| M Wp~ 1 SINTERED REFRACTORY PRODUCT EXHI BI TI NG
ENHANCED THERMAL SHOCK RESI STANCE The i nvention
relates to novel sintered refrac- tory products

exhi biti ng enhanced thermal shock resis- tance. Anbng
refractory products, fused-cast products 5 and
sintered products may be distinguished. Contrary to
sintered products, fused-cast prod- ucts nost often
have an intergranul ar gl assy phase link- ing the
crystallized grains. The probleng posed by sin- tered
products and fused-cast products and the technical 10
solutions for solving themare thus generally
different. A m xture devel oped for manufacturing a
fused-cast prod- uct therefore is not a priori usable
as such for manufac- turing a sintered product and
vice versa. Sintered products, depending on their
chem cal 15 conposition and node of preparation, are
intended to be wused in a wde variety of industria
applications. Exanples of sintered products include,
in par- ticular, alum na- zirconia- silica products,
usually re- ferred to as AZS, as well as so-called

al um nous prod 20 ucts, which are used, in particular,
in certain regions of glassnmaking furnaces. Products

such are those des t .
the name of Enf Tﬁééﬁuggkﬁ%gﬂ%re 5%§§?$ngﬁnz§§TtﬁG
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application. Products such as BPAL, ZA33 or ZI RAL,

whi ch are manufactured and mar- keted by Saint _
Sef Pro are al s@hgadnventdony npdiatess hq é’(?"ﬁ?d si ALy refrac

PresqRily ¥idahy¥tyskhibiadi 8nhageeds termal shock resis-

tance.

Among refractory products, fused-cast products
5 and sintered products may be distinguished.

Contrary to sintered products, fused-cast prod-
ucts most often have an intergranular glassy phase link-
ing the crystallized grains. The problems posed by sin-
tered products and fused-cast products and the technical

10 solutions for solving them are thus generally different.
A mixture developed for manufacturing a fused-cast prod-
uct therefore is not a priori usable as such for manufac-
turing a sintered product and vice versa.

Sintered products, depending on their chemical

15 composition and mode of preparation, are intended to be
used in a wide variety of industrial applications.

Examples of sintered products inglude, in par-
ticular, alumina-zirconia-silica products, wusually re-
ferred to as AZS, as well as so-called aluminous prod-

20 wucts, which are used, in particular, in certain regions
of glassmaking furnaces.

Products such are those described in patent
FR 2 552 756 in the name of Emhart Industries are gener-
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5 gl assmaki ng furnaces. Al so known fromEP 0 404 610
are refractory mxtures containing nonoclinic
zirconia, fromwhich prod- ucts exhibiting outstanding
t hermal shock resistance can be obtained. 10 However,
gl ass or energy producing industries need refractory
products exhibiting ever greater levels of
performance. The object of the present invention is
there- fore to provide a refractory product exhibiting
enhanced 15 thermal shock resispance and hot

mechani cal strength, corrosion resistance and por05| z
pr oY cAPRFORFRRER 0£OBr SHEP: 8N @PRIIGRIdORyf Products such

preseft Byaus edassf roactzxm,r OkhitEt areAeRaiulattired hend mar-

i nv thIS .0 chi eved means,_ of
si nﬁ%?*e%cp RY| &?Jy%ﬁ’% tgﬂﬁ%%gar?hg 8 I%ﬁ?ﬁ?fgc“farly well
averaget@d}eandalpmq}ﬂs]u i wixlelye usexiein - cagtaibeizagions of
f the oxides: 20% < A1203 <
SO%V@Z%O‘{W ‘%%f}éi 3% < Zr02 < 50% 0% 5 Cr203 <
50% which i s Ak admapiny efriom t BBt 0j A040/p0i saxe szefractory
a PCORLALS dyn¥ei g GhoddiSl DRSE Szﬁ-céﬁfaoxfﬂ&ﬁ which prod-

to 85%of nullite- 2|rcon|a gr ai ns. shown bel ow,

t he BGHR PERAPEFIRG ! 8P§'rsﬁFBE}aEH ts'ermel ﬁmﬁh ppsistance can
exhids tebtsaiged Si ngly enhanced thermal shock

5e3|stance Pr ferably, ihe product accordin

t.Q the .
Pnven- tion alfYEE ondlePsmse SPOFRE SRABIARg industries
f ol Ireedigrefinactdbyagrmduwttisc sexIBiREt IMANSAT] Q¥eiter levels

PCTé% performance.
The object of the present invention is there-
fore to provide a refractory product exhibiting enhanced

15 thermal shock resistance and hot mechanical strength,
corrosion resistance and porosity properties similar to
or better than those of presently used refractory prod-
ucts.

According to the invention, this object is

20 achieved by means of a sintered refractory product having
the following average chemical composition, the percent-
ages being by weight on the basis of the oxides:

20% < Al:0; < 90%
2% < 8i0; < 30%
25 3% < ZroO; < 50%
0% S Cr;0; < 50%,
which is characterized in that it comprises, as
a percentage by weight on the basis of the oxides, 17 to
85% of mullite-zirconia grains.

30 As shown below, the sintered refractory product
of the invention exhibits surprisingly enhanced thermal
shock resistance.

Preferably, the product according teo the inven-
tion also has one or more of the optional following char-

35 acteristics:
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- The sum of A1203, Si02, Zr02 and Cr203 con tents, as
percent ages by weight on the basis of the oxides, is
94% or nore, preferably 98% or nore. It is considered
that, under these 5 conditions, the presence of the

ot her oxides does not substantially nodify the
obtained results. - The product according to the

i nvention con- tains, as percentages by weight on the
basis 10 of the oxides, nore than 19% preferably
nore than 24% even nore preferagply nore than 30%
and/ or | ess than _60% and referablg | ess _ than 50% of

mul it e-zi rcoril FRft aPH®, of TRd2Pr0diddP2ac&F%i Pd 0C¥20: con-
the invention cafntld, t&s nperﬁénasqesnbggemmm:ghthe basis

on the basis of oxli de /o
nost  33% of Zr&t( t‘a:ehq'h‘:’e’"pc?eb%l‘uc"'f’s acci%)rcc’l:"n"o'gﬁg‘?g té‘ré‘g%emlb]'Y 98%
invention con- taew neeras pdkcedst apmsisenes] gthabn whder these

?asi s 20 of theqfﬂ-kﬂjgf%a-gﬁt ":ﬁésﬁ: QJ%QBQ/ Q:rf And'OSther oxides

8% of Si02. e ct acco g he 1 nvention
con- tains, as mﬁtﬁentﬂa’&essﬂpsmﬁhf ¥ t’!%i-b%}él &hey obtained
t he oxides, at l.gaai1@P% and/ or at nost 25 80% of

A1203. - The product ac ordin he invention. in- 3
cl udes nore tHarf %’rﬁ FEr ‘;‘iﬁ‘ﬁ’&ﬂa’ﬁ" R |IPVRRBAOon con
by wei ght, of oxtziass, Faos phﬁbenﬂugpssby pedifgirtaldy , the basis

B ot A2 G2 Sl WO Baserayny more

harge are oxi dés, exs tTons
for the shap- u@qgha%é%,-evgnonerenmmlxt m;ore than 30%

product accordi ng,dfr 1less than 60%, and preferably less
than 50% of mullite-zirconia grains.

- The product according to the invention con-

15 tains, as percentages by weight on the basis
of the oxides, at least 10% and/or at most
33% of Zr0,.

- The product according to the invention con-

tains, as percentages by weight on the basis
20 of the oxides, at least 6% and/or at most 18%
of Si0;.

- The product according to the invention con-
tains, as percentages by weight on the basis
of the oxides, at least 50% and/or at most

25 80% of Al0O;.

- The product according to the invention in-
cludes more than 99%, preferably substan-
tially 100%, by weight, of oxides. For that
purpose, preferably, all of the raw materials

30 used in the starting charge are oxides, ex-
cept for the additions required for the shap-
ing phase.

- In one embodiment, the product according to
the invention preferably contains less than

35 0.5% of Cr;03;, and preferably contains no, or
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the invention preferably contains I ess than 35 0.5%

of Cr203, and preferably contains no, or S. 26

TRANSLATION OF PCT 4 only trace anounts of, Cr203.

This is be- cause this oxide is an undesirable

impurity in some applications, in particular when the

bl ock according to the invention is in con- tact with

certain nolten glasses. Specifi- cally, it can result

in a reduction of the nolten glass quality due to

bubbling or staining phenonena.gBoth the starting

charge and the product ac- 10 cording to the invention

contain no netal®nky| tEgre Amuaks PE.i HeF3fboducthis is be-
according to theaisweshisn dxidet £adat tundesitaisie Nimpurity
gl assnmaki ng appljications nce, netal si

i nconpatible w t! sﬁ%‘ﬂeaﬁBPh'&g?Faﬂgs’F&n Co{#feé‘i]a% when the

reason, the prodcixckicaocecdrdingo tichethe niswenbmon is in con-

Breferably contqﬂgin Eﬁt%eégalﬁ) §ltenTg383@@'1 Specifi-

size of nullite-zirconia lies In e ran
20 - The productecadedr ththH@SPhVeﬁtﬂoﬁ HF@PC'CJ-OR of the

erably contalnsmxggungr $4€ 1 ghiu&n tbhebubbling or
basi s of the oxides, ast 3% pref- erably at

| east 4% and rmr%t’p’r %P"'F%%% than 22%
preferably | ess Bdih 4080 seagtpngf cﬁ%rgreahir;d | €15 phaauct ac-

1@1{2 of mullite- ZI IR n| a ar a;?g?dphaﬁg/‘i’?%t?%‘gl o notatzn no metal

or less. - TH& p ctac ron
pref- erably corﬁ:almnaﬁh beastnifigthéypredyht apcording to

the basis of theXi dejrerdlidfaSls 1%ndiinifed to be used in

glassmaking applications, since metal silicon
is incompatible with such applications. For

15 the same reason, the product accerding to the
invention preferably contains no metal £fi-
bers.

- The grain size of mullite-zirconia lies in
the range 0 to 3 mm.

20 - The preduct according to the invention pref-
erably contains, as percentages by weight on
the basis of the oxides, at least 3%, pref-
erably at least 4% and more preferably, less
than 22%, preferably less than 10%, and pref-

25 : erably less than 6%, of mullite-zirconia
grains having a size of 0.7 mm or less.

- The product according to the invention pref-
erably contains, as a percentage by weight on
the basis of the oxides, at least 1%, pref-

30 erably at least 1.5%, of mullite-zirconia
grains having a size of 0.3 mm or less. This
results in a substantial improvement in ther-
mal shock resistance.

- The product according teo the invention con-

35 tains less than 1% by weight of Mg0O, on the
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30 erably at least 1.5% of nmullite-zirconia grains
having a size of 0.3 mmor less. This results in a
substantial inmprovenent in ther- mal shock resistance.
- The product according to the invention con- 35 tains
| ess than 1% by wei ght of MgO on the S. 26
TRANSLATION OF PCT 5 basis of the oxides, and
preferably contains no MgO except in the form of
inmpurities, 1i.e. in anmounts smaller than 0.5% and
pref- erably less than 0.2% 5 -gThe product according
to the invention is, al-_ready sintered before_bein

placed in its o2t PhnkPepss Anq RYeferply contains
i.e. it is not md nMgoed éRceptu.inlhehenvesin ovfal smpurities,

relates to the use, Ofifu‘i %%-o Q:hsf raci P d. g%gchto_s% and pref-

according to the inven such as a s
refractory part dmablkhaless than eh.2fass to be used

gs a consumable dipy YeBiade [SLGFAMRY LERE ihention is al-
particular in the c r%u.stlon chanmber™of an iIndustrial |
fa- cility. 15 Bieady|sintesed Jepferg rkeingrlagedtin its op-

refrac- tory graifagicshregoBYtSbitl & NgnotalledNgi.e. it is
having a chem cal, conposition containing, as its

maj or constitu- Mt SL ’F%ﬁﬁ%a“(ﬁ&’zﬁéj, silica (Si02)

and zirconi a (Théd2invenbibsri alsol redated ourthen wse of a re-

] PSR 4" o VAP A e o2
t husshared heefirastory npavhsifictueashapingy meditin , gbpsg to be

Mul | {64 Z2sCO0I RolbtnAbliNelapdZ Col £ Qéi‘kﬂétaﬁ%verlsining, in
toits largest di- nension. It is considered that, b¥ ]
def iRA¥FgH1ar "1p afhe combuatianschamber) gfsappipdystrial fa-

M eility.

15 By "mullite-zirconia grain" is meant a refrac-
tory grain produced by sintering or fusing having a
chemical composition containing, as its major constitu-
ents, alumina (Al,03), silica (8i0;) and zirconia (Zr0;),
wherein silica and alumina are present in the form of

20 2 8i0,-3 Al:0; (mullite). Alumina {Al.0Q3), silica (8i0;)
and zireonia (Zr0;} thus are the three main constituents,
by weight, of a mullite-zirconia grain.

The "size of a grain" refers to its largest di-
mension. It is considered that, by definition, a "grain"

25 has a size of less than 4 mm.

For manufacturing a refractory product accord-
ihg to the invention in the form of a sintered block,
i.e. of a shaped part sintered before it is placed in its
operational position, a manufacturing process comprising

30 the following consecutive steps can be performed:

a) preparing a starting charge;

b) casting said charge in a mold or compacting
it by vibrating and/or pressing and/or
tamping said charge within the mold to form

35 a preform;
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For manufacturing a refractory product accord- ing to
the invention in the formof a sintered block, i.e.

of a shaped part sintered before it is placed inits
operational position, a manufacturing process
conprising 30 the follow ng consecutive steps can be
perfornmed: a) preparing a starting charge; b) casting
said charge in a nold or conmpacting it by vibrating
and/ or pressing and/or tanping said charge within the
nmold to form 35 a preform S. 26 TRANSLATI ON OF PCT 6

c) renoving said preformfromthe | d; dryi ng sald
preform pref éPabl5PR9YViRG ﬂﬁ"‘g P’r‘ﬁnﬁp%‘f"brg'g%n%/}f%%?%gé’
at nosphere so dhatdiyitng residiystefmin! ssefersbky in air or a
preform remains =9 hetwmgen O, %ﬂéé’/" ?f%o{sgﬁé?g %% dthat the

preformin an oxidﬁ‘zmgarms- pHere” a nper at ure ]
in the range 1300 ztesidigd)Cmiod staved aini rithe eppreform remains

gefractory bl ock aacaidi ng 44y tdssd pvention. 10 Steps
a) to e) are steps conventionally carried out for the

manuf act ur e ofeksi fidtintg psad cPFefPFms sy af) ox}dizing atmos-

starting charge | pHEES o & taapéfitusé iAVthe range 1300 to
materials, the chemycal conpg;i tion an r nulg t

netric
distribution of whitdP faytQaf§ =al: i do) f?ﬁ‘é£°rY block
i nvention, it contsssxdide tertestiagesntiomg by

i ght on the S f eqye c 0xJ ;
10 s Ol 1 SO c%ni%gger'gi %{é,é §hls PpbAFanELonbOLy carried
r ef remt ofgxr nthe tmanufactroei of sikteved pyodvetal |

conposi tion t%:pestaﬁhiagved;héuQ'Ea%%ih@bLﬁl?érg"é UikN#hade of a
el ectrofused corundum 20 zircon, chromuymoxide, in, .,
par tYRER@FY soft FaW PAterdalser vk Chemafpd, composition and

el echr DhwbSfle bRiEr HobEriblehoAS ofhadfich may vary. According

15 to the invention, it contains, the percentages being by
weight on the basis of the refractory oxides, 17 to 85%
of mullite~zirconia grains, as well as any refractory ma-
terial allowing the desired overall composition to be
achieved, such as tabular alumina, electrofused corundum,

20 zircon, chromium oxide, in particular sintered in the
form of chamotte, electrofused materials, such as those
based on Al,03-Zr0;-8i0;, alumina, fumed silica, mono-
clinic and/or stabilized zirconia, chromium oxide pig-
ment, and the like.

25 The starting charge is determined so that the
product obtained after step e) conforms to the invention
and further exhibits one or preferably several of the
preferred characteristics of the product according to the
invention.

30 The starting charge preferably contains, as a
percentage by weight on the basis of the oxides, at least
1%, preferably at least 1.5% of mullite-zirconia grains
having a size of 0.3 mm or less. These grains may be

added in any appropriate granulometric class, such as,
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based on A1203-Zr 2-Si 2, alum na, funmed silica, nono-
clinic and/or stabilized zirconia, chrom um oxi de pig-
ment, and the like. 25 The starting charge is
determined so that the product obtained after step e)
confornms to the invention and further exhibits one or
preferably several of the preferred characteristics
of the product according to the invention. 30 The
starting charge preferably contains, as a percentage
by wei ght on the basis of the oxydes, at least 1%

preferably at |east,K 1.5% of [lite-zircgnia grali
havi‘ﬂga%?‘é? z%“’éffﬁ'?‘étﬁﬁi"oﬁP F’Elé§.°t?he§é'°g afnﬁggri-ﬁ] 'giem or 0-

addeax, 151 nawly appropriate granulonetric class, such as,

S. 26 TRANSLATI CE . PCI. ' limitati _
thereto, 0-0.7 1M sﬁ?g{grz'ﬁmm%g%&éo% mhnﬂ%theéc%]ta:.n one or
st amaney addkgivemyinl s pavkicilabacform spras to provide the

§ddidduasi A 2nRFgll CHhehe $QFFSPaRE HANAEAS, t Bering the

5 starting charge ™ wth sufficient plasticity durin ]
t he shaRing step b)) and for Previding the pFeferm, obtained at
obt i derd othastRipd &f #ieh GneFildient’ Medidtiical strength.
mechani cal strength. ”T.He anounts of additiyes are ticu~
non-114r ¥PAYREP 1 Fa 1YeR  2TRe"QRooARating.  In particu
conaxxt, otlhé | pmonatds rcdmeantiomdikly nosed0 ipr doesgessintering
re onriat ' i des may be introduced via
lghe P}pd%e- {éls\?eag'?a cl\;ﬁ#ﬁlsn%’?%% exanpl es of usable _
addi tives in- Genkidn ioxidesnpayabe dndaeducgidhgea the addi-
(I.eivddirely or partially elimnated during the

RPN AR P 1 R M R ST SR

clude:

15 - temporary organic binders (i.e. entirely or
partially eliminated during the drying and
firing steps) such as resins, cellulcse or
lignone derivatives, such as carboxymethyl-
cellulose, dextrin, polyvinyl alcohols, and

20 the like. Preferably, the amount of tempo-
rary binder is in the range 0.1% to 6% by
weight relative to the particulate oxide mix-
ture in the starting charge;

- chemical binders such as phosphoric acid,

25 aluminum monophosphate, and the like;

- hydraulic binders, such as aluminous cements,
for instance SECAR 71 or of the Cal0 aluminate
type:

- deflocculants, such as alkaline metal poly-

30 phosphates or methacrylate derivatives:

- sintering promoters such as titanium dioxide
(in a proportion not exceeding approximately
2% of the weight of the composition) or mag-

nesium hydroxide;
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cel lul ose, dextrin, polyvinyl alcohols, and 20 the

i ke. Preferably, the anount of tenpo- rary binder is
in the range 0.1%to 6% by weight relative to the
particul ate oxide m x- ture in the starting charge;
chem cal binders such as phosphoric acid, 25 alum num

nmonophosphate, and the like; - hydraulic binders, such
as al um nous cenents, for instance SECAR 71 or of the
CaO alum nate type; - deflocculants, such as al kaline

nmetal poly- 30 phosphates or netgacryl ate derivati ves;

- sintering prompters such as titaniumdioxide (in a ,
proportion not~ ShARIAGg3AFs: 0Pt 49 MAFWSIYR or calcium
wei ght of the cayudddtedy) or nmag- nesi um hydroxi de;

S. 26 TRANSLATI ON.OF PCT 8. - .shapin i ds such. v iame
magnesi um or c_alcﬁatyrﬁbaﬁeé’ar gflé‘%;gg?ngl ay> béfssagd'lil%%te utilisa
addi tions to fadiian sl &iid isintdximng.and aid

gl ntering. 5 Th%%ﬁ%&dﬂ@fm?it F.qugauaku@.l%i?ﬁd and silica
silica and a few al kalt or alkaline earth netal,

oxi cand arfeweplkalinozxpdkalingoedrid metade IXidesf or even

Cl aYirdd) &o5ds, WEESrdRy 164 Iad Okypdll o¢ UsFagont ai ns
a chenm cal or ]_'gzdraul ic binder, it is then a concrete

10 which, for BkFATE® WA§TBe theeFabFastasy MixFure contains

Vi braat chémieast ioig. hydei el fd| pintae , Stity tisgthear ge concrete,

ontains less  than 1% MjQ, by weight o . bas] s_of . .
e Bl o A2RR IS R Y, YEhd o A OB e Sbabration
excepstimghe formof 15 inpurities, i.e. in anmounts

of 0.5% or | esfeflefii\AP! ¥he starting charge contains less
than 1% MgO, by weight on the basis of the oxides, and
more preferably, contains no Mg0O, except in the form of

15 impurities, i.e. in amounts of 0.5% or less, preferably
less than 0.2%. The process is thus made simpler.

In order to obtain a refractory product accord-
ing to the invention at the end of step e), the starting
charge exhibits the following average chemical composi-

20 tion, as percentages by weight on the basis of the re-
fractory oxides:

20% < Alx0; < 90%

2% < Si0O; < 30%

3% < 2r0; < 50%

25 0% < Cr;0; < 50%
and comprises 17 to 85% of mullite-zirconia grains, the
percentages being by weight on the basis of refractory
oxides.

Water is also conventionally added <to the

30 starting charge.

The mixture of the wvarious starting charge con-
stituents is continued until a substantially homogeneous
starting charge is obtained.

In step b), the charge is shaped and placed in

35 a mold.
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| ess than 0.2% The process is thus nmade sinpler. In
order to obtain a refractory product accord- ing to
the invention at the end of step e), the starting
charge exhibits the follow ng average chem cal conposi
20 tion, as percentages by weight on the basis of the
re- fractory oxides: 20% < A1203 < 90% 2% < Si 02 <
30% 3% < Zr02 < 50% 25 0% S Cr203 < 50% and conpri ses
17 to 85% of nmullite-zirconia grains, the percentages
Szing by Mfight on the basis of Befractory oxides.
ter is also gconventignal | dded. Lo siar bl ;
charge. The ni Lﬁ%ﬁ%fékﬁes%gﬁﬂggslétg%??oaﬁgﬁa%gebk3981ng"a
con-spadifibat pressuvat pfud@Outpi BOQ ¥gifsminipapppropriate for

homog eRSRL‘ﬁlaﬁ%Ebggtghaf Hrd s3iHY qgeﬂref&%gﬁzghrried out

the Charge’i's's and placed in 35 a nold. .S, ]
TRANShLATXEALYFoPGregs tatiead iy hEoEhasARE LR UgdPE, A pydraulic

By PLESShNY. tI% fﬁlﬂ%‘:iafci AYbetPrécadsd ky/ anBanual or
i's appropriate fQf a non-plastic paste. Pressing.is

pr ef BREPPFLiG pRA4OE VIPER é?ﬁ?#yrg?m?ggs?gffggﬁg?f

for exanpl e uspiginghydr stepcdd mwarsbe |¢armied ocut at a mod-
advant agegus e .preced a _ uggt i i
and/ﬁfag?g?ra}'ry"gﬁalt %ﬁa%glr(%era%@#ﬁ 'ng{llenﬂgt "e’%”rmd out
d) cab ke tempeedtuwe ainathed-rapdee|df hrghm temperature to

]%CF MPSHGsHr €. 1fr %{?%[v%ﬂ%oﬂélﬂys L4 etidden 210ahours and one
enperature I n the range of roomtenperature t

10 .
2000uepk , cRPORGISEITY the! SORBRNCAT 1PN KRFSLGHE oHEtLL the

Wﬁekregﬁaﬁaﬂi b idedie bohBhtofof haher gppeformntisl less than
e .
0.5%.

The dried preform is then fired (step e)) in

15 order to sinter it. The sintering operation is well
known to those skilled in the art. Sintering corresponds
to a thermal consolidation of the material. It is gener-
ally accompanied by a decrease in porosity and by a di-
mensional shrinkage.

20 The sintering temperature depends on the start-
ing mixture composition, but a temperature between 1300
and 1800°C is appropriate in most cases. Sintering is
preferably carried out in an oxidizing atmosphere, and
more preferably in air, preferably at atmospheric pres-

25 sure. The firing period, between about 1 and 15 days
cold to cold, depends on the materials and also on the
size and shape of the refractory products to be manufac-
tured. |

Step e) transforms the prefcrm into a refrac-

30 tory product according to the invention, which is par-
ticularly useful as a shaped refractory part used for
shaping molten glass or as a refractory tile in the com-
bustion chamber of an industrial facility.

Conventionally, the preform is fired in a fir-

35 ing furnace.
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resi dual noisture content of the preformis |ess than
0.5% The dried preformis then fired (step e)) in 15
order to sinter it. The sintering operation is well
known to those skilled in the art. Sintering
corresponds to a thermal consolidation of the
material. It is gener- ally acconpani ed by a decrease
in porosity and by a di- nensional shrinkage. 20 The
sintering tenperature depends on the start- ing

m xture conposition, but a tenpapature between 1300

and 1800C is appropriate in nost, cases nterin
preferably ca (ﬁﬁhﬂ?6$n ton REQH %@sﬁ?hﬁ§ the
nnres:m'ﬁﬁcnblagtba dHaviny ebeaablgn.anecht ﬂmspﬂmmn: ppesa.tlonal

UJS:L e fh[’ igdanS gQi ted onto a
% on t erl al's an CI:

on tvmll stqebanwrsaltqs:e:ea, tma rbl«pgbt srcgopdisgc tte t'@he inven-
Be Moy afas&ﬂaedfm%&e& Sintd A0S W iEnifCa pffi.%g Fikface, so

a refrac- tory product_according to the inven
whi dfhak 9ar==h Qo uf kBl Bifdas isaheatad pin r’éﬂ”r’&'ﬂ"&'r’;ﬁ ly the

par tgdise hdrier S heddie B1i0g 18664 0in bt S 6ﬁ6f:ﬂﬁi6ﬁ¥l posi-
tile in the com $ust|on chanber of_  an i ndust £ th
f aci FHaR): Sred | PRI TrErLER, Aol | GeRefijencs of the
f|r-téﬁberqﬁdtﬁrguzﬂ;éhﬂ6oﬁRﬂNSL§$B®N165 [eET dlGgiven point on
18?9%‘9{ 5@ E 0duG. E‘Z]c%' ' Bagkky: ogiroElLSEie% in situ
ter havi been ace helr opera
poSi -‘-tlrrd:ﬁreﬁcg rpleochm#%. aif-h% rpmthg aceprding cteethenipvention

a V@'HS t @xRebREC! 65t RdmolyBReBLACKaaes#LEF Bhd OmiBLostructure
i nven tion results froma S|nter|ng wthin.a firin

fur I'Ht%’“gﬂi’“ifhatﬂ’é’a’ch rgeylitdng (4o | impzoved | ﬁes"sganc’e to
Subsirsmail |.-;yh6dile €A EorPedisn Welwitebevrpop| asprd t8 corro-

1505 QPRG3R e Y 1ass.

The refractory products according te the inven-
tion may then be used directly or after having been as-
sembled by means of appropriate expansion joints, accord-
ing to techniques well known to those skilled in the art.

20 The way the amounts of constituents are deter-
mined in the refractory product is well known to a person
skilled in the art. 1In particular, a person skilled in
the art is aware that the mullite-zirconia grains as well
as the oxides Al;Qsz, Si0O;, Zr0; and Cr;0; present in the

25 starting charge are also found in the sintered refractory
product., For the same quantity of constituents in the
sintered refractory product, the starting charge composi-
tion may however change, depending on those quantities
and on the: nature of the additives present in said char-

30 ge.

To further illustrate the invention, the fol-
lowing non-limiting examples are given,

In these examples, the raw materials employed

were chosen from:
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tion. Therefore, this prevents any dependence of the
tenperature gradient on the position of a given point
on 10 the outer surface of the block. As opposed to in
situ sintered products, the product according to the
i nvention thus exhibits a honbgeneous density and
m crostructure throughout, thus resulting in inproved
resistance to thermal shock, to corrosion by water
vapor, and to corro- 15 sion by nolten glass. The
refractory products according tqqt he inven- tion may
then be used dlrectu% after havi ng been, as-

e

by means of apprioht Jek’p%‘s?’cﬁF?’&?\t%“h%%o?‘d“ggﬁ ing moxe
to techni ques welarkn®gy t oft hpgo, skiAled #nSibe arnd 35% of
20 The way the anpunts. of con tltuent

mined in the ref3RIPR p?%ﬁﬁi HO%[}%(?\%I? ?%om' having a
person skill ed sizé heimrthe I:raxpgatfﬂ ctd a3 ,mm; per son

kKilled in the ar e; t cgn 20 ,
gr ains as wel | g:‘t'jﬁe oXl cf?% %1%’0%& JSHU%bZ?aﬂbgng e -
Cr203 present i rphtﬁelw shitr griedimg Rlegtrefused (grfractory
in the sintered féd@éé@fiéucﬂ oglyClgr-Awe hersam-nn which

quantity of constltuents in |ntered r act _
product, the sta3¥®nPxIdp (ﬂﬂfg 3’ \%é%’é'rete Eu
change, dependi %ﬂhﬁﬁ@swamb&uess amdfnacta:.res These
t he-nature of the a i ves resent in 0 ht

We. To further iP¥ ‘F ?ec?‘f‘l 2R eRfi Be?@%ﬁtﬁ?@% by’weight on
| owi ng non-1im tthheg basapl ef atleegpugdesl,n&aqeg@ 54% of 2Zr0,

exanples, the r leia al ed 05€N 310 4 0.2
XAl oS e 6 TRb Bl LRG0 2 W C1641088Ns10; an

mul | ite-zirconi atgrhi ¥ eBMaidi ng m)re t han 99% of
Zr@2 + A1202 +. S Qgnplf 3%Ama ngsﬂﬂbadmwmmg more than

npnoclinic form hav‘lag ga.%um:ls.ll'xgeallg ngerurngngesg.zteo in the range
40 pm to 3.5 mm;

- fused or sintered mullite grains, for example
a powder containing 76.5% of Al;0; and 22.5%
of S8i0, and having a particle size in the

20 range 0.7 to 3 mm;

- products having a high content of zirconia
such as CS10 or CC10, marketed by Société Eu-
ropéenne des Produits Réfractaires. These
products contain more than 99% of ZrO; and

25 the median diameter (D50) of the =zirconia
particles is 3.5 ym;

- reactive alumina or a mixture of reactive
aluminas, containing more than 99% of Al.0s,
the median diameter of reactive alumina par-

30 ticles ranging from 0.5 pm to 3 pm;

- electrofused alumina having a particle size
in the range 0.04 to 0. 5 mm;

- fumed silica marketed by Société Européenne
des Produits Réfractaires. This glassy sil-

35 ica contains more than 93% of silica (SiO;)
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5 - grains having a size in the range 0 to 20 mm
obt ai ned by grinding el ectrofused refractory products
such as ER-1681 or ER-1711, which are produced and
mar ket ed by Soci ete Eu- ropeenne des Produits
Refractaires. These 10 products contain, as

percent ages by weight on the basis of the oxides, 32
to 54% of Zr02, 36 to 51% of A1203i 2 to 16% of SiO02
and 0.2 to 1.5%of Na20; - tabular alum na grains
containing nore than 15 99% of 13l um na and having a
size in the range 40 pmto 3.5 nm - fused or

sintered mllit@ng dishavaicrahle i ¢the RFMLE a powdsr hav-
containing 76. 5%y ARB A padtitie ofite GX aspl to 1 um;
having a particle sige in the 20 range Q.7 .t [M¢ - :
o oduct s havi % WEFREit cRoaGPelP, Ban s, niafhrdbe various
CS10 or CC10, naidasirags byitSacs qirefarredpeemee jescement hav-

roduits Refract.aires.,  .Thes t ai
Ehan 99% of zr 02"%hd* Qgé}heﬁnﬁrg%u&dé%‘r:r&e’?gf %%?&Sfcazs sold

0

the zirconia pdtidluetys.3 GAZS, contadns \é8% @f nAl02 and
or a mxture of fﬁagﬂ\@ao,al um nas, containing nore

than 99% of A1203, the nedi an dianeter of reactive Rl .
al umi na par- 30 2%%9%% iBndiang { FRRROOF pif ¢ 3 Fhpfoughiy =i
el ectrof used al Wdi Ay i e Hid el Eainineg 35/ (o silica;

183cT et o’ Fur opeorF S FRRIEEe MRS ai ree. This

gl assy sil- 35 iclacamivmi osidey e O, 985 Eiigmentcaform, con-

(Si02) S .26 TRANGLATON ¥ Pilat209% of chromium 3 oxide and
available in the form of a powder having a
median size of 2 pm.

15 Sintered refractory blocks were manufactured according to
the above-described process.

In step a), raw materials were metered in such
a way that the starting charge had the desired average
mineral chemical composition by weight, and then mixed in

20 the presence of water and at least one dispersant, such
as sodium phosphate.

The starting charge was then cast in a mold to
form a green preform having sufficient mechanical
strength to be manipulated. It was then dried for 12

25 hours at 110°C. The preform was finally sintered at a
temperature of 1350°C or 1630°C so as to form a refrac-
tory block.

Samples were taken from the various block exam-
ples in order to prepare specimens in the form of

30 125 x 25 x 25 mm bars.

In order to measure thermal shock resistance
properties, a standardized test known as PRE III.
26/PRE/R.5.1/78 was adopted. This test allows the ther-
mal shock behaviour to be assessed using the relative

35 loss of flexural strength (DELTA MOR) after one or more
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and is available in the formof a powder hav- ing a

nmedi an particle size of up to 1 pm - a hydraulic

concrete or a mxture of various cenents; it is

preferred to use a cenent hav- 5 ing a high alum na

content, such as CA25 sold by Almatys. CA25 contains

78% of A1203 and 18%of CaQ - zircon in sand form or

in a thoroughly m- cronized formand contai ning 35%

of silica; 10 - cal cium carbonate Na2CO3; - chrom um

oxi de, Cr203, in pigment form ggn- taining nore than

99% of chromum 3 oxide and _availapble in t€$ {_-orm of from

a peMdehaRarh LonmiRtingin hpabing, the @yt fREcmen

r ef ragdndr i eﬁ%fﬁ&ﬁuﬂerezoacpfaptubed.amaamﬂuwmﬁampetimura T of
ed

above- descri 0cC I n ste a
wer €-4 'ed‘??P‘&FE 'S‘% ‘T‘/%?/cﬁ% ?%Vrﬁﬁ%éf#ﬁra T for 30
had nt:hﬁt%larr&tl tehea @Bmgﬁ.ng rche cﬁmmlz ctmbo s¢e @nwater
y Veloht, andld\gai P drld) dlad it L SHlEELA . wat er
I Sper san suc

nd at | east one as sodium

phosphate. Thdnst the| ﬁglémmga veablemn MOBLO porzfgrpnds to

o éﬂ%g%%eof@é%ﬁhh% étﬁélzoeotmwlaw thermal
strength to be mani pul at ed was then dél e é%OR value
25 Hheek aeveliec %W%ﬁ%‘é"#ﬂ%\??’? 3

a  tENRS atg G:ﬁil&ﬁﬁp(bﬂrtﬁéﬁﬁ)ﬂsshmkto forma

refrac- tory k Sanpl es ver et Ny, t

19ari ous bl ock g“fl"br acér ogprée%g% g%%?ﬁ%s as well
in tde tlosir oéhar’}ﬂcﬂeﬁlatﬂcss xagé shewarin Tabbeddr to

nmeasure thernmal shock resistance properties, a

standardi zed test knowmn as PRE I1l. 26/PRE/R 5.1/78

was adopted. This test allows the ther-
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mal shock behavi our to be assessed using the relative

35 loss of flexural strength (DELTA MOR) after one or
nmore S.26 TRANSLATI ON OF PCT 13 cycles, each
consisting in heating the test specinen from room

tenperature (20C) up to a maxi mumtenperature T of
1200C, keeping the specinmen at this tenperature T for
30 mnutes and then plunging the specinmen into cold
water. 5 The MOR is the nodulus of rupture. In the
follow ng tables, MOR20 correspqgds to the MOR val ue

of the sanple at 20C before any thermal shock cycle,
and Le correspaonds to the MOR value —after tx-
cycll e( she9iitér nal shock. 10 Th conposi t i omsrRxefrclde
tested [fiQdiiilad cASmiNRNLI conpsiticinr| mbEIOACt(EPASIA CELEA GIOR
shown ihgfablell. 5.26 (BRANSLATI ON(@Fa)PCT (¥ relathive to
I’\?/U!Zl(l tl(he%\Z(HI)Rx ?/cl e zi zirconia Cr}?[n (,:al_ :orlrppsﬂlpm )
O O S T R NN I R NS
76. 1 1kl 530’1\. 0ife20.12.6./1QA7d Y6 3. Of S6898 2*6/91%0| 8.9/
{3. %5 25 P SIP0 0 81 8 ;8?875.5;0 .#)6 92-1./61@.5 - 13-538/{53;13 %{;0/71%
3.9/ 7994 5180 3393 |18.5 [27-9|/ /31| AT15. B/ SR | §-953%
78. 4779 1203 119162714 .1G148Y0 5. 8 W¥/e | 859/65%9| 3. 8/79%
12. 42041+ 1444% NAT-825 74 9 178
12, 4/ 330 NA® 058 YA 1277°fo s HERS Li? 35, Na 2
10 35652. 8286. 97884 127/93224317./5/ 468%.RIA| 11.0/48% | 5.8/72%
7 25 75.9| 9.8 [12.4| / 20.4 | 11.4/44% NA
8 25 74.4] 9.2 |14.9| / 21.8 | 12.4/43% NA
9 25 67.111.7|19.8¢ / 20.9 | 11.9/43% NA
10 35 52.8|16.9128.2| / 32.4 | 17.5/46% NA
11 35 80.7| 6.0 |12.8| / 8.0 6.9/14% | 5.2/35%
12 35 76.7} 6.0 |16.6| / 13.9 | 11.8/15% | 8.6/38%
13 45 71.4| 7.7 |20.2} / 13.9 | 11.8/15% | 8.6/38%
14 45 71.4| 7.7 [20.4} / 14.1 | 10.6/33% | 9.0/37%
15 45 75.3| 7.7 |16.4| / 11.2 | 8.0/28% | 5.6/50%
16 45 73.4| 7.7 |18.4| / 12.0 | 8.6/28% | 5.7/52%
17 45 70.4| 7.7 |21.4| / 11.7 | 7.8/33% | 6.1/48%
18 48 51.9|15.6 |31.3| / 18.5 | 12.4/33% NA
19 54 50.8{17.6|29.4| / 26.3 | 17.1/35% NA
20¢| o |87.0| 0.4 | /¢ |12.0] 33.2 | 1.5/95% brle:‘:%s/
21 22 75.0| 4.0 | 8.0 |12.0| 12.2 | 5.6/54% | 2.4/80%
*: Examples outside the scope of the invention
The results show that an amount of more than
17% of mullite-zirconia grains is required in the start-
5 ing charge refractory mixture so as to obtain a signifi-

cant improvement in thermal shock resistance.

This is because, beyond this limit,
noted that the loss of MOR is limited and/or the MOR

value at 20°C is larger.

5.26 TRANSLATION CF PCT

it may be



11 35 80.7 6.0 12.8 / 8.0 6.9/14%5.2/35% 12 35 76.7
6.0 16.6 / 13.9 11.8/15%8.6/38% 13 45 71.4 7.7 20.2
/ 13.9 11.8/15%8.6/38% 14 45 71.4 7.7 20.4 / 14.1
10.6/33%9.0/37% 15 45 75.3 7.7 16.4 / 11.2 8.0/ 28%
5.6/50% 16 45 73.4 7.7 18.4 / 12.0 8.6/28%5.7/52%
17 45 70.4 7.7 21.4 / 11.7 7.8/ 33%6.1/48% 18 48 51.9
15.6 31.3 / 18.5 12.4/33% NA 19 54 50.8 17.6 29.4 /
26.3 17.1/35% NA 20* 0 87.0 0.4 / 12.0 33.2 1.5/95%
breaks/ 100% 21 22 75.0 4.0 8.@512.0 12.2 5.6/54%
2.4/ 80% *: Exanpl es outside the scope of_the .
i nvention The Fuhary sH¥FEh v&n%aﬁ%hn?a% Tod, gufy dp oxder
17%10f Hakdés CtEs RBLAALr ahbeki rasdimbanew iaftdwr water vapor
start- 5 ing charge refractory mxture so as to obtain

a sigMm¥I2rCint i nprovenent in thermal shock _ _
resi stance. THilms s bawples, wergorprenieusly maiptajped in a
e A9 h e J 0SSn@fadRyhsel 4 apfowr ralte. After
%[P E%%’F%‘éé aﬁh%g i"Js ?%'r’%fé?. S) %%"'%R?N% LATI ON_OF, PCT L
15 f¥his Horeatment, Hehey HardeEuent othe REPFeBPREFOPgd therma

asseﬁaélberaﬁﬁaﬁahcahf&%tnesi-manfasailter atat dristabrin Table
corrosion. Thus, sanpl es wer revious i j hedej

a furhare MRBeve, ’@on@%rﬁoﬁaf@ “9a6’>oér Wgt%k& water
Af t e¥apdhi GotfesicRNtbefdry amyletheral hshock cycle.

forﬁgfti ned thermal shock resistance test. The

esy L-sted—ia—TFapbte—2—where—MReve s t1E
MOR |malluideof sanpl es after |water apor cor { osi oifORxcycle
bef dueramyal tremiedl shupdeicycMOR200| TABRe® M| | (PPR/PELTA MOR
MORX C geadias tion (%) (mPa) (mPa) (% relative to
(%) MORcve)
Alzog Sio: ZrOz x=1
0 91.0| 8.6 | © 11.9 9.9/17% 5.4/45%
45 |71.4| 7.7 |20.4] 13.5 | 9.0/33% 7.7/14%

Tt is noted that the products according to the
invention result in an enhancement of thermal shock re-
sistance even after they have undergone water vapor cor-
rosion.

15 Further, the products of examples 11 to 17 ex-
hibit a molten glass corrosion resistance at least

equivalent to that of the reference products.
The following Table 3 illustrates the benefit

of the presence of grains having sizes smaller than 0.7

20 mm.
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zirconi a Chem cal conposi- MOR20 MORcve (MPa/ DELTA MOR
grains tion (% (nmPa) (nPa) (%relative to (% MOReve)
A1203 Si02 Zr02 x=1 0 91.0 8.6 0 11.9 9.9/ 17% 5. 4/ 45%

45 71.4 7.7 20.4 13.5 9.0/33% 7.7/14% 1t is noted that

t he

products according to the invention result in an

enhancenent of thermal shock re- sistance even after

t hey have undergone water vapor cor- rosion. 15
Further, the products of exanples 11 to 17 ex- hibit a
nol ten gl ass corrosion resistanag at | east equival ent
to that, of the reference products. The follow ng Table

3 ||wq'qu,’:§pQ the henefit of the . nresence—of

alna
P CoCITTUl AT 1195

haviing|si zes smaller than 0.7 2 S RELITRANSLATI 1 cycle
OF PCT|16 Table 3 Miliite- MR %‘:gicrg zdtdohid o o0 ﬁa&é‘f“"

(VP

) | DEL €Renizial Cvtipas Ghieni cal CcOTDOS! T i| ograisy

(% ralative

zirgonifa grains 1+OR20 MOR grain @;2? "UTﬁn"(WPa()mpa(nS to
relgtiye (90 * (%) * 2DR0) A1p03

03—AF9 87t 9017
78. 9 718110 5300 [ #eBa J M0

Si 02 z#%P MO MOR20)
7 %O O~ I7 477 9755% B

frbay 5004 cl78.9-7. 8 10, ~
2 60< Of 4744 pQ7-9/55%

< 01n /| 084} 2077 | 10.9/{49061|D /78, 9 298 ]

4 203 T TS, E80s TTo5 I < 8oL [ 2500 17/ | o752

. o 265209t AT ¢t

i ndi Jhe Ao k20.7 | 10.5/49%
78.9 | 7.8 |12.6 |[< 0.1 20 4 20.3| 10.5/48%

10

15

20

80.1 7.5 | 11.8 |< 0.1¢ / 25 0 17.4 7.9/55%
78.7 8 12.8 |< 0.1]| / 25 5 20.9 11/47%

B

Gt 8- et Jeftt ades®dfe® thi i ght 28n
D /

E

F

*: the indicated percentages are by weight on the basis
of the total composition weight.

Comparison of examples A, B, C and D demon-
strates the positive effect of a fine granulcmetric range
(0-0.7 mm) on the modulus of rupture after a thermal
shock and on the delta MOR, in particular after quench-
ing. Examples E and F confirm this observation, and a
content of 5% of said granulomet:_:ic range is preferred.

The used mullite-zirconia grain mixtures in the
0-0.7 mm range contain generally between 30 and 50% by
weight of grains smaller than 0.3 mm. Thus, example F
contains between 1.5 and 2.5% of mullite-zirconia grains
relative to the total composition weight, with a size of
less than 0.3 mm. Preferably, the product according to
the invention also contains at least 1%, preferably at
least 1.5%, of mullite-zirconia grains having a size of
0.3 mm or less, the percentages being by weight on the
basis of the oxides.

Furthermore, other tests have shown that the
beneficial effect of adding mullite-zirconia grains is
not affected by the presence of at least 50% of Cr;0s
(see examples 20 and 21). Although not preferred, the
product according to the invention therefore advanta-
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of the total conposition weight. Conparison of
exanples A, B, C and D denpbn- 5 strates the positive
effect of a fine granulonmetric range (0-0.7 mm on
the nodul us of rupture after a thermal shock and on
the delta MOR, in particular after quench- ing.
Exanples E and F confirmthis observation, and a
content of 5% of said granulonetric range is
preferred. 10 The used nullite-zirconia grain mxtures
in the O0-0.7 mmrange contain generally bet ween 30

0 AT I S M5 ST LB g contants e

nul 1g4,037i r Citithegmines, additg veri®y tatdarmaegeously improves
conposi tion weight than 0.3
mm Jﬁse:lfset?aébcﬁ/ doﬂg%&f Sﬁi%ﬁt&é #fac‘és

he™"pro cordl ng
i nvention al S(Dﬁ:oqoarﬁs,atthesaefOI%BBFéPéPﬂbIefbé’tdm“nts are
Eea%&e%e% E;[ngﬂlab't £8P BellHbdSe{d| NEna giiAicular by

ercenta es bhein
tmaSQkE#%ﬁﬁﬂlnﬁeteﬁhﬁé§‘12eqp&w HQPﬁBréiﬁgéuﬁtfiitgemalnlng
have,Shpi th@tsddife SENEHS Chdsait eDivedtionli ng
mullite-zirconia grains is not affected by the
presence of at |east 50% of Cr203 (see exanples 20
and 21). Although not preferred, the product
according to the invention therefore advanta- S. 26
TRANSLATI ON OF POT 17 geously and surprisingly
tolerates high contents of Cr203. Furthernore, adding
Cr 203 advant ageously i nproves resistance to corrosion
by nolten glass. O course, the aforenentioned
enbodi nents are 5 nerely exanples that nmay be
nodi fied, in particular by substituting technica
equivalents while still remaining wthin the scope of
the present invention. S.26 TRANSLATI ON OF PCT 18
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CLAIM5 1. Refractory sintered product, in the form of
a bl ock, having the follow ng average chem ca

conposi- 5 tion, the percentages by wei ght being on
the basis of the oxides: 20% < A1203 < 90% 6%5 Si 02
< 30% 3%< Zr02 < 50% 10 0% S Cr203 < 50% this
product containing 17 to 85%of nullite-zirconia
grains. 2. Refractory product according to claiml1,
whi ch contains, as percentages by weight on the basis
of 15 the oxides, nore than 19%gand/ or |ess than 60%
of mul- lite-zirconia grains. 3. _Refractory product
according to claim1, which S, as percentages
by wei ght on the basis of the oxides, nore than 24%

and/or less t 0% of .mul - 20I|tez of Al

4, Refractoryllpro a&mlﬁ?d’?%r }!’%?&?‘%19 1f the form of

prew omockal mavinki cthe ofichlosings avexrage: axveninal composi-
1§35h ERE0b £ the

gﬁd/g%r 1%\‘t mstp%ﬁ#&% I(’)§’C‘§§£@’hRe :r'actory prodtz:ths °

accoxtidmpto any of the previous clains, which

contai ns, as Qﬂﬁpep @5 Lyspsi ght on the basis of

t he oxides, at_no @6of 9 02. 6. Refractory product
according to éf SiQge < Péw ous cl ai nms, which

contains, as @g&erzﬁges: Isyo%vm ght 30 on the basis of

t.he OXIdeS O@ba or at nost 80% of A1203

19 Refractory Qp%r%LfEﬁ Acto Qléng to any of the , ] )
previlois gradust whenbainihg siim 8P t#%% Apfozmuilppp-zirconia
Zr02 ﬂ@ Cr203 contents is 94% or nore, as

per TH ages by ) .
. Refractory product according to claim 1,

which contains, as percentages by weight on the basis of

15 +the oxides, more than 19% and/or less than 60% of mul-
lite~zirconia grains.

3. Refractory product according to claim 1,
which contains, as percentages by weight on the basis of
the oxides, more than 24% and/or less than 50% of mul-

20 lite-zirconia grains.

4. Refractory product according to any of the
previous claims, which contains, as percentages by weight
on the basis of the oxides, at least 10% and/or at most
33% of Zr0,.

25 5. Refractory product according to any of the
previous claims, which contains, as percentages by weight
on the basis of the oxides, at most 18% of SiO:.

6. Refractory product according to any of the
previous claims, which contains, as percentages by weight

30 on the basis of the oxides, at least 50% and/or at most
80% of Al,0,.

7. Refractory product according to any of the
previous claims, wherein the sum of the Al;0;, Si0;, ZrO:
and Cr,0; contents is 94% or more, as percentages by

35 weight on the basis of the oxides.
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35 weight on the basis of the oxides. S. 26 TRANSLATI ON
OF PCT 19 8. Refractory product according to any of

t he previous clains, which contains, as a percentage
by weight based on the oxides, at |east 1% of

mullite- zirconia grains having a size of 0.3 nm or
less. 5 9. Refractory product according to any of the
previ ous clains, which contains, as a percentage by
wei ght on the basis of the oxides, |ess than 0.5% of
MyO. 10. Refractory product accgeeding to any of the

previous clains, which is manufagtured accarding to . a

10 manuf act urirgrsrg p?‘%g%%%t%ﬁ‘rﬁfgaﬂﬁ{:t ﬁé’cé’ﬁﬁg-ggu%ﬁveany of the
st egareviicus) qlaemey, nvhdehapeoataiase saart angpercentage by
charge, , .b) td ng_saj.d char. j N no ita—-
corrp'%c’tqhntg b%tgggy g?b?%}?? ntg‘;:;5 gé%%/g d rffesié%]%%anld%/ on15mu111te
t anpinpasial graine having a izl ef t&. 3 gpmon less.

greform c) reuoviggesabeory epebdhbeodebbeditlhd.to Bny of the
drying said preform e) firing said preformin an

oxi MEAHPUR mdkaims phattdch FondMddsat yA$ | A tReTcentage by
r an%ﬂg?r?@ dhro tﬂ&%iilof Red as:tmshp_rmw_sttmw gb®gof MgO.
to any of the revi ous cl ains ich is sintere

bt or & bei ng. Aot Aar e et AN ASRSeiiRg o oy of the
12. gissvigfuss cdbiastoryhpchduict mspvfadchgred asgoxding to a
16! a'&&éﬁ&ﬁnfs @o%&@gedcéﬁ%{:fgiﬂéy At cbAsecutive steps
Shapirng nolten aSs Oor as a refractory tile or as a

re- dfactory lining. S.26 TRANSLATI ON OF PCT

a) preparing an appropriate starting charge,
b) casting said charge in a mold or compacting
it by vibrating and/or pressing and/or
15 tamping said charge within the mold to form
a preform,

c) removing said preform from the mold,

d) drying said preform,

e) firing said preform in an oxidizing atmos-

20 phere at a temperature in the range 1300 to
1800°C.

11. Refractory product according to any of the
previous claims, which is sintered before being placed in
its operational position.

25 12. Use of a refractory product according to
any of claims 1 to 10, as a shaped refractoxry part for
shaping molten glass or as a refractory tile or as a re-

fractory lining.
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