- 1 Field of the invention The present invention relates to an Si3N4-containing slip for producing a
durable, firmly adhering barrier 5 layer on a substrate, a shaped body comprising a substrate and a
durable, firmly adhering barrier layer applied thereto which is abrasion-, impact- and scratch-resistant
and thermally stable so that the shaped body is transportable, a process for producing 10 such a
shaped body and the use of such shap%dl gfgi%sfirhtlhe {ielgegj:g%rr{osive nonferrous metal melts, in
particular as melting crucible for use in the field of sofar silicon processing, and also the use of such a
shaped body as riser tube in aluminium metallurgy, in 15 particular low-pressure aluminium casting.
Background of the'irvermtirs ®hé metltirrgnandrecrystallizationof siticofi hldckso20a(imgats) comprising
silicon particles, silicop granules nsilicen pieces-are earried.out wsingnerdcitjesmade- of graphite or
silicon nitride gbut m@i&y SiQ2 (fgsegugiéig%gngtsaha\éiﬁlgptgg d%sgrcgg ”@%EQI%FEQE‘HSS and purities

crystallize from the melt during precisely 25 defined cooling processes, and these ingots are

subsequently cut ftS thihAk&rePS and fSHT B Getive” CBNStttEht of PRofSVoltac urlits! Ftis important
here that the solagsifiéér ualityds 30 notddvdrsely affeéfetisy: thie materizis @sed it ptocessing,
e.g. melting crucibles zant the silicoanmeltean solidifywithout defects and canthe rembwed

undamaged from %gwibé%-dlg this CQBE@%@p%'f‘%A%tP@,”aQt t9.preyeat %EOSB/&@G%%@ liquid silicon
35 metal on fge crucitglle maFriaI, ould otherwise beclgme Cc}lorgtaminated.
SU : %; 0 a

C a a ec?l%%gjthe l’rlnc?lsi e se O sSucC &l O%les .
Furthermore, adhesion, mf?l a%on an Eflﬁﬁsmn eadlio problems in the deemoul Ing othrhe ingots, so

thatﬂmweiszaﬂsque-zfield of corrosive nonferrous metal melts, in
particular as melting crucible for use in the field of
solar silicon processing, and also the use of such a
shaped body as riser tube in aluminium metallurgy, in

15 particular low-pressure aluminium casting.
Background of the invention

The melting and recrystallization of silicon blocks
20 (ingots) comprising silicon particles, silicon granules
or silicon pieces are carried out using crucibles made
of graphite or silicon nitride, but mainly SiO, (fused
silica). Ingots having the desired microstructures and
purities crystallize from the melt during precisely
25 defined cooling ©processes, and these ingots are
subsequently cut into thin wafers and form the active

constituent of photovoltaic units.

It is important here that the solar silicon quality is
30 not adversely affected Dby the materials wused 1in
processing, e.g. melting crucibles, and the silicon
melt can solidify without defects and can be removed
undamaged from the crucible. In this context, 1t is
important to prevent corrosive attack of ligquid silicon
35 metal on the crucible material, since the melt would
otherwise Dbecome contaminated. Furthermore, adhesion,
infiltration and diffusion 1lead to problems in the

demoulding of the ingots, so that there is a risk of



rupture or cracking of the polycrystalline silicon block. The corrosive silicon melt results in attack on
the Si02 5 crucible, since a chemical reaction between Si and Si02 takes place to form volatile SiO.
In addition, oxygen and undesirable impurities from the crucible get into the silicon melt in this way.
10 In particular, adhering material on the solidifying ot solidified silicon block is to be avoided at all
costs, since siIicopuurtl%%reqoeosrvergrlg?ﬁe }lhermafl e aensiorg)s1 sorthsa,gél {){ggnallsalTngts of adhering
material lead to mechanical stress and thus to fracture of the 15 c¥ysta ine structure, which results in
reject silicon mat&A&C n aluminium metallurgy, in particular in low-pressure aluminium casting, riser
tubes made of iron alloys or 20 fused silica are used. Due to the highly corrosive aluminium melt at
temperatures in the,eange-frest 6504018006, these rsentubesihave ta.be coated with sefractory

oxides or nitrides at reqular intervals.in, order, to avoid excessiyely rapid coresion of dhgse 25
materials by the liquid aluminium. In the case of iron allogz, the corrosion mechanism is a dissolution

mechanism, while W' th& cBs8 6t fiised Sifch SifidsiT 'diGxide Peact’ withthe RBrer? & Hhium
according to the reattiomegeation1s0 rSior2tig | 02 A1he3 ¢r3SibAghetitig réaefon products
and melt residuestare formedoonmtbetfusedsilica rser.tube and different 35 coefficients of expansion
between riser tube and corrosion products lead to premature failure of the riser tube. Use is usually
made here gf coatings,of. aluminium oxide or boron nitride which are agglied, e gfips gontaining
organic binders by %.p%m ,lbrusﬁlng -

solidified silicon block is to be avoided at all costs,

since silicon undergoes very large thermal expansions

so that very small amounts of adhering material lead to

mechanical stress and thus to fracture of the

15 crystalline structure, which results in reject silicon

material.

In aluminium metallurgy, 1in particular in low-pressure
aluminium casting, riser tubes made of iron alloys or

20 fused silica are wused. Due to the highly corrosive
aluminium melt at temperatures in the range from 650 to
800°C, these riser tubes have to Dbe coated with
refractory oxides or nitrides at regular intervals in
order to avoid excessively rapid corrosion of these

25 materials by the liquid aluminium. In the case of iron
alloys, the corrosion mechanism is a dissolution
mechanism, while 1in the case of fused silica silicon
dioxide reacts with the molten aluminium according to
the reaction equation:

30
3 Si0, + 4 A1l ——> 2 Al,03 + 3 Si.

Adhering reaction products and melt residues are formed
on the fused silica riser tube and different
35 coefficients of expansion Dbetween riser tube and
corrosion products lead to premature failure of the
riser tube. Use is wusually made here of coatings of
aluminium oxide or boron nitride which are applied from

slips containing organic binders by dipping, brushing



or spraying. However, as a result of the combined corrosive and mechanical attack by the hot melt
and the floating slag, the life of such coatings is limited to hours or a few days. Riser tubes made of
silicon 5 nitride ceramic, which are completely inert towards corrosive attack by aluminium melts, are
also used as alternatives to the coated riser tubes made of iron alloy or fused silica. However, the
costs of these siliggn nitrirdae ;Lubes a ovrpeavniélrtime{;lssthag1 of r'setanq%rd Olfo riggre tubc%s ga}{ig a coating.
Prior art Melting crucibids made’of fused si icd, graphite or 15 Ceramic an provdTédIWH silicon
nitride layers for thePpbée GIHEvofiRgstickig Bétwedn Relti craEibReand Hehféft6us metals
after contact of the Loettimg creicilsle witresalidifyingtnonfelrous ametad ssalts, e gusiiedntmelts, are

known from EP 963,464 20 Bl. Herecthe layess compyise adhighpuritysilicyyx nitride: pewder. These

powder coatings gre.applied ditegtly by the user befare usg of the melting, cruciples and are
produced by dispersing hlgh-purlté silicon nitride powder in a solvent and then applying 25 it to the

crucibles by, for eX8Mpl& oragihgsrthé YsudpRiisidh T hEsohvent ahd iy Srgdhicbirder
constituents usedhidverieAlie Yémoved by therpaltefter-tteatmeht B0 THeR Ry h-phirity sHicon nitride
itself has been found d¢ be very chemically resistanbtowards siticen meks.s Howevergethe weight of

the melt alone leads to forced: wetting erinfiliration of the, perausssilicon nitride spawdet layer. This
therefore hafoto have such a 1635 ngcxlfness that it gcannot be totally infiltrated and can therefore still

rise 1 a Ccoatl . . .
serve as barfier or demou éllmgﬁayer. ﬁ%wever, SUCH thick layers are in turn correspondingly soft and

not particularly abrasion-resistant, so that particular care has to be taken when charging the
Prior art

Melting crucibles made of fused silica, graphite or
15 ceramic and provided with silicon nitride layers for
the purpose of avoiding sticking Dbetween melting
crucible and nonferrous metals after contact of the
melting crucible with solidifying nonferrous metal
salts, e.g. silicon melts, are known from EP 963 464
20 Bl. Here, the layers comprise a high-purity silicon
nitride powder. These powder coatings are applied
directly by the wuser before wuse of the melting
crucibles and are produced by dispersing high-purity
silicon nitride powder in a solvent and then applying
25 it to the crucibles by, for example, spraying of the
suspension. The solvent and any organic binder
constituents used have to be removed by thermal after-—

treatment.

30 The high-purity silicon nitride itself has been found
to be very chemically resistant towards silicon melts.
However, the weight of the melt alone leads to forced
wetting or infiltration of the porous silicon nitride
powder layer. This therefore has to have such a

35 thickness that it cannot be totally infiltrated and can
therefore still serve as barrier or demoulding layer.
However, such thick layers are in turn correspondingly
soft and not particularly abrasion-resistant, so that

particular care has to be taken when charging the



- 4 crucibles, not to mention long transport routes or the dispatch of ready-to-use coated crucibles.
These conventional crucible coatings for use in the 5 field of solar silicon thus have the disadvantage
that the coatings have a low mechanical stability, so that coating always has to be carried out
immediately before charging of the crucibles with the! siticon powder, chips or pieces. Prior coating of
the crucibles othe(r: %8 ct%?edsgrecglg at %f(l)e ROE‘E lof I%lS?(i)% thués, g%tsp%ssciblgbuﬁ:urtsheérrnog%,eowing to the
soft powder coatings, extremé care has t0 be taken when cﬁarglﬁ the Crucibies With arge pieces of
material in order t6-aXRfd dantdge t6 i 1ayers n aerlitish, tntfeSiabfe caked residues 15 occur
because of infiltration of the porous silicon nitride powder layer by the molten silicon. Introduction of

silicon nitride into the sdicaibingot tlikewise eceursp20 Te@dleviaie these problems, W@ 2007/039310
Al proposes g mejting grucible having.a £pating comprising fro.80,10.95% by, weight of silicon nitride
and from 5 to 20% by weight of a low-temperature mineral binder, with the tota oxy%en content of the
coating being in tHé'fang®™2s g 538958 by Welbft THe fGw-téhpRrattie vinder is preferably an
Si02-based bindefIRititig @Aso possibie tbudessikiesit oxgnitride. HEWweVer, Ihe |Gwhentperature

mineral binder cartikewisesbecr sot-gel binderiariars organometadlic somipoind based on silicon

chemistry or 30 comppise Si02hanepartigles, The coatings are fired at .temparaturgs hejow 800C and
preferably b? w 5C 0C ircli .ordgtr Io ketep qudatio.n %f t(g\g silicon ”itrtiﬂ% éow. Threg splrgtleerred coating

methods are described for this pﬁ’rp%se? 5 IR the first method freactlve Pé)yterﬁoslllcon nitride powder

and organometall'r%ucrd%ﬂﬁé{?ﬁ%of%Wi%%ﬁ to the soft powder coatings, extreme
care has to be taken when charging the crucibles with

large pieces of material in order to avoid damage to
the layer. In addition, wundesirable caked residues
15 occur because of infiltration of the porous silicon
nitride powder layer by the molten silicon.
Introduction of silicon nitride into the silicon ingot

likewise occurs.

20 To alleviate these problems, WO 2007/039310 Al proposes
a melting crucible having a coating comprising from 80
to 95% by weight of silicon nitride and from 5 to 20%
by weight of a low-temperature mineral binder, with the
total oxygen content of the coating being in the range

25 from 5 to 15% by weight. The low-temperature binder is
preferably an SiOj;-based binder, but it is also possible
to use silicon oxynitride. However, the low-temperature
mineral binder can likewise be a sol-gel binder or an
organometallic compound based on silicon chemistry or

30 comprise SiO; nanoparticles. The coatings are fired at
temperatures below 800°C and preferably below 500°C in
order to keep oxidation of the silicon nitride low.
Three preferred coating methods are described for this
purpose.

35
In the first method (reactive layer), silicon nitride
powder and organometallic compounds of silicon
chemistry from the group consisting of siloxanes,

tetraethyl orthosilicate, tetraethoxysilane,



chemistry from the group consisting of siloxanes, tetraethyl orthosilicate, tetraethoxysilane, - 5
polydimethylsilane or combinations thereof are mixed and a crucible is subsequently sprayed with this
mixture with the aid of a reactive liquid from the family consisting of ammonium chloride, ammonia
and 5 nitrate solution. The crucible with the applied cbating is then heated to a temperature below
500C to stabilize th% C gtinghlnlthisl%%cong) Eneghoomdbgtgng% solutighrlg,rtehgfsiliggg 1r9ir;<itri e powder is
mixed with an Sio3-bdsed binder from t%e group consisting of silicone oll, siloxanes, c% orosilane or
combinations theréBf and thisTfktire® is sdbseqirsitRrspralied o withhe did ot a reattive liquid
from the family consistingeof acids 15{hydrachloric agid reitrid aeiel, silicic a¢id fsificont tetrachloride or
another suitable agid)i.1The coated crugible is thendeated tera temperatusebslow 500G to remove
reaction liquids. 20 Jn the thitd method (sajurated,solution and, precipitatian), silicon nitride powder is
mixed with Si02 submicron particles and/or Si02 nanoparticles, preferably colloidal Si02, and this
mixture is subsequently &rengtiiéiéd on the crlicibiE Sirate By 25 theral relltion of hemical
reaction using a séitablel heutrdiizingragent The coated crucible is then heated to temperatures
below 500C, preferably before use. DE 10 2005 050 593 Al describes a slip comprising 30 silicon
nitride and a binder,for produgcing a:durahlg hard,coating, with the binder ¢opaprising Rgposize solid
particles and/or precursoys thereof prepared by a sol-.gel progess. The layers which can be produced
therefrom aqr((? imf)lelr?ﬁfela Sie and e£/el§ g%é%%hvééﬁl}g S?Eengfézﬁafa 354t is %)Iﬁ\%/ef)os%ﬁfg to apply
©)

defect-free coating$ tip t8 & fRaxifmiei? iaiferthickAéss 6f-aBGGE80 Gmtby this foxanes,

chlorosilane or combinations thereof and this mixture

is subsequently sprayed on with the aid of a reactive

liquid from the family consisting of acids
15 (hydrochloric acid, nitric acid, silicic acid, silicon
tetrachloride or another suitable acid). The coated

crucible is then heated to a temperature below 500°C to

remove reaction liquids.

20 In the third method (saturated solution and
precipitation), silicon nitride powder is mixed with
Si0, submicron particles and/or SiO, nanoparticles,
preferably colloidal Si0,, and this mixture is
subsequently strengthened on the crucible surface by
25 thermal reaction or chemical reaction using a suitable
neutralizing agent. The coated crucible is then heated

to temperatures below 500°C, preferably before use.

DE 10 2005 050 593 Al describes a slip comprising

30 silicon nitride and a binder for producing a durable
hard coating, with the binder comprising nanosize solid
particles and/or precursors thereof prepared by a sol-
gel process. The layers which can be produced therefrom
are impermeable and have a good adhesive strength, but

35 it is only possible to apply defect-free coatings up to
a maximum layer thickness of about 180 pum by this
method.



method. - 6 In the coating methods described in WO 2007/039310 Al and DE 10 2005 050 593 Al,
sols or ceramic precursors (e.g. salts or organometallic compounds) of Si02 are used, either
activated (e.g. by means of acid, base or 5 water) or unactivated. However, it has been found that
these coating agents inevitably lead to formation of defects in the coating. In application of these
coatings by dippinlgrll fI% oelingolaoC or (\ﬁvekgjﬁwgé gprgggncgﬂ iiibis ot Ro%'blgotgﬂ%ogj 3I$¥eﬁhickn(_—:'sses of
greater than 180 um without cracks “or other defects belngeformed. owever, defect-free coatings
having a high layettickifesareYenyP #iportantfor cdatifg ErticibRs8H an Mdifstialscale, 15 since
the surfaces of the ergcibles: have arcertaiparougtirdssiandabrersurfaces have tibe ceated by a
certain minimum thickness eveaatihe relatively high . peintssfs higher layer dhickaess isralso required
for the coating of Jarge, grugibles, 20, Application.of powder (coafing by means of spraying) also

cannot entirely avoid these disadvantages. In addition, such an application of powder brings with it
the disadvantage bf fitfonToEnely of tie fayerih™s Fédpact 6fBihdérrant 5t digtibdtion (and thus
reduced strength) & alsd silicéipitFdetédstamination in the later process during melting of the
ingots (as in EP 0 963 464 B1). 30 In addition, the binder concentration in the fired coating cannot be

set reproducibly whenysing this type of lowtemperature,binders undss prgcess: eenditigns of
industrial m%ufacture since the bclnder chanlges contlnuall¥l during the. ntheC5|s as a function of 35
or Wet—lnﬁw% %?Iﬁyl %,. 1t 1S ot §31 e [9) ?ﬁﬁ %.
temperature, atmospheric humidity and storage'time and the properties change continually during and
after layer thicknesses of greater than 180 pm without cracks
or other defects being formed. However, defect-free
coatings having a high layer thickness are very
important for coating crucibles on an industrial scale,
15 since the surfaces of the «crucibles have a certain
roughness and the surfaces have to be coated by a
certain minimum thickness even at the relatively high
points. A higher layer thickness is also required for

the coating of large crucibles.

20
Application of powder (coating by means of spraying)
also cannot entirely avoid these disadvantages. 1In
addition, such an application of powder brings with it
the disadvantage of inhomogeneity of the layer in
25 respect of Dbinder and pore distribution (and thus

reduced strength) and also silicon nitride
contamination in the later process during melting of
the ingots (as in EP 0 963 464 B1l).

30 In addition, the binder concentration in the fired
coating cannot be set reproducibly when using this type
of low-temperature binders under process conditions of
industrial manufacture, since the binder changes
continually during the synthesis as a function of

35 temperature, atmospheric humidity and storage time and
the properties change continually during and after
application of the silicon nitride layer as a function

of drying rate, atmospheric humidity and ambient



application of the silicon nitride layer as a function of drying rate, atmospheric humidity and ambient -
7 temperature. These changes in the binder can be attributed to hydrolysis and condensation
reactions. A system of this type is significantly more difficult 5 to control when it is mixed or activated
immediately before the synthesis or during applicatioh as described in WO 2007/039310 Al, in
particular in the case oef rtQ 1}‘ir%t two reeg%rrec(i: cggtig mefQod%)h eSiani r%oerrodugiabrlle b%gaviour in
terms of the binder 10 reac ivﬁy,'bin Ing, shrin]ﬁagg, iffusion into the substrate or evaporation of low
molecular weight PreEtFEors Or ‘condénsateséanfothe regifatsd betatisé O thshigh reactivity of the
components. 15 In the case of low-temperature binders, diffusion of the binder (sol-gel, salts,

precursors of Si02, iptermediates)-cans alsggiffuse intotherperous) substrate anddowsmolecular
weight companents, of the, binder, can, vaporize dyring drying, sothat the, 20 composition of the layer

becomes depleted in_binder in_ an uncontrollable way. Depletion of the coating in binder at the contact

g.
surface to the crubibiefdads 16 SncrE48&d ehipping i particia? durfigririvg of e cdAting or during
the process of ing@t pradireion 125 Tige Efet/detéetsCodeurringlin e E68tRGS, eld) crlicks
perpendicular to the sayerSurfacerand in tpastigilar ehipping; cani resultdnradhesion ofisdicon to the

crucible material during, ingotpreduction .3Q Ghipping,(detaghment ofdflakes, of the,cating to the total
depth, possi%y includi .%r.uccible 'Eateéiaé)gt resulhs fr cracksciin e%ign of t@e copfact zone

0 r
between coating and substrate’ which lead 16 local “detachment o 3Scloat|ng.13\soa resu?t, adhesion of

the 35 metal melt 67 ERicibleWall CaltBecarwhen thé Low molecular  weight

precursors or condensates cannot be regulated because

of the high reactivity of the components.

15 In the case of low-temperature binders, diffusion of
the binder (sol-gel, salts, precursors of 510,
intermediates) can also diffuse into the porous
substrate and low molecular weight components of the
binder can wvaporize during drying, so that the

20 composition of the layer becomes depleted in binder in
an uncontrollable way. Depletion of the coating in
binder at the contact surface to the crucible leads to
increased chipping, in particular during firing of the
coating or during the process of ingot production.

25
The layer defects occurring in the coatings, e.g.
cracks perpendicular to the layer surface and in
particular chipping, can result in adhesion of silicon
to the crucible material during ingot production.

30 Chipping (detachment of flakes of the coating to the
total depth, possibly including crucible material)
results from cracks in the region of the contact zone
between coating and substrate which lead to local
detachment of the coating. As a result, adhesion of the

35 metal melt to the crucible wall can occur when the
crucibles are used. This adhesion can be increased when
the metal melts undermines the coating. The adhering
silicon on the crucible material is formed, in

particular, during the process phase while the silicon



crucibles are used. This adhesion can be increased when the metal melts undermines the coating.
The adhering silicon on the crucible material is formed, in particular, during the process phase while
the silicon - 8 in the crucible is liquid. The larger the amount of adhering material or the more regions
of adhering material, the greater the risk that cracks Wilt be formed in the ingot during solidification,
which 5 reduces the yl%deof usabl%flllcoln fogo@lrggll TQ{gdLiCUO”- It hag been found that, for

example, the surface actlvitf/rolﬁﬁe silican nitride powder can (ﬁﬁgrerlot&genif?c%%%ff/ rom batch to

batch, irrespectivé* 6Pt ffandfactufér These diffefenfed RanBiwédeied Ot t6 A eEHAh extent by
heat treatment of tle powaler before mdAgawith Ehlowtemperature bindere.gwbihdersdrom Inomat,

TEOS and others)k hutdot to such-an extentdS that the.desiked praperties of the SigN4scontaining
layers produced thergfrom nq Jongey; diffsr fram gne, gnother, n.addition to the abovementioned

disadvantages, there 20 is a disadvantage in terms of occupational hygiene since precursors and
reactive groups afe Sre&ent if'the coating suspensions in WO 2007/039310 Al and DE 10 2005 050
593 Al. For example, the respirable TEOS used in WO 2007/039310 Al is a volatile irritant 25
component, and the binder caponents:sdch @lsa$i02 nanopaxicies eprectirsorssafrSi@2enanoparticles

or low- molecular yeight;polymsric strdctutes copposed of 3i02- coptaining grganametallic
compounds i/ghich are u%d Cjﬁn Vl\/O %907/0%2;519 AA gngalgléhlo 2005 050 5C9.3 Al are 3ﬁ%likewise

respirable an can be breathed In or contacted” during spray épﬁfc?ﬁ%%ei% ﬁéfrﬁcﬁar n addition to

extraction, a filtergHElRATaSKEEAPD G/ Actord=iice” with ERF4GEarfy alstfati8astJloves and safety

masses certain extent by heat treatment of the powder before
mixing with a low-temperature binder (e.g. binders from

Inomat, TEOS and others), but not to such an extent

15 that the desired properties of the SisNy—containing

layers produced therefrom no longer differ from one

another.

In addition to the abovementioned disadvantages, there
20 is a disadvantage in terms of occupational hygiene
since precursors and reactive groups are present in the
coating suspensions in WO 2007/039310 Al and
DE 10 2005 050 593 Al. For example, the respirable TEOS
used in WO 2007/039310 Al is a wvolatile irritant
25 component, and the Dbinder components such as SiO;
nanoparticles, precursors of SiO; nanoparticles or low-—
molecular weight polymeric structures composed of SiO,—
containing organometallic compounds which are used in
WO 2007/039310 Al and DE 10 2005 050 593 Al are
30 likewise respirable and can be breathed in or contacted
during spray application in particular. In addition to
extraction, a filtering half-mask FFAP2 1in accordance
with EN 404 and also at least gloves and safety glasses
as body ©protection are necessary as occupational
35 hygiene measures (for example during processing of a
coating suspension as described in Example 1lb in
WO 2007/039310 Al).



as body protection are necessary as occupational 35 hygiene measures (for example during
processing of a coating suspension as described in Example Ib in WO 2007/039310 Al). - 9 Object
of the invention It is therefore an object of the invention to provide a slip for producing a durable,
firmly adhering barrier 5 layer on a substrate, which Barrier layer is particularly suitable for
applications in the field of solar siliconégoc%sigg v‘y%lréo%nmae\g@q trrwle disadvantages known in the
prior art. The slip should, in particular, make It possible to obtain defect-free 10 coatings having a
higher layer thickness and improved adhesive strength. In addition, a durable and inexpensive
coating for applicationssintalemdione metalloigy shodldthe piowided 2w, v particulars thke operating

life for riser tubes shoplddeg-ingreased: 15 Summagy, ot thednventjonsfhe aboyementioned object is
achieved by a slip,for _produging a durggges_gi];g@é gdh%ggcgarri%ralgy§59n a _1%9 Substrate according

to Claim 1, a shaped body according to Claim 13 comprising a substrate havm% a durable, firmly

adhering barrier 1&Y&T" 4 progésd for prodicing T SacERhaped 55dy afcorting 1 CAint 24 and the
use of such a shdisedtbody &écorditiy to GlaifAs 27129, 25 Adiartageous 6r paticulaiiyuseful
embodiments of thie ssubjeatmatter of thenpatent application aretindicateds in thesshordjnate claims.

The invention accerdinglypravides a slipfor prodyging: ;30-a durabis, firmlyadhering bagier layer on a
substrate, c?@pri%ing a suspensian of soligfﬁ&rtige , wherecip] Ih% solid pgrr]tjflels c%rgggge 67-95% by
0

weight of silicon ni rltfelgﬁa 5- VO}onk%/ v?/eig an ?dée-ﬁasedl%lélrelﬁgm erature binder and the
Si02-based high adhesive strength. In addition, a urable and

inexpensive coating for applications in aluminium
metallurgy should be provided and, in particular, the
operating life for riser tubes should be increased.

15

Summary of the invention

The abovementioned object is achieved by a slip for
producing a durable, firmly adhering barrier layer on a
20 substrate according to Claim 1, a shaped body according
to Claim 13 comprising a substrate having a durable,
firmly adhering barrier layer, a process for producing
such a shaped body according to Claim 24 and the use of
such a shaped body according to Claims 27-29.
25 Advantageous or particularly useful embodiments of the
subject matter of the patent application are indicated

in the subordinate claims.

The invention accordingly provides a slip for producing

30 a durable, firmly adhering Dbarrier layer on a
substrate, comprising a suspension of solid particles,
wherein the solid particles comprise 67-95% by weight
of silicon nitride and 5-33% by weight of an SiO,-based
high-temperature binder and the Si0,-based high-

35 temperature binder is derived from SiO; precursors and
has been pretreated by heat treatment in a temperature
range of 300-1300°C.



35 temperature binder is derived from Si02 precursors and has been pretreated by heat treatment in
a temperature range of 300-1300C. - 10 The invention further provides a shaped body which
comprises a substrate having a durable, firmly adhering barrier layer, with the barrier layer comprising
67-95% by weight of silicon nitride and 5-33% byweight of an 5 Si02-based high-temperature binder
and having a total_oxygen_content of 5-21% by weight.and can be obtained by a process comprising
the steps a) provis?i%ﬁ oﬁ a Vseu%sjtfjar%e, f]é]%{p‘)ﬁ(%tigﬁ%o é%sf accordin ?8 tk%o%@envf%}lct%() the
substrate and c) Ht@BAINYST the SHPapphéd shig By Ting Attt Bliatdd temperatife t8'Jorm the
durable, firmly adkering barrienayer. wihehinveation further proxddes-fortheé usegofe shaped body
according to the imyentiongntthe field of dSncarresive soaferroussmetalymelts gapasticular the use of a

shaped body in the fgir, gta melting, crusible. for. produsing slicandnelts ang the use.of a shaped

body in the form of a riser tube in aluminium_metallurgy, in particular low-préssure aluminium casting.

20 It has surprisingfY B&8n fotiHcP tHat Particufarfy thick ” wefee-iiekliafars which 2dhete Well and are
not powdery can Be appliebIs\e Afeans®P tHe shigs dfthe fv@ftion) CoRtathiiietion of the ingot with
silicon 25 nitride isextremaly Jows Campated td the puivesulenti soatingpacdardingdo ERPe963 464 B1

and also WO 200/7/039310 Al, centamination.ef the- 8i ingat with  silicon pitride is significantly lower in
the case of F&e coatir%gisegcco[qing Io the.invention, 30 It haf beettn g)ugd that thte Iggergoaccording to
S

the invention canbe bound aur%ly dn tjﬁre%rrrlw%tlllf1 gtaglr)l/ t0 “substrate surfaces at particularly high

|ayer form the durable, firmly adhering barrier layer.

The invention further provides for the use of a shaped
body according to the invention in the field of

15 corrosive nonferrous metal melts, in particular the use
of a shaped body in the form of a melting crucible for
producing silicon melts and the use of a shaped body in
the form of a riser tube in aluminium metallurgy, in
particular low-pressure aluminium casting.

20
It has surprisingly been found that particularly thick,
defect-free layers which adhere well and are not
powdery can be applied by means of the slips of the
invention. Contamination of the ingot with silicon

25 nitride is extremely low. Compared to the pulverulent
coating according to EP 963 464 B1 and also
WO 2007/039310 Al, contamination of the Si ingot with
silicon nitride is significantly lower in the case of
the coatings according to the invention.

30
It has been found that the layers according to the
invention can be bound durably and thermally stably to
substrate surfaces at particularly high layer
thicknesses of up to 3 mm. The layers are resistant to

35 contact and not powdery.

The binding effect in the layers is predominantly due
to the binding action of the thermally treated SiO,-

based binder, with slight oxidation of the silicon



thicknesses of up to 3 mm. The layers are resistant to 35 contact and not powdery. The binding effect
in the layers is predominantly due to the binding action of the thermally treated SiO2- based binder,
with slight oxidation of the silicon - 11 nitride during firing reinforcing bonding in the barrier layer. It
has been found that, in the case of the coating accokding to the invention, the oxidation of the silicon

nitride in air at the firirllré;L Jlemperatures ﬁrinplc%yed can b% reduced sﬂg}ni@cantly cgmpg{]eed toa

binder-free siliconnrﬁttr e coatlnug actor ing 0 EP 963 464 B1 Uhder identical prlocess conditions,

with the proportioR ¥f bxilizedP&ificon ritriddbehtG Abletoe fetfticed By 201509299 THe slips of the
invention can be applied dytthes preferred applicationmethodsrofidipping hoodiglandowet-in-wet
spra_ying. The_se methods,are pgg_ﬁeirm begaugqg@or_e b@mog@@eO@tand_td@serflﬁygﬁsgcan _be 15
applied than if the case of spraving (pawder application). . These application, mathods yesult in the

pore size of the fired coatings being smalléer and the adhesive strength, impact resistanCe and scratch

resistance being iQFEASE comparet tda)ers appii&d 25W§8\]R/depfetclffncf{&ues‘?®ﬁ1tei%ﬁ’/ers become
resistant to contagtanddidrsportstable dAd tHé tohtaminzdion of! teingot by dorstitisents of the
layer decreases significantly.s25 The slips iase storage-stabte antl canialsabe producesh using water

as suspension megjym; yhich is gdyantageous. fortranspont angdapregessing since no dangerous
goods then have to be transported and combustible substances do not have to be employed for

coating the substrates. 30 Compared to the layers described in EP 963 464 B1 and
The slips of the invention can be applied by the

preferred application methods of dipping, flooding and
wet—-in-wet spraying. These methods are preferred
because more homogeneous and denser layers can be
15 applied than in the case of spraying (powder
application). These application methods result in the
pore size of the fired coatings being smaller and the
adhesive strength, impact resistance and scratch
resistance being increased compared to layers applied
20 by powder techniques. The layers become resistant to
contact and transport-stable and the contamination of
the 1ingot by constituents of the layer decreases

significantly.

25 The slips are storage-stable and can also be produced
using water as suspension medium, which is advantageous
for transport and processing since no dangerous goods
then have to be transported and combustible substances
do not have to be employed for coating the substrates.

30
Compared to the layers described in EP 963 464 Bl and
WO 2007/039310 A1, the layers according to the
invention display a better adhesive strength on the
crucible material and, unlike these conventional

35 layers, they are not powdery. In addition, the slips of
the invention allow layers which are denser than those
in EP 963 464 B1 and WO 2007/039310 Al to be produced,

i.e. layers which have no large pores.



WO 2007/039310 Al, the layers according to the invention display a better adhesive strength on the
crucible material and, unlike these conventional 35 layers, they are not powdery. In addition, the slips
of the invention allow layers which are denser than those in EP 963 464 B1 and WO 2007/039310 Al
to be produced, i.e. layers which have no large pores? --12 In the coating suspension of the invention,
the thermally trea{%d S{Q}.’Ze-ba%%% @i%h-terg)%erature. binder {LS nof present astQ%r}]odispEg]rge phase or

. 1 g ﬁl?enﬁ%on S‘LDVGD P
as a sol or as ceramic precursors or as mi es thereof fjprecursor, monomer, frac

accumulations of MYHotAers or- paRjcthdensatersGtas dispersEP Sios 86fd Br-29%5i02 Ssolid
adhering to silicomnitrider 9$is Si02ssolid Wifferscsignificanithsia termsacf its 1properties from the

original sol. The sider activity rissiedusced, so-that ingantrastdto the geatingskrewn sfiem the prior art

which containlow-temperature binders (WO 2007/03931Q Al, DE 10 20035 050 593 AI)OIpronounced

sintering and shrinkage of the binder do not 15 occur. This results in lower stresses in the coating, so
that significantly fERer GRS 27 Fornfatt intthe Chibstrate Surrade diihthe Rbatitty (both after coating
and after firing and&ls6 dafhgtheproeess). ferinstahee hipping (detachment of flakes of coating to
20 the total depth, possibly including crucible material) or cracks and microcracks or even the

formation of entire;netwarks, ofcracks. in the case of adayerproduced inthis,way,rthe + 25 adhesion of
the layer to substrate js surprisingly_stronger than.the cohesion of the layer, depending on the
binder concghr(ﬁrati%%%%etﬁ{éﬁgﬁergﬁi rg|?n 1fhﬁee c%%éﬁﬁ)rﬁaélac?:(%r?dingl o] th%llﬁ%gr%io%c pg\ﬁllge{larly
important factors are theprefghitici? témpératdre 12307 bintler ARE tive fikihgtBmiperature of the

coaﬂng, from the prior art which contain low-temperature
binders (WO 2007/039310 A1, DE 10 2005 050 593 Al),

pronounced sintering and shrinkage of the binder do not

15 occur. This results in lower stresses in the coating,

so that significantly fewer defects are formed in the

substrate surface or in the coating (both after coating

and after firing and also during the process), for

instance chipping (detachment of flakes of coating to

20 the total depth, possibly including crucible material)

or cracks and microcracks or even the formation of

entire networks of cracks.

In the case of a layer produced in this way, the
25 adhesion of the layer to the substrate is surprisingly
stronger than the cohesion of the layer, depending on
the Dbinder concentration in the layer within the
conditions according to the invention (particularly
important factors are the preignition temperature of
30 the binder and the firing temperature of the coating,
depending on the binder concentration). It is also
surprising that, despite the reduced sinter activity of
the binder, the adhesion of the layer to the substrate
is very good. This finding is novel and makes it
35 possible to apply and fire nonpulverulent defect-free
layers having particularly high layer thicknesses and

good adhesive strength to the substrate.



depending on the binder concentration) . It is also surprising that, despite the reduced sinter activity of
the binder, the adhesion of the layer to the substrate is very good. This finding is novel and makes it
35 possible to apply and fire nonpulverulent defect-free layers having particularly high layer
thicknesses and good adhesive strength to the substrate. - 13 The good layer properties lead to
excellent process: relevant properties: o%virfj% to the, nolnéaauéveg%ler)etgggﬁrletr%ere is no or at the most
very low contamination of ‘the sifiton irj%o(f, most IS insensitive to Impact and 5 akes unproblematical
charging of the coated Ertidibler MRt pietes possible. Feurthisrmcreb ebafing bt Targé® Efifcibles (“jumbo
crucibles") is alsopossible. and:theo adhesidmef thesgoatingito thercraciblemateriabis excellent in the
entire process tempgerature rapge eh40dngotmanufactures ém patticriar: the ceating hasdhe

advantage that defegts sugh as shipping, sracks,and, jhomogengities in the, coating are significantly

reduced during use of the coated crucibles. This is evidénced by data gathered by ingot

. . i g
manufacturers, fol' 15%examplethe RGiber of cracks i 858 Hgot arcd tie motnt of6/&ign inclusions.
Among other things; thébe edatd givehsformatak &bdut thiesyieltsef usabie Bilicorfbr Sbfar cell
production. The useiof theslipo Acaording ta the dnventionrenabled-thelrumbereaficrackss20 in the

ingot in continuoug preduction topedgducsd to- below theslevelhgrmaliin produgctign ofpulverulent
silicon nitridefdayers, and this a a narrow n%mber dcistribygion ogﬁgaclégé)telrril%gqg. Thecggmber of
r

inclusions was also réduced. The yleUI %Gnd pglroggsrs J2C:'-“>ustajf3ility uring ingot odiction were

increased. During®@h&tgirP6f coRFENtioRAFEIUTIbRISSY dafing” MélingBf IuRTEy Sifico™ damage to the
coating can occuk,réverpifémirornogeneities ortdefectsdatherg are  significantly

reduced during use of the coated crucibles. This 1is
evidenced by data gathered by ingot manufacturers, for
15 example the number of cracks in the ingot and the
amount of foreign inclusions. Among other things, these
data give information about the yield of usable silicon
for solar cell production. The wuse of the slip
according to the invention enabled the number of cracks
20 in the ingot in continuous production to be reduced to
below the 1level normal in production of pulverulent
silicon nitride layers, and this at a narrow number
distribution of cracks ©per ingot. The number of
inclusions was also reduced. The vyield and process

25 stability during ingot production were increased.

During charging of conventional crucibles or during
melting of lumpy silicon, damage to the coating can
occur, even 1f inhomogeneities or defects in the
30 coating have not been formed during application or
firing. Owing to the low strength of the layer or lower
adhesion to the substrate 1in the case of coatings
according to EP 963464 Bl and WO 2007/039310 A1,
detachment of the layer due to impact, shear,
35 scratching or frictional stress 1is high and a thin
residual layer, if any, remains. The layers according
to the invention are not damaged or damaged to a
significantly lesser extent by mechanical stress during

charging. If detachment of the layer nevertheless



30 coating have not been formed during application or firing. Owing to the low strength of the layer or
lower adhesion to the substrate in the case of coatings according to EP 963464 B1 and WO
2007/039310 Al, detachment of the layer due to impact, shear, 35 scratching or frictional stress is
high and a thin residual layer, if any, remains. The layers according to the invention are not damaged

or damaged to a significantlg lesser extent hy.mec apica{ stress durigg chargingo. tlf %}taehment of
curi, his 1%.3lgn1f%can ¥ OWET, 11 e %a ﬁ e .
the layer nevertheless - 14 occurs, this'is significantly lower in the case of the layers according to the

invention, so that tfe’ Bafriet CEHGH BAd Fanctivh ofthetayéris maintdiféd. B Thesimphified
application by means obfloading, welichois prefétred eccording todhetinvertion, significantly reduces
the times for application of the coating to substrate material. A spray application to produce

pulverulent layers.gccouding 10 E*ﬂ%&”%gﬁ%@&&s dard sala erugible having g,base area of
690x690 mm2 and wall areas of 690x400 mm 2 typically takes 20-50 minutes. Application by means

of flooding using ttie E0atig SGSpeHSTOH Of ife invertion tREE A6t 5-16Finute8 it 1 likewise
possible to 15 accetelate application By mebms ofBprayiag, Whict? ftypiddly takds 10-15 tinutes for a
standard crucible.simaddition, wettinswetl spraying prakes Hpossibie tonuse commertiakglazing

robots. 20 Brief descriptiomefthe degyings The dpventipn isillustrated,with the,aid of,the, drawings.
Here, 25 FithLge 1 sthow atrho? resglﬁgf the ta%%ef%t; Filgg‘rfe 2a schem%g%aelly shows a layer according
y

to the invention which has notzﬁeen applclzerd1 powder coéﬂ\i{% 30 Figure 2b as]éﬁgmaﬁcally shows a

layer according to®RE&5itt At whithchad’Been appifedl by powrdéréodtingy.  tvpically

takes 20-50 minutes. Application by means of flooding
using the coating suspension of the invention takes
about 5-10 minutes. It is likewise possible to
15 accelerate application by means of spraying, which
typically takes 10-15 minutes for a standard crucible.
In addition, wet-in-wet spraying makes it possible to

use commercial glazing robots.
20 Brief description of the drawings

The invention 1s illustrated with the aid of the

drawings. Here,
25 Figure 1 shows the results of the tape test;

Figure 2a schematically shows a layer according to the

invention which has not been applied by powder coating;

30 Figure 2b schematically shows a layer according to the

prior art which has been applied by powder coating;
Figure 2c schematically shows chipping.

35 Detailed description of the invention
The Si0O,-based high-temperature binder used according to

the invention is derived from Si0O, precursors and has

been pretreated by heat treatment in a temperature



Figure 2c schematically shows chipping. 35 Detailed description of the invention The Si02-based
high-temperature binder used according to the invention is derived from Si02 precursors and has
been pretreated by heat treatment in a temperature - 15 range of 300-1300C. For the purposes of the
present invention, Si02 precursors are materials which can form Si02 as a result of heat treatment. 5
The Si02-b_ased h]ilgahn-teem%efrat%%pﬁ%%roié pr grab]é/h geri\é%d grgéns QVgP“%ﬂQQO”I%iQeZDQreC‘_JTSOVS _
prepared via a sol-gef process, more preferably from a nzﬁwoc%mposne comprlsllong organosilicon Si02
precursors prepared“ia a Soi-gel Produ<eand ikewisecottaiming handsize sofid L0 farticles. These
Si02 precursors 0B hanacompasites! tonfaingry: Si0Zprecursors are then converted into the
Si02-based high-temperature binders by heat treatment in a temperature range of 300-1300C. 15 The

nanosize solid parficles are preferably selacted  fram.among §l02, 1102, £r0g, 41203, AJ00H, Y203,

CeO2, carbon and/or BN or from among precursors of these nanosize solid particles which are

converted into the3e" 58fid paititieS by Hesns bf the SoIgeF3focess  The 2OPE4lif particfes are
particularly preferabl§Sio2eparichss: Skhe Ran6cHMPOSHES Whidht aFe preferalslyruzediaccording to
the invention and theip pteparation dyrtheisalegel 25 progessareknewnfegmthe prios ast, in particular

from DE 103 26 813,Al,Prefgrencesis hearg givenipithe nanpesize:selid particleshaying heen
surface-modified bg/r%§u fgge-mc}gliggng agept havirneqC% rrgtglegula(g %Nei%gtn g(f: <I)essotshl nelsSOO, in
particular a surfac%-mod_ffgllng'so agen?whlcjh gontains an an]:nydride group, acid amide  group, amino
group, SiOH groufCRYarolySsble’ tadicBlsS of 5iteAes and/oF A3-diCarbonyFgrotip- AcEdfding to a
pmﬁewedenﬂxxﬁ@@ﬁt@@aﬁa high-temperature binders by heat treatment in

a temperature range of 300-1300°C.

15 The nanosize solid particles are preferably selected
from among SiO;, TiO,, Zr0O,, Al,;03, AlOOH, Y;03, CeOy,
carbon and/or BN or from among precursors of these
nanosize solid particles which are converted into these
solid particles by means of the sol-gel process. The

20 solid particles are particularly preferably Si0;

particles.

The nanocomposites which are preferably used according
to the invention and their preparation by the sol-gel
25 process are known from the prior art, in particular
from DE 103 26 815 Al. Preference 1is here given to the
nanosize solid particles having been surface-modified
by a surface-modifying agent having a molecular weight
of less than 1500, in particular a surface-modifying
30 agent which contains an anhydride group, acid amide
group, amino group, SiOH group, hydrolysable radicals

of silanes and/or a PB-dicarbonyl group.

According to a preferred embodiment, such a
35 nanocomposite can be obtained by the sol-gel process by
reaction of nanosize solid particles with one or more

silanes of the general formula (I):

RyS1A (4-x) (I)



35 nanocomposite can be obtained by the sol-gel process by reaction of nanosize solid particles with
one or more silanes of the general formula (I): R,;S iA (9_x) (I) - 16 where the radicals A are identical
or different and are hydroxyl groups or hydrolysable groups, the radicals R are identical or different
and are nonhydrolysable 5 groups and x is 0, 1, 2orl3, with at least 50 mol% of the silanes having x ?
1. If only silanes of the formula (I) having x=0 are used, purely inorganic nanocomposites are
obtained, while otherwise the preferred organic-inorganic nanocomposites are 10 obtained. These
nanocomposites dfeEshvertedhinto e Sib2 Pasettighitefdpdétatdte birdershy heaffriéatment in a

temperature rangé pf 800y1300Cuipsanothérvembodiment tle SiP2-based higiiteraperature 15 binder
can be obtained by:the sal-gel pragess by kgactionsef-one o8 mare-silanesohthe ghava general

formula (1) and heg}ggggmg%o@th&rewltigg reaction produet igt_a tfégg%rq%en{gpgeoqj 300-1300C.

20 Suitable examples of silanes of the above formula (1) are likewise given in DE 103 26 815 Al. In

particular, alcoholi@ Si032fbimiiTg sofiH Which high-purity siliésh *hitride pofdlerHas ben dispersed
are used as Si02 predursors.(The usevefkighzpirityastartint lemicals 25Y(siliconraitide powder,
silanes, alcohols, ete) iometerreds sinee this makesrtpessibia ta ®©btain veryw tighly puee layers

which, in particulas,-meet the requigements of the solardndustry, 30-The Si02:hased high-temperature
ention is an Si02-based binder which h retrqigeted by heat

bind d ' i ¢
catmont n & temBUrAiLIS g o S00-L300C Brtbiably 700-LISOC. miove preferably 300 1030C,

treatment In a temperature ran ra more pref%ra%

and as a result has'&h dtffdsted siAter - SEREHvItY [ite 4 Felfice PEinteractiviya tment 4n

a temperature range of 300-1300°C.

In another embodiment, the SiO,-based high-temperature
15 binder can be obtained by the sol-gel process by
reaction of one or more silanes of the above general
formula (I) and heat treatment of the resulting

reaction product in a temperature range of 300-1300°C.

20 Suitable examples of silanes of the above formula (I)
are likewise given in DE 103 26 815 Al. In particular,
alcoholic SiOy,—forming sols in which high-purity silicon
nitride powder has been dispersed are used as SiO;
precursors. The use of high-purity starting chemicals

25 (silicon nitride powder, silanes, alcohols, etc.) 1is
preferred since this makes it possible to obtain very
highly pure layers which, in particular, meet the

requirements of the solar industry.

30 The Si0O,-based high-temperature binder used according to
the invention 1is an Si0O,-based binder which has been
pretreated by heat treatment in a temperature range of
300-1300°C, preferably 700-1150°C, more preferably 800-
1050°c¢C, and as a result has an adjusted sinter

35 activity, i.e. a reduced sinter activity.

The slip of the invention is a suspension of solid
particles which preferably comprise 75-90% by weight of
silicon nitride and 10-25% by weight of the SiO;-based



The slip of the invention is a suspension of solid particles which preferably comprise 75-90% by
weight of silicon nitride and 10-25% by weight of the Si02-based - 17 high-temperature binder, more
preferably 80-88% by weight of silicon nitride and 12-20% by weight of the Si02-based
high-temperature binder. 5 Preference is also given {0/ the Si02-based high- temperature binder being
present as granules. More preferably, bagth the silicon nitride an%the Sj02-based  high-temperature
binder are presen%éghméee%%ergﬁﬁFe% 1(()?3 Illwlnt eelréasemc())fr a shgﬁg %]Efil]lkf/i cqo?gingg8t6 tE}éyinvention, the
barrier layer has d’?o%ﬁ%x;@gn TohtERt of 52498 Dy REight THE X el Comtént 3¢ intfftluced into
the barrier layer eSséntialy by theéBi02<vasech thimde b Inthertotal oxygen content is less than 5% by
15 weight, the mechanical properties, in particular, of the Si3N9-containing coating, e.g. adhesive

strength, impact Ee%%tgggg,cgbraﬁon resistance and scEgtchtE%sistggg%gjg%@oraﬁel8@1ificantly. The

bonding to the substrate is reduced and the effect of the higher 20 adhesion forces compared to the

cohesion forces is FEHGCE ihpartithifii it i§ atvaAntagsous for thE tStaPGXYge cofterit to be 6-18%
by weight, more preférabip¥vi5% By weiht,Shlorder taghieve goodl MechaHicabpropérties. On the
other hand, if the totgh2h exiygen cortentiisdahovwe-21%rby sveights thesesis ajriskuakthe nonferrous
metal melts coming into contact with the Si3N9-containing coating being contaminated by dissolution
of oxygen in]g;e n}%lts %I‘}ll% thecgarerier ction of tQae codalting OtgwardsC gg% anferrqcus mte}]qel 30 melts

decreasing. Furthermore, it is posésiblé) o] cgnfigsure%ﬁe barrier Iayaer as a rﬁlgltlpleolayer In which has

the outermost layet YadihgHivay FonP e sGbstratetheRdasthe 35 Ab6vEHascrBRE Composition and
a total oxygen contént5-21% by weight. The oxygen content is introduced

into the barrier 1layer essentially by the SiO,-based
binder. If the total oxygen content is less than 5% by
15 weight, the mechanical properties, in particular, of
the SisNg—containing coating, e.g. adhesive strength,
impact resistance, abrasion resistance and scratch
resistance, deteriorate significantly. The bonding to
the substrate is reduced and the effect of the higher
20 adhesion forces compared to the cohesion forces 1is
reduced. In particular, it 1is advantageous for the
total oxygen content to be 6-18% by weight, more
preferably 7-15% by weight, in order to achieve good
mechanical properties. On the other hand, if the total
25 oxygen content is above 21% by weight, there is a risk
of the nonferrous metal melts coming into contact with
the SisNy-containing coating being contaminated by
dissolution of oxygen in the melts and the Dbarrier
action of the coating towards the nonferrous metal

30 melts decreasing.

Furthermore, it 1is possible to configure the barrier
layer as a multiple layer in which has the outermost
layer facing away from the substrate then has the
35 above-described composition and a total oxygen content
of not more than 21% by weight, preferably not more
than 12% by weight. In one embodiment, the barrier
layer 1is configured as a double layer comprising a

first layer which is applied to the substrate and has a



of not more than 21% by weight, preferably not more than 12% by weight. In one embodiment, the
barrier layer is configured as a double layer comprising a first layer which is applied to the substrate
and has a - 18 total oxygen content of not more than 27% by weight, preferably not more than 16%
by weight, and a second layer having the above composition which is located on top of the first layer
and has a total ox%ggg content 5nof not more th@n %%E’C/o %\éveelgﬁh}t],a%reffj;%bl% not more tthan 12% by

weight. In this double coating ,g[ﬁe fiFs%an;ley%tr sérves as bondin ayer and has'a quiegh%r strength than

the top layer. If ddiade 13/ tHe upPér 1878 névertheldss Goeurs tohtact 8f thedmetaraixtt with the 10
crucible is in any dasesprevented by ltlke bottom layero bt additionhthecoefficientofthepmal expansion
of the bottom layeris lewerthan thatef thetep layer, sedhat hester matehingofdbgcaating to the

crucible material in.terms of thermal expapsion %qpéqvg%dﬁ 15 %é@@.{%@k; is, advantageous in
processes having sudden temperature chanﬁes. ultiple layers to achieve further degradation are

likewise possible, With'the? imfté fofth&Uppet and bottoR? iye? by maftain®d. 20 THe substrate of
the shaped bodies ®f fiie Ffventionaapproptistely cormprisesiqtiafz 2graphiter céfaried ticluding

silicon nitride cerarnie), Std2=(fused silica)e or antiron @dloypf else fibreamatpewovenytabrics. In a
preferred emb_Od"Hg%rt_E‘ﬁesl@&edoQQ%)ébﬁ,?&%'EQQ@%@U@}@Q having %éPPSWQ%CQWsPO?’ed of
quartz, graqigte, ceramic or 81'02 (lglusaed sﬂg:cgg and is éengltggl k1;or the processing f’f corrosive
nonferrous metal melfts, In partslcu]lar Sifidon melts”30 in ‘another’em odiment, the gﬁ/ape'd body is a

riser tube having F'subSttate-€ompddsd SiSib2(Fisa silita) 6PaR™Ron SR&?BF aHighétrength or
heat-resistant metalic afloy for alagsmiunmsmétatlergychan that of the top layer,

so that better matching of the coating to the crucible
material 1in terms of thermal expansion 1is achieved
15 thereby. This 1is advantageous in processes having
sudden temperature changes. Multiple layers to achieve
further degradation are likewise possible, with the

limits for the upper and bottom layer being maintained.

20 The substrate of the shaped bodies of the invention
appropriately comprises quartz, graphite, ceramic
(including silicon nitride ceramic), SiO; (fused silica)
or an iron alloy or else fibre mats or woven fabrics.
In a preferred embodiment, the shaped body is a melting

25 crucible having a substrate composed of quartz,
graphite, ceramic or SiO, (fused silica) and is suitable
for the processing of corrosive nonferrous metal melts,

in particular silicon melts.

30 In another embodiment, the shaped body is a riser tube
having a substrate composed of SiO, (fused silica) or an
iron alloy or a high-strength or Theat-resistant

metallic alloy for aluminium metallurgy.

35 The barrier layer of the shaped bodies of the invention
preferably has a thickness of 80-3000 pm, more
preferably 150-2000 yum, even more preferably
200-500 pm.



35 The barrier layer of the shaped bodies of the invention preferably has a thickness of 80-3000 tam,
more preferably 150-2000 tam, even more preferably 200-500 um. - 19 The shaped bodies of the
invention can be obtained by a process which comprises the following steps: a) provision of a
substrate, b) application of a slip according to the invéhtion 5 to the substrate and c¢) hardening of the
applied slip by firing at eleyated temperature to. form the durable, firmly adhering barrier layer. 10
I the case of NONMEANE S TEbAAS he TG DY SIop B KCcaran G oF (S pratLIds Bf 700-1300C,
preferably 1000-1228€< fiord prete By 105851 500C [ ever e préfetably 1075-1175C, particularly
preferably 1100-1450C. d&cwWirerrmetdllie seibstrates are used, the firing in step c¢) is carried out at
temperatures of 590-100Q¢1 preferably £00-009€; padicudarly: preferablyn£00-8586: 1athe case of
metallic substyates, in-sity 20 firing during use of the shaped bodies is particularly preferred. A
preferred overall process into which the production of the slip of the invention is also integrated 25
comprises the follGWing ProcsEs - &@ps? 1) miking B précirsdrs™dt tHe?'sid2-bused Righ-tBmperature
binder, preferably togethelsvitt ssilicbaritich: po®dércantlc apphspridre;2hlriliarfes ol gbtain an
intermediate 1, 30 2) graniiatiom of the intermediate 1 to obtain granules as intermediate 2, 3) heat
treatment of the intermediate 2 to obtain thermally treated granules as intermediate 3,

10 In the case of nonmetallic substrates, the firing in
step c) 1s carried out at temperatures of 700-1300°C,
preferably 1000-1225°C, more preferably 1050-1200°C,
even more preferably 1075-1175°C, particularly
preferably 1100-1150°C.

15
When metallic substrates are used, the firing in step
c) is carried out at temperatures of 500-1000°C,
preferably 600-900°C, particularly preferably

700-850°C. In the case of metallic substrates, in-situ
20 firing during use of the shaped bodies is particularly

preferred.

A preferred overall process into which the production
of the slip o0of the invention is also integrated
25 comprises the following process steps:

1) mixing of precursors of the SiO,-based high-
temperature binder, preferably together with
silicon nitride powder and, if appropriate,
auxiliaries to obtain an intermediate 1,

30 2) granulation of the intermediate 1 to obtain
granules as intermediate 2,
3) heat treatment of the intermediate 2 to obtain

thermally treated granules as intermediate 3,

4) milling of the intermediate 3 to set the particle
35 size,
5) dispersion of the product obtained in step 4), if

appropriate addition of silicon nitride powder if
this has not yet been used or not all been used in

step 1) and also, if appropriate, addition of



4) milling of the intermediate 3 to set the particle 35 size, 5) dispersion of the product obtained in step
4), if appropriate addition of silicon nitride powder if this has not yet been used or not all been used in
step 1) and also, if appropriate, addition of - 20 organic and inorganic binders to produce a
suspension (slip) as intermediate 4, 6) applicationofAfe-intermediate 4 to a substrate and 5 7)
production of a shaped l%oc%é1 gggordg\rg | fo tq% Oigvggti%n b)é{irigg rth cg%tin . As sigcon gitride powder
in steps 1) and/or 5), prelre ence is given to using a ﬁlgh-purﬂy powder whose fﬁ alkalimetal and

alkaline earth metal conféhif§iPéath taséfotirord #2606 Wpni and whose fluoride and chloride
content is in each @ase reirhore tham 2000 ppm, whoesentoiakbcarbdn contentdsitikewisesnot more
than 2000 ppm and whosgdnean particle size d50 is 15 not more than 5 tam. The oxygen content of

such high- pugity s}?con Egggg Powders s usgallgﬂgég% ragggyfrog% lo &i@go by weight, The

precursors in step 1) are preferably the 20 abovementioned hanocomposites composed of precursors
of silicon dioxide or silicohitHde?"e.§YorgantHetalic CoMpdHds or salts of silicon, if appropriate
with addition of silicon oxide nanoparticles. These are preferably mixed homogeneously with silicon
nitride 25 powder 2e.g. #1 aiwethmilling stefe or ptheremixing apparatuses. The auxiliares,in step 1) can
be organic compaynds. sugh as:polyvinyhbutyral {PYB) . palyyinybalcahol 3Q. LY A)Relyethylene
gi{g&'pﬁZFGl’owaxaefk%rﬁ‘h?n”e - solublg polymers; Ihe granuiation in step 2) Is carried gut, for

each case not more than 1000 ppm and whose fluoride and

chloride content is in each «case not more than

2000 ppm, whose total carbon content 1is likewise not

more than 2000 ppm and whose mean particle size dso 1is

15 not more than 5 pm. The oxygen content of such high-
purity silicon nitride powders is usually in the range

from 1 to 1.5% by weight.

The precursors in step 1) are preferably the
20 abovementioned nanocomposites composed of precursors of
silicon dioxide or silicon nitride, e.g. organometallic
compounds or salts of silicon, 1f appropriate with
addition of silicon oxide nanoparticles. These are
preferably mixed homogeneously with silicon nitride
25 powder, e.g. 1in a wet milling step or other mixing

apparatuses.

The auxiliaries in step 1) can be organic compounds
such as polyvinyl Dbutyral (PVB), polyvinyl alcohol
30 (PVA), polyethylene glycol (PEG), waxes or ethanol-

soluble polymers.

The granulation in step 2) is carried out, for example,
by precipitation in a 1liquid, e.g. water or oil, or

35 spray drying or other granulation techniques.

The suspension comprising the intermediate 1 is
processed 1in customary granulation processes to give

granules (intermediate 2), with the suspension being



by precipitation in a liquid, e.g. water or oil, or 35 spray drying or other granulation techniques. The
suspension comprising the intermediate 1 is processed in customary granulation processes to give
granules (intermediate 2), with the suspension being - 21 dried in a suitable vessel and a lumpy
intermediate 2 being produced. The granulation is pféferably carried out in a mixing apparatus, e.g.
an Eirich mixer, todlplrogqciengrgngllgaftg%wre\g ‘a}egsrangle size in ttfg range 5 from %?ld;%m tga number of

millimetres. The granulation is morée preflerably etfected y preuprrllpaﬁfiorllrllr%%mﬁc% in which the

intermediate 1 is iRSORMHIECGPOMIGESparititfy SHlablel@r ‘Gily partiaiRPSsapk)anathé precipitated
granules have a granule size intheirapge0dremu0 tam to preferdbly acfewrmtkmetres; and the

granulatiqn is parwaﬂy@re@@@w@@rrimm@y Speay-dryirg ofisprayibuildup gragwdation, with the
granule size rangipg fror @ few jam o abut 15Q jam.or, from 20 1o about 500 ym. 15 Jhe heat

treatment of the granules in step 3% at temperatures above 300C leads to removal of the organic

auxiliaries (binderrem&VHif ani 5t - ferfpeératufes 6ffroth 488C 3-E306¢ (@nitidh) 1£3ds®20 to
strengthening of thé gtadules. TheFenidval b il BRgEITIE aukilibfiesin stepp 83, Whichwill also be
referred to as "bingles removal” shelow, dakesrplace in gikat temperaturesbindhe eanget2kfrom 300C to

550C, preferably 35Q€+500G ang padicuarly preferablyA400G450G. Binder renaoval,.can be carried
out batchwisl%in clgucibleé 6eﬁhfu§ed siliecfag P{{ﬁeferabll;l/( iVI‘VI a I{gﬁal% IT1:urcnrace. 30 In st geS), the
[ ind [

granules from whichthe er has béen removed are likewise ignited, preesféraﬁl?/ In the'range from

450C to 1300C, nforé"preferaply 450CR2260€ arig 1y preferably carried out by
spray drying or spray buildup granulation, with the

granule size ranging from a few pm to about 150 pum or
from 20 to about 500 pm.
15
The heat treatment of the granules in step 3) at
temperatures above 300°C 1leads to removal of the
organic auxiliaries (binder removal) and at
temperatures of from 450°C to 1300°C (ignition) leads
20 to strengthening of the granules.

The removal of the organic auxiliaries 1in step 3),
which will also be referred to as “binder removal”
below, takes place in air at temperatures in the range
25 from 300°C to 550°C, preferably 350°C-500°C and
particularly preferably 400°C-450°C. Binder removal can
be carried out Dbatchwise in crucibles (e.qg. fused

silica) or preferably in a rotary furnace.

30 In step 3), the granules from which the binder has been
removed are likewise ignited, preferably in the range
from 450°C to 1300°C, more preferably 450°C-1200°C and
particularly preferably 750°C-1150°C. A suitable
ignition temperature for the granules in order to set

35 optimal layer properties of the fired coating should be
set as a function of the binder content of the
granules. The use of a mixture of granules which have
been ignited at different temperatures 1is likewise

possible.



particularly preferably 750C-1150C. A suitable ignition temperature for the granules in order to set 35
optimal layer properties of the fired coating should be set as a function of the binder content of the
granules. The use of a mixture of granules which have been ignited at different temperatures is
likewise possible. - 22 In principle, higher firing tempeératures are selected for higher binder contents.
For example, a suitable ignition temperature for granules having a binder 5 content of 15% by weight
is 500-1000C, preferably 600- 900C and particularly preferably 750-850C. At a binder content of the
granules of, for exainpté 24968y weilght: asuftable ignitisRiteafdetatiite forthe Sgrantfés is
600-1100C, prefefably 700-1000® ande 10 particererdy. préferabx8601350Ca Theuintetmediate 3
contains the high-tenperature binges raecordingto-thesinyentien whieh has been formed-as a result of

the heat treatment, preferably-together with ;15 siliggn syfride, J_B‘ec’g” 0g of 1he, graniyes in step 4)

serves to set the particle size, preferably an average particle size d50 of not more than 30 tam, more

preferably 1-15 tar?, 20" ev@ﬁl%or@ap%f&%]oﬁfi%-lﬁ I5hTaRE Particulary “Preferably 2-8'tam. The
milling of the granBleslirstep)dikewise pPreferablylesds & a bimbdakgranite sizés 28 distribution.
The dispersion in stepyb} can be carrietbutin ai gepatate pracessstepuatedirectly durihg milling in
step 4) in an orga@ijpagiruipgg%anig solyept, preterably 30-anr alcoha) ani{grwl@@?.ogl is g?@sible here ‘tjo
use inorganjic or organic additives, e.g. PVB, PVA, PEG, ;waxes or ethanol-soluble polymers, in order
to increase rHt(r‘clje sf%%ﬁi 3} %?g?é: %ﬁsgér%%ﬁao%rj%e%ri%%%rgfgth

The intermediate 3 contains the high-temperature binder

according to the invention which has been formed as a

result of the heat treatment, preferably together with

15 silicon nitride.

The milling of the granules in step 4) serves to set
the particle size, preferably an average particle size
dsgp of not more than 30 pum, more preferably 1-15 um,
20 even more preferably 1.5-10 pm and particularly

preferably 2-8 pum.

The milling of the granules in step 4) likewise
preferably leads to a bimodal granule size

25 distribution.

The dispersion in step 5) can be carried out in a
separate process step or directly during milling in
step 4) in an organic or inorganic solvent, preferably
30 an alcohol and/or water. It 1is possible here to use
inorganic or organic additives, e.g. PVB, PVA, PEG,
waxes or ethanol-soluble polymers, in order to increase
the stability of the suspension or the green strength
of the applied layer.
35
In step 5), it 1s likewise possible to mix in
additional components such as nanosize solid particles
and/or precursors thereof prepared via a sol-gel

process, preferably SiO,- or SisNy—forming nanoparticles



of the applied layer. 35 In step 5), it is likewise possible to mix in additional components such as
nanosize solid particles and/or precursors thereof prepared via a sol-gel process, preferably Si02- or
Si3N4-forming nanopatrticles - 23 or precursors thereof or silicon oxynitride. The proportion of the
Si02 content of the slip resulting from the added pafi¢les or precursors should be not more than 3%

by weight in orderofgr thergrco ]gsrg%ss of %ﬁge cggltin%sf accolrgiln to the}{invegg}gr& not t Qe impaired. In
the production accordiri% to the invention of the slip, contact with or Bré@tﬁlng in of vo at?le, 10 irritant

or toxic substancds €& belthiriized b rufddoutitrtheprocess 'chainih ‘doseasystems. If, for
example, granulatiorrtakes placednd spray dryers potlutioreobienvirennséetuaid emarpbeings can be
minimized by the nseof axdownstream cendensation shitl5 inowhiehvolatie companests are
collected andecygled té’oti‘&%riﬁ’geséc-cr@?d%{ae applies, o the binder remoyal inwhigh.an

after-combustion oxidizes volatile components. Unlike the processes in WO 2007/039310 Al and DE
10 2005 050 593 AfRAePréferred Si3N4 20 containing slips of the invention do not contain any
irritating or hazardous components and as a result of ignition and granulation are so large in the slip
and not respirabla:so that fartheytrposesefeceipational hygieneronty aisimplerhatfimask FFP2 in

accordance with 2o EN 149:2001 is regprpmengded fgrr@g@l}iﬁegi?n af the layer by spraying when
extraction isl%resent. Tjggsnrg]eans that, therebasrganno or onI%/nIO\gehealth risks fgr ghre vrvgilggg steps of

application and thérsrujbsequeﬁff hgr?éﬁllncg fblrocesscs?gpsc aving the %f%ezs% exposure time for 30

personnel) even iNffe cdse 0t% Ik Ueyiee 6fain in closed systems. If, for

example, granulation takes place 1in a spray dryer,
pollution of environment and human beings can Dbe
minimized by the use of a downstream condensation unit
15 in which volatile components are collected and recycled
to the process. The same applies to the binder removal
in which an after-combustion oxidizes volatile
components. Unlike the processes in WO 2007/039310 Al
and DE 10 2005 050 593 A1, the preferred Si3Ng—
20 containing slips of the invention do not contain any
irritating or hazardous components and as a result of
ignition and granulation are so large in the slip and
not respirable so that for the purposes of occupational
hygiene only a simple half mask FFP2 in accordance with
25 EN 149:2001 is recommended for application of the layer
by spraying when extraction is present. This means that
there are no or only low health risks for the working
steps of application and the subsequent handling
(process steps having the highest exposure time for
30 personnel) even 1n the case of a low degree of

automation.

The application in step 6) of the prepared suspension
is carried out using customary coating methods such as
35 spraying, preferably wet-in-wet, or flooding on an
inorganic substrate, e.g. fused silica. After

application, the coating can be dried in air.



automation. The application in step 6) of the prepared suspension is carried out using customary
coating methods such as 35 spraying, preferably wet-in-wet, or flooding on an inorganic substrate,
e.g. fused silica. After application, the coating can be dried in air. - 24 The production of the coated
shaped body in step 7) is carried out by firing the toating at an elevated temperature. In the case of

nonmetallic substrates, this is carried aut at temperatures of from 7Q00C to 5 1300C, preferably
1000C-1225C, Mt orBISably 10S0C 500G rE brereranty 10780 A7 5E I patdcurarly
preferably 1100-1380€ &hd iftthe case of MetallidtSGhstraes this isCarrigd oft'attehferatures of
500-1000C, preferabiy 600:906C, partictlagly 10 peeferably300850C ,1in eaclr ease tpreferably with a
heating and cooling.time 0f preferakly 8 hours:in eash-caseandsa held time at/maximws temperature

of preferably.one hoyy 0Ltn,der gi{e(%reipa% [?/d ucing,Qfo d’rleig %m@;sphehqg o ung(%reggf prgssure, e.g.

nitrogen 15 or argon. Firing of the coating under a reducing atmosphere, e.g. in a gas-fired furnace
having a reducing %?r%ogﬁggﬁéloeoopa low6X%ygen Bﬁﬁ%ﬁﬁ@%@ure, y 7p5re?€r?'e% 3ince tH& $llicon nitride
in the coating is tRenoxidized lesPsedrgio 20 WhehthéSlipS -arenssetifor tdating substrates for Al
metallurgy, the silieonanitride powsler aised catialsa Hecof fawer puritydhandeptheametting of solar

silicon. 25 The solids congent ofthecoating sespgnsion fogpapplication by floading is, appropriately
o . e L T A .
i Sl SReLLars ol byl et sy RO e et 3
in heating and cooling time of preferably 8 hours in each
case and a hold time at maximum temperature of
preferably one hour under air, or 1in a reducing or
inert atmosphere or under gas pressure, e.g. nitrogen
15 or argon. Firing of the coating under a reducing
atmosphere, e.g. 1in a gas-fired furnace having a
reducing atmosphere or a low oxygen partial pressure,
is preferred since the silicon nitride in the coating
is then oxidized less strongly.
20
When the slips are used for coating substrates for Al
metallurgy, the silicon nitride powder used can also be

of lower purity than for the melting of solar silicon.

25 The solids content of +the coating suspension for
application by flooding is appropriately from 40 to 65%
by weight and for application by wet-in-wet spraying 1is
from 35 to 55% by weight.

30 The shaped bodies of the invention having a durable,
firmly adhering barrier layer are suitable for use in
the field of corrosive nonferrous metal melts, e.g.
melts of aluminium, silicon and the like. Shaped bodies
in the form of melting crucibles are suitable, in
35 particular, for producing silicon melts, for
accommodating liquid silicon and for crystallizing

liguid silicon to form silicon blocks.



the field of corrosive nonferrous metal melts, e.g. melts of aluminium, silicon and the like. Shaped
bodies in the form of melting crucibles are suitable, in 35 particular, for producing silicon melts, for
accommodating liquid silicon and for crystallizing liquid silicon to form silicon blocks. - 25 Shaped
bodies in the form of riser tubes are suitable, in particular, in aluminium metallurgy, very particularly
preferably Iow-pre&?gre igl%mlgiurg casting. 5 %)gf@nmglgs and corgggratlve examplesbIT ethe examples

and comparative exar%% es, ?hle ayer thicknesses indicatéd are based o%rt%esdlrﬁgyer thicknesses

after firing. 10 Tapé'test:PRfe fst is cdrfied ot By repeated &tididrd-ordand pullfifgloff of an
adhesive tape (Tessrd66L) anly k5 speciardry atearop 1066unm2whicinhas beentdoated in a defined
way. The adhesive tape is pulled off at an angle of 90 to the specimen surface. The test on the

coatings was garried out until fir%,gggmsow;g §HR§H§E§:M9Q§Q}{EE‘%QO longer covered by the 20

coating or after the test had been repeated 15 times." After each pulling-off of the adhesive tape, the
weight loss of the specimen was determined. The number of repetitions of the pull-off test were
plotted against thérwelgtst lossdntal §rapla (FigwemPR PEEAS the Strotiyth f thellayet d¢ereases, as in
the case of pulvetulenklayese andiorcoatings applied as pawders, thenmeasuyableagaoval of

material is greater. {weightdass) and therg;is a gigher risk that more 30 coating material will be
introduced intp the melt, more coating material will be removed under mechanical stresses and the

layer will be consumed more quickly,
Tape test:

The tape test 1is carried out by repeated sticking-on
and pulling-off of an adhesive tape (Tesa 4651) on a
15 specimen area of 1000 mm’ which has been coated in a
defined way. The adhesive tape 1s pulled off at an
angle of 90° to the specimen surface. The test on the
coatings was carried out until first regions of the
substrate material were no longer covered by the
20 coating or after the test had been repeated 15 times.
After each pulling-off of the adhesive tape, the weight
loss of the specimen was determined. The number of
repetitions of the pull-off test were plotted against
the weight loss in a graph (Figure 1).
25
As the strength of the layer decreases, as in the case
of pulverulent layers and/or coatings applied as
powders, the measurable removal of material is greater
(weight loss) and there 1is a higher risk that more
30 coating material will be introduced into the melt, more
coating material will be removed under mechanical
stresses and the layer will be consumed more quickly,

so that a barrier action will no longer be present.

35 Pull-off test (adhesive strength):

The adhesive strength was determined by measuring the
force which 1is required for pulling-off a plate which

has been adhesively bonded onto the fired coating of a



so that a barrier action will no longer be present. 35 Pull-off test (adhesive strength): The adhesive
strength was determined by measuring the force which is required for pulling-off a plate which has
been adhesively bonded onto the fired coating of a - 26 coated specimen (area of adhesive bonding =
500 mm2). The plate was adhesively bonded on by #feans of a two- component epoxy resin adhesive
which, due to its hi%h viacogitgbgenetra#es not g\toreagﬁten ?Q/—éogam into the % %atirrng%The adhesive

strength perpendigulaé??o the" surface o ?hreeiaayer was determine Pndﬁlr/lr%m_z. er the "pull-off test,

the rupture surfacifaséRamin&trarftfaR Sagsdssneitdias AfadevasteWRethér fupttte had occurred
in the coating (colresion)enin theccontact snterfacdé ditocthelsubstratéu@dhesion Thedayer thickness
of the coated spegisens tested yeasin-thesange fropy 250 10, 4504ans iThepulkeff testgives

information aQout 5@3@{{}; sion 12 ofatg_gelgxgreto the é}ilgggatg eogpaebrp&t glag strength of the layer in

the case of the adhesion forces exceeding the cohesion forces, which, as,indicated above, is a

desirable effect. 20'Cofpar&tve Exampie 1: ﬁ&n&%ﬁeﬁﬁdé%%iojﬁqTHéW@ a sti&pEnsibAof silicon
nitride powder (UBEL1E10¥ in distiled Wateriwihoutfufhef additives whickh ihesibéed prdduced as
described in EP 963446s5BLi25 Warsfurihes peacessinghdorushingukalling; spaying);uenkythe rheology
of this suspension; is crifical - Agcardingly, the sglids content is set, forexamplefo. 30%.by weight for
application ly,means of a spray,qun. 39 The suspensiqn is applied. it appropriate,in aaumber of
layers, to a cleane(f, dtus?-free, dry?used sfﬁca crucible soas ?gprocruce a homogeneous layer
thickness coated specimens tested was in the range from 250 to

450 pm.

The pull-off test gives information about the adhesion
15 of the layer to the substrate or about the strength of
the layer in the case of the adhesion forces exceeding
the cohesion forces, which, as indicated above, is a

desirable effect.

20 Comparative Example 1: Standard suspension

This is a suspension of silicon nitride powder (UBE
E10) in distilled water without further additives which
has been produced as described in EP 963 464 Bl.

25
For further processing (brushing, rolling, spraying),
only the rheology of this suspension is critical.
Accordingly, the solids content is set, for example to
30% by weight for application by means of a spray gun.
30

The suspension is applied, 1f appropriate in a number
of layers, to a cleaned, dust-free, dry fused silica
crucible so as to produce a homogeneous layer thickness
of 350 pm. After drying, the coating is fired before

35 use as melting crucible at 900°C.

The silicon nitride powder coating obtained should be
bubble- and crack-free and also have no other defects.

The silicon nitride layer produced in this way has only



of 350 tam. After drying, the coating is fired before 35 use as melting crucible at 900C. The silicon
nitride powder coating obtained should be bubble- and crack-free and also have no other defects.
The silicon nitride layer produced in this way has only - 27 limited resistance to contact and should be
treated correspondingly carefully. It is not only necesgary to avoid damage to the coating during
charging with pie%sm 9{ eSé burtecshlasr !%gcalsotgas Jo bceag rriecgl1 Qut so tuhj‘?éS ggppjcnrgegtcgi ces of Siis
avoided during melﬁng, SO that no defects are prodluce in the powder layer during melting either.

Comparative Exaffiplé 258tandard suspehsiohl 10-50% bysweight 6FSiticditAftfide powder (UBE E10)
in ethanol are homogenizéthadte suspensioriE-applietitoiagclebaedidustvireg, driyefused silica
crucible. Coating ©f the crygible hyrgeans of fleoding is poteossible d&since cracksase formed in

the coating duing.ding ,Aboye 3 layer fhigkness o'150,200 Jam. g Ieadato, detachment of

areas of the coating beforefiring of the coating. Wetting of the crucible with ethanol before
application could H8EpreéVRnt'tHig Effect Ever When2v 20 bf PV Beivol B B83/88 (Eei3Rese
Emulsions GmbHy @5 addedtbahe ethanol-silicon nitride suspension, crack- free layer thicknesses
of > 250 }am could not be achieved in the case of application by flooding or wet- in-wet spraying. 25
Comparative Example, 3, standarns.siispension 50% by weight 9f siicon nitride powder (UBE E10) in
ethanol are hgmogenized. The suspension is applied to a 30 cleaned, dust-free, dry fused silica

crucible. The coating is applied by spraying. It is found that wet- in-wet spraying of the suspension is
notposgbkegnce50% by weight of silicon nitride powder (UBE E10) in

ethanol are homogenized. The suspension is applied to a

cleaned, dust-free, dry fused silica crucible. Coating
of the crucible by means of flooding 1is not possible
15 since cracks are formed in the coating during drying
above a layer thickness of 150-200 um, which leads to
detachment of areas of the coating before firing of the
coating. Wetting of the crucible with ethanol Dbefore
application could not prevent this effect. Even when 2%
20 of PVA Celvol E 04/88 (Celanese Emulsions GmbH) was
added to the ethanol-silicon nitride suspension, crack-
free layer thicknesses of > 250 pm could not Dbe
achieved in the case of application by flooding or wet-—

in-wet spraying.

25
Comparative Example 3: Standard suspension
50% by weight of silicon nitride powder (UBE EI10) in
ethanol are homogenized. The suspension is applied to a
30 cleaned, dust-free, dry fused silica crucible. The

coating 1is applied by spraying. It is found that wet-
in-wet spraying of the suspension is not possible since
cracks are formed in the <coating above a layer
thickness of about 200 pum. The coatings are sprayed on

35 in powder form.

After drying, the coatings are fired at about 1000°C
before use as a melting crucible. The silicon nitride

layer produced in this way has only limited resistance



cracks are formed in the coating above a layer thickness of about 200 tam. The coatings are sprayed
on 35 in powder form. After drying, the coatings are fired at about 1000C before use as a melting
crucible. The silicon nitride layer produced in this way has only limited resistance - 28 to contact and
should be treated correspondingly carefully. The adAésive strength of the coating is 0.21 N/mm2; the
5 results of the tape test are shown in Fig. 1. In.addition, the coating suspension was applied by
flooding, in which%%se the %&%ﬁng ?ﬁlﬁfuressjﬁg&r%g ctﬁ;e/ingtorrefﬁlléilﬂeg[qlandC 8%58 T e%n\ﬁé%%fggd in flakes.
The 10 adhesive ﬁ?éﬁ&tﬁléé{rld therefore not be measured here (see Table 1). Comparative
Examples 4a and 4b: 15 A coating suspension was produced as described in WO 2007/039310 Al,
Example Ib. The coatingamas applied Jy pulveswlent spraying egwet-in-wet spraying and was fired at
500C (4a) or £50C (4h)  Bofhrin the case of puiverylent spraying ggg in the case of wet-in-wet 20
spraying, spraying is carried out by means of a reactive liquid as indicated in WO 2007/039310 Al.
The coating after firing is powdery and not resistant to contact. The adhesive strength of the coating
25 sprayed on in pilverdieht form is intficatethini TableSESHeE Pesults Bf the da@pe st areyshown in Fig.
1. The coating appliedbymet-in-wetspraying supturese dutingrdrying oidiringeat adayemnthickness of
30 >80-150 }am_ apd,hecpomes dﬁ%%%d- dhe @@@&W&stm%@wlqme@@@ not ke measured
here. Comp rative dEh>l<am[:\>7Ie 5: 35 The.interm glag%1r|§£roducedtb%gomogselg]l:zeaélo of 930 g of

ethanol, 150 g of fine ?/S |vi%e5tsﬁ)|ec%g Igo acker), Z?f;eofréﬁlcon nitride powder UBE E10) and

(see Table 1).

Comparative Examples 4a and 4b:

15 A coating suspension was produced as described in
WO 2007/039310 Al, Example 1b. The coating was applied
by pulverulent spraying or wet-in-wet spraying and was
fired at 500°C (4a) or 750°C (4b). Both in the case of
pulverulent spraying and 1in the case of wet-in-wet

20 spraying, spraying 1is carried out by means of a
reactive liquid as indicated in WO 2007/039310 Al.

The coating after firing is powdery and not resistant
to contact. The adhesive strength of the coating
25 sprayed on in pulverulent form is indicated in Table 1;

the results of the tape test are shown in Fig. 1.

The coating applied by wet-in-wet spraying ruptures
during drying or firing at a layer thickness of
30 >80-150 pm and becomes detached. The adhesive strength

could therefore not be measured here.

Comparative Example 5:

35 The intermediate 1 1s produced by homogenization of
930 g of ethanol, 150 g of finely divided silica (HDK,
Wacker), 474 g of silicon nitride powder (UBE E10) and
16 g of PVB by means of silicon nitride milling media

in a PE container on a set of rollers. The intermediate



16 g of PVB by means of silicon nitride milling media in a PE container on a set of rollers. The
intermediate - 29 2 is produced by pouring intermediate 1 into a flat PE container and drying in an
explosion-protected drying oven. The binder is removed from the lumpy granular material at 450C in
air in a fused silica crucible. To 5 produce intermedia@ 3, the granules are ignited by heat treatment
at 900C in a cove ed.%rucibg%.uZZS% gbof etggngl anq r17t5e0 g gcfiirgggm?di%tgg are P}figgd d
homogenized in a E coﬁfalner Ey mé’ar‘% ofrmﬂﬁng media to produce intermediate 4. The average
particle size of 105RterAEdiate s < R ITHE inftmediate A apPidd #ir 2@dayerthitkness of
about 250 }am to avfased $iliea kiucible byflogdingv&te layen istdried imainforg 24rhouwrs and
subsequently firechat 4225€ with &5 hieating andr-cacling time<f &hours: 15:The soating after firing is
not resistant to copfact,, omparatiye Example;6: 20, Lhe jnigrmediate 1.is praduced by,

homogenization of 650 g of ethanol, 150 g of fused silica (d50=2 tam), . 474 g of silicon nitride powder

(UBE E10) and 18'§%f PYBH)Hicarns of Siticon hitride Milifg fhedid i 8 e dorttatheton a set of
rollers. The internfédiatec? is 25proditcetl byipouing iefhedfate3] intoca fizt PR contdner and

drying in an explosiatepeoteeted drying mvenodTheibindebis resoredbifonn thiei bimmegrianular
material at 450C '9@'&%@&@@%‘@8@%%‘9&_@. praduce intgrmediate 3, the 9&%@'%% are ignited
by 30 heat treatment at. 9(@)%(12 allg a glov.esreg Céuc%xle.ﬁloeo g gfe%trrrllggoggnd 4759 g gf | tgrergedlate 3 are
milled and homogenized in a E container ypméans of milling media To produce miermediate 4. The

average particle size 6f it&finediate 418 Ptant. THRCINtermddiBfe 4 %s applietfss it alager thickness
of about 350 }am toradiséd siiga flooding. The layer is dried in air for

24 hours and subsequently fired at 1125°C with a
heating and cooling time of 8 hours.
15

The coating after firing is not resistant to contact.

Comparative Example 6:

20 The intermediate 1 1s produced by homogenization of
650 g of ethanol, 150 g of fused silica (ds;=2 um),
474 g of silicon nitride powder (UBE E10) and 16 g of
PVB by means of silicon nitride milling media in a PE
container on a set of rollers. The intermediate 2 1is
25 produced by pouring intermediate 1 into a flat PE
container and drying in an explosion-protected drying
oven. The binder is removed from the lumpy granular
material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are 1ignited by
30 heat treatment at 900°C in a covered crucible. 500 g of
ethanol and 750 g of intermediate 3 are milled and
homogenized in a PE container by means of milling media
to produce intermediate 4. The average particle size of
intermediate 4 1is 2 pm. The intermediate 4 is applied
35 in a layer thickness of about 350 pm to a fused silica
crucible by flooding. The 1layer 1is dried in air for
24 hours and subsequently fired at 1125°C with a

heating and cooling time of 8 hours.



crucible by flooding. The layer is dried in air for 24 hours and subsequently fired at 1125C with a
heating and cooling time of 8 hours. - 30 The coating after firing is not resistant to contact. Example
1: 5 The intermediate 1 is produced by homogenization of 3000 g of Inosil S-B (Inosil grade S-B 38
from Inomat GmbH: this commercially available bindér is a mixture of organosilicon compounds, i.e.
Si02 precursors, de Sciogtnla}]nopa,étciclgs%.moo g.of etggmolé SAfl()SQQa% gf th scil(ij%qtn Q'tride powder (UBE
E10) and 400 g of PVB <Zpolyv%y{ft u(fyra éﬁrllg, Waéker) By means of silicon nitride milling media in
a PE container on a set of rollers. 15 The intermediate 2 is produced by pouring intermediate 1 into a
flat PE container andhdpding in an explosion- protected drying oven. The binder is removed from the
lumpy granular material at 450C in air in a fused silica crucible. To produce intermediate 3, the 20

granules are igniteg,in & heat treatment at 900C in a, govered;grucible for gne hour, 500.g of ethanol

and 750 g of intermediate 3 are milled and homogenized in a PE container by means of SN milling

d |
media to produce “Mtemiedidte 4 e average Paricié se6f25 imemtedidte™ iS4 Bth. The
intermediate 4 is &plied iha tayepthiekaess of alsoiati3cd lam ke adesed siliéa ®iudibleeby flooding
once. The layer isdried-dpaaio §an 24 hrourscand subsequently fissmat p12b6Cwith &, heatthg and

cooling time of 8 hows. 30.The coating ds; defectdige and et pawgery,1The binger ,content of the

coating is 2q0{9 bySVX?iQQg-nEX%TP}% o 3% vageiptermggiatg 1]Dl)s pg)rgélcegolay gorg%geg@gtion of
(polyvinyl butyral BM 18, Wacker) by means of silicon
nitride milling media in a PE container on a set of

rollers.

15 The intermediate 2 is produced by pouring intermediate
1 into a flat PE container and drying in an explosion-
protected drying oven. The binder is removed from the
lumpy granular material at 450°C in air in a fused
silica crucible. To produce intermediate 3, the

20 granules are ignited in a heat treatment at 900°C in a
covered crucible for one hour. 500 g of ethanol and
750 g of intermediate 3 are milled and homogenized in a
PE container by means of SN milling media to produce
intermediate 4. The average particle size of

25 intermediate 4 1is 4 pm. The intermediate 4 is applied
in a layer thickness of about 300 pm to a fused silica
crucible by flooding once. The layer 1is dried in air
for 24 hours and subsequently fired at 1125°C with a

heating and cooling time of 8 hours.

30
The coating is defect-free and not powdery. The binder
content of the coating is 20% by weight.
Example 2:

35

The intermediate 1 1s produced by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE
E10 and 100 g of PVB by means of silicon nitride

milling media in a PE container on a set of rollers.



3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE E10 and 100 g of PVB by means of silicon
nitride milling media in a PE container on a set of rollers. - 31 The intermediate 2 is produced by
spray granulation of intermediate 1. The binder is removed from the granular material at 450C in air
in a fused silica crucible. To produce intermediate 33 the granules are ignited in a 5 heat treatment at
900C ina coveredfgrucibl ef%g (Eategurz 500 ofo%{hgg I %nd 750 g of inte nleq:iate 3 are milled and

;
homogenized in a E container y means af |I]fingume ia t psrgau e itermediate 4. The average

particle size of intefth8dfRTE 435%-6 tam Thel 10 fritermedRife YSE appiitdiR% IAyartHiékness of about
300 }am to a fuseddsilicaierucidle bydffsbding @hceihe layeeds dried i arfor 24 loursand
subsequently fireg:afdZ5Ciwith-anbeating and ceelingtimeafe 8 hous. 1bnThe goatingiis defect-free

and not powdery. ,[he binder, content of the,geating,is 20% by weight. Fxample 3;,2Q, The
intermediate 1 is produced baghomogenization of 3000 %nOf Inosil S-B, 1000 g of ethanol, 4000 g of

UBE E10 and 108Y6f PVBby mizghng ot Eiltoniiittide” ifling mediaShs PE ESntaingf On a set of
rollers. 25 The intéfmédiate?2¢s prodesed Iiespray granbfation of sintermeeiaté a2 The dinder is
removed from thergranitay material atod50Comuaie inia fusetksiliea €rucibleTH® prodimwesintermediate

3, the granules arg igrited in a heat tregtmentat.990G i1 a.covered; cruciblesfor,pne 3@ pour. 600 g of

ethanol and17 0 gi%f interg&edi te 2‘ are rarlwilleld. egd lhrtlarrgiogleniz%d itrflacl?(%é:osntag?eg%v(i)thtaddition of
75 g of PEG 400 an&eﬁmg of P by mear%)o%mllling medid to produce intermediate 4. The average

particle 300 pm to a fused silica crucible by flooding once. The
layer is dried in air for 24 hours and subsequently

fired at 1125°C with a heating and cooling time of

8 hours.
15
The coating is defect-free and not powdery. The binder
content of the coating is 20% by weight.
Example 3:
20

The intermediate 1 1s produced by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE
E10 and 100 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
25 The intermediate 2 is produced by spray granulation of
intermediate 1. The binder is removed from the granular
material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are ignited in a
heat treatment at 900°C in a covered crucible for one
30 hour. 600 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container with addition
of 75 g of PEG 400 and 75 g of PVB by means of milling
media to produce intermediate 4. The average particle
size of intermediate 4 is 5 pm. The intermediate 4 1is
35 applied in a layer thickness of about 350 pm to a fused
silica crucible by means of wet-in-wet spraying. The
layer is dried in air for 24 hours and subsequently
fired at 1125°C with a heating and cooling time of

8 hours.



size of intermediate 4 is 5 um. The intermediate 4 is 35 applied in a layer thickness of about 350 }am
to a fused silica crucible by means of wet-in-wet spraying. The layer is dried in air for 24 hours and
subsequently fired at 1125C with a heating and cooling time of 8 hours. - 32 The coating is
defect-free and not powdery. The adhesive strength &% the coating is shown in 5 Table 1, and the
results of the tape test are shown in Fig. 1. The density of the coating is 1.20 g/cm3. The binder
content of the coating is 20% by weight. Examples 4-7: 10 Examples 4 to 7 were produced as
described in Exaniple 2°Bht the ighitisit fethpérattre st thetgrantifés dnd the firing temperature for
the layer were varied as shown in Table 1. 15 The coatings are defect-free and not powdery. The
adhesive strengthiofdhecoatingsds shovan i fablerl. he binsler contentzof thewgoatings is 20% by
weight. 20 Example, 8 The intermegjate L.is produced by homogenization, ot 4500,g, of jposil S-B,
4800 g of UBE E10 and 160 g of PVB by means of silicon njtride milling media in.a PE 25 container
on a set of rollers e iﬁern?@&iat%ef?s%yodﬁée&% spra gPshulation of Vintéflediate 1. The binder
is removed from thé »fgrulae Niritérial fat4B50C ar hirif alfusetsiliva ¢ficble: To 30 produce
intermediate 3, the granules are ignited in a heat treatment at 1000C in a covered crucible for one
hour. 500 g of ethangl.ahd #50_g of intermediate 3 are milled and homogenized in a PE container by
means of nwlilgng media to produce intermediate 4. The average 35 particle size of intermediate 4 is 6
tam. The

Examples 4 to 7 were produced as described in Example
2, but the ignition temperature for the granules and
the firing temperature for the layer were varied as
shown in Table 1.

15
The coatings are defect-free and not powdery. The
adhesive strength of the coatings is shown in Table 1.

The binder content of the coatings is 20% by weight.

20 Example 8:

The intermediate 1 1s produced by homogenization of
4500 g of Inosil S-B, 4800 g of UBE E10 and 160 g of
PVB by means of silicon nitride milling media in a PE

25 container on a set of rollers.

The intermediate 2 1is produced by spray granulation of
intermediate 1. The binder is removed from the granular
material at 450°C in air in a fused silica crucible. To
30 produce intermediate 3, the granules are ignited in a
heat treatment at 1000°C in a covered crucible for one
hour. 500 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container by means of
milling media to produce intermediate 4. The average
35 particle size of intermediate 4 is 6 pm. The
intermediate 4 is applied in a layer thickness of about
300 pm to a fused silica crucible by flooding once. The

layer is dried in air for 24 hours and subsequently



intermediate 4 is applied in a layer thickness of about 300 }am to a fused silica crucible by flooding
once. The layer is dried in air for 24 hours and subsequently - 33 fired at 1125C with a heating and
cooling time of 8 hours. The coating is defect-free and not powdery. The results 5 of the tape test for
Example 8 are shown in Fig. 1. The binder content gfthe coating is 24% by weight. The oxygen

content of the coa%i%%i 16't1%1qy2$l§_&95h¥i b >%almgleh9:a%9 The intgrmedi te l istproduce by

homogenization o gaof Inosi g of ethanol, 4000 g of "E10-and 10¢ g of PVB by

means of silicon nif’tri}a%uﬁﬁﬁing media in a PE container on a set of rollers. 15 The intermediate 2 is
produced by spray granulation of intermediate 1. The binder is removed from the granular material at
450C in air in a fused silicaccrugible. Te Rreducedatesmediate Jdhagranules-aredguited in a heat

treatment at 1000C.under 3 niirogen, atmaspherejn 20 a crygible, for,one haur, 500 g pf ethanol and

750 g of intermediate 3 are milled and homogenized in a PE container by means of milling media to

produce intermediat&’ % THeCAVEAGe PartitlTsize8f iRErmédiate 4 i8% tdf The intehfediate 4 is
applied 25 in a layefitarkness tof dbovt 300apr 36 dftised silfed cragibkebyflooding once. The layer
is dried in air for 24 hours and subsequently fired at 1125C with a heating and cooling time of 8
hours. 30 The coatipgis.defect-free and not powdery. The binder content of the coating is 20% by
weight. Exa &Ie 10: 35 The intermediate 1 is produced by homogenization of 3000 g of Inosil S-B,
1000 g of ethanol, 4000 g of UBE E10 and 100 g of PVB by means of silicon nitride

The intermediate 1 1s produce by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE
E10 and 100 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
15 The intermediate 2 is produced by spray granulation of
intermediate 1. The binder is removed from the granular
material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are ignited in a
heat treatment at 1000°C under a nitrogen atmosphere in
20 a crucible for one hour. 500 g of ethanol and 750 g of
intermediate 3 are milled and homogenized in a PE
container by means of milling media to produce
intermediate 4. The average particle size of
intermediate 4 is 5 um. The intermediate 4 is applied
25 in a layer thickness of about 300 pm to a fused silica
crucible by flooding once. The layer is dried in air
for 24 hours and subsequently fired at 1125°C with a

heating and cooling time of 8 hours.

30 The coating is defect-free and not powdery. The binder

content of the coating is 20% by weight.

Example 10:

35 The intermediate 1 1s produced by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE
E10 and 100 g of PVB by means of silicon nitride

milling media in a PE container on a set of rollers.



milling media in a PE container on a set of rollers. - 34 The intermediate 2 is produced by spray
granulation of intermediate 1. The binder is removed from the granular material at 450C in air in a
fused silica crucible. To produce intermediate 3, the granules are ignited in a 5 heat treatment at
900C in a covered crucible for one hour. 470 g of ethdnol and 750 g of intermediate 3 are milled and
homogenized in a PE confainer %Y means of mllllggumeglabto produce mterm?glca{eg. g’?e average

particle size of intermediate 41 5 tam. The 10 fntermediate % is gﬁ%ﬁec? FnagLfayer thickness of about

450 }am to a fused SHicAERUEBIE by fIodHing bRCer The 587 IS aridd ' alrfer 244ivtréand
subsequently firedetell26IC atithde higating amdrcaaling time<st 8 houwrs. 15 Thedaatintpis defect-free
and not powdery. Jheshinder contertafthe copting.is 20%:hy weightExanplechl: 120 The
intermediate 1 is produced by,homogenizaionaf 500 g of &thanal, 3000 g.of.Inesil S:B,.4000 g of

UBE E10 and 300 g of PVB by means of silicon nitride_milling media in a PE container on a set of
rollers. 25 The int8ftiédiate’ 2 i prdduced by prétipitation & ihterm&diats 14a Watdr, HWith the
intermediate 1 beiny! dtided tfopwise 36 207 £ df distilked RFaterowhieé nstirriky vigerawsly? The granule
size is about 1-3 mm. 3G dhenbider isacremovead deomi the-grantdar materialate 4506 fra @ér in a fused
silica crucible. To produce dntermediate 3 the; granules;are ignited in asheat trgatment,at 1000C in a
covered cruglgle for one hOA:ll’é t50049 lo; ethaqol @ding glof inter eidlﬁte 3 are lgmg%% 35 and

. . ermedi a 1 : e ckness Q.
homogenlzed in allglti con?alner%y means %?mlﬁlng medla?g produce mrfermeglate lﬁ‘ne average
particle 450 pm to a fused silica crucible by flooding once. The

layer is dried in air for 24 hours and subsequently

fired at 1125°C with a heating and cooling time of

8 hours.
15
The coating is defect-free and not powdery. The binder
content of the coating is 20% by weight.
Example 11:
20

The intermediate 1 1s produced by homogenization of
500 g of ethanol, 3000 g of Inosil S-B, 4000 g of UBE
E10 and 300 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
25 The intermediate 2 1is produced by precipitation of
intermediate 1 in water, with the intermediate 1 being
added dropwise to 20 1 of distilled water while

stirring vigorously. The granule size is about 1-3 mm.

30 The Dbinder 1is removed from the granular material at
450°C in air in a fused silica crucible. To produce
intermediate 3, the granules are ignited in a heat
treatment at 1000°C in a covered crucible for one hour.
500 g of ethanol and 750 g of intermediate 3 are milled

35 and homogenized in a PE container by means of milling
media to produce intermediate 4. The average particle
size of intermediate 4 is 5 um. The intermediate 4 1is
applied in a layer thickness of about 300 pm to a fused

silica crucible by flooding once. The layer is dried in



size of intermediate 4 is 5 um. The intermediate 4 is applied in a layer thickness of about 300 }Jam to a
fused silica crucible by flooding once. The layer is dried in - 35 air for 24 hours and subsequently
fired at 1125C with a heating and cooling time of 8 hours. The coating is defect-free and not powdery.
The binder 5 content of the coating is 20% by weight>Example 12: The intermediate 1 is produced by
homogenization ogilro %200 g of etha”°|a§§50§3%fe'”8§}!t -B, §§8ch of UI?IIE2 Fh;lzep e%qnldcgoo g of PVB

. ) r . hours. r a . . .
by means of silicon Aitrice” mil ing media’in a PE container on a set of roﬁlers. intermediate 2 is

produced by spray gr&RtaE8nBtdintefmediaté 1T hethiRdeP i removed from the granular 15 material
at 450C in air in a fused silica crucible. To produce intermediate 3, the granules are ignited in a heat

treatment at 800Crifa eoveregycrusible-fioraner hour 500 gof ethane! and 5@ gwf iatermediate 3 are
milled and hopogggligte&ip %_PEtBB”@éQ%E% means, of %9 ruiél[.lngl@.edia to produce intermediate 4.

The average particle size of intermediate 4 iS 2.5 tam. The intefrmediate 4 is applied in a layer
thickness of about 400 }am to a fused silica crucible by flooding once. The layer is dried in air for 24
hours and subseqtredily 5 fired at 1125C in air for one hour with a heating and cooling time of 8
hours. The coating is defect-free and not powdery. 30 The adhesive strength of the coating is shown

in Table 1, and the tesults ef thetapetest aresshgwrdn Eig. L Thedensity;ofthecoating is 1.22
. - A ! L o
g, o e gl e g 0 by e, e poger plent g going s 1%
E10 and 200 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
The intermediate 2 1is produced by spray granulation of
intermediate 1. The binder is removed from the granular
15 material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are ignited in a
heat treatment at 800°C in a covered crucible for one
hour. 500 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container by means of
20 milling media to produce intermediate 4. The average
particle size of intermediate 4 is 2.5 um. The
intermediate 4 is applied in a layer thickness of about
400 pm to a fused silica crucible by flooding once. The
layer is dried in air for 24 hours and subsequently
25 fired at 1125°C in air for one hour with a heating and

cooling time of 8 hours.
The coating is defect-free and not powdery.

30 The adhesive strength of the <coating is shown in
Table 1, and the results of the tape test are shown in
Fig. 1. The density of the coating is 1.22 g/cm’. The
binder content of the coating is 15% by weight. The
oxygen content of the coating is 13% by weight.

35
Example 13:

The intermediate 1 1s produced by homogenization of
1200 g of ethanol, 2450 g of Inosil S-B, 4580 g of UBE



1200 g of ethanol, 2450 g of Inosil S-B, 4580 g of UBE - 36 E10 and 200 g of PVB by means of silicon
nitride milling media in a PE container on a set of rollers. The intermediate 2 is produced by spray
granulation of intermediate 1. The binder is removed from the granular 5 material at 450C in air in a
fused silica crucible. To produce intermediate 3, the3granules are ignited in a heat treatment at 900C

in a covered cruciple foraorgje t}%g]r 5000% ofﬁ%angl an%gasrgsg og gntermeijciatne 3narg rin'léed and
homogenized in a lg container y feans o mi IYng media to prodsuce intermediate 45 The average

particle size of intBrmediate A55'53am” The GRtefiABaAtE 2his SPpliedifita 18yerthickpEss of about
350 }am to a fused's#icardreciviel bytfoodingsonoe dives dayer isdried iy airfor 2dilboursand
subsequently 15 firedatd20G i @ gasnfiredifumace withanheating rad eaeling-timeraf-8 hours. The

coating is defgct-free apd not nowdeyy. 29, The, adhesiye strength, of the, coalng 45, showq in Table 1,

and the results of the tape test are shown in Fig. 1. The binder content of the coating is 15% by

weight. The oxygéH Cohtent oPHHEESSS fs Tt.396%y WEGHE 25 Exampie i4: Sthe'ifitefmediate 1 is
produced by hombgétizéatie® bRerZ005g oPéthanoll 2480 gotdnedil STBCc4586 g o UBES30 E10 and
200 g of PVB by means obsilicgn sitride maitlinig mwediarihoa & Eoconitaineroria set oBralless. The

intermediate 2 is produced by SPray.granuation of, intermediate 4. The.binder ig removed from the
granular maltgrial at fllslonc inmaigjin a fused gi(ljiggccerucitrxllgéToe?%?i grcoeduge i”% rmeéj‘ifatjc_g 3 ethe granules
are ignited in a heat fréatment a%§00t8 in‘a covered crucibie for one hour. 470 g ot e?ﬁanol and 750 g
Of"ﬂeﬁnedkﬂei3§ﬁ¥tiCle size of intermediate 4 is 5 um. The

intermediate 4 is applied in a layer thickness of about

350 pm to a fused silica crucible by flooding once. The

layer is dried in air for 24 hours and subsequently

15 fired at 1125°C in a gas—-fired furnace with a heating

and cooling time of 8 hours.
The coating is defect-free and not powdery.

20 The adhesive strength of +the coating is shown in
Table 1, and the results of the tape test are shown in
Fig. 1. The binder content of the coating is 15% by
weight. The oxygen content of the coating is 11.3% by
weight.

25
Example 14:

The intermediate 1 1s produced by homogenization of
1200 g of ethanol, 2450 g of Inosil S-B, 4580 g of UBE
30 E10 and 200 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
The intermediate 2 is produced by spray granulation of
intermediate 1. The binder is removed from the granular
material at 450°C in air in a fused silica crucible. To
35 produce intermediate 3, the granules are ignited in a
heat treatment at 800°C in a covered crucible for one
hour. 470 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container by means of

milling media to produce intermediate 4. The average



milled and homogenized in a PE container by means of milling media to produce intermediate 4. The
average - 37 particle size of intermediate 4 is 2.5 tam. The intermediate 4 is applied in a layer
thickness of about 2000 }am to a fused silica crucible by flooding. The layer is dried in air for 24
hours and subsequently 5 fired at 1125C in air with &heating and cooling time of 8 hours. The coating
is defect-free and not P\Aﬁgeery. Tir%ee bind?r content of the tceoatiqg isilsS% %y5we;9ht. T%e oxygen 10
content of the coalfing i57 .6%Sby wejgﬁ : Exa.mﬁle. “fhe intermediate 1'iS produce gy
homogenization of "5 1208 'g*bf ethahd|, 2450 § Of tfosil SBEA580'§BTIBE EL0PAT 200 g of PVB
by means of siliconOdifriden mikingemédiadd a PE coataimer orbad settof rallersd The. intéhmediate 2 is
produced by spray gyanrulation of iintermediaterl. ke binderds remaved framdbggranular 20 material
at 450C in airdn afysed silica crugible. o produce intermediate 3, the granules aregpited in a_ heat
treatment at 900C under a nitrogen atmosphere in a rotary tube furnace at a residence time of 40
minutes. 500 g of &th&ndIAHE 750 g of intermediate 25 3 are milled and homogenized in a PE
container by means of milling media to produce intermediate 4. The average particle size of
intermediate 4 is Gtamcdhe iindermediatect ts-apphkediiica tayer thickress ofrakouti 4684am to a
fused silica crucible,Qy floodipg opge. The,30 layer is dried in air for:24, hoursiand subseguently fired
at 1125C in f\ogas-firggl efggn%cfe g/}lltg a Qegtina :_;ngd goggg time g{ Sthurs. The coating is defect-free
and not powdery. The bindef 35 content of the Coa ing 1s 1}%§5A)%y \%elght. The oxygen content of the

coating is 9.1% by weight. Detailed description of the figures
Example 15:

The intermediate 1 1s produced by homogenization of
15 1200 g of ethanol, 2450 g of Inosil S-B, 4580 g of UBE
E10 and 200 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.
The intermediate 2 is produced by spray granulation of
intermediate 1. The binder is removed from the granular
20 material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are ignited in a
heat treatment at 900°C under a nitrogen atmosphere in
a rotary tube furnace at a residence time of
40 minutes. 500 g of ethanol and 750 g of intermediate
25 3 are milled and homogenized in a PE container by means
of milling media to produce intermediate 4. The average
particle size of intermediate 4 is 6 pm. The
intermediate 4 is applied in a layer thickness of about
400 pm to a fused silica crucible by flooding once. The
30 layer is dried in air for 24 hours and subsequently
fired at 1125°C in a gas—-fired furnace with a heating

and cooling time of 8 hours.
The coating is defect-free and not powdery. The binder
35 content of the coating 1is 15% by weight. The oxygen

content of the coating is 9.1% by weight.

Detailed description of the figures



- 38 Fig. 1 shows the results of the tape test. Fig. 2a and 2b show a comparison of schematic
depictions of a layer applied in pulverulent form (Fig. 2b) according 5 to the prior art (EP 963 464 BI,
WO 2007/039310 Al) and a layer according to the invention which has not been applied in pulverulent
form (Fig. 2a). The pulverulent layers have a low adh&sive strength and defects can easily occur as a
result of mechani%all strefs.sﬁlrg) %gdgﬁ?’ rleOS%qv%/geg re iglée% gvheicb:ggve become detached from the
crucible walls or from thé bottom of the Crucible; e.g. during c%arglng, can be introduced into the melt
by convection in the process and lead to contamination of the silicon ingot. Infiltration of the layer due
to the high 15 por&sity ahd theprésendeof largemores san lead toltheasamedeffect. Examples 1 to 15

lead to a layer corsespondipgrtathe depictiondn Rigu2anHererthefingnessofiheo 20iaggregates
corresponding to the [prglgn%pif_ the agjg@nq@eg stlicon, ngliiggvglg t%&pp&%%s%@sigg@{s ;0.2 Jam-30

Yam (primary and aggregate size) . The size of the pores is typically < 5 tam, predominantly < 2 tam.

25 Layers corresp]o?‘?fﬁﬁg tOthe" Rtioh%in EiS 208K %}ﬁ{éd e ciifpariiive BXples 1 to 3
and also 4a and 4bWhHen they are applieddntpulbertlentform. Zne tyPical BYgregatessize in coatings
sprayed in pulverugriformsiseas fallowsdBe 4+25 Jam {predominanthys arirmacny aggregates, droplet
size from spray migt).25-504am (fewsprimaryaggeegatesfithissize)s 10-80 lam{composites of a few
aggregates), §0-400 jam (composites of,many agaregales) 3¢, Typical size.of raund 19 sheet-like
pores between pﬁmary aggregates or aggregate composnes:el-z e}am Fpredomlnan y

crucible walls or from the bottom of the crucible, e.g.

during charging, can be introduced into the melt by

convection in the process and lead to contamination of the

silicon ingot. Infiltration of the layer due to the high

15 porosity and the presence of large pores can lead to the

same effect.

Examples 1 to 15 lead to a layer corresponding to the
depiction in Fig. 2a. Here, the fineness of the
20 aggregates corresponding to the milling of the
granulated silicon nitride in the coating suspension 1is
0.2 pm-30 pm (primary and aggregate size). The size of

the pores is typically < 5 um, predominantly < 2 pum.

25 Layers corresponding to the depiction in Fig. 2b are
formed in the Comparative Examples 1 to 3 and also 4a
and 4b when they are applied in pulverulent form. The
typical aggregate size in coatings sprayed in
pulverulent form is as follows:

30 1-25 pm  (predominantly: primary aggregates, droplet
size from spray mist)

25-50 pm (few primary aggregates of this size)
10-80 pm (composites of a few aggregates)
50-400 pm (composites of many aggregates)

35
Typical size of round to sheet-like pores Dbetween
primary aggregates or aggregate composites: 1-20 um

(predominantly)



- 39 Fig. 2c shows a schematic depiction of chipping. Cracks (radial cracks perpendicular to the
surface) which can be formed due to shrinkage on drying or 5 inhomogeneities in binder
concentration and density can occur as layer defects in coatings. When drying progresses further,
during firing or as a result of further progression in shtinkage during use of the crucibles, the cracks

can become Iargekr; and hipg'gl 10 can then £esult Chig%

1 S a schematic depil in&takgsc[?!%ge%hen stresses in the
coating lead to Iocaﬁz’e aetac ment ofc tlﬁe COE{TII’IQ Frgmt e su%strate, é).g. i the case of excessively

high 15 shrinkage of the binder, relatively large inhomogeneities in the density of the layer (which can
occur, in particulafrindhe casexofipulverulert spray recatiigs and leads toron-smiformesshrinkage),
inhomogeneities inthebindercopsentiationdn the=20coating-(depletiondn salgel hinders which
results from diffusipn jnto.the.substate and;thys leads ta . high binder coggntyation.in,the surface

of the layer and thus to nonuniform shrinkage), defects in the coating (e.g. scattered large pores (air
bubbles), 25 crackS (&'5. dfying CAEkE) of Hefetts which are®fiftrddiiced Rt the EGatit e.g. during
charging of a silicorritngot o in the TebfAentatorn bR fumipyrsilioncWhieh isjjustpieling)° 380 Layers in
which the chipping effect occurstpran sineneased extentaresformad-inGomparative Examples 4a and

4b wh_en they are applied hy-wetdnwet spraying.qy, ﬂ%@i&_gean@lalQ@Mseaiﬂofhecﬁ%%P[flgoatingS as
described mllaE 19 %OQC%QSOISeQB AJthen they are 35 applied by these application methods and have
layer thicknesses above about iéé um. Table 1 shows the experimental results of the pull-off test.

Chipping takes place when stresses in the coating lead
to localized detachment of the coating from the
substrate, e.g. in the —case o0f excessively high
15 shrinkage of the binder, relatively large
inhomogeneities in the density of the layer (which can
occur, in particular, in the case of pulverulent spray
coatings and leads to non-uniform shrinkage),
inhomogeneities 1in the binder concentration in the
20 coating (depletion in sol-gel binders which results
from diffusion into the substrate and thus leads to a
high binder concentration in the surface of the layer
and thus to nonuniform shrinkage), defects in the
coating (e.g. scattered large pores (air Dbubbles),
25 cracks (e.g. drying cracks) or defects which are
introduced into the coating, e.g. during charging of a
silicon ingot or in the reorientation of lumpy silicon

which is just melting).

30 Layers 1in which the chipping effect occurs to an
increased extent are formed in Comparative Examples 4a
and 4b when they are applied by wet-in-wet spraying or
flooding and 1likewise 1in the case of coatings as
described in DE 10 2005 050 593 Al when they are

35 applied by these application methods and have layer

thicknesses above about 180 pm.

Table 1 shows the experimental results of the pull-off
test.



- 40 - Claims 1. Slip for producing a durable, firmly adhering barrier layer on a substrate, comprising a
suspension 5 of solid particles, wherein the solid particles comprise 67-95% by weight of silicon nitride
and 5-33% by weight of an Si02-based high-temperature binder and the Si02-based high-temperature
binder is derived from Si02 precursors and has been pretreated by heat 10 treatment in a temperature
range of 300-1300C. 2. Slip according to Claim 1, wherein the Si02-based high-temperature binder is
derived from organosilicon Si02 precursors prepared via a sol-gel process, 15 preferably from a
nanocomposite comprising organosilicon Si02 precursors prepared via a sol-gel process and likewise
containing nanosize solid particles. 20 3. Slip according fo Claim 2, wherein the nanosize solid
particles are preferably selected from among Si02, T, 4192, A1203, A100H, Y203, CeO2, carbon
and/or BN or from among precursors of these nanosize solid particles which are converted into these
solid particles by means 25 of the sol-gel process. 4. Slip according to Claim 2 and/or 3, wherein the
nanosize solid particles’dre SOPFartits. 35 83 Elig*dccordiy At leadt'die bf A4S 9t 4, wherein
the nanosize solid partiEsrH&ve BégRmadified HPatsdTace-Arodifjigagent SHTEREEMAINS an
anhydride group, aéid arfide group, améve groep, SiG@kegroup, hywerolysable radicats of siianes and/or
a 35 (3-dicarbonyl groupnfp Sli acoorling e Glaignt and/arid.iwhereindhesSiQdbaserss
high-temperature bindef, ganbg;abtained. Ry s A, e sgl-geLRracess.hy reactiqn afane,gy more silanes

ofﬂmagenenﬂfornuna(phe SiOz;-based high-temperature binder is derived from

$i0; precursors and has been pretreated by heat

10 treatment in a temperature range of 300-1300°C.

2. Slip according to Claim 1, wherein the S$SiO,-based
high-temperature binder is derived from organosilicon
S1i0;, precursors prepared via a sol-gel process,
15 preferably from a nanocomposite comprising

organosilicon Si0O; precursors prepared via a sol-gel

process and likewise containing nanosize solid
particles.
20 3. Slip according to Claim 2, wherein the nanosize

solid particles are preferably selected from among SiQ,,
TiO,, Zr0,, Al,;03, AlOOH, Y03, CeO,, carbon and/or BN or
from among precursors of these nanosize solid particles
which are converted into these solid particles by means

25 of the sol-gel process.

4. Slip according to Claim 2 and/or 3, wherein the

nanosize solid-particles are Si0O; particles.

30 5. Slip according to at least one of claims 2 to 4,
wherein the nanosize solid particles have been modified
by a surface-modifying agent which contains an
anhydride group, acid amide group, amino group, SiOH
group, hydrolysable radicals of silanes and/or a

35 PB-dicarbonyl group.

6. Slip according to Claim 1 and/or 2, wherein the

Si0;-based high-temperature binder can be obtained by



R,SiAi4_x~ (I) 5 where the radicals A are identical or different and are hydroxyl groups or hydrolysable
groups, the radicals R are identical or different and are nonhydrolysable groups and xis 0, 1, 2 or 3,
with at least 50 mol% of 10 the silanes having x ? 1, and heat treatment of the resulting reaction
product in a temperature range of 300-1300C. 7. Slip according to at least one of Claims 2to 5, 15
wherein the nanocomposite can be obtained by the sol- gel process by reaction of nanosize solid
particles with one or more silanes of the general formula (I): RxSiA(4-x) (I) 20 where the radicals A are
identical or different and are hydroxyl groups or hydrolysable groups, the radicals R are identical or
different and are nonhydrolysable groups and x is 0,71,%2"or 3, with at least 50 mol% of 25 the silanes

having x ? 1. 8. Slip acequling fo atleast.one ofdhe preceding daims, whereinthe Sigghased
high-temperature binder hts been gregegted bf/ e?g treatment in the 30 temperature range of
700-1150C, preferably %60- 658C.°5% Iipoé:rcn@of%iiﬁg to at least one of the preceding claims, wherein
mixtures of5i02-based high-temperature binders which have been pretreated at different 35
temperatures are present. 10R8lig acoording to at least bne of the preceding claims, wherein the solid
particles comprise 35-90% by weight of silicon nitride and 10-25% by weight of the - 42 Si02-based

high-temperature bindeypreferably. 808820y welght ofrsilican nitride; ard 12-20% Hy.weight of the
Si02-based high-tempeygtyre. Hindgr.3 1d- Slinaecringgoatleagt.ene g the preceding,
are 1identical or different and are nonhydrolysable
groups and x is 0, 1, 2 or 3, with at least 50 mol% of
10 the silanes having x 2 1, and heat treatment of the

resulting reaction product in a temperature range of
300-1300°C.

7. Slip according to at least one of Claims 2 to 5,
15 wherein the nanocomposite can be obtained by the sol-
gel process by reaction of nanosize solid particles

with one or more silanes of the general formula (I):

RxSiA(4-x) (1)
20
where the radicals A are identical or different and are
hydroxyl groups or hydrolysable groups, the radicals R
are identical or different and are nonhydrolysable
groups and x 1is 0, 1, 2 or 3, with at least 50 mol% of

25 the silanes having x 2 1.

8. Slip according to at least cne of the preceding
claims, wherein the S$iO;-based high-temperature binder
has been pretreated by heat treatment in the

30 temperature range of 700-1150°C, preferably 800-1050°C.

9. Slip according to at least one of the preceding
claims, wherein mixtures of S$Si0,-based high-temperature
binders which have been ©pretreated at different

35 temperatures aré present.

10. Slip according to at least one of the preceding
claims, wherein the solid particles comprise 75-90% by

weight of silicon nitride and 10-25% by weight of the



claims, wherein the Si02-based high-temperature binder is present as granules. 12. Slip according to
at least one of the preceding 10 claims, wherein the silicon nitride and the Si02-based
high-temperature binder are present as mixed granules. 13. Shaped body which comprises a substrate
having a durable, firmly adhering barrier layer, with the 15 barrier layer comprising 67-95% by weight
of silicon nitride and 5-33% by weight of an Si02-based high- temperature binder and having a total
oxygen content of 5-21% by weight, and can be obtained by a process comprising the steps 20 a)
provision of a substrate, b) application of a slip according to at least one of Claims 1-12 to the
substrate and c) hardening of the applied slip by firing af &n-elevated temperature to form the durable,

firmly 25 adhering barrigrdayess14. Shaped hody-accrding de Claimek3 whereinthe sbafrier layer
comprises 75-90% by weight of silicon , nitride and 1 -25%dbyl\y§mt Qg the SIO -baste lHLQh 30

‘nitride an

temperature binder, preferag{)l 80-88% by weight of silicon nitride and 12-20% ty v(\)/eig t of the
Si02-based high-temperalare bitder 15 SREBSHISAY a2tdfdihg to Claim 13 and/or 14, 35 wherein
the barrier layer has a total oxygen content of 6-18% by weight, preferably 7-15% by weight. 16.
Shaped body accordinglto- at Faist orewwfir @laims ¢ 345, Wiresreincdhe bafriehkayersceanfigured - 43 as

a multiple layer in which:tha estermostdayerfacing @waydfsamitbgrsukstrate:basa toialkexygen content

of not more than 21% hy weight preferably fotdgore than 12% by weight. 5 17. Shaped body
according to at least one of

12. Slip according to at least one of the preceding
10 claims, wherein the silicon nitride and the SiO,-based

high-temperature binder are present as mixed granules.

13. Shaped body which comprises a substrate having a
durable, firmly adhering barrier layer, with the
15  barrier layer comprising 67-95% by weight of silicon
nitride and 5-33% by weight of an Si0O;-based high-
temperature binder and having a total oxygen content of
5-21% by weight, and can be obtained by a process
comprising the steps
20 a) provision of a substrate,
b) application of a slip according to at least one of
Claims 1-12 to the substrate and
c) hardening of the applied slip by firing at an
elevated temperature to form the durable, firmly

25 adhering barrier layer.

14. Shaped body according to Claim 13, wherein the
barrier layer comprises 75-90% by weight of silicon
nitride and 10-25% by weight of the SiO,-based high-

30 temperature binder, preferably 80-88% by weight of
silicon nitride and 12-20% by weight of the SiOz-based
high-temperature binder.

15. Shaped body according to Claim 13 and/or 14,
35 wherein the barrier layer has a total oxygen content of

6-18% by weight, preferably 7-15% by weight.

16. Shaped Dbody according to at least one of

Claims 13-15, wherein the barrier layer is configured



Claims 13-16, wherein the barrier layer is configured as a double layer comprising a first layer which is
applied to the substrate and has a total oxygen content 10 of not more than 27% by weight, preferably
not more than 16% by weight, and a second layer which is located on top of the first layer and has a
total oxygen content of not more than 21% by weight, preferably not more than 12% by weight. 15 18.
Shaped body according to at least one of Claims 13-17, wherein the substrate comprises quartz,
graphite, ceramic, Si02 (fused silica) or an iron alloy. 20 19. Shaped body according to at least one of
Claims 13-18 which comprises a nonmetallic substrate, wherein the hardening of the applied slip is
carried out by firing in step c) at a temperature of 700-4800C, preferably 1000-1225C, more preferably
1050 25 1200C, even more pre ecrabb_{e 1975'1175Cwﬁ9<:rﬂc%lr?élyo \&rgfremrgbly };og-l%goc. 20. Shaped

body according to at least one of Claims 3518 Whic comprises a meteﬁﬁc su‘\f)s%rate,C 36 wherein the

hardening of the appliet'&ip i&°Ari&Bout B FiiRGSn 288p ) SPA EnTe ke TFS6OT 1660C,

preferably 600-900C, p¥tfictlaf§ prerstaBly® 70D-850Q1 86 2t SKapedhotfFactording & at least one
of Claims 13-19 whichlig%a melingairucible having a substrate composed of quartz, graphite, ceramic
or Si02 (fused silica) for corrosive nonferrous metal melts. - 44 22. Shaped body according to at least

one of Claims 13-20 which isaiser tubg having.a substrate compgsed, of $i02 (fysed gilica) or an iron
alloy for Al metallurgy.CEl a2§m §h_la30_q_c% bocvi% accordigg Jo at least one of

erein barrier layer is configured
as a double layer comprising a first layer which is
applied to the substrate and has a total oxygen content
10 of not more than 27% by weight, preferably not more
than 16% by weight, and a second layer which is located
on top of the first layer and has a total oxygen
content of not more than 21% by weight, preferably not
more than 12% by weight.
15
18. Shaped Dbody according to at least one of
Claims 13-17, wherein the substrate comprises quartz,

graphite, ceramic, Si0O; (fused silica) or an iron alloy.

20 19. Shaped Dbody according to at least one of
Claims 13-18 which comprises a nonmetallic substrate,
wherein the hardening of the applied slip is carried
out by firing 1in step c) at a temperature of 700-
1300°C, preferably 1000-1225°C, more preferably 1050-

25 1200°C, even more preferably 1075-1175°C, particularly
preferably 1100-1150°C.

20. Shaped body according to at least one of
Claims 13-18 which comprises a metallic substrate,

30 wherein the hardening of the applied slip is carried
out by firing in step c¢) at a temperature of 500-
1000°C, preferably 600-900°C, particularly preferably
700~850°C.

35 21. Shaped body according to at least one of Claims
13-19 which is a melting crucible having a substrate
composed of quartz, graphite, ceramic or 8Si0O, (fused

silica) for corrosive nonferrous metal melts.



Claims 13-22, wherein the barrier layer has a thickness of 80-3000 pm, preferably 150-2000 pm, more
preferably 200-500 pm. 10 24. Process for producing a shaped body according to at least one of
Claims 13-23, which comprises the steps a) provision of a substrate, b) application of a slip according
to at least one of 15 Claims 1-12 to the substrate and c) hardening of the applied slip by firing at an
elevated temperature to form the durable, firmly adhering barrier layer. 20 25. Process according to
Claim 24, wherein a nonmetallic substrate is provided in step a) and the hardening of the applied slip
in step c) is carried out by firing at a temperature of 700-1300C, preferably 1000-1225C, more
preferably 1050-1200C, even more 25 preferably 10753-4175C, particularly preferably 1100- 1150C. 26.
Process according to Glaim 24, whergirya ngg@g%lg;bbsy@t%g:% proyidedjnsteg ayagd, the hardening of
30 the applied slip in siep £ cﬁ is car[?ed out g flrlng at a temperature 43590 JEOOOC referably
600-900C, particularly pre era 00%850C. 37, LJ:se of a sha eg body accordin aﬁeast one of 35
Claims 13-23 in the fief of%lo??oswguﬁ(?ﬁferlsdd"sl?ﬁétal el 28 11de 01'7‘<l;\]‘r‘?15élt|r%D Erudible according
to Claim 21 for produéiggadilisedymelts, for accommodating liquid - 45 silicon and/or for crystallizing
liquid silicon to foren silicon blocks. 29. Use of a riser tube according to Claim 22 in Al 5 metallurgy, in
particular low-pressure Al castifled  body according to at least one of

Claims 13-22, wherein the barrier layer has a thickness

of 80-3000 pm, preferably 150-2000 pm, more preferably

200-500 um.
10
24. Process for producing a shaped body according to
at least one of Claims 13-23, which comprises the steps
a) provision of a substrate,
b) application of a slip according to at least one of
15 Claims 1-12 to the substrate and
c) hardening of the applied slip by firing at an
elevated temperature to form the durable, firmly
adhering barrier layer.
20 25. Process according to Claim 24, wherein a

nonmetallic substrate is provided in step a) and the
hardening of the applied slip in step c¢) is carried out
by firing at a temperature of 700-1300°C, preferably
1000-1225°C, more preferably 1050-1200°C, even more

25 preferably 1075-1175°C, particularly preferably 1100~
1150°cC.

26. Process according to Claim 24, wherein a metallic
substrate is provided in step a) and the hardening of

30 the applied slip in step c) is carried out by firing at
a temperature of 500-1000°C, ©preferably 600-900°C,
particularly preferably 700-850°C.

27. Use of a shaped body according to at least one of
35 Claims 13-23 in the field of corrosive nonferrous metal
melts.

28. Use of a melting crucible according to Claim 21

for producing silicon melts, for accommodating liguid



_45_
silicon and/or for crystallizing liquid silicon to form

silicon blocks.

29. Use of a riser tube according to Claim 22 in Al

metallurgy, in particular low-pressure Al casting.





