmeling gamackep @dhaarat bl ocks
are therefor : 4 L ways in in.contact at |east
in the regi gﬁ?é\/\%gr%g*_&% ﬁggégraéggtuggﬁﬁftzgw%%ttﬁ’?é ?fes-ﬁr'pg%ragf’ 'ﬂ};]]eg BQaEWQ?’wm
expansi on. P’ obsrsing eXige and lass [thans®.0F wt Yornf £.0s.ilt isdmtical efytherproduets wi | | be
abl e -t o prowitd @igh Fp&nRE®Risht istd®r ddiSmbiamtumated S 1 Mportant to limt the
corrosion.in-this critical region. However, corrosion by nolten gl ass

gener al 11 y ihncr easEiese prdgddctsmdve@p@f péribrBanckut THags isd%‘ﬁleaheﬁéfot‘ hengfor e f
i magi nedct ant ous.to try tq reduce the tenperature o
naxi num gxpgﬁ’s‘f}’%‘n‘g@ﬂ‘@ﬁeﬁ%@ érﬁogféﬂgPH?Wg Fogcieasibilly angelPrg servicefface sai d
critical regplgblywbemit bsehin xghsbniaking hehacehankbl ocks. In this way, thi's
critical region. BRMbr&RN iAvEAL Fifds L glass.that is nore viscous
and | ess corrosive trbhannilnvthe prior ar?mgh%gjw |1 be shown in nore detail
| ater in ths descrif)%'i on gs aresult of their research, the inventors

di scovered CHIAY BrBGiRYenlPni he present invention has remarkabl e

di |l atoretri c behayior., i rti.cul.ar .a reduced tenperature of nmaxi mum
expansi gn. ~Nor eo%ﬂre, 'F]}’%ﬁgrgBtO@ag%ta fpdiand Cﬁftdﬁ#?cﬁ%ﬂ Ugh CoMPREinGiipity. In
one enb8fi nBffEentagesbydigight based od thegpxides bhdfor avealtof H00%:0npr i ses | ess than. 25
0.5% |ess thapd). 3% or even |ess tQan.0xld4opf each of the oxides Ce02,

CaQ and MO, or §_ven does not conprise these oxides at all. Said oxides may
only be pr esentizds i mpurities. The<i%®entors have in fact observed that
Y203 | eads t.o- gilbg best -results. 2% to 104 product according to the
i nvention can § lﬁe ri one _qr nore of the foll ow ng optional
characteristi th53| 8%%%%4- it O%ghtﬁlﬁ'%’@ with the particular
25 .« Bz0y: . =4.5%
- B,Og: - 2 0.09 x (Y205 + 1/3 (CeO; + Ca0 + MgO)) x S0,
- AlLO3: 0.3% to 2.0% :
- NapO + K0 . <0.5%
- P20s: - ~ <0.05%
30 - F&p,03 + TiOy: <0.55%

- other species: < 1.5%,



30 enbodi ments descri bed bel ow and these optional characteristics are not

i nconpatible with said particular enbodi nents: - Preferably B203 0.095 x .
(Y203 + 113 (Ce02 +Ca0 + MO ) x SiRi - Preferably B203 ?. 0.1x (Y203 +
1/3 (Ce02 +Ca0 + MO ) x Si02; - The content by weight of Zr02 + 0102
is less than 97.0% or even Iess t han 96. 5% 35and/ or greater than 85.0% or
greater tharWWeRiOUp73ME 2011/ 073945PCT/ | B2010/ 055887 #CThB2®i0M056887 by

wei ght of silica Si02 is greater than 3 5% or even greater than 3.0%

and/ or | ess groadeddh&%ne QLOLYSRTerk %@reﬁt@ﬁfhaﬂ o@oéqué!rto QVBL drpsutdrifgh dr 0% or
even | ess -t han

6, 0% The cont Ojs less than 0. 7%
| ess than 0.%8# tPg)s?s/ o PR KRt We@ﬁ%gn%?:%b %%ﬁ Q%éﬁ,‘gr%f%han?hgqqgém ent by
wei ght of Cel2 is less than 0.7% |ess than_. 0.5% less than 0.3% and/ or
greater than 0.1% The content by weight of CaOis less than 0.7% | ess
than 0.5% less than 0.3% and/or greater than 0.1% 10The content by wei ght
of each & the oxiAlblschvigDa @08l absGadking fress it lxabieciBd MV serlvies o tshan 0. 3%

or even | essteréﬁ'@rﬁtu% ﬂ?ré /dez%%sé\s%ﬁ& fagé( gl\g%'ngalra{ wit] thE7 kot 19%39 ?‘%6'? ) MO i s

greater than 9% or less th even | ess The
content by WeityKrrPosed fapegnitie gteida efrthe F?@h(@ig%ceo)r New e prpdect tveth h!Qf?an 0. 6%

or 15 even %’r@rﬁﬁ@&orﬁé}ﬂ%oﬂveﬂ%naw h@é’@@erﬁﬁ&é&h@ oft H&AmEmE D aione)ileddr €at er
t han 0. 85% (ﬂ(])r even re ter |l ess than 3.0% or even |ess

than 2.5% E"We’ﬁralt S ttrl’ﬁfﬁ“?%% grmea!eﬁaqf §ke't‘ﬁ%ﬁ‘eief'§%asﬁﬁmbéﬁf’eﬁ‘? | ess’
than 1.39% That tooyrdheays rbmaiwm odritacd bt Ieast anthexkglon BRE3 thes 416 eabjedted fdan 0. 2%

or even gre: ) ater than % nd/or | .ess. than 3.5%
| ess than 33«&' |e3€§§5t hanﬂqiﬂébﬁ %@ evoglntiﬁésesnsf'rﬁgn é /sa%rm g\ﬁeﬁschtss t han
1.5% or evargibrethey wiida ableGoprovie irspanmealiilithef theiaghtit leimradrlarrutuammtr@% is

| ess t han 10'3,{9,5‘@.%%@&“,1@%9!5,{1% 1.2% or less than 1.0%. - - The
content by weight of alum na A'203 is greater than 0.4% greater than 0.6%

or 25even’ great er HOWgYerocormgiomhemalipn gassiorrerabrip@prsss with iiefegmeratifre.sodi um

oxi de Na20 armﬁrmhﬁasé!hum&éird@mbeaﬂaﬂ@cdu@r% édﬁﬁta@edh%to%t@\/&!ﬂoé ges than
0.3% Iless than

: Sodi um oxi de esent ur| ties and.
its content '&h‘%f MaxImEe expandpn g%e rrg?en@c%ﬁ/{h?élggkst 'H&Fpsef)t"l JgPlagsPot assi um
oxi de K20 i $a(drdnycqbr®mrtbwa33 theyrold faceesf thsdlobitss incthis twaayt thisyeritkeil gdgioni S | ess
th 0. 2% f id
(nen 0 2% o SYShESR A okl paTBVSFREN oY E BBy I25

than 0.3% p¥ef&ktably |ess than 0.2% The content by weight of BaOis |ess
than 0. Jéki: or evensafse sHawh B Aer¥ldetail W2 1id QI2AFRRCEL 1B2QHY: Q887 S

research the inventors discovered that a product of the present invention has
remarkable dilatometric behavior, and in parficular a reduced temperature of
maximum expansion. Moreover, this product retains high industriat feaéibiiity.
_ In one embodiment, a product according to the invention eomprises less than
25  (.5%, less than 0.3%, or even less than 0.1%, of. each of the oxides CeQ,, CaO and
' MgO, or even does not comprise these oxides at all. Said oxides may only be present
as impurities. The inventors have in fact observed that Y.0; leads to the best resuts.

A product according to the invention can further comprise one or more of the

following optional characteristics, including when it complies with the particular

30 embodiments described below and these optional characteristics are not incompatible
with said partlcular embodiments:

~ Preferably BoO3 2 0.095 x (Y03 + 1/3 {Ce0, +Ca0 + Mg0)) x Si0y;
- Preferably B;O3 2 0.1 x (Y205 + 1/3 (Ce0; +Cal + MgO)) x Si0Oy;
) - The content by weight of ZrQ; + HfOs is less than 97.0%, .or even less than 96.5%
35 and/or greater than 85.0%, or greater than 86.0%; '



The total content by weight of "other species"” is less than 1.0% |ess than
0.6% less than 0.5% or even less than 0.3% The "other species" only
consist of inpurities; - The content by wei ght of any "other species”
is less than 0:4% or even |less than 50.3% or even |ess than 0.2% The

oxi des represent nore than 98% .nore than 99% or even roughly 100% of the

mass of the ypoodundrss4s According-to a particul apcemgmemgga-, the
i nvention proposes a fused and cast refgractory product conprising, in

per cent ages _bypuehabbt W@&th% s% 4Q5; islfleater than ]2 5%, 6y P evéﬁ %ge gérqga to a

particul ar enbodi nment, "t he i nvention proposes

refractory pr 8&!&?'“8%5%% M 8.0%. or SxerteRt éﬁj’@@% %eﬂvghﬂesﬁé%%‘dT 6’% oxi des: -
Si02: 3% to 6%wen i6XXBan &0%; 5% - B203: 0.4%to 1.0%-Al 203 <1.2% 20

The invention_al so L€ Iates fo ri a refractory
product accor 'ﬁﬁmt't wﬁ#@ﬁ&?@ds 95‘8 iérﬁa‘g?sh at‘@ aﬁ’sﬁgth?heéé’ssr ve
steps: ap mi xiamyorrgeatarethmtb d%s to forman initial charge, b) mel ti ng said

initial chargey g?@,ﬁtgntﬁym@h‘?ﬂf 6@(}’;2 ¥ L thaﬁ] Qp.;,oakgggfan%%% | ?g

solidification of sali ‘cooling,” so s Y
refractory pr 8adfetgreategamd.dbess ber ng remarkabl e in that sal d raw

material s are Tﬁelce%r&day%@met oﬁel@rers@trraﬁce P YiefY @aNOl595 8R! th&so ¥t h the

i nvention. Pref J(r ablg/ é des f.or which @ mninumcontent Is- necessary,
or 30 precur SBYE GrAter rdes are added systematically and
met hodi ddl | y. TRe e:bretemtﬂyywergﬂita)fcaaﬁt enire ®iiddshes®, Cxddes 85® it Reenhdnnt O

account in th% 5‘5/%{53%?@%“3}, %‘?e\(?etnggé’s tﬁﬁgﬁ% where they are conventi Onally

regarded as inpuritres cooling is controlled,
preferably so Tas corder by ovpiaht oY Sutr GeOarGafd & MyO Isapsaterthm 206, pedlorhour :

preferably at s hahe 54 oagrértreés%rpfé%hour WO
20111073945PCT/ | B2010/ 35588 The invention also rel ates to a

gl ass- el ti ng eFHERE bM&(ﬁgﬁbOfaszefSrgiﬁt@rtDaeré%@'t evep emraiRiban ®6%her
inventi s, or eder @b&taChal §.7% Okieh gfe&teﬂtr%tww%r @Uer dtakteC@Bn BesaBRUf act ur ed

by a nmethod accordi e articular in [ &gl ons i nt ended
to be in cont 3&" #i %Ae?t% {?6{‘{021(0 8@5 1esf :{}J'EQ :TDQI el desSr g Ot Of RN
i nvention, 5 telsethaeﬁrtﬁfctooegenﬁeasdhmﬁ E%mradmafeﬁa@aau.%w form part of a-tank

for making gl Q’ﬁ B?fe tv?eg,gut oP?Jr@rpl))\(‘rdgﬁ Péa‘t?ﬂ%‘%' ngg&r eve greater ey, cone

in contact wt ate ove
than 0.3%, or even greater than 0. 4/o andfor iess than 3.5%, less than 3%, less

20 than 2.5%, or even less than 2.0%, or even less than 1.5%, or even less than
1.0%; -
- The content by'weight of alumina AlLO; is less than 1.5%, -or even less than 1.2%,
or less than 1.0%: , R
- The content by weight of alumina AlO; is greater than 0.4%, greater than 0.6%, or
25 even greater than 0. 7%,
- The sum of the contents by weight of sodium oxide Na,;O and potassium oxide K0
is less than 0.4%, or even less than 0.3%, less than 0.2%; |
- Sodium oxide Na,0O is only present as impurities and its content by weight is less
than 0.2%, or even less than 0.1%;
30 - Potassium oxide KpO is only present as impurities and its content by we'rght ie less
than 0.2%, or even less than 0.1%;
- The content by weight of iron oxides and/or titanium oxides, Fe203 + Ti0;, is less
than 0.4%, preferably iess than 0.3%, preferably less than 0.2%;
- The content by trveight of BaO is less than 0.1%, or even less than 0.05%;



The invention also relates to a nethod for limting corrosion in a region
in which two blocks of a tank of -a gl assnaki ng furnace are only in contact
when the tank 10 contains nolten glass. According to the invention, blocks
of a product according to the invention are used. Definitions The
per cent ages by weight of oxides refer to the total contents for each of the
cor respondi ngocdosmioesd4sel enent s, expressed in the forrp@[fﬂBtzhﬂ,,mg-, stabl e
oxi de, 1b5according to the usual convension in the industry; therefore the
suboxi des are THRGbUAGHEHNEy WBIhOBRbINk Bbdddsd RSies iU 0o HES 1526 BUTIES:
oxycar bi des, carbonltrldes or even the lIc species O

af or ement i oned®% A%, or even less tha"l’ﬂ@ﬁ’% 0002 +Ca0 + My0" neans

conventi onald yTh‘éZQHereupdéued" oﬁl@(&ans@d!dfm{pu% and/ or.- MgO. 20A "nol ten

terial , t t b t d
5 cont ai ner "ei<EHe SRRl 3, 68 o BBe bl it o O Phenees et 11 ci ot

anmount fadr thélﬁ%mrbeerdbdiseiharo(} 8%ructure said mass. - “lnpurities"
nmeans unavoid u n | | ssari |
W eh the r aw ey Py HkeesRlingie hah OpR, FEKk HAh BORLHL PR L fedRECTT tent &

25 The |npur|tf‘?@§59d?fé"9rﬂ5?d%cessary constituents, but are nmerely

tol erated. For exa\aainﬁng Eche pﬁﬂ’eﬁxéw&ﬂﬁocméﬁﬂ b rl%haorpﬁroh s Ry Qg oxi des,
nitrides, des, .oxycar bi d carbonitrides an metallic

ox%é {{t{ q?

speci es of | PHIFFIRRAT \'ﬁtcﬂ'ﬂ?f'smr @rﬂe(ﬁﬁng‘ﬁés f’%‘%}ﬁlttb?%%d on oxides: -

Unl ess st(at ed -@iberwis8% all the anounts. of oxides in the products
described 30 ardqcl ai g are percentages by wei ght based on the oxides.

Det ai | ed descrip ?? on g? t/°he i nvention WD 2011/ 073945PCT/ |1 B2010/ 055887 7

In the fused afdOsast0-p¥deldéls according to the invention, the high content
of zirconia ZrQgorakesq iy, possible to neet the requirenments of high
corrosion resistance without coloration of the glass produced or generating

def ect's inpai ri ngatdrigge atpmemaﬁé\rhsloc%é}%the5Jdéﬁtrclha;§r8héﬁék%Xx‘ug atd | 02
pr esent thetég{{ c%guct Elﬂcgor ding to the jnvention is -t fnium oxi d

natural Iy pré&8 Y DGHYE BYTRISY; D PSReRages by welght dazedion axidspioduct ,
according to t-mzt nvesth keoBtoi S therefore | ess than 5% generally |ess than
2% @resegngg of silica Si02 notably pernits the formation of an
i ntergranul ar v? eous p ase that can efficiently accommdate t he vol une
changes of zir&ddia GfedutPlg its reversible allotropic transformation,

i .e. during trageitianqpgom the monoclinic phase to the t et r agonal phase
The content by weight of silica nust be greater than 2% Conversely, the
addi tiorf%f silica nmust not exceed 10% as said addition is made at the.

expense of the zi Teohishticoate Rlated mﬂcésbﬁfrﬁfaﬂﬁﬂcmm&‘é FefraBBryGRéduesi on

resi st ance. r f B203 n S i.t possi bIe to inprove the
feasibility %?J@ﬁ%{%ﬁﬁ% n?"gl? C&S'RU%?%g‘P W’W@ SH%F?‘W% e5f bor on ‘oxi de nust
not exceed 4. 8% mglrfgha\smtbmmsﬁ@fmrrnsmmahhéciaarge he expense of the zirconia
content and c nce. The presence of
al um na Al 203ﬁrsﬁqg§§é§%@§ ﬁwg{;ﬂﬁg uihthea ﬁa{%%%t%%ﬁ%@%‘ﬁj f a 20 stable-

Vi t r eougSphasE) afRFiIRGANd e %aé@ma $a1¢ mpltest metgdalniyl coolingree esif@bbtain at he nol d.
However, the add;etrh@&y@fodabﬂjm na nust not exceed 2% as a hi gher content by
wei ght can | ead to instab of the vitreous phase (formation of rrulllte
crystal s), iTh° BRFESSRAG re&mr e’y thelesait BYERElerialE AR pelactekisadhat said

The cont ent réffacteei gbducbdontddi2Owit?Bemiehtionot exceed 0.50% in order to limt
25the fly-off of raw materials, in particular of boron oxide. In-a product
accordi ng to the Prafesabl dhe xdidesofor detdchiNG2 GnidimdmK2htent eis comebsiey,est t 0 have
simlar 3gff osdi 0 ¥y wei ght
ot T30 Blors of these oftR04d0kd Qlefifutdil Al lsgontlf SR, oY (10 O
fact, theseCgpipHiess Hege AXer afe takrn NReageout it diet savwiss didhd et exideso t races
i ntroduced Berciyaré Eqvendchiyirbgariaed Riparitical S- 30The "ot her species" are
species that are not |isted above, nanely species other than Zr02, Hf 20,

Si 02, Y203, Ce02,Pr&ablyMylind3R@3ntroled OBefeoR o ak20be B340 out at a rate of

less than 20°C per hour, preferably at a rate of about 10°C per hour.



WO 2011/ 073945PCT/ |1 B2010/ 055887 8 presence is not particularly desirable
and which are generally present as inpurities in the raw materials.
Conventionally, the sources of the oxides |isted above do not conprise
Ta205. The Ta205 content of a product according to the invention can be

| ess than 50.9% or |ess than 0 5% or less than 0.2% . : | n_anot her
enbodi ment, wbheo1pbhsasspeci es” can al so conpri se spqu spgE£sence i's
advant ageous. Thus, in one enbodi nent, g he product adva ageous y conprises

at | east 0.05% of Tp@riﬁ\;éﬁqeoq&,g% %QS tc]’hdl giagg(%ngft:’n AP %P’Q Bal fﬂscig be

added del i ber at el U|re
content is |REQduct ﬁ%ﬁfﬂbﬂ%%thfagwgépeewm@éraﬁyrwm@m mengfadured of Het cari des:

A product aQSéOﬁ'ldhlﬁfﬂct@r@dtH?ea ln{é\tﬁﬂtéééﬂrdﬁ@ntob@e%ﬁ&?%’ s&#c&mx%{; banal ly
bel ow. a) m xing g materiafrs ‘to form

fol l owi ng st g ?ﬁ?ﬁ c{ bed

an initial JHEPHE BRRERR "ﬁ%"ﬂ molied gaset ing fupegs Q@CQJ‘HE‘Q fo the fypption. nat eri al
is ogt ai fed, thd befjesiohy prioiuat abm aﬂvamftag&ausﬂy fmlnt;ﬁﬁt TRt Rihk 3br, m&ihCQdd Iﬁkgl SOt as
t tain a to the. inv nse
2y, “the. raw haire Ry oPLAHE e g bl ot it wiretsnaime st of -
oxides in traetempwa@rﬁa@qums . In step b), nelting is
preferably carri eﬁlhé)%erl}l%ntd'% e%fey B8 2ol a5 mm éo%giox i?9 gy il ectric

arc, not proau |ng re UCtIOI’] and stlrrlng, prono reomga%’] of the
products.  which wo blegksiof & tapkof agirsspaking fumsee gre CPRh\dlulce%fa@Mhan ntrettamq ic

appear arioe amdammodeﬁ Hlasd. AEEHdin@d tAS inséritof, BEcks B 4 brddidl atddfiidg B#e Product,
it is prefer ﬁ%ﬁ? Q coraduct the nelting operatl on in oxidizing conditions.
I

25The | ong- a EF?H process described in French patent -No. 1 208 577 and
its additions .No. 75893 and 82310 is preferably used. Thi s process
consi sts of Qefinitignan el ectric arc furnace in which the arc is struck
bet ween the charge and at | east one el ectrode at a distance fromthis
charge and cont r of 19 RYCRNREeE M raishs of prigesafefer g0 thehiatal pententeteaeryofact i on i s

mni m zed, Wi doeredsbnamp @h&h;ﬁél%nﬁéﬁt@ékﬁé%leﬂ% @b mm?ﬁ{eqn@s@%eietokaﬁ? ol t en

bath, a m_xin bat ei t her n the arc 1tsel
bubbl | nggan aS%r‘gF%Fr{g P:Eog Vgntigp ¥ t%&’QHSWf r%(%tffﬁl%‘?""i"?@ﬁfﬁé"ﬁﬂ@ﬁﬁ‘ or by
addi ng substaatepionglly titnded addmitibied, cae:lma,sm(yoawgen cafdfitidas, dpeiexindes or

nitrates. }%WQZ@W&IH’P J&g@%ﬁ In step c), cooling.is

preferably ca out at P85S Than 20C per hour, preferably at a

rate of about 100-\9@9 dj@{gzucgmy v,ﬁégr{s%gveng‘g,féwq @aan%PEBSCEHJI& of fu;ed

products ba?Feg) n@ oni a intended for a ications I n gfass-melti
furnaces carrdpyd %@ed provi ded that the 5corrp05| tion of the initial

charge gpabl es pr d t 0. he, obt ai ned tha ave a _conposition conplying
with thgp of a prgd'ﬁ@%ena@étgp i g ¢ ?%““fm@sfm It [PomainiBinaiR.hage, must be

contained in & container. It can contain some sohd particles, but in an insufficient
amount for them to be able to structure sa:d mass.

, "Impuntses" means unavmdab!e constituents, introduced unintentionally and
necessarily with the raw materials or resulting from reactions with these constituents. -
25  The impurities are not necessary constituents, but are merely toieratedr. For example,
. the compounds forming part of the group of oxides, nitrides, oxynitrides, carbides,
oxycarbides, carbonitrides and metallic species of iron, titanium, and chromium are
impurities. - ‘

Unless stated otherwise, all the amounts of oxides in the products described
30  and claimed are percentages by weight based on the oxides.

Detailed description of the Invention



The follow ng nonliniting exanples are given for the purpose of
Illustrating the invention. 10l n these exanples, the follow ng raw
materials were used: - zirconia containing pr|n0|pally, on average by

wei ght, 98.5% of Zr02+ Hf 02, 0.2% of Si 02 and 0.02% of Na20, - zircon sand
at 33%silica, - yttrium.and boron oxides of purity above 99% 15- al um na
of type ACAMWOR0A1MY3MEe conpany Pechi ney and cont ai nirag/iezo1assegre 99. 4%
of alum na Al 203. The products #ere prepared according to the -

conventional pr ocasmenfsearaﬁd Ewtmﬁ@ctga&domﬂg tolthevaAios, thePnigiPboridnt B ocks of

di mensi ons 220: chem c nal ysis of the
product s obtzérc?ﬂé%i §"&Q\7gﬂ1ppﬁslb?%ﬁ 'Beef%hetrﬁﬂ'é"qn?”égna}ﬂpgrcaﬁ I eRplange

anal ysi s, glwsﬁanuh qmlopmlon@ﬁﬂa@ms bsodussdginigendratrgy difddtd iyhpkieing thacainy oft hese
exanpl es, thefgasibility of the product is evaluated using a

f easi bi I|ty I'ndex Ft A val ue of Fl equal to 1 corresponds to excel | ent

feasibilisty-25( Opﬁ‘h@ﬁéfntﬁﬁarﬁifdﬁcﬁfﬁz' et Rl e pRAudtla g&ﬁd:ﬁ)@tottﬁbemg ib

obt ai ned), and a val ue of equal to O correspon t o unacce abfS
feasi bility PoPaniggyids a?’wfﬁ&\haﬂeamfw? EOYTERRy efuﬁwomer'&c@tenbmqusip@men up,

etc.). accordifig fthe Svéittion GathérgioRDied thar S%! ?eﬁéﬁéll?}efsél{%@ﬁz%fom the various
exanpl es of bl obks produced. 30 Measurenent of the tenperature of maxi num
expansi on before Ehmslesel‘wam@emca Si0, notablf berndisrive foorhatiex paas intrgrasuié f uncti on

of tenperatyge |.s pﬁ%&sth%y% ﬂ" %&fkﬁ{gag ea&\gr\%m%)r [ eg‘g ngcggcgt 0 maxi mum

expan5|on ‘before rans orne nonoclinrc to 8 he
zi rconi d0 i $lureg kereversisie ghelrapis transformptipaleeddring tmsmon from the monoclinic

ERIT00, uin e Ban QAAG0RP Ak, FERIht by GRIGHEPARATNID 0t BRREREC! | o

ER1195 whi ch, serves as reference,
2%. Conversely, the addition of sthca must not exceed 10% as said addition is made

-at the expense of the zirconia content and can therefore impair the comosion

resistance.,

15  The presence of B;O; notably makes. it possible fo improve the feasibility of
the products. Conversely, the addition of boron oxide must not excsed 4.5% as this
addition is made at the expense of the zirconia content and can therefore impair the =

" .corrosion resistance. '

The presence of alumina Al,C; Is notably f_lecessary for the formation of a_
.20 stable vitreous phase and for good castability of the molten material in the mold.
' HoweVer, the addition of alumina must not exceed 2% as a higher content by weight
can lead to instability of the vitreous phase (formation of muliite crystals), in particutar
owing fo the présence of boron oxide. :

The content by weight of Na,O+K,O must not exceed 0.50% in order to limit
25 the fly-off of raw materials, in particutar of boron oxide. in a product according to the
invention, the oxides Na,0O and K0 are considered to have similar effects. '

According to the invention, the content by weight of Fe,05 + TiO, is less than
0.55% and that of P,O is less than 0.05%. in fact, these oxides are harmful and their
content must be limited to traces infroduced as impurities with the raw materials,

30 The "other species” are species that are not listed above, namely species
other than ZI‘Og, Hfzo, SiOz, Y203, CEOQ, _CaO, MQO, 8203, A|203, NaZO, Kzo, PZOS-
TiO,, and Fe,04. In one embodiment, the "other species" are limited ,to'species whose



B203 0.09 x Y203 x Si02 FI T 1 95.1 3.45 0.0Q 1.15 0.30 0.00 0.00 1 1140C 2
95.1 3.14 0.72 0.65 0.00 0.39 0.20 1 1083C 3 93.5 4.20 0.83 0.96 0.00 0.51

WO 2011/073945 PCT/1IB2010/055887
8 ,

‘ presence is not particularly desirable and which are generally present as impurities in

the raw materiais.

Cohventiahal{y, the sources of the oxides listed above do not comprise
Ta;0s. The Ta,05 content of a product according to the invention can be less than
5 0.9%, or less than 0.5%, or less than 0.2%. '

In another embodiment, the "other species™ can also comprise specieé
whose presence is advantageous. Thhs, in one embodiment,- the product
advantageously comprises at least 0.05% of barium oxide BaQ. This oxide can be an

_ impurity or can be added deliberately in the initial charge, if required. Preferably its
10  contentis less than 0.5%, as.percentage by weight based on the oxides.

A product according to the invention can be manufactured ‘conventionally
: folléwing steps a) to c) described bélow:
a)mixing raw materials to form an initial charge,
_ b)melting of said initial charge until a molten mateh'al is obtained,
15 c) solidification of said molten Enaterial, by cooling, 50 as to obtain a
refractory product according fo the invention.

in step a), the raw materials are selected so as to guarantee the contents of
oxides in the finished product.

in step b}, melting is preferably carried out by the'compined action of a fairly
20 long electric arc, not producing reduction, and stirring, promoting reoxidation of the
products. - )

To minimize the formation of nodules of a metallic appearance and avoid the
- formation of slits or splits in the final product, it is preferable to conduct the meliing
operation in oxidizing conditions.

| 25 The long-arc meliing process described in French patent No. 1 208 577 and
its additions No. 75893 and 82310 is preferably used.

This process consists of using an electric .arc fumace in which the arc is
struck between the charge and at least one electrode at a distance from this charge
and controlling the length of the arc so that its reducing action is minimized, while

30 maintaining an oxidizing atmosphere above the molien bath, and 'mixihg said. bath,
either by the action of the arc itself, or by bubbling an oxidizing gas (éir or oxygen, for
example) in the bath or by adding substances to the bath that release oxygen, such
as peroxides or nitrates.



0.31 1 1032C 4 92.9 5.00 0.85 0.93 0.04 0.28 0.38 0 1034C 5 90.9 6.26 0.86
1.16 0.00 0.84 0.48 1 1040C 6 92.7 4.87 0.88 0.90 0.04 0.66 0.39

WO 201 1!073945 : PCTAB2010/055887
g :

In step ¢}, cooling is preferably camed out at a rate of less than 20°C per
hour preferably at a rate of about 10°C per hour

Any conventronal method of manufacture of fused prodtjcts based on zirconia

intended for applications in glass-melting fumaces can be employed, provided that the

5 composition of the initial charge enables products fo be obtained that have a
. composition complying with that of a product according to the invehtion.

Examples

The following nonlimiting exampies are given for the purpose of illustrating

the lnventlon

t

10 A In these examples, the following raw materials were used:
- zirconia containing principally, on average by weight, 98.5% of ZrQ, + HfQ,,
0.2% of SiO, and 0.02% of Na,0,
- zircon sand at 33% silica,
- ytrium and boron oxides of purity above 99%, '
15 - alumina of type 'AC44 sold by the company Pechiriey' and containing on
| average 99.4% of alumina Al,Os. |
The products were prepared according to the conventional process of arc
fumace melting, then cast to obtain blocks of dimensions 220 mm X 450 mm x
150 mm.

20 The chemical anaiysié of the products obtained is given in Table 1; this is an
- average chemical analysis, given in percentages by weight.
Feasibility , : : :
_ For eacﬁ of these examples, the feasibility of the product is evaluated using
a feasibility index Fi. A value of FI equal fo -1 corresponds to excsllent feasibility
25  (opfimal manufacturing y;eld no flaws on the parts obtained), and a value of FI equal
to 0 corresponds to unacceptable feasibility for industrial manufacture (through-
cracks, parts broken up, etc.), _
_ Samples for carrying out tests were taken from the 'various examples of
blocks produced.

30 Measurement of the temperature of maximum expansion before phase change

. The curve of expansion as a function of temperature is constructed and the ,
temperature 'correspondi'ng fo maximum expansion, before the transformation’
(monoclinic to quadratic} of the zirconia, is noted, designated "T" in Table 1.
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0.05 0.37 0.33 1 983C 9 92.3 5.00 1.20 0.90 0.00 0.60 0.54
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Example 1 corresponds to the product ER1195, which serves as reference.
‘ Table 1

Ex. ZI'Oz [ SIOQ Y203 AlgOg NaZO 8203 -0.09 x Y;go;:, X Si0, Fl T
11 951 | 345 | 0.00 | 115 | 0.30 ] 0.00 0.00 1 11140°C
2 951 | 314 | 0.72 | 065 | 0.00} 0.39 0.20 1 11083°C
3 8356 | 420 | 0.83 | 096 ) 0.00}| 0.51 0.31 1 .| 1032°C
4 92,9 | 500 | 0.85 | 083 | 0.04} 0.28 0.38 0 | 1034°C
5 908 | 626 | 0.86 | 116 | 0.00 | 0.84 0.48 1 11040°C
6 82.7 | 487 § 088 | 0.90 | 0.04 | 0.66 : 0.39 1 11029°C
17. 951 | 259 | 097 | 103|005 ] 0.28 0.23 1 .1 1011°C
8 946 | 3.06 | 1.20 | 0.77 | 0.05 | 0.37 0.33 1 883°C
9 923 | 500 | 120 | 090 { 0.00 | 0.80 0.54 1.1 880°C
10 | 939 | 381 | 1.23 | 0.79 | 0.00 | 0.25 0.42 0 | 957°C

The results show the poéitive roie of yitrium oxide, It is considered that a
5 minimum content of 0.8% of yitrium oxide in the product is necessary for significantly
lowering the temperature of maximum ekpansion before phase change, in particular
so that this temperature is below TOSO"C_:-. Thus, it becomes possible, adﬁantageously,
o reduce the ‘temperature of the molten glass in contaet with the critical region, thus
to increase its \)iscosity and therefore the corrosion that it produces. Advantageously,
10 the risks of escapes of glass are therefore limited. '

Comparison:of examples 3 and 4 or @ and 10 shows the importance of the
presence of a minimum .amount of boron oxide to obtain optimal feasibility in the
presence of yitrium oxide. Comparison of examples 4 and 7 shows, however, that this
minimum amount depends on the contents of ytirium oxide and of silica.

15- * Moreover, ofher tests have also verified that the products according to the
invention also display the other properties recognized for materials with high zirconia
content, in part:cular resistance to corrosion by molten glass.

Of course, the present invention is not limited fo the embodlments descr:bed
and represerited, supplied as nonlimiting examples for purposes of illustration.

20



980C 10 93.9 3.81 1.23 0.79 0.00 0.25 0.42 0 957C The results show the
positive role of yttriumoxide. It is considered that a 5 m ni num cont ent
of 0.8% of yttriumoxide in the product is necessary for significantly

| owering the tenperature of naxi mum expansion before phase change, in
particular so that this tenperature is below 1050C. Thus, it becones

possi bl e, ad¥ar0ateTa¥4by, to reduce the tenperature oPCThB20MOING6867g] ass in
contact with the critical region, thusito increase its viscosity and
therefore the corrosion that it prodgcamis Advant ageously, 10the ri sks of
escapes of glass are therefore |imted. Conpari son of exanples 3
and 4 or 9 and 10 shows the inportance of the presence of a m ni num anount
of boron oxide to obtain optimal feasibility in the presence of yttrium
oxi de. Conparison of exanples 4 and 7 shows, however, that this m ninum
arount deperidsA d¥feg 1ed Ea¥itrefrciony proguqt comaTising. dre peraenteges iyl waight basidor eover ,
ot her tests hameihalbgiBed/aid b £etat fapodhe products according to the invention
al so di S%| ay thezoc})her properties recogni zed faor materials with high

zi rconi a~cont ent ¥ particul ar reSPEPEAEEPJO%r 1 0si on by nolten gl ass..

Of course, the-pH&®ent invention isx4wt limted to the enbodi ments

descri bed and regggsent ed, suppli (g%o/a%@%nl imting exanples for purposes of
illustration. 20 20111073945PCT7’1 B201b/ 055887 11 CLAIMS 1. A fused and
cast refractory ErIda&tOCcohePisbag;r NgP péidlent ages by wei ght based on the
oxi des and for_agi@tal of 100% Zrl0gse5 conpl enent to 100% Hf 20: <5%

Si 02: 2%1t00 10% 0-9% < Y203 + CeQ2 + CaO + MyO 5_ 4.0% B203:5. 4.5%

B:03: = 0.09 x (Y203 + 1/3 {Ca0, + Ta0 + Mg0))} x Si0;
- ALOs |  0.3%t02.0% | :
- NayO + K0 <05%
- P0q: <0.05%
- Fey03 + TiOa: < 0.55%
I35 - other species: < 1.0%, .

provided that the Y20, content is greater than or'equai to 0.5% or that the content
of CeO, + Ca0 + MgO is greater than or equal to 2%.

2. The product as claimed in the preceding claim, wherein
B,0;3 > 0.095 X (Y,05 + 1/3 (CeOy + CaO + Mg0)) x SIO,
20 3. The product as déimed in the preceding claim, wh;erein
B,03 = 0.1 % (Y203 + 1/3 (c:e'o2 + Ca0 + Mg0)) x s‘io2

4, T_he product as claimed in any one of the preceding ¢laims, wherein the content of
boron oxide is greater than 0.4%. '

5. The product as claimed in any one of fhé preceding claims, wherein the content of
25 . boron oxide s less than 2.5%.

6. The product as claimed in any one of the preceding claims, wherein the content of
yitrium oxide Y;0a is greater than or equal to 0.7%.

7. The product as claited in any one of the preceding claims, wherein the content of
yitrium oxide Y20j is less than 2.5%. -



10- B203:0.09 x (Y203 + 113 (Ce02 + Ca0 + MJO)) x S102 Al 203:0.3%to 2.0%
1?1a20 + K20: <0.05% F- Pe20205:3 + Ti 02:<0.55% 15- other species:< 1.0%.
provi ded that the Y203 content is greater than or equal to 0.5%or that the
content of Ce02 + CaO + MyO is greater than or equal to 2% 2. The product
as clainmed in the preceding claim wherein 8203 0.095 x (Y203 + 1/3 (Ce02 +
CaO + My0)) woHA2/028945. The product as clainmed in thedneeedegss ai m
wherein 13203 0.1 x (Y203 + 1/3 (Ce02 42Ca0 + MJO)) x Si 02 4. The product
as clained ig FpypRAGctet daffedin sﬁmewtr@@é&@ing%&wﬁeEeﬁ}ﬁHgB&&&%f of boron
oxide is greater t.?rgen . 4% 5. The product as clained in any one of .
the preceding S'@HESSWRBLAM the content of 25boron oxide is |ess than
2.5% 6. The product as clained in any one of the preceding clains, wherein
t he content. $f The produshee xiatieedV20F ire of thegiretedingaizing, wagil thé oflent® WO
2011/ 073945PCT 2-8. The product as clainmed in any one of the
precedi'ng cl ai %E%é&ggﬁgﬁﬁg%ont ent of silicais less than 8.0% .9. The
pr oduct g c@airgrsd in any one of the preceding clainms, wherein the content
of al'uni ma i & FEsROgyEd gs saigigd in gy opR©f Breguiereding Slapmsa mwhengin the eenjensae of t he
precedi ng cl ai amminshegreatar hheogunt ent of alumina is greater than 0.7% 11.
The product as clainmed in any one of the preceding clains, wherein

(Na20+K20) 0+3% T al ned in any,. one t he
pr ecedi ng cﬁgi'% Profuct & r?']aheed ’F%P gp%ig@hen? ger?g &'%%Sgwpe%% (Nﬁ%%%ﬁ%%peci es"
is less than 0%84%-13. The product as claimed in any one of the preceding
clainms, conprising less than 0.5% of each of the oxides Ce02, CaO and MO
14. A gl ass-1zethd p@dlicird3a84mee M bhy bR of i Breb&BhORaihiat GRESH e thig i N

cont act th rml-ile‘- | ass, .a.refractor roducf as claimed in any one of
the pr ecle di ng eqn e%nlﬂ,gs_gw rgﬁt of "other species |s¥es% than O.é%. :
13. The product as claimed in any one of the preceding claims, comprising less than

0.5% of each of the oxides CeQ;, CaO and MgO.

14. A giassmelﬁng furnace comprising, in a region intended to be in contact with
molten glass, a refractory product as claimed in ény one of the preceding claims.
5. .. | ‘ | |



