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WD 2008/ 047298PCT/ 1 B2007/ 054195 1 Sintered and doped
product based on zircon + Nb20G6 or Taz205 The
invention relates to novel sintered materials produced
woomsaineon, to a process for manufacturing gciapieenesatos
to their use in a glass funnace. Anong
refractory products, a distinction is nmade between

fused-cast . products 5and sintered. products.
Unl i ke s%ﬁ?g?gﬂq F9pa¢:Rioguctbg §§Ql€%§@l%ﬁ@éﬁéﬁgﬁé§ualIy

incIuﬂ&g&vbﬂ@hhym&bwndawblmnb&ﬁgmaﬁd&@un@kaaﬁfmha&mom to a

ch!E@%ﬁ ft)} %L&fﬁc!ﬂﬁ'lng%ewgrgj t8 he?rr%%ﬁ dglélr oducr%gé" ns. The

ens encoun Inteére and by
fused h
and t%@@’?ééeﬁ’ﬁ?‘gﬁcéédﬁcﬁ f%ﬁ%“”g R feif el L A Broduas
agy ginterpsRspdiicts- generally 10 dlfferent Mbr eover, owi ng

to th de iff bet th .

O S A e L
intergrahalet labs phasd teediicasd npmaduot cqetmn@éd Grais. Ohie h@blems
eH@b%qte?e% %gcgntgl%rd B%BH&QC@ ri g gedsé ?clqlcgs; gdobetlr’ r%sgactlve

a@@ﬁcaﬁ%s ﬁ’gd $§ teellical rscslquataémtacﬂ ) solhreg tifeor aertherefores generally
dfferehtl MEorb Vet htﬁm&_? &S heSEHsRiorBRf QfiSrehdds! MwdNCthe m%nufacturmg

resultln% %reen orm at a tenperature and for a 15t
PEORETSCEr 2 COTPPIANeTRVEIBES it f&‘i‘mﬁﬁﬁgmg r%eBiied-gasiproduct cannot a
pependicd @s etcht bemanuthauring al sirte@sP podtidt dhdan@ viehai r

met hod of production, sintered products are intended

f or aSinterey pvdidiets\aar vlidsipedby mixthgstitablssraw materials, then fékming this
m‘ﬁ!ﬂ% ki

o FLE oA T o8I B @B BArRAl bl Plemperapyrg an for

“@?Bﬁ%?ﬁﬁﬁﬁwﬁé@9é6“¥ﬁFs%@?mﬁﬁmsed i n anot her

AP Sl o Wb By SRR o i Cihelf et @ wioduction,
sietesatiireductdSr8in8RBeBHi a degariddesiesyidiinrgdugdegor oduct s

produced from zircon (50-90% and zirconia. The

zi r conbiateresl pyeguct suitahle doradnielpattiodlai applicadien Willghériefore not a prior
p&dsasd e gﬁfpgﬁa@tdegﬁecpffort 5‘& dgﬁru@Q@% Sanoﬂ’f@f' Caggllc%@c%s n Yhich the

cracki ng. However, cts in
tea@ra&ﬁéocwras%or@w'WO&@IH@%&%wﬁ?q@nhm ten steel. They

are t erefore ori 25sui.tabl.e f bei n
ot er e, 182 B bRbgead! ihBRubro Rigeogd el fmeroon
(50r99tuceas! ztlemée Prreodiaing ;i)srcpdt]laﬂgd stabdived iin aoder to limit elastic

défér'n{a‘ﬁ%‘ FWE?FJG’U t@t \th%rZ(eggs t%' cqgck%r ﬁBv?év éa%ﬂ%duct%m UsS 3 889

ZI'Fconi un Ox
3%@@ Cieﬁ'gﬁfﬁSHOl t@aﬁeém&c@wﬁaqwtb rmcﬁtﬁ@yteak ) h@M #reddrgforemot a priori
sulB Pk aéH bl fuBe Rl bRBchiRSSmoltdd JeRkt i cul ar in the case
of non-al kal i ne gl asses. 30EP 952125 t hus descri bes

si nt exreshgpeingtet srddﬁtt§nd@ﬁ?bef plodgtassoduded deas zaftth (zirconium
L rcon

r 1
R AT S Bl A P A R A Rl B v used
m(ﬁ@@b@ﬁonsaihlmhrtgey areghrectyaio lcofitagtewithl oclkesy dlassbia particular in the
aﬁ%%@H&?Qkfﬂ@%b§k@2 WD 2008/ 047298PCT/ |1 B2007/ 054195 2
cont ent ? ese products is less than 14% while their

Zr 02 gp bbfi2scand @@éorlbés glﬁﬁa@écﬁbroﬁ@&@ |r§é-)n@ed for glass fiMdces and
%/ é gz descrlg%$ i pes” used for the nanufacture
PTBFUGH alld sHiERT <>+ ?’E’oﬁ'{%? CIORPT iREAUTE 8l HegRtas dianium,
alaminteonary ytinemgdiideansliowin lege ddeyrealb&@ks anbeapiddinet Weensio,

50.2 et 0.4%titanium oxide, their creep behaviour is
insufficient. To illustrate the prior art, WO 02/44102

cites US 5 124 287. US 5124287 descri bes
conmpositions containing 75 to 95% zircon and titani um
oxide that are intended to be in contact with nolten
gl ass. The presence of titaniumoxide is considered to
be favourable to the densification of the products
obtained after sintering. 10 In the end product, the
zirconia nust be unstabilized and it is therefore
preferable to use unstabilized zirconia in the
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WO 2008/ 047298PCT/ 1132007/ 054195 3 0 = Y203 3.5%

0. 1% = Nb205+ Ta205 = 5% and O her oxi des: 1.5% f or
a total of 100% 5As we will see later, this sintered
wehbrgoiesgy product has an i nproved creep rePCIHBNCRIS4195
with respect to the products described hitherto.

Advant ageously, it also has a high density, equival ent

t r her than th n
cpettar ReF St Botsider Aor ol A" £57cHeOr fomiRRtpreater than
gal%sso has one or nore of the follow ng optiona

features: 10- Ta205> 0.00% preferably Ta205.7?. 0.1%

pr ef eWEIAA4T82 O8scribes "isopiReTusethfopeceanuiaglise ¢fylagsesigets. The
|S%?tp5@€onb@§é ?ho?ef th'ah' 95‘5%)515r9<§15b0y v!re{?gi@?g@ 'Uﬁ%gé {ﬁ%g'ai»so %@rﬁgﬁ bétween

preferab

O@retéve/ﬁ “NBQ‘UB”@%“‘?S%WWP%%Y'%H& @@@@C'W ‘ngl,lhgqﬁriateotﬁetpﬁ@r art,
wiasp/a4 a2 dibeuexii@aes7l n one enbodi nent Nb205 5 0. 05%

The product of the invention may al so not contain any
15Nb 205 5174282 desdntﬁ%compeértmnab:loyta'ﬁrn@?&tol.%% mipcod and titanium

oﬁggg@ l de@%o Be 91 é)é‘iacf\)éﬂpm qt e{‘lﬁ_@gé%cg F%gnlum oxide

even nor e erab
ISp@ﬂ@éﬁﬁégefge f@youmblgmt @ﬁenﬂrfeatrrasrfﬁﬂedfrowe Qyainpsafter gotering.
IR cBY BFodier, M3 ArBBHHE LYt be &rra%brngéoaéncp;pfgttﬁéréfoef pr@ﬁéra%ee% use
Nb 05 and Ta205, preferably the content o
uptieelized ZBEHEs i ‘B%Slf&“g rﬁ%"f? RIOpEVeT &8 Ge thﬁéabc‘!’éﬁ‘?é'rﬁoma for

exdmpl@ 20, zlrﬁongzr %wmﬁlzert;hﬁm:hOasZ%trumhef))edieibirycajﬁimt@«ﬂde is not

UFIE!DC% ptgblglg?ncep eatr %%lr%xtgregc%gg/%s tke %pcogaa Q Qgsté.ggrzgd

era rea I'h percen ages by Wwei ght

0 n t f\ﬁrobﬂﬁ)'gm 9441t Jb%g@?@s d&actory g%térgfsqrxteﬁ%t f@rnﬂ‘ue(l%lasts hrﬁjustry

oxi des Nb2 and Ta prefer he cont ent
Thesgstircombasgf Magss BRY %fé‘éa‘” 5% 2 Trﬁy@éwarvseemaw at fpgst 1% P05 or
veont ent of Ta205, is less than 4% or 3% 25preferably

| ess than 2% preferably less than 1. 7% preferably

| ess THeaoredp bS¥mansternonedar b ectdl ¢ b etssd tampiddsive,ntensile or

BT SPEGE0R BY gtFedl 4B NI R SR 4 B B R Riempo. e
istiRay petvEmeni dramedy endenipardericy tis jsegt Erralsigjory keramics, the

c:‘é@ﬁ'iserﬂt eﬁéral RERRS In@&lvﬁ%@ thhSis 1€ 88y hbraikPthe %@%ratﬂ@t@nds to
prefera | ess  t even nore preferably |ess

'”Ff?ﬁﬁe Weﬁ epé@%ﬁf%m@ ?ﬂﬂlf erably | ess than 0.5% and

ore prEfgRabl Shihah SR 1300,2%0 QRS GE BRER, croen
"R0B? (M IGDEPCT/AE1BE0R DEAIOE maPraBos<ddigmativefob thgblefactory
erglgﬁraFmgke%% drgg IPfop{hg ﬁs@%hé(et E’rggé‘eﬁhg d?r/é’nfsﬁr@ %Pgtgﬁc%tl?r]s and

pre era even nore pre erab y sti

rgspipsin & S@bge}eﬂai r‘r%ﬁn@%f%@*w'w PiRdugPt on t he basr s of

the o 5 0 prefera V205 <

nor e )élﬁ B]"éﬁﬁ?rﬁ G\’if’?f’sa 338 a BRPSHC*M'QQS’BP@F% 8"r?r99 resistance
aM28i5e o ik B% :mabse'uraacemﬁ‘lee ;pmﬁne nabhtipn sitnhd o sYRDBthie need.
0.2% in percentages by weight on the basis of the

oxi deBy thi @03 the inventipr pfopesss| aysime@dPredudt BUgducedrieom a starting
Mr&é Qfoﬁ{%lllryngNTgO% 59‘9 é%on' hnReh&AY %gaesfoillawmyebwageo'%hemrcal

basis of the oxid

C?JF%‘T%PQI?VVJGGQb”@ R?r@ﬁ%ge‘r? AY we'%témr@gr,@gew W@loé’ﬁ?s on

the bgs t 1 des; Fe203 < 0.2% preferably
FeZOéﬁkLégﬁébonﬁ%"ﬁ%ﬁ%entages by wei ght on the basis
of th&yoexisdess34%; the zircon content in the starting
charge ﬁ%greater than or equal to 80% preferably
greater an 90% preferably greater than 95% as
percent ages by wei ght on the basis 150f the oxides;
the product of the invention has the formof a bl ock,
at | east one of the dinensions of which, preferably
all the dinensions of which, are greater than 100 nmm
In particular, the block may be square or rectangul ar
shaped;
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- (tz‘?@£+ Hfo 107 5@ oY%, & TRb!

t he product of the invention contains nore than 80% by
wei ght of zircon (ZrSi &4); 20the apparent porosity is
nore than 2% or nore than 4% the apparent porosity

we 200888m28shan 15% or | ess than 10% or even |lesapiddaekiies
8% In one enbodi mant, the zirconia content in
the product is greater than 5% preferably greater

t han &Oébo g/ or less than 15% in percentages by

wei gh §) Susis of the oxides. 25In one

enmbodd.mEnt hbOhe THADX £%6ndnent may be greater than

0. 05¥% Bind ﬁakgr g @n 0.10% greater than 0.15% and even
greater an 0. in percentages by weight on the
fiyagple! &ff OfThe oxrdes The zirconia in the product may

be atad %S\tvril%%tlbér|t¥isS§1r§QHeh'r€ﬁ tﬁ!}‘}rtd?odﬁu hhd!ah Q%B%ged creep

t he percentage by zirconia bein
r‘%ﬁséadlc% pith H%Peiﬁ%th%P@g%“r‘%B‘P%P”%@Wéﬁo tATANtogRAYslyYf it ?’ﬁ% has a
high lde Aty fequi@TER o Yok hihéHThaxthél RndwdrediictsY203 i s

preferably less than 3% preferably |less than 1.7% and

nor e et abthey plodss acbatind 46 thennypeaticre akageas oby onerioghbf the
ﬁﬂgw%ngmﬁél@aﬁﬁ t he oxi des. Advantageously, a

sign can °fication of the crystalline phases is

-Thigso @‘Qoﬁje%w &J % é]@’g 9%?&9@?1%@ 3 Oaéﬁ% qi@gercéﬁages by

are therefore the risks of feasibility prob
a§§ﬂ¥]8?§@tﬁﬁﬁﬁﬁ§ﬁ(VH%?ease in r|g|d|ty The

ent n al so a to a, pr S nuf a _ngd,,
PR oMbt % B FePhl RS B Phonereray Sl <dye. o

r a':wemrmbe@d al0258, én meoceutages lﬁyowmght o #ret bastp ofhthe gsidedy)In one
a é@rﬁb%@@-:eﬁ@ﬁbgds% 695‘?‘3%@ E.%B“uét eresrkﬁr{tlbﬁ]grb?%o%t cgﬁ\gin any

sal reen part 1I's sihtered so as obtal n sai
sﬂﬂﬁ@red product sai d process being notemorthy in

the starti ch e is determned in

t E@ 2 s&i & Ei%b i 2cichr B rafirely ¢ 1@ § ﬂ@gﬂht?‘)&/ﬁ more
1q3r=>asferfae|yam®y< 02b6%Ccant evad rmcpélpwarab;y szrar r:‘imm @18 n petdedages

%e? tgr)r th'erbagin%ﬁﬂg%xﬁ% CP]Oté e en be r%gy f t he

and zirconl a 'con pr ésen Weast 95%

_of i e i
or%h% Ebgal %2@5@ cﬂ‘d gx.tgsgg&gz@s daaa 18,0E r)re@errgara %eoéonrenﬁo ‘é}ﬁ 1&@! one of

I'n one
s dap, SRR GBTHPRIE ORISR o T2, 61 STaicl A5 0 2aeraptbrably
Sidréetér @Be quﬁe@@bﬁ’h@ eSteA kHan NP5% hedO@orel Sreferably greater than

b R Sy iy %th%%&??ﬁ@% % the i1 coni a
-gtrtrée%){o?ax grﬁ%nt%?{?]% X{dg% le?s% a€§? ?ﬁeﬁ%@?ge c%nttenpof at least one

pexf d@eﬂea@@%esmanwgn gratticalar thee c@ﬁ@ntsofoTa:e@h ds deanfélgn 4mypr 3%,

b raeds Iess than 2%, | Ref@RbgNBQdihaR Nt 79, nﬂe%?é@)ﬁﬁ Iess than 1.5% and
assSocCl a zirconia or provi de d arate

ad‘&%‘% Pfeéer?%'e§% Hep ity '%?@@QQ%WWP* Wb% b?Féfygfé"t‘f‘f ppides;
@ 5@yur|ty 20Preferably, in step a) one or nore
e’ 'oxXi des Nb206, and Ta205, are intentionally

H

Q@%&y and net hodi cal I y) added
i " afount’s guar ant €éi ng” t ha ‘t he sintered pr oduct

. Obﬁ@*dﬂﬁﬁl okr@e@'tﬁé’m@unh& 1 NeREA 1HRR6ReM Fottdi@xides” is less than

3 The invention also relates to
t ri'e2 @%OFSPF‘ﬁerFBLV r‘eéét”lﬂ”f /preét’ln EtO“‘a%r@f?f%ﬂ%'ﬁsst t§ap R %. even more
zmrﬁu@nryum thai 0.6%eandaioit pedfetasid stibieBgthan PI20F.86 Sercentages by
accqgﬁ L9 %h t|nv ntion, in a glass furnace, in
paﬁ%QCUIaP §5PUR&88%Yones that are in contact with
nol ten glass. The invention finally relates to such a
gl ass furnace. In the present description and
in accordance with the usage, "zirconia" refers to
Zr 2 nol ecul es that are not associated with 3i02
nol ecules to formzircon. Likew se, 30"silica" refers
to Si2 nolecules that are not associated with ZrQ2
nol ecules to formzircon. WO
2008/ 047298PCT/ | B2007/ 054195 6 Unl ess
menti oned ot herw se, all the percentages are
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supplies only the overall Si02 and Zr02 contents,

W t hout di stinguishing the corresponding zircon

cont ents. According to the invention, it is
woamsbiads for the starting charge to contai npcatisloedsdiios
75% preferably at |east 8Q% zircon. The advant ageous
properties of the product 10 according to the

ntiqp woul d in_fact be achlev | f. the anounts
-of PP oo T PP GRIVEPIST iy MRS P HON Fabe ot i S8 more
t heeferabgrit,Oer 0\884, empr eoan rded prafertble sfllor s af0.284 |im paxcanahes by

ZIW Rhe b f th rany the total of the zircon
dggﬂpcoﬁ §S§éh ec%g ?epresents at | east 95% of the

-S t\azUs' QQ‘VC rﬁé@%ﬁlylﬁwe‘: 7] §% O Rlofs RIAL I 'V%?Br@?’S% gven more

mat'eri al s al so contain small anounts o

20reTaragly \é@eapc% gne gvannaegERierably 8t Y-He = G dvederergrytages by
OXUEIGHR oAt hels oflthetoxiagsli shed from each ot her.

Zirconia exhibits large dilatonmetric variations due to

i tA,vattgepreferablyysCal<d gk apbrieereftrablg AD, RiOgH., in percentages by

hese dil atonetric variations,
|n ﬁgﬁglcuqmsg%fmFg%ggézo bl ocks, it is necessary to

L idad <ty Zprbe bl AC KO R BHHo, J%@ro%ﬁ@ﬁéé BiOweEi ﬁrcgaethg%érs of the
therefore contain [ess than 25% zirconia, this being
pﬁ&ﬁwaed by having a zircon content of at |east 75%

eV RO L G TREVY Futr b P o uaEe A L o bass o e

stadiebi zed with yttrium oxide, the percentage by

wei ght of stabilized zirconia 25being greater than 10%

- ofthg Biecop qostent |, thestarting ehagagrip ggaatertthan ¢ gasiehioaBd gtreferably

ngrééﬂér’f tREHIGBA, drétesBS lRkid ritRsE O LB aRENGEES HivididH Bh the basis

oxrg}e t be added to the starting charge separately.
"G5t o the invention, the presence of niobium

| um oxi de i Qve he Cr reS| t ance
- 2B Blooh@0F e o BRIGHSS ke S R RSy G B nSlons o
t hnlfscrapsaéerahmaﬁigremewgmts@f afd@hrareamartﬂntrmn 9. mmhinspartiular,
begasa: hhf 6% e‘)&?'rg&aﬂggr 1K BQagPy 30 those skilled

in the art” as belng an Itive that pronotes bubbl i ng
- Ofthé PRdZdt LEMB irvBntleAIcn EIRB Yn PP B8h BbYYoy HeRfi S 6Szirchd %Zr@Or;)
therefore desirable to limt the concentration of this
- Sitid eppangnt aokdsityl iv evore W 2087 rOE A2BRCT,/ 1B2007/ 054195 7
If zirconia is added to the starting charge, it is
- pdks ptflagent porasity iy tess tham16 %, deless Hioh 11D Zed evier beaitantdte;
provide the yttrium oxide. As explained above, the
yt t rinensxpaeodisen deeriEony eRsd it dha R@dggtdp tarprjer than 5%,
p@@é@?gﬂe@@eﬂﬁﬂ demt byd/6fledshBar? 1896 AR barcEMadss ByOvdIgHR BRI basis
?% east partly, the stabilization of the zirconia in
8 °PF¥Huct according to the 5invention.
I—Iovvevlerqnelambosmdaesltineamce; donteint may beheeaerahmt 006%, greater than
bri r.t i-$SQC f
0345 / 8%69“118?1%1 A gﬁéjgvenﬁeﬂgﬁhgn gt t§r’ %urlﬁeq%%(nl %; bgh’%&q on the
basss phideepisies- Themltce@ratlr@t@ Mucrln“eeyswoat leastreriiihosiabilired with

yﬁ{m dGle,a66 %Qﬂeﬂﬁ & By tiggHt Y %ﬂatbhr%ﬁ SiRIhRSRANASrebRr tB 10%,
p%a%ssmz cont ent zircon and to free silica. I n one

%HYﬂ@ﬁPrﬂﬁﬁ296%8@“%@%@?“5|I|ca i s added to the

st ar tTm;gytErhasr@«ajeS@)nmi M;O;pléQﬁ@ér%bltyh&s&ﬁ@eB%Obreferably less than
1qe/on§ rr%)?et roe erd I)g/'leﬁ\é\?he ] e:]paetr(l:'gn?agets %%%e\é\gﬁrlf%gﬁgg basis of the
omt&%&;le%d\/aah%emlydee srsmlﬁwnasnmmtlormoﬂ@h}a cB2@8inerpe@03: thus
The contents of Na20 (which pronotes the dissociation

of zircon) and of Fe203 nust be m nim zed. 15

Preferably, these oxides are inpurities provided by

the raw materials, which oxides are not necessary
constituents but are nerely tolerated. At contents of
less than 1.5% it is considered that the effect of

t hese "ot her oxi des" does not substantially nodify the
result obtained. Preferably, the content of
each of the abovenentioned oxides in the sintered
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phosphoric acid (85% aqueous H3PO4 sol ution); and

crystalline silica containing nore than 98% Si 02 and

havi ng a nedi an di aneter 5(050) of about 10 pm

Wontehedog ef ractory bl ocks were manuf act ur ecaaaadbas

to a process conventionally conprising the foll ow ng

steps: a') m'IIing of the zircon sources and other raw
ials; rrixinq(of the raw materials to formth

ag?lﬂ‘?({ aﬁd”ecﬂ‘ﬁr & theydsks of BaRPHY %?b'%[“@?%%ﬁ‘aﬁ’ﬁr"f‘thf%“o‘ﬁ’?rease in

rigaitgd m xt ure; and d) sr ntering of said green part

Step | e to ac i eve th conven

ar ¢ DL rBSER e BTG R oo E T e B Py G Bloccr

Cgmbquuaﬂﬁmd®msskpsatron of the material. For the

exa e us prepared had

a mengjl aﬁa“gﬁgﬁgétﬁgrg% rﬁg%ft’of rt:}%eggmt:i Eﬁ)ar%é]pm 15l n step

b' ), Phl P 9fas8 Praﬁ\h?fﬁﬁ'ﬁfé’r rog seidelpdingehasgedndo that the

m xt ﬁ’[ es&%@;@ﬁh@ar@%@:rﬁ&% afﬁ@toqrbm $ed srﬁtf@f‘éﬂ%dubt@n by
| n n Xe € presence one or re
S\é@fp? 998%%‘?%?& %0%%‘2?/“5?” @’r’ﬁ&%??”@a ﬁfs)%f AE isoq%éﬁri“v‘eﬂ %%Fcizﬁ way that

said pomiaciss mtaecordgnopvotbdssiessntibor  exanpl e phosphori c

acid 0

opt | oFrjrrag ?3/6%)% rbgn ar%f d&tgﬁaaﬁ/ %Srrea%dgﬁﬁ% %&E;‘}'%m amounts such
tr@t}he total of the z;rnorg@r@bz:rgoyla cpha‘@nlm rgprgq;@ta,@tsle@qfqé)ﬁ“/af Qj‘rth@gtartrng

chMrgb SR gk demt 5%&%% poraﬁetbgs@bﬂﬂyeﬁd@ ocks of the
desired size (100 x 1 O her

t ech nllnwne%mbswﬁhnﬁ&_ sﬁérj ep} masddnmg zirdd)ﬁlaa?hld@r ape8s S%rtg silica are
RELL M S fBtoe R GBI Blye St RN S B
gr eengpafhby )‘é}ﬁl%mt 559519 No%rdewgith' eailr%c)m@% 4%& &%&%tg o may

gressure an at a erature etmeen
B baddled orthelgleeing Caéfﬂge’“ﬂ%’ﬁfsﬁ AvtriymisKigein percentages by weight

ofRfsRf heldRidds WS 1R ddaepared in the sane sintering
bat ch. Exanples 5 to 14 were prepared together in the
sanme eomdehbairseduto ¥Vi0aasdchiatedsiitht zirrconn@ obatavllied separately, is

-SRELLIRNS M8 6T PG, SO ANE B LBl B POk

o carry ation tests.

In anpotes I Eh MRk éarar‘eoor eﬁare a feuEzR wb%cpsﬁfbggpg%gﬁ are

test confjgquration was used (the distance o i
nNeTopalY e &y fipde t yng¥steDatirbamndt Methpdiseincadded in amounts
gbetmeeing tihe theRetersd PRAIUES oMBiSed th BIED. 6)As Sh fdcBordance with the
: I%surln 8 mMmm x 9 nm x 100 nm was placed on
"Y668'047298PCT/ 1B2007/ 054195 9 t hese supports and a

stres e

stri T,She hvgr}tlwaaies\r/(‘fgr%{??% L tﬁg u@& otfl?ﬂ re‘f:rg&{)rg rﬁrgéucr Iagcordrng to the
'rt‘/@mM?QCO'@ﬁ W@msf@@urevh@lr@har@g@ewa@@gdlr(g o wﬁ)m\@mtt@m@ a glass
fihdcePin Q4RLUIRGN AAHLR 2RSS h8CRE fedntathBiBaRndRiser mation
rate (Vvd), given in mi i hour, was then cal cul at ed.
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No. Zircon sand (% Silica (/0) Titanium oxide (%
Yttriumoxide (%9 Additive Additive (% Phosphoric
acid (04) 1 98.11.30.3/ / [/ 0.32097.31.4/ /[

Wh20%0d26 3 3 97. 4 PCT/IB2007/054195
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Unless mentioned otherwise, all the percentages are percentages by weight on
the basis of the oxides.

The zircon may be provided by zircon sand {(natural or synthetic, optionally
milled) or else a chamotte of dense products having a high zircon content.

The composition according to the invention, determined by chemical analysis,
supplies only the overall SiO; and ZrO; contents, without distinguishing the corresponding
zircon contents.

According to the invention, it is essential for the starting charge to contain at least
75%, preferably at least 80%, zircon. The advantageous properties of the product
according to the invention wouid in fact not be achieved if the amounts of Si0; and ZrO;
provided by the zircon according to the invention were provided in the form of silica and

zirconia.

Preferably, the total of the zircon and zirconia contents represents at least 95% of
ihe starting charge.

The zirconia-containing raw materials also contain small amounts of HIO, (1.5 to
2%) and, according to the usual practice, these two oxides are not distinguished from
each other.

Zirconia exhibits large dilatometric variations due to its change of crystallographic
state at high temperature. 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 emboediment, 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 o add titanium oxide. This is because fitanium 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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1.3/ / Ta205 1 0.3 4 95.8 1.4 1.5 Ta205 1 0.3 5 99.5
/ 0.2 0.3699.45/ [/ |/ Ta205 0.25 0.3 7 99.2/ [ |
Ta205 5.5

WO 2008/047298 PCT/IB2007/054195

If =zirconia is added to the starting charge, it is possible to use
yttrium-oxide-stabilized zirconia to provide the yttrium oxide. As explained above, the
yitrium oxide is preferably added to the starting charge independenily of the zirconia so as
to promote, at least partly, the stabilization of the zirconia in the product according to the
invention.

However, it is desirable to limit the amount of yitrium oxide in order to avoid
dissociation of the zircon at high temperature. The yitrium oxide content is therefore
fimited to 3.5%.

The SiO, content of the product according to the invention corresponds to the
SiO; content of zircon and to free silica. In one embodiment, at least 1% of silica is added
to the starting charge so as to promote the onset of densification at lower temperatures

than would be needed to densify pure zircon.

The "other oxides" are oxides such as Na,O, Al,Os, P,05 or Fe,Os. The contents
of Nax© (which promotes the dissociation of zirgon) and of Fe0a must be minimized.
Preferably, these oxides are impurities provided by the raw materials, which oxides are
not necessary constituents but are merely tolerated. At contents of less than 1.5%, it is
considered that the effect of these "cther oxides" does not substantially modify the result
obtained.

Preferably, the content of each of the abovementioned oxides in the sintered
product according to the invention is less than 0.5%, more preferably less than 0.3% and

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,+HO,, 32.7% Si0,, 0.2% AlO,; and 0.1%
TiOy;

— tfitanium oxide containing 96.6% TiO2, 1.7% Fez0s, 0.8% SiO; and 0.6% ALLOs;
{for reference only);

— niobium oxide with a purity of greater than 89.9%, having particles with a median
diameter (D5o) of about 15 pm (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 (Dsg) of about 15 um {examplas 3, 4) or about 1 um (examples 6-14);
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0.3 12 99.45 / [/
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~ yitrium oxide with a purity of greater than 99.9%, having particles with a median
diameter of 3 to 4 um;
— phosphoric acid (85% aqueous HiPQ, solution); and
- crystalline silica containing more than 98% SiO, and having a median diameter
(Dso) of about 10 um.
Sintered refractory blocks were manufactured according to a process
conventionally comprising the following steps:
a') milling of the zircon sources and other raw materials;
b’} mixing of the raw materials to form the starting charge;
¢') forming of a green part from said mixture; and
d’) sintering of said green part.
Step a') makes it possible to achieve the conventional particle size characteristics
required for good subsequent densification of the material. For the examples described

here, the powders thus prepared had a median diameter (Dsp) of less than 5 um.

In step b"), all the raw materials were metered so that the mixture had the desired
mean chemical composition by weight and then mixed in the presence of one or more
deflocculants and/or binders conventionally used in zircon sintering processes, for
example phosphoric acid.

The mixture of the raw materials could optionally be spray dried before passing to
step ¢').
In step ¢'), the mixture was then formed by isostatic pressing so as to produce

blocks of the desired size (100 x 100 x 150 mm).

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 8 mm x 100 mm was placed on
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nl#%)gf 1419/3% &%?56 %ur;“v\gg recorded. The mean deformation rate (Vu), given in

mm/mm/hour, was then calculated.

The density was determined on three weighings of each specimen. A first
weighing, of the dry specimen (after drying at 110°C), gave the weight Wa,y. Next, a wet
specimen was prepared by taking a specimen that had been under vacuum for 30 minutes
and then immersed in water so as to impregnate the accessible pore volume of the
material. Weighing this wet specimen gave the weight Wy Finally, weighing the

specimen in water gave Wyaier.

Wit = Wyater provides a measure of the total volume of the specimen excluding
accessible porosity. The bulk density of the material corresponds to the ratio of the
Wdry/(wwet - Wwater)-

The apparent porosity is deduced from these measurements considering that the
difference Wy — Way corresponds to the volume of the open porosity infiltrated with
water. The ratio Wye — Way / (WyerWuaer) * 100 gives the apparent porosity proportion.

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.



(%) Al 203 (6/0) Y203 (6/0) Additive Additive (% Vd
(1275C) Vd (1180C) Density (gicn8) 1 65.7 33.3 0.34
0.28 0.12 / 1.3 x 10'4 3.72 2 65.0 33.2 0.11 0.29

Woldoshp20b 0.89 5.2 x 10-5 4.21 3 PCT/IB2007/054195
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Table 1
Zircon Silica | Titanium | Yitrium Additive | Phosphoric

No. sand (%) oxide oxide | Additive (%) acid

(%) (%) (%) (%)
1 88.1 1.3 0.3 / f / 0.3
2 97.3 1.4 / ! NbzOs 1 0.3
3 97.4 1.3 / ! TaxOs 1 0.3
4 | 958 14 5 | Ta0 1 0.3
57595 ; 0.2 03
6 | 99.45 p ; ; Ta,05 | 025 0.3
7 99.2 / / / Ta,0s 0.5 0.3
8 | 9895 7 7 / Ta,05 | 0-75 03
9 | 687 / 7 ] TanOs 1 0.3
0 [ 982 / 7 ] Tog0s | 15 0.3
11 96.7 / / / Ta,0s 3 0.3
127 69.45 / ; . | NbyOs 0.25 0.3
13 | 987 , ; , Tﬁi,?és 0y 0.3
14 | 982 ; ; ) Tﬁ%?és 015 0.3

The average chemical composition of the various products tested and the results
5 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,0s5, Fe,0;, efc., is not given in the table.

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



64.8 33.1 0.11 0.29 0.12 Ta205 0.92 4.6 x 10-5 4.8 x
104 3.97 4 64.3 33.0 0.12 0.29 0.57 Ta205 0.96 7.8 x
10-6 3.78 5 64.4 33.3 0.38 0.30 / 1.5 x 104 2.2 x

W0 220sBeBds 6 64.3 33.2 0.16 0.30 PCT/IB2007/054195
11
Table 2
21Oyt | SiO, | TIO, | AlQs | Y203 Additive V4 Vy Density
No. | HfOz | (%) | (%) | (%) | (%) | Additive (%) (1275°C) (1180°C) | (g/cm®)
(%)
4 | 657 [33.3[0.34| 028 | 0.12 / 13x 107 3.72
2 | 85.0 {33.2]0111 029 | 0.11 | NbOs 089 | 52x107 4,21
3 64.8 |33.1|011| pg20 | 0.12 Ta;0s 0.92 46x10° | 4.8x107 3.97
4 | 643 {330 |g12!| 029 | 057 | Ta0s 096 | 7.8x10° 3.78
5 | 644 1333038 0.30 / 1.5x 10 | 2.2x10%| 3.92
6 | 643 {332 016 | 0.30 Ta,0s 0.34 | 53x10° 3.93
7 {642 13311015]| 0.29 Ta0s 052 | 5.0x10° 4.00
8 | 646 3311016 0.29 Ta,0s 093 | 1.6x10° 4.13
9 | 645 1330015 0.29 Ta:0s 113 | 1.4x%x10° 4.21
10 | 642 | 32.81015]| 0.29 Ta,0s 168 | 1.0x10°® 413
11 | 625 | 3231014 | 0.29 TazOs 274 | 8.4x10° 4.26
12 | 843 13321046 | 030 Nb,Os 0.26 45x10° | 3.0
13 | 63.8 3291015 029 gizg‘: 2::; 14x10°%| 430
14 | 63.5 | 328|015/ 0.29 To0, | 11 52x10°| 4.8
Nb,Os 0.51

10

16

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 yitriurn oxide has been added to the starting charge.

Moreover, it has also bsen found that the presence of NbOs or TayOs
advantageously makes it unnecessary to add fitanium 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
resistance is desired. A comparison between examples 3 and 4 shows that small
additions of Y203 maintain a good resistance 1o creep deformation. For instance, the
product according to the invention may contain at least 0.5% Y03 and at least 0.9%
Ta,0s.

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

13, according to the invention, is preferred when a maximum density is desired. However,
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Ta205 0.34 5.3 x 10-5 3.93 7 64.2 33.1 0.15 0.29
Ta205 0.52 5.0 x 10-5 4.00 8 64.6 33.1 0.16 0.29
Ta205 0.93 1.6 x 10-5 4.13 q 64.5 33.0 0.15 0.29
X

Wwalbmolnis 1.4 10' 5 PCT/IB2007/054195
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high contents of Nb,Os may lead to a decrease in the mechanical resistance of the
product. When mechanical resistance is important, Nb,Os content should be limited,
preferably to values less than 1% or less than 0.5, or even less than 0.3% %, especially
when Nb,Os is the sole additive. its content should then preferably be less than 0.3% or
less than or equal to 0.25%.

in an embodiment, the product according to the invention may contain at least
0.05% Y203 and at least 0.8% Nb,Os,

The best compromises between resistance to creep deformation and high density
were obtained with Taz0s contents higher than 0.95%, preferably higher than or equal to 2
% or 3%. Example 11 is regarded as the preferred embodiment. In this example, no
Nb.Os is added to the starting charge. In other words, it may be preferred that the product

of the invention does not contain any Nb,Os, but as impurities.

Of course, the present invention is not limited to the embodiments described and
represented, which are provided as illustrative and non-limiting examples.



4.21 10 64.2 32.8 0.15 0.29 18205 1.68 1.0 x 10-5
4.13 11 62.5 32.3 0.14 0.29 12205 2.74 8.4x 10'5
4.26 12 64.3 33.2 0.16 0.30,4 Nb205 0.26 4.5x 105 192
13 63.8

CLAIMS

1. Sintered product produced from a starting charge containing 75% or
more of zircon, and having the following average chemical
composition by weight, the percentages by weight being based on the

oxides:
60% = ZrO; + HfO, £ 75%;
27% = Si0, < 34%;
O = TiOy;
O = Y203 = 3.5%;
0.1 % = NbyO5 + Tay0s = 5%; and
other oxides: £ 1.5%;

for a total of 100%

2. Sintered product according to the preceding claim in which TayOs = 0.1
%.

3. Sintered product according to the preceding claim in which Ta;05 2
0.5%.

4. Sintered product according o the preceding claim in which Ta,0Os 2
0.8%.

5. Sintered product according to any preceding claim in which Nb;,O5 < 1
Y.

6. Sintered product according to the preceding claim in which Nb,Os <
0.5%.

7. Sintered product according to the preceding claim in which Nb,Os <

0.3%.
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156.  Sintered product according to any one of the preceding claims, in which
the content of "other oxides” is less than 0.7% as a percentage by

weight on the basis of the oxides.

16.  Sintered product according to any one of the preceding claims, in which
P20s5 < 1% and/or V,05 < 1% and/or Al,03 < 1% and/or Ca0 < 0.1%
and/or Fe,03 < 0.2%.

17.  Sintered product according to the preceding claim, in which P205 < 0.3%
and/or V,05 < 0.3% and/or Ca0 < 0.05% and/or Fe,03 < 0.1 %.

18.  Sintered product according to any one of the preceding claims, obtained
from a starting charge having a zircon content greater than or equal to

80%, as a percentage by weight on the basis of the oxides.
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product conprising the follow ng steps: a) raw

32 Mat PrdRlsg ﬁ@rdﬂ%ﬁgaﬁfoﬁgrﬁ‘c%éﬁgqg o1 GRAHS ziforfand
green part is fofnme romsald starting charge; and
16 optionally@rceniadargrasisiedparstep a) i ameuet swhdbat the total of

OB PhT o BhRE B B BR8P e startng
det gfigrgaed 4 Pefditiage Mﬁﬂﬁeﬁb@?hﬁ@ﬂx thP DSy & the okiBes.
accordance wth any one of the preceding clainms. 29

Progess accordj.ng, to the precedi Caim in whjch, i

33,51 opIORPSS AECBIING I 3BY OPRET SIS LONGS05 Mo I0Eas: L%
| nt gRéd RNAded mdﬁsg al) o HEPSBHhPHMBBERE pordehdigd B¢
sintered product obtained in step e) is I nh accordance
wi t Weighy ooribe bRsis el the axides.27. 30. Process according
to either of clains 28 and 29, in which nonoclinic
zir ddgdnd :

o o R R Tl Bt R o ng LR Bttory prod RELCEGH) Ghany gne of
whi Chaime tytot 27 ammaxiufectued @ssg i mbedssatdordingdordny dre
add%ﬁgfn s?gq %ﬁ; 32. Process according to any one of
cl aP'ne'@98S¢§ 182°° i n which zircon and optionally
zirconia are added in step a) in anounts such that the
total of the zircon and zirconia contents represents
at least 95% of the starting charge as a percentage of
the wei ght on the basis of the oxides. 33. Process
according to any one of clainms 28 to 32, in which at
|l east 1% silica is added in step a) to the starting
charge as a percentage by weight on the basis on the
oxi des. 34. dass furnace conprising a refractory
product according to any one of Clainms 1 to 27 or
manuf act ured using a process according to any one of
Clainms 28 to 33.



