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Sintered and doped product based on zircon + Nb?0O or
Ta?0s The invention relates to novel sintered

woreaos/o4abs produced from zircon, to a process POI/IB2007/054195
manufacturing themand to their use in a glass
furnace. Anong refractory products, a distinction is
made bet ween fuse-c st products and sintere
pr oduct inteped; cthasgdopzirce Nib-Qs

pr odvigd Sr;\}é‘ﬁtﬂ@{ |r$’|ale@Cth|ﬁ’<§i/ea slhitgrbl Ym@tbtiéldémbduced from zircon, to a

nt er gr an se that fills the network of
proghSPErpnyegugia it SRR rbdtehe Gastiimesped by
P Lo Big Sy o HH e, S CPile At RERR (iseges! products

and@sini@dproanctsol ving them are therefore generally
different. Mdreover, owng to the considerable

di f f gnkxaceastelelt preaicts, fasstroast @eddurc'tsn@slpnpﬂmeSa highly abundant

int%g%gti%lf tgi{egﬁr%ngteegs% Bﬁ?mll‘;qh‘én%é@fa% rg'{yg%llgs{j l'Igsrglns ??-ﬁe problems
endoRAtdr&c thyr isirgerad S prodaste dad dsiudlisedadidt \iiregucterisatheir respective

ntered p S are obtai ng, suitahl e raw
anqlpriscang hBaEsr gl MG EP R Penf bt i Bigkero Genoraily
difféteat eMoteel e, QJV\fmg itcﬂgthd bensr(@uﬂ)léldh@rgmmnbéméﬁm alhe ananufacturing
gﬁperature an ?) dg are suf cdent ) )
pr°§F &t t?ﬂ”%poé '88n ef"8 i pEﬁ‘BFﬁ‘ﬁ 9 th &SP SH%W@QPC cannot a
pricrdivgp 0s3d asosuchrior rdeifactoigwsintzredproductf aranvicesvartar ed
products are intended for a very wide variety of
[ nduSl‘ntdred; produsts Rreolstdinpd bg utking suitzbbd @wl matedale, then forming this

artl refore riori
mifi e B the BBl BEborefintliha st s B 57 eba My Serature and for a
timaticdt ey suEfgpéntdatintm thimgmenddrmt.he t enper at ur e,
corrosion or abrasion conditions are different. For
exanﬁbaendh@ 3>n89ﬁ;ir34l1erdieslcbbdnﬁesiﬁ;cbmtaedemepr mdztm'ids of production,

p Od ¢ romg (a50 90 andt zfrco
sinfpi REREAGets BRThferher Foyf ok vy B s T i ¢
|
ﬁriiéﬁﬁ*gt&gﬁ&&@%r%&a fg’" PSP BRHUALSanotB B B §FPetb not a prior

postess ghedoroperbes useded rforcct»eingchsen tirh amothiee rapptiestion ‘iﬁhwjmch the

ten@o{) Cathfer Srfrﬁc?n&‘ aqr%i%{%?% FioRMLE ghgrenpr bei ng used in

gact “Wi I ntered products,

densgorpé)%%%,sug f§9y§ %Q1 fJeggﬂbZes s?rﬁgre(izérg&?c% BFBduced from zircon

(50-90%) and zirconia. The zirconia is partially stabilized in order to limit elastic

deformation of the products, which leads to cracking. However, the products in US 3 899
341 are designed to be used in contact with molten steel. They are therefore not a priori

suitable for being used in contact with a molten glass.

Among sintered products, dense products produced from zircon (zirconium
silicate: ZrO,.SiO, or ZrSiO,) and optionally zirconia (zirconium oxide: ZrO,) may be used
in applications in which they are directly in contact with molten glass, in particular in the

case of non-alkaline glasses.

EP 952125 thus describes sintered products intended for glass furnaces and
produced from zircon (5-40%) and zirconia. These products also contain titanium,

aluminium and yttrium oxides, allowing large crack-free blocks to be produced. The SiO,
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silicate: Zr2-Si Q2 or ZrSi ) and optionally zirconia
(zirconiumoxide: ZrQ2) nmay be used in applications in
wokiosl42beey are directly in contact with nolt ePCTIB867/054195
in particular in the case of non-al kaline gl asses. EP
952125 thus describes sintered products intended for

| gss furnaces and produced from zircon (5409 nd
codp a8 1eRe PIFGES IoaUGTS 1 4-2b BGH bRt o GHjort 1 areater than
82®l umi ni um and yttrium oxi des, allow ng |arge

crack-free blocks to be produced. The Si Q2content of

t heswPO2dutiSddssribesstsoplpas” dstbfahthkendrivedcturéioCgldss-sheets. The

_ HC>2 content i ter t 82% 2/ 4410 .

isoppgR FrpatEe e TAE LS ke Paelthland mafeas fives coptaia between

0.25é1_€EB4:]%.tita'|'rh‘l§Bn ioxidlel thes arénrmllsé;rmidme trsei_n‘sdrfgﬂ?r%% mi(l;rsg@tettb«y prior art,
nd, e al SO contal n et ween . e

W%ﬁ%ﬁfﬂgﬁsﬁﬁ%j?%@ﬂ %ei r creep behaviour is

[ ffici To illustrate th i . 02/ 441Q2.. .
't o5 &34 48 8erlpes (RHEDS oty Collab ot o aiafer ang ttanium
oxig® tadard ingended twb® bleonitaat aith amsltehidlassi T preiselecet dfaitanium oxide
o b EplFel §RAER oL b €80 T serng
In tha\eoidrpabd et ttbe tzineorie meist be ahstabilized drideit [3rtbeiteedrs preferable to use
oSSR A B P B O R b areomo, o
exgmgé ewilb| Brconiausbllinatabidh zed yttiiuns otide ior thleium oxide, is not
u

o BRI s e O 3PR ooaRBleath,

' | | ci ide, is. bl
37 el el R e e B 0 MBhod B G HBSS Frousty
Thekesti@bnbagetimaidBaB006/ Corddd I ,0e Sitiey bvsaysefontairt atrlgast 1% P,Os or

V@%ﬂteri als intended for the glass industry. These
“7ZTrcon-based materials may contain Y203. They al ways

contain at | t 1% P20H O V2(h. T reep of , :
at o 1R, S vt e 2R, 0 B rlaPipive, tonsic or
flextuea sirkss) omayf beedadinatl as thieeats(ity obih elmeateldd] itanbel pastidaiy deformed, that

. .ahilit e [ tg b I i.cal ly, d d ,
o B0 Bl 5B B0 Bl 2B B B BER g, o
creep ig imi genleca dherinally eétivatetdo that éetoasaydscreddimy thredempesatura tends to

o e bR ol Mt or cace the croep rate of

the ma(t,e“?{aiinalglass applications, and in particular for forming glass sheets, creep
must be limited as far as possible since this may induce deformation of the refractory
block that makes it difficult for the glass sheet to meet the dimensional specifications and

results in a substantial drop in yield for the glass producer.

There therefore exists a need for a product having improved creep resistance

and able to be used in glass furnaces. The present invention aims to satisfy this need.

To this end, the invention proposes a sintered product produced from a starting
charge containing 75 to 99% zircon, and having the following average chemical

composition by weight, the percentages by weight being based on the oxides:
60% < ZrO, + HfO, £ 75%;

27% < SiO, < 34%;
0= Ti02;
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In certain glass applications, and in particular for

form ng gl ass sheets, creep nust be limted as far as
w@o®siowi2e8 si nce this may i nduce deformati on of PETEB2007/054195

refractory block that makessit difficult for the glass

sheet to neet the dinensional specifications and

resu bn %gybstantl al drop in yield for the gl ass

pr od cer2 3Fie?® t herefore exists a need for a pr oduct

havi 0.g% mbgyﬁdm{cgepzs%eﬁost ance and able to be used

in glass rnac The present invention ains to

sat | Ph'H ﬁgﬁ’ To this end, the invention proposes
for a tetandfernee,. pr oduct produced froma starting char ge

t ai ni 75 to 99% n d ha
g\?grglﬁ&‘l’%ﬁ@hﬁ‘é% atEIb élserrggbqg 6‘?33\%& i gdutcE as an |mpr0\9ed creep

resREIrEeNtitgRSpdy tovEieghlod ek Rigsdrmea dithertd. edvaxiadesusp#also has a
50 27% <. Si0O2 < 34% 0 < TiO2:0 <

, 02 Hf O 2
hrgérg@sﬂqutg%lerﬁfq% QQNHQE%" the-kQoMa Pragiiclsang o her

"t cFeby: B raiud Aegeiner,J° grsaliot SRadiazone or more of the

followipg @plchat fea@pes:esi st ance with respect to the products
descri bed hitherto. Advantageously, it also has a high
- dI'@a@j; + XD 00eq yirafatabiyt Td,05 810. 1% gireferddhamaiie KRSMNIn percentages by

refe t he product according to the
%ﬂ ghe Ea%%o{tggo 'Hg or nore of the foll ovm ng
tlon feat > 0,.00% fer o
- QR eh Eonlei R - b e B B T Rl lEh < 0.0, or
\megmb2®a<tthé5%am pebntabhes oxivaeEght on the Iaarsrsenbtrm oxdtds; In one
Nb2 5, %, Rr 'y, Nb2 % fer abI Nb2
st pafl B EBER! EnD e St B R oA MobRgFortain any
Nb,Ohe basis of the oxides; In one enbodi mrent Nb2Gb <

0.05% The product of the invention may al so not
- Clodt ain 1a6%, No2€dbly TiO, < 1%, more preferably TiO, < 0.5%, even more

preferably TiO, < 0.15% and even more preferably still TiO, < 0.10% in percentages

by weight on the basis of the oxides.TiO, may even be an impurity;

- the total content of oxides Nb,Os and Ta,0s, preferably the content of at least one of
these oxides, and in particular the content of Ta,Os, is greater than 0.2%, preferably
greater than 0.3%, preferably greater than 0.5% and more preferably greater than

0.8%, in percentages by weight on the basis of the oxides;

- the total content of the oxides Nb,Os and Ta,0s, preferably the content of at least one
of these oxides, and in particular the content of Ta,Os is less than 4% or 3%,
preferably less than 2%, preferably less than 1.7%, preferably less than 1.5% and

more preferably less than 1%, in percentages by weight on the basis of the oxides;
- Si0,2 30%;
- ZrOy+ HfO, £ 72.9% or ZrO, + HfO, < 70%;

- the "other oxides" are impurities - preferably the content of "other oxides" is less than
1.2%, more preferably less than 1%, even more preferably less than 0.7%, even more
preferably less than 0.5% and more preferably still less than 0.2%, in percentages by

weight on the basis of the oxides;
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TiO2 < 1.5% preferably TiO2 < 1% nore preferably

Ti2 < 0.5% even nore preferably TiQ2 < 0. 15% and
wer@s/osmee preferably still TiO2 < 0.10% i n pePCEM2A¢S4195

by wei ght on the basis of t4he oxides.TiO2 nay even be

an inpurity; the total content of oxides Nb2G5 and

b f er abl t of at_ |east f ih
52Pacs, Phrbr etk f Ao fmendanb iy riocs U 7. Sven more

Pprefaiadly R O3%Yandeedremakd pre@rsbn sl 08 02%8%n percentages by
pr efﬁra H %sr.ea r t.Han_ 0.5% and nore preferably
Jralditon the BESiHOeE OxigeSer cent ages by wei ght on t he
is of the oxides;. the total content of the oxigdes
) R@é&ﬁ Aty REHERDlY S\?@ﬁef a(b{)lz” {AYE cRYTELARIY o\fzbét< I(Bé}égt even more
prefedbii WES & @3%asd eddidmbie rafekdbhustary, 0 & @R%t @rderédntages by

Ta20h, i ess an 4% or 3% preferably |less than 2%
pYYeég@PHB'?‘?/%%%QHFﬁQﬁ'dT?’?% preferably |l ess than 1.5%

no referabl y | o, than 1% | ce es b
- T G PERSHRA D 5708 el deterotly BPES SR8 Pobecspoes by
wdiljddn<he BaSoithe 4xidBs;+ Hf O2 < 70% the "ot her
oxi des" are inpurities - preferably the content of
"Caner0. 0%, gesérably Ca33 0.05%, b Xeentages iy ebightibh Yhd bssds of the
th%n 1% even nore preferably less than 0.7% even
r%frgspreferably | ess than 0.5% and nore preferably

- eeps <SSR e300 BRI AU ABh B b Bt o e

@xBfs; nore preferably P2C6 < 0.5% even nore
preferably P26 < 0.3% and even nore preferably still

- FRzireorOcé@gntiin tipe sdingagesgdis greatghthamnor équab&s B8%0referably
t ' oV < 1% b V, < 0,9%. e ,
PSR S0% T sbeelfhdt fRLY peitadis b Fine basis
@f 8% oxdide; even nore preferably still V206 < 0.2% in
per cent ages by wei ght on the basis of the oxides; -

- Ahe OB ductidhthe mebetiabihas the 208 ef DbIGSk, atteast pnebtihallipensions of

AU 7Rt PR A5 I B S S

plee blenk agg elpguarei qyiectarguldreshbpsd;s of t he oxi des;

- the product of the invention contains more than 80% by weight of zircon (ZrSiOy,);

the apparent porosity is more than 2%, or more than 4%;

the apparent porosity is less than 15 %, or less than 10 % or even less than 8%;

In one embodiment, the zirconia content in the product is greater than 5%,
preferably greater than 10%, and/or less than 15%, in percentages by weight on the basis
of the oxides.

In one embodiment, the Y,03 content may be greater than 0.05%, greater than
0.10%, greater than 0.15% and even greater than 0.5%, in percentages by weight on the
basis of the oxides. The zirconia in the product may be at least partially stabilized with
yttrium oxide, the percentage by weight of stabilized zirconia being greater than 10%,
preferably greater than 20%, of the zirconia.

The yttrium oxide content Y,0; is preferably less than 3%, preferably less than
1.7% and more preferably less than 1%, in percentages by weight on the basis of the

oxides. Advantageously, a significant modification of the crystalline phases is thus
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Fe2®3 < 0.2% preferably Fe2O3 < 0.08% in percentages
by wei ght on the basis of the oxides; the zircon

W@ ovBe#298 N t he starting charge is greater thaPCDIB2007/054195
equal to 80% preferably greater than 90% preferably
greater than 95% as percent ages by wei ght on the

s of the es; the inventi on has .
avqgeal Pt SoTaon Bewiske ! feasBiig Ristisims Fesciaiahfioan fagease in
rigigify. ch, preferably all the dinensions of which, are

re a articul a t he bl ock ma
Jauar e siveRlir ARgUIPHYS b BeRroot e chy BRILKEGing Retntored product
corhprisaiy the folRAitigpdtass: nor e t han 80% by wei ght of zircon
ZrSi O - arent, porosity i.s nore than 2% or
(ord) Crammaria e RNR Bipo s e e bes {han 15 o
or b)ese gré@npérﬂusqromrede‘btﬁmséuee&rﬁﬁmﬁé ahd 8ne
con roauc

di e i S
T o8k o R ey T SR 55 90 bF Birplarseld S EOR oty or
saill @Estebd aérnga%emﬁhpermenﬂha@eﬁ-tnrg/chmg@mdewnﬁm ina8tIsa way that
.gf %{ae oxides. In 8{515 enmbodi rrent the Y2G3 content may
sai {

4P & agoriange h&yYERtoP- t han 0. 10% great er

t hanP&féréPx@aﬂd:oaVaerd @meaaugrzurcbare eﬁe%‘}ﬁjed i pepCHnh arg&ﬁmts such
t

on the basi.s of
tha fs T 18 FAP o OB {ONEA [P S reahyh of e starting
chathé rdstnpersérigge bifte pelghest agedsis oiehghtidey. stabilized
zirconi a being greater than 10% preferably greater

t hanlnZQ%erﬁtﬁocﬁrh@ntznnrsmma)amo’rﬁb@hn}d Zircbhianaoxiotl @t leastt 6 of silica are
refe ably. I ess than 30/ r ef rabI t han
addfd% SOrBe Sh et '&pgsﬁeyn*ﬁg&g& 5 %a%sew?@%%@%%
ht  opn.the basis Advant ageousl|
o Cften Sl olefisd B e ot B PR Etetel. mey
alsb detdudsd vothdeddarting charget,hﬁleaéwll% yttien lokigls sinqdercentages by weight
si bi it robl e iated with an increase in
O”hea?a&fst?ﬂhérﬂﬁd?% rr;sq %jsdgﬁso relates to a process f or
manuf act urin d rod
ol o hgrepapBrtd Fich aRIGIANE] wiE ARELg 38 ridfieg. sargrately. is
addddao tthengtacing rcgerge. However Y,O3; may still be an impurity.
Preferably, in step a) one or more of the oxides Nb,Os, and Ta,Os, are
intentionally (that is to say systematically and methodically) added in amounts
guaranteeing that the sintered product obtained in step e) is in accordance with the

invention.

The invention also relates to the use of a refractory product according to the
invention, or one manufactured using a process according to the invention, in a glass

furnace, in particular in furnace zones that are in contact with molten glass.
The invention finally relates to such a glass furnace.

In the present description and in accordance with the usage, "zirconia" refers to
ZrO, molecules that are not associated with SiO, molecules to form zircon. Likewise,
"silica" refers to SiO, molecules that are not associated with ZrO, molecules to form

zircon.

The term "impurities” is understood to mean inevitable constituents, necessarily

introduced with the raw materials or resulting from reactions with these constituents.
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b) a green part is fornmed fromsaid starting charge;
and c) said green part is sintered so as to obtain
W@ 2008/0¢7208 er ed product, said process bei ng notRUDIB20§7/054195
in that the starting chargesis determned in such a
way that said product is in accordance with the

i nvention. Prefe |y, zircon and optionally zircopia .

oo Uit memigr hstise. dihit pereERet AEk PRERPBERPY Sieont on
thetda@iszdf tieodkidaad zi rconi a contents represents at | east

95% of the starting charge, as a percentage of the

wei ghite aircéhendyabe Sprofidéd &yoxirodaSsandn(ranealeob eghmthetit, ,optionally

m”LE}E stejg a)h m)noc]J [ nic zi corhi a. and/.or at | east,6 1% of
) PSS ENYBRCL B R raduS i aNg I Agly g reon pontent.
per Ceind iagm@oé;l;\iforwei;o;d_wing>no tth@_ir’ﬁ@gii@n, ?fetétrhﬁr]emxbydeﬁemical analysis,
tional yttriyumoxi rovi ded the zirconia or :
sl paed L L asg" Bt e it e be fePreponaing
zircohaog@ntsAt | east 1% yttrium oxi de, in percentages by

wei ght on the basis of the oxides, may be added. In an
enbodtsvrdihg tobe YaEBtioadtide essentidl fot thb szdrlimpetiag®dto contain at least

rovi ded, separ at e is added tqQ the starting,charge.
750 RbEEDYS B T Ap, Ros i i artldy bpBfr I product
accoiding &) thereventiomoaldoih fadtenoco ke debieiaR Pihe amdunia 2080, and ZrO,

are  intentionall that,is to,say systennti.call and ..
Rl R Ba P OT anbedia B tedovuSE e RtSERH 4 Tieslorfiid siica and
zirinizt er ed product obtained in step e) is in accordance

wth the invention. The invention also relates to the

use PBfefexablgfthatdtalrof thir oo tandetcsrda oonténts tdp@esents at least 95% of

theisnvrgnti ong or one nmanufactured using a process
g 'F%I%ad Yo the invention, in a gl ass furnace, in

particular in furnace zones.that are in caont W
o ¢ U5 gtenlPocra Rl Pk BT Rk B Pl plE bl - 15 0
2%y lamd s ateording @¢o then usied adsenthede woigxtdesraramt idistinguished from

eac%cctﬁrrdance with the usage, "zirconia" refers to ZrQ2

frol ecul es that are not associated with SiO2 nol ecul es

to fo i . i | rsiliean fréé%: .

0, UGB SR PO RSB Slh 89 chrll Foppooraon
stateo af bigm tempeoature. To limit these dilatometric variations, in particular in large
blocks, it is necessary to limit the zirconia content. The starting charge must therefore
contain less than 25% zirconia, this being provided by having a zircon content of at least

75%.

In one embodiment, the zirconia in the product according to the invention is at
least partially stabilized with yttrium oxide, the percentage by weight of stabilized zirconia
being greater than 10% of the zirconia. For this purpose, the zirconia must be introduced

in unstabilized form and the yttrium oxide must be added to the starting charge separately.

According to the invention, the presence of niobium and/or tantalum oxide
improves the creep resistance of the zircon-based refractory product. Advantageously,
this also avoids having to add titanium oxide. This is because titanium oxide is known by
those skilled in the art as being an additive that promotes bubbling of the zircon in very
many specialty glasses. It is therefore desirable to limit the concentration of this sintering

additive.
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The term "inpurities"” is understood to nmean inevitable
constituents, necessarily introduced with the raw
WOoraioen#abs or resulting fromreactions wth theGEIB2007/054195
constituents. Unl ess nentioned otherw se, all the
per cent ages are percentages by weight on the basis of
t he gxides. The zirco be, provi ched by .zircon sand
(nat tir 112 it FAGC. o dF oREY IAERD ThriselROgSIe o use
yttritineoxitié-8tadilizel@ ndreots adygbddd avé Harigm Nex@de. ZAg emslained above, the

content, Th ition according to, the invention, .
ViR B i RISy ChRTRECaP Thh SR B Ghardg Jileredestli g fechtoonia so as
to remiodd, lat BaClpatyl tHe SRbhieatcandfahe wirédn@in tHe produgtiacdordigg to the
t he correspondi ng zircon contents. According to the
PMP8ntion, it is essential for the starting charge to
contgin at | east 7859 referably at | east 80% zircon. .
The. Bh0SHratds desiRtb Al TruehBraTeit o SRikn Sds PR to avoid
diséaridtion ofnwentitcon avohigld témpératire.NDhe lyérigra hoxédee dontbnit Retherefore

, uny s, of Si2 and ZrQ2 provided by the zircon
Im@‘%@@%ﬁgﬁg to the invention were provided in the form

f sili d.zi i a. f ly, the total of th
01 ¢ oo SOt dhe Sindit ST s S B SirdsBpas to the
SiGfconteat st Arcon rgd ch&regeilica e oaé eaboUidrenqrit &ast 1Y dfailica is added

materi.al s, al so contain s | anmpun of. HHO2 (.1 .5 1to0
to 85Tkl Sof oy oruOrRlE e reh P drRiiesiahalavpy Brictratures
thaaxiadsbeanesdedtto desdifypues sikved. f rom each ot her. Zirconia
exhibits large dilatonmetric variations due to its
chan@iee Githarroxgiea! hregrddssi stuch taathm,@t AhDg P, Ogwp Eead4The contents
Jo Limt these di]atonetrjc variationsg, . articular. . .
of [:0 Phkn P GRRed 1§ PEBhal YU 4 Fiefte mlef B thigimizea.
Pref@rablgnthesd logides ard imguritiea pgevidadsby tHeeraef omriaznivdioch oxides are

| ess than 25% zirconia, this, bein rovi ded havi ng o, .
ot 5 Bsceih ceamtisnts Bt 4B medyitobEad, A S sblesraiet ¥ 5%, it i
cortsiterad thaotheseffest dhibeps tulibert oxidesd ddesgott substaatiallyweodifydhe result
obi S gt | east partially stabilized with yttrium oxi de,

t?wg percent age by weight of stabilized zirconia being

?L:algz)‘:%?%réﬁ?g th#ﬁ(g%n? nett({)}ﬁ%a?:b;oﬁfgtgéaa‘boegrlheﬁtmn%d PR ERSH the sintered
product according to the invention is less than 0.5%, more preferably less than 0.3% and

inv

more preferably still less than 0.15% in percentages by weight on the basis of the oxides.

The following non-limiting examples are given for the purpose of illustrating the

invention.

In these examples, the raw materials employed (the percentages given being

percentages by weight) were chosen from:

— zircon sand containing 66.8% ZrO,+HfO,, 32.7% SiO,, 0.2% Al,O; and 0.1%
TiOy;

— titanium oxide containing 96.6% TiO2, 1.7% Fe;O3, 0.8% SiO, and 0.6% Al,O3
(for reference only);

— niobium oxide with a purity of greater than 99.9%, having particles with a median
diameter (Dsy) of about 15 um (example 2) or about 1 um (examples 13,14);

— tantalum oxide with a purity of greater than 99.9%, having particles with a median

diameter (Dsy) of about 15 um (examples 3, 4) or about 1 pum (examples 6-14);
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in unstabilized formand the yttrium oxi de nust be

added to the starting charge separately. According to
W@ b@siosmeest i on, the presence of niobi um and/ or PEEIB2807UNFH195

oxi de inproves the creep resistance of the

zi rcon-based refractory product. Advantageously, this

al so avoids having to add titaniumoxide. This is

becalf¥im P’E'Q‘ﬁu""dhwao%i'r@éof greRiEs WP yY-2 oE%V'@:@(PP”'é'&S ith @ median
diakrR€erdf B t@4 Ypei Ng an addi tive that pronotes bubbling of

the zircon in ve many specialty glasses. It is

t her RISPROHaGI¢ @@X/@ea‘ﬂld?quﬁ PO BRUEIM ANt rati on of this

si Dt gyit@nadmcs 'cMﬁta’nfngzﬂnBFéofF\'aﬁ ds8, afsleshd Ravilfa median diameter

starting charge, it Is possible to use
(Dey)af @bawt Gxirde- st abi | i zed zirconia to provide the

yttrg | e a yt oxj.d

/o ORI rachiy GEBLR (el AfltaciRaY ckEbMMG™ET% process
CoriVﬁdti,ip@MeWDlySlrwthleﬁ@llozwrgzﬁﬁp%i so as to pr om)te at

| eas£ il r’éd é‘rtraé %F‘coﬁts%ﬁt]éek%ﬁb 'ofHér Aw F3feriglst conia in the

rodu cor € invention. wever, it is
deS| bémIX@nQ@thﬁ% I’ﬁW matesiatsrio form e siaring ehargei de i n

Ordeé foPmi g%%@%&%&&t@smgad ixtufl& oA con at high

atur ttrium oxi de content is therefore
I i mdéamte@nsossaldm@n&a@e content of the product

acc oéfék)rb%fﬁgkéshﬁpds@‘b | RGO ?ﬁggﬁﬁlntﬁ\ p%%rtei‘(ﬁe S-&characteristics

cont en Zl rcon an tQ ree Si . .
reodied drngaed, subsequent densification jof theamateriati ded they exdraples described

hergt ﬁ%tdfo%e@ﬁﬁgﬁreﬁﬁreﬂ%aﬁ% ME&QPH%HG@& E zgf IeQ% thaB 5 pum.

ensification at ower enperatures t

needgdd Op ﬂ%%%\év@hﬁﬁf‘en Wé}gﬂ% "S'%tﬂl;ﬁrth&mﬁg% ha@'tffe desired

oxi des suc 20, AI
mego rehemiogal gemMpRSHON( QhM@mhbraOﬂ”dh%ﬁ; rmml ini the e sence ef @he or more

deffdcERaMs Ao iR oRksHtoRS muQédnlﬁe%rcoﬁr §f1%‘?lﬁ | ¥rocesses, for

these oxides are Inpurities provided
eﬂﬂ@@éph@H@OHQﬁﬂdh oxi des are not necessary constltuents
but are nerely tolerated. At contents of |ess than
1. 594 he mixtuye @b i rawrraefetiziacoyln epigrfady be gprayfisied betorepassing to
ﬁeB Udes does not substantially nodify the result
obt'ai ned. Preferably, the content of each of the

abovenggl i.gned rﬁl&hﬁ'@%\/ak‘rihérh?or§1'e8tt§/r|§6’st§tfc°§rﬁ§§lng so as to produce
accord|ngtothe invention is less t .5% Tore

blopfscafdheresjred size (fl BN 100 3908 meM)-
Other techniques, such as slip casting, uniaxial pressing, casting of a gel, vibro-

casting, or a combination of these techniques, could be used.

In step d’), the green part was then sintered in air, at atmospheric pressure and at

a temperature between 1400°C and 1700°C, so as to produce a dense refractory block.

Examples 1 to 4 where prepared in the same sintering batch. Examples 5 to 14

were prepared together in the same conditions but in another sintering batch.

Specimens were removed from the various blocks produced, so as to carry out

characterization tests.

In an "isothermal” creep test, a four-point bending test configuration was used
(the distance of L between the outer supports was 80 mm and the distance | between the

inner supports was 40 mm). A strip measuring 8 mm x 9 mm x 100 mm was placed on
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nore preferably still less than 0.15% i n percentages

by wei ght on the basis of the oxides. The foll ow ng
w@eshantdg i ng exanpl es are given for the pur poBET/DE2007/054195

illustrating the invention.91n these exanples, the raw

materials enpl oyed (the percentages given being

ercent ages by wei ght e chosen, fro - 2|rco
theBS SRPIC 0N sy GLATES Wb Fopiacogl s sops Sodhariio. the
tentpetSturtl Kddng ke;itidoaﬁtlauﬂarw(eqi%l ﬂ:@mtm @ (b‘rg1 130°6%416 Elange in sag (in

. 1% Fe2(3, O. and 6% for refere
L A e S e P o T S S AN
mnPfnPRourhaxs th@npalctiatddes Wi th a nmedi an di aneter (D50)

of about 15 mm (exanple 2) or about 1 nm (exanpl es

13, 1Me dentu@nmbumtemd@d Wint thrée pusigtiiygsolof @aelnt ecinfean A first

9% . havj n arti S W.th |an di mete
weighingy b PE 1Y Spbcnbn Tl dhihd ol IFCAGE B8 Rty n et a wet
spazinméh) was wtetpérsdmy(mkldg a\upteb'irr@n nhtitlh‘gxd b@én gh@@‘t\@buﬁlr’ﬁw 30 minutes
particles wt ian

a”‘i%ﬁﬂ ?mmBrr?Sgaﬂd’Y?t‘ér AR '(08*5’3}%“3 BUie ﬁﬁ%&' ieolpﬁf‘% 8%')‘”‘6 of the

magshidl. - Welghirigatis neets speécirBert agival thiengergbt eV HarinQBf0 WweigRing the
an di ameter (D50) of about 10 mm

Sp%l"ﬁ‘?réWé’&aq%e‘?arvgs/gWy bl ocks were manufactured according

to rogess conventi onal ol | ow
D epbha 2 Won PRINES b1 e rurd of BEhol yPRate G b8 spRaeR geluding
acoestiblel pbrosityd’ 'I)henbulkr@rﬂfty tohehe anatemd| esdr@bporids footha tdtie of the
WP#\&”I charge; c¢') formng of a green part fromsaid
d tdr e;vand d') sintering of said green part. Step
possi.bl. e t t he conventi onal

es it achi ev
o ¢ 1 bR e fcBf B Bet PP el iPsidering tat the
dlﬁelldﬂS@CW@ent— \d/erpsblfresmindeno Cthe tvbhﬂnfﬁab’étheabperi:oordshye infiltrated with
Wa% ?T@Pﬂgﬁ gﬁgﬁé &y Q’%gt(r) wﬁir) 18@29\1\\?9%26;6 tggql%%? OSIty propo%on
The composition of the mixture of raw materials is indicated in Table 1 (in

percentages by weight on the basis of the mixture).

The reference products are products 1 and 5.
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the PREERFHES EndINIER 6RPIBMOR bf thB&arious products tested and the results
of the tests are given in Table 2 (the percentages by weight being on the basis of the
oxides). The content of minor oxides, such as P,0s, Fe,Os, etc., is not given in the table.

The total content of minor oxides is less than 1%.
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Whet .

. Weighing this wet specinmen gave the wei ght

WO RB047298\\e t
vol ume of the speci nen exclhudi ng accessi bl e porosity.
The bul k density of the materi al

ratio of the Wdry/ (W tl- What er) .
porosity is deduced fro

- What er

Finally, weighing the specinen in water
provi des a neasure of tPET/IRWEN054195

gave

corresponds to the

The appar ent
e neasurenents

nnnnn Aor 1 e hat +thao A £f Ar A~ \ + A\V.V. IRV
UTITS A, VAT TT I, LM qT U T CT CTTTU\{ v C VA S _y .
2 'pf) AU | 8%Pkd 405 hne of t hAIEELE porgéi ty| Ve Density
No. | HCRf I (%) at@d wi®h) watsey | Adutiveal i oMhet -(APY [ (180°C) | (g/em’)
: o)(V\)(Net- ter) * 100 gi vyes the apparent porosity
(ﬁ)roportion. The conposijtion of [the m xture of faw
1 | 63ratles3.al|9.345| io=B ¢an.e2l[in Tabl¢ 1 (in|pesaent’apes by 3.72
Wl ht an th hacile Aaf ([t ha M v 1ir o) Tha raoafarbneca
) T L} A Al ) L"BLIL KA I T I LB LAY I %L T T T ¥5I LILA"AA "2
2 G%QOd%%t?s Oaitle| Hr2dL G& 1 MeOs | TAAE 1 TR Qvel age 4.21
3 | 648ensTall coPesid @l tieoyali @use prodeslie™t paBadio”’ | 3.97
apnd thelresults of tholtests af j j L
4 | 6%bericen?ager by.aki|dh?’ heieCPon t@%as;ﬂsS &f10t he 3.78
6PX1 085} | 4 ent off m nor oxi des, [S S -5

5 Fe2g 3 (:(x)f:gbe %lo‘g} not gilven in f{he tabhl pHg%;I(@ t qé.;ZT%HO 3.92

6 | 643ntehe |et1en] 080 Oxi deg iTw.Oes$ thih 19%.3ablog P The 3.93

643_Z(ar@§_gx S vv_t' ttheaddi tio f 5 N02Ch _andisol Ta2th

/ makles it Op1 S |0b#b2 for he % ee| g{e? ormaﬁpéﬁ%to be very 4.00

8 | 646 gndd.1cantd y orzdyced. |Adwan: agedu®ly, tbixsioregduction | 4.13

645 PS5 fTef frer—or gt eyttt g T pXi_dehes been

o adde%)[??c %ﬂ étéaghl ng ch;rlraég§ Mor éover . 't Was| al so 4.21

10 | 6%2en32.8ymchs hatod he presemge, of N5 | or.0 ka3 4.13

gdviant-ggeousty—rakes—tt—unmecess to—add—t i tanium

1 | 623 3%2% 0oPHER 4% |obt ailn 19698 | ¢i &t derfst €95t | on. 4.26

12 | 64T8i[s33.2 [hegalsesd he densiNbgOef |t 26r pduct s of | #18ex 10° | 3 92

Pt - oA ol At wbal A A Ay e At Ay T Iy o Af + hao
LILILA' LIS /AL TS Cqul AT TI1T14 U Ul !JI 1CI CITArt It U1 CI1TC
T@:Q; Acdoh i h
63.8f €528 D | Exanpl'@23s according to the 5
13 I nvent T on; |s% eflerred WHeRs maxiosan ¢reep res oty | 430
Lo act daod A ecomari aamn hot woan avanmml Anc 2 AN A
L™ A\YE> R BN I YA I \J\JII’. AT T OoYTT [ WAV S A\ Py i | \wy Ilrll \vxe ) J TATT -
65k y\@_gr t lcjr addi ti oﬁ%z@); (2&33\ intain a g d ., s
14 resj stan ®e1 g% 9eep defilomNmOL on. 0®r i nstance, g%@‘ 10 4.28
nraodiuect lacecakdinalta tha | nvanfi an nmavw ecant a1 Nl ot
PI J \Z A" A" \Z A" A AW} AT Ilg L4 L LA mrrveoerTroe T oTt TTLA CUTIO UAT 11 AT
| east 0.5% Y2(3 and at |east 0.9%

The examples show that the addition of Nb,Os and/or Ta,Os makes it possible for
the creep deformation to be very significantly reduced. Advantageously, this reduction is
possible whether or not the yttrium oxide has been added to the starting charge.

5 Moreover, it has also been found that the presence of Nb,Os; or Ta,Os
advantageously makes it unnecessary to add titanium oxide in order to obtain sufficient
densification. This is because the density of the products of the invention is equivalent to
or greater than that of the reference product.

Example 3, according to the invention, is preferred when maximum creep

10  resistance is desired. A comparison between examples 3 and 4 shows that small
additions of Y,O; maintain a good resistance to creep deformation. For instance, the
product according to the invention may contain at least 0.5% Y,03; and at least 0.9%
Ta205.

Examples 12 to 14 show the positive influence of Nb,Os on the density. Example

15 13, according to the invention, is preferred when a maximum density is desired. However,
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Ta205. Exanples 12 to 14 show the positive influence
of Nb2Cb on the density. Exanple 13, according to the

WO poosiei2em, is preferred when a nmaxi mum densi t RCT/BB2007/054195
desi red. However, high contaemts of Nb206 nmay lead to a
decrease in the nechani cal resistance of the product.

When res nce ortant, Nb2Cb cont ent
NG [T T Dt G5 5Pes By s tegrarab v e e ea ca gl aLe of the
productl &Yisert hayah@nuaal Risisered ik ampottastn Nb,8YcHntens BrRGuI@IHey limited,

en Nb is the sole additiv Its conte
oreighy i uetdes s s Pcer Tossuthen Dimon v ol i Dt %, especially
wheg \a,b0l 18 tae %5% additivanits sbraentretalid thbe ppsfe@dbigtbe less than 0.3% or
agc@%r di ng tezla:lf invention may contain at [east 0.05%
less 5188 % 54 @ttop 2t 0. 8% Nb2C6. The best conproni ses
bet V\mteaih EeBbEhRNE ehé g)r@m{zﬁ a%asgacugg' rr@ttr':ea mt\/amﬁ)nhﬂr?m ctc>rr1]ta|n at least
W a contents | er an
Oogg/(;%% yaﬁﬁggge[aag g‘g/‘ﬂ& esr than or equal to 2 g/oor 3%
Exanphebdst cbmpfcﬁnggésd@edwaén tdesstancefte bfe@ﬂ defopmdtisreaid high density

ol AFIBET Wh skl ofer iy O 5 iR BN g RRInepygs caual to 2

% Pr Gel) Exa@ipld he i ﬁdgmﬁe@@sdmesprélé?redcé‘nﬁ@d?n@m’tyId\lbﬂ%xample, no

Nb%gstls @ﬁﬂg({'@)&k es 8?6%8 the E{IS%S( tear:qg e?r% thaq trllesproduct

of the HveassH dsbs ntdnb@hauaraaym@g,dﬁdaﬁﬁnpdnhe@t rati ve and
non-limting exanples. CLAIMS 1. Sintered product

pr odOoteslrés¢,ane prestatribventios Iitam@anﬁtemt@'tmzi grgbothmétts 9886ribed and

zircon, havi n t he | .ow n chem cal

rerEraES: WG o8 RRgR e 1R BE DSBS RERAR. bei ng
based on the oxi des 60% < Zr2 + HF2 < 75% 27% <
S22 <34% O Ti2; O Y28 < 3.5% 0.1 %< No2Gs +
Ta20b 5% and other oxides: < 1.5% for a total of
100%



2. Sintered product according to the preceding claim
in which Ta2® 0.1% 3. Sintered product according to
w0 b@spsreedi ng claimin which Ta206 0.5% 4. BIHIB0€H54195

product according to the
Ta206 0.8% 5. Sintered
precedi ng claimin which
product according to the
Nb2G6 0.5% 7. Sintered
precedi ng claimin which
product according to the

pngcedi ng claimin which
product according to any
Nb2G6 < 1% 6. Sintered
precedi ng claimin which
pL.o t according to the
&%&&0. 3% 8. Sintered
precedi ng claimin which

Nb2C6 is an inpurity. 9. Sintered product according to
1. aBiptgred pemtiunyprodaced from awkiagingTihagge<cant&@fings/5ato 99% zircon, and

PEL.G el 0 basi the, Qx|

SFARET Y BBV g EherlEyl SRR sBba MG ahE e pbftentages by

wiveight b@i@pbased. Gothasxideger cent age by wei ght on the

basis of the oxides. 11. Sintered product according to

t he 0% cetiDag /0aikmMS5%:n which Ti2 < 0.15% as a

per cep, by quei.ght on the basis of the oxides.12.
Si ntgz%g%%dl?\??l’accordi ng to any one of the preceding
cl ai @=,Ti®n which the total content of the oxi des Nb2Cb
and Ja [ ,eater than 0.5%and | ess than 1.5% in
percgﬁﬁ%%ss 'gyvvei ght on the basis of the oxides. 13.
Si nt @ &d spte@uc¢tTealesbi: @gdt o any one of the preceding
cl ai LAgdMhigheot he Y2gq 3 content is greater than
0. 15@gkﬁ?ég;§qﬁé’n 1.7% 1in percentages by weight on
t foe aelel &f 100% he oxi des. 14. Sintered product
according to the preceding claim in which the Y2Q3
. COMERY drSduE S&Rbing R By idifSF whitAalds = bR %,
per'cent ées by v?/e(lﬁlrg]]%t oﬁ%tﬂ%e @gsisl, or? tﬁe g%(@des. 15.
Si ntered product according to any one of the preceding
- clSintated oredughpederding talbaPesnedinn clam e whishiT@dls = P$%-ess
than 0.7% as a percentage by weight on the basis of
. U InterelddRSduct Becortifg & BE pRERAInglclAh R WHICAT aLO; 20WoQNe
of the preceding clains, in which P206 < 1% and/ or
V206 < 1% and/or Al 208 < 1% and/or. CaO < 0. 1% and/ or
- F&Xigred Riodig) aqeprdirg o ayaIe AL R MR MY e & e
preceding claim in which P26 < 0. 3% and/ or V206
6. Sintered product according to the preceding claim in which Nb,O5 <0.5%.

N

w

N

[$)]

7. Sintered product according to the preceding claim in which Nb,O5 <0.3%.
8. Sintered product according to the preceding claim in which Nb,Os is an impurity.

9. Sintered product according to any preceding claim, in which TiO, < 1.5% as a

percentage by weight on the basis of the oxides.

10. Sintered product according to the preceding claim, in which TiO,<0.5% as a

percentage by weight on the basis of the oxides.

11. Sintered product according to the preceding claim, in which TiO,<0.15% as a

percentage by weight on the basis of the oxides.
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< 0.3% and/ or CaO < 0.05% and/ or Fe2O3 < 0.1% 18.
Sintered product according to any one of the preceding
W@ @BH$729%0bt ai ned froma starting charge havi nRCEIB2007/054195

zircon content greater than4or equal to 80% as a
per cent age by wei ght on the basis of the oxides 19.

12 GBI HE AT Gh S e o, Gl MRy PREFIES S Which the toal

cedHt&ittof gt akiges NbpsDs, arid eag@gl is g AGUhaR 9. 5% PAL Gt tAGE 1.5%, in
b¥ meight on thﬁ b%§i§ EEF 0X des 20. Sintered
pPYaEEAIS ROV EIER Be LAY'S S eX98Sai s 1 to 12 and 15

to 19, obtained froma starting charge in which no
13.YRiakréd prduren aadﬂi@dg t@ ahy &ienéfemeobrpmmtlamm;om d\imgm the Y,0;3

SRR i SCeant NG AL B ARt FOR Al i BRI EgeP L Weight on the

gh&sd efrthé baided.00 mm 22. Sintered product according to
t he preceding clain1 al | the dinensions of said bl ock

a ate han Slnter prod cC

14 5P Shiust PRetpp Botie ooty S e imbyr i BRF it Bohent i
comrbEntthaf 0 §Peane lesshthan 3%, angearentages by heaighitserh thenbasis of the
per.cent ages by wei ght on the basis of the oxides. 24.
Sfﬁﬁ%red product according to any one of the preceding
clains, having zirconia at least partially stabilized

15. bﬁinj&red puiuchacderdirtgte apgooe nf thgerdseding aditnspih which the content of

Slo?fpér o&%%g’zlé Iers%%]énao 9% G, r%%%tgé? B)? Iﬁ)ra]gkgc(ﬂ fhf t;ar%% Oof the oxides.

zirconi rocess for Nt ere
product conprising the follow ng steps: a) raw
16.maintarech prodaiceagroxdinly toamene af dteapreceding hlaimgss ;in which P20s < 1%

95:‘%9& PRl {3 an8fo?ﬁ?'o <°|'3% gﬁa/gr 8LarL 4, 'i‘%té%ﬁ%r%z ang %),

sai d green part 1s tered sO as to obtaln sa

si ntered product sald process being characterized in
17 1 Riatered @rosiuatraqcrf:gilrtmt@rtg@ presediag gfamniedvhieh B 8. 3kagnd/or V205

tb@ts"/%%h&’/opbgélkcé 0%"% Ay RFeIhdapge, wi th any one of the

precedi ng clal ns. Process accordlng to the
preceding Claim in which, in step a) one or nore of
18tﬁ@t%§2¢' d%@leb%iC@dtﬁ‘ﬁdtoTﬁ%q oge & dhe mre¢adingn alrines. sahiriged from a

| Sapivg WREReHRNY BRbRAZohIBAL grbBRr than or equal to 80%, as a percentage

by weight on the basis of the oxides.

19. Sintered product according to the preceding claim, obtained from a starting charge
having a zircon content greater than or equal to 95%, as a percentage by weight on

the basis of the oxides.

20. Sintered product according to any one of claims 1 to 12 and 15 to 19, obtained from a

starting charge in which no Y,O3;has been added.

21. Sintered product according to any one of the preceding claims in the form of a block

presenting at least one dimension which is greater than 100 mm.

22. Sintered product according to the preceding claim, all the dimensions of said block

are greater than 100 mm.
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sintered product obtained in step e) is in accordance
with any one of clains 1 to 24. 27. Process according

wo o00sios12e8 of clains 25 and 26, in which nonocPCHIB2007/054195
zirconia is added in step ay. 28. Manufacturing
process accordi ng to any one of claims 25 to 27, in

jch no trium enot associated with zirconia is .
23-2%6‘%63? rpréc{ugb aﬁ‘)“?r '29 Oﬁwc@?soigﬁt? PECAYNS 3Ry BN p zirconia
ctaitem ctyréfte?thani 5% \WAUOR (sl tham 180 iPpbiceRilgby by weight on the
brcondﬁ arg added in step a) in amounts such that the
$4T 901 PKE®%i rcon and zirconia contents represents
at | east 95% of the starting charge as a percentage of
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C ai msaRyawenad€rials are mixed to form a starting charge;
b) a green part is formed from said starting charge; and
¢) said green part is sintered so as to obtain said sintered product,
said process being characterized in that the starting charge is determined in such a

way that said product is in accordance with any one of the preceding claims.

26. Process according to the preceding Claim, in which, in step a) one or more of the
oxides Nb,Os and Ta,Os are intentionally added in amounts guaranteeing that the

sintered product obtained in step €) is in accordance with any one of claims 1 to 24.

27. Process according to either of claims 25 and 26, in which monoclinic zirconia is

added in step a).

28. Manufacturing process according to any one of claims 25 to 27, in which no yttrium

oxide not associated with zirconia is added in step a).

29. Process according to any one of claims 25 to 28, in which zircon and optionally
zirconia are added in step a) in amounts such that the total of the zircon and zirconia
contents represents at least 95% of the starting charge as a percentage of the weight

on the basis of the oxides.

30. Process according to any one of claims 25 to 29, in which at least 1% silica is added

in step a) to the starting charge as a percentage by weight on the basis on the oxides.

31. Glass furnace comprising a refractory product according to any one of Claims 1 to 24

or manufactured using a process according to any one of Claims 25 to 30.



