- 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 shaped bodiesgri Jhe f(i)eéd 1_91; é:oirr?‘%ia\ﬁ:nonferrous metal melts, in particular as

. . . . o
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 meltifgandrecsystallizatiomofisificondletks 20 ¢ingots) eormprismg:-silicongarticles, silicon
granules or silicon pieges ase carried.eutysing crucines made-of graphiteransilicon-nitrdde, but mainly
Si02 (fused silica). ﬂ%t? haying the sc{ggggga@grosguc%gg 2and kpg&@es&g%g@ilglengongthe melt during

precisely 25 defined cooling {)rocesses, and these ingots are subsequently cut into thin wafers and form

the active constitueHtdt piotsvditiic Gnitt it lifportart heré thit thB Soldt 'Silicon qddifty is 30 not
adversely affected BPHe pthteridls tsed in 'Bro€tssing, e.ghehitgicrucibles; a@the ailikon melt can
solidify without defestsandicarebe semoveds uidamaged froym the ericiblesdn thisaaontexk it is important

to prevent corrosivegfiaek; ofiqujd silicon 35 4petal onithe crucihle materiah, sincehg mgly would
otherwise become contamina ed. Fgr@ermore, a%hesmn, |nfgtrat|o anlg d|ffg$|bono{ead torproblems in the
. .such a %P% odg an @f use of such shape odies 1

demoulding of the |n%ots, So that there is a risk of -

the field 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 1is
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, it is
important to prevent corrosive attack of liquid silicon
35 metal on the crucible material, since the melt would
otherwise Dbecome contaminated. Furthermore, adhesion,
infiltration and diffusion lead to problems 1in 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 or sotfidified silicon block is to be avoided at all costs,

since silicon undergfoest\{lerrg Ia(rfq(e therrrr@l ex ansﬁon%seo thag very ssr;ntaallﬁrlnr?unts 9{ gghgring material
lead to mechanical stress and Thus o fracture of the crys%aljﬁﬁe structure; which resufts in reject silicon
material. In alumini%%]étallurgy, 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
range from 650 to 80RC thesssriser wbeshavento be coated with, refractory @xidasornitrides at regular

intervals in ordaer toc%%igbel)g:,gsgﬁ/ggéraao_i@ﬁgggggqn 91;@@@?0%5 B@J%@%lﬁ‘ byith_gnl'kguéq%uminium. In the

case of iron alloys, the corrosion mechanism is a_dissolution mechanism, while in the case of fused silica

silicon dioxide reacts With tR&HiGiterPalbmifiut aélordfgto° the rRadiish E4tRtio " 33'Si0 2 + 4 Al -->
2 A1203 + 3 Si. AdRérihguredetibhPréductsand mcttresidoes abe formet ohethe filisetndilica riser tube
and different 35 coefficientsiaf @xpansion between wiser tube and corrosion products lead to premature
failure of the riser tube. Use is usually made here of coatings of aluminium oxide or boron nitride which

are applied fram slips containing grganic binders by dipping, bIushing -3 )i qirying or
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 1is a dissolution
mechanism, while in the case of fused silica silicon
dioxide reacts with the molten aluminium according to
the reaction equation:

30
3 810, + 4 A1 —--> 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 1is 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 atloy or fused silica. However, the costs of these
silicon nitride tubes are many tilng]es thtqlto%fes\,;[agdar% S10 a[iserr etgg s haal' g ah%oat(i:%% Firi%rdart Melting
crucibles made of fused sﬁlcai,/grgpihite or 15 ceramic and provided with silicon nitride féyers for the
purpose of avoiding Stckig betieen Rrlting L Efkibie G nGafetfotsibtdls aftef £Ontdtt of the melting
crucible with solidifying aionferreusmetahsals,fe.gosilicorrmetlisa aragaown fiomiER Q68464 20 B,

Here, the layers comgrise a bigh-purity silicegy aitride;pewdet.uHaese pawsdergoatings: atghapplied
directly by the yser before yise of yg%mglti_nghg%cib!aqgeang Aareprody edil?yegig,petrgwgﬁgh-purity silicon

nitride powder in a solvent and then applying 25 it to the crucibles by, Tor example, spraying of the
suspension. The sofErt&id &ny*oghnic Bidér EbHstittients bs8d havé t&bEteMdved BY thermal after-
treatment. 30 The high-purity silieen Atridelitselt hasben foarnd tobesvemaelRensi€ally resistant towards
silicon melts. Howeverpthe weightieéthe melt alone teads/to-forcede wetting or infiltratiers of the porous

silicon nitride powder Jayey. This therefore,Ras to;have such a 3athickpgss that it cannot he totally
infiltrated andlc n ther%for%utigsselgve as barrier or demoulding layer. However, such thick layers are in

turn correspon ingl;r/lssoﬁ and not pfﬁfiéﬂ%r@/ gﬁ)r%sfonr%r'esistant, 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 between 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 user Dbefore use 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 silicon powdet, thips or pieces. Prior coating of the crucibles
other 10 than dlrectlcyr%t thglpomt 01; use is thus not Ipo%lble. tFurtherr]rg}ci)rr]eﬁ owing tQ ]ghed?oft powder

. 1 S n O, men . ra O ou e . .
coatings, extreme care has ?O be taken when c%arglng tﬂg CI’UCIBISE% w arge pieces of material in order

to avoid damage to thePRyer Infadditon, GRdesifalte takddTesidid<SE5 occur because of infiltration of
the porous silicon nitride powder layer by the molten silicon. Introduction of silicon nitride into the silicon
ingot likewise occuts,2Q Ta-alievate; these praklems, WQ 2007/Q3930 Al preposes a melting crucible

having a coating coprising, from,80 ,10.95% by weight of silicon nitride and, fram,§ 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 loWRMp&ratte Binder 1€ préferabiy i sio2 5ased bifider but 35 also possible
to use silicon oxynitfielet HoweVeratife bavitdrmperatgre mpeéralbindemean fikewisebé arsol-gel binder or
an organometallic compound based onesilicen chenistrywr:30 comprise 5ik2 nanopasticles. The coatings

are fired at temperaturgs below 800 and:preferably helaw 500C:in. order 4o keep oxidation of the silicon
nitride low. T ree pcrgferr%g coatciq mecth gs are described for this purpose. 35 In th%ftirst method
. - an. &rec a e §01nt ﬂ use 1S ! thrPOSSl e.
(reactlve Iayer , Silicon nitride powder and organometallic compounds of silico
Furthermore, owing 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. 1In 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 SiO;-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 Si0O; nanoparticles. The coatings are fired at
temperatures below 800°C and preferably below 500°C in
order to keep oxidation of the silicon nitride 1low.
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 coating i8 then heated to a temperature below 500C to
stabilize the coatin ;A0 tgg secon Srg?ghr%d (l%i]rgder S |Litri10ar]c)itl’}]es sili%)gr égfnitgc%% pqnvgc}ii%r is mixed with
an Si02-based binder from the é’rou consisting of silicone ofl, siloxanes, chlorosilane or combinations
thereof and this mixdtieé i?su%é’tfdg‘hﬁ/ sprayed'SirRMRTRE ‘aid of Bredttive "iddid fidm the family
consisting of acids 15 fthydrechioit adgitdeniteicAcidf silicicawid tsitieon L tetraichlofideror ahether suitable
acid) . The coated erigcible isdbgenihaated tos tempesatine belaw-300E 1o kemevedeagtign liquids. 20 In
the third method (saturated solution and  pracipitation),.silicon pitride powderis mixed with, Sio2
submicron particles and/or Si02 nanoparticles, preferably colloidal Si02, and this mixture is subsequently
strengthened on the Erucit&urfatd 1525 trernfal ré&&tiSH 6 BREmicat t84ction Using a Suitable
neutralizing agent. Thélebhi€d cilciblecisthed 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 producing a

durable hard coating, Wﬂhéheslaegﬁacqrwg@@ag nanesize salich particles andjor RIecUrRars thereof
prepared by &sol- gel progess, The lavers whish can.be produced therefrom, arg, mpermeable and have
a good adhesive streng]fh, ut35 it is only possﬁ) e to apply de ect-free coatings up to- a maximum layer
thickness of about fé(?umgtﬁ?’t’ﬁﬁs consisting of silicone o0il, siloxanes,

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 1is 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 Dbinder 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 pm 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: I® application of these coatings by dipping, flooding

10 or wet-in-wet sprlaryin |et iscngi;c%ssitgrl% fo gggly I6a3/er itgiézgnesge% 8f 95%a7t}eé§ an &8£ um without
cracks or other defects being ormed: However, defect-iree coaﬁngs having a hig Iayer%hickness are

very important for Gitingerddéibied’sn andinddstriat scalel£5 Shce ther8urfacBs TTiRE Cricibles have a
certain roughness drddhe surfaces travetybexoated bica centaivumiisimuntthiekfessieven at the

relatively high pointss &ihigher tayer 1hickness is alsogequireehfom the eoating: pf lasge crucibles. 20
Application of powder (coating by means, af spraying) alse cannof,entirgly.avaid these disadvantages. In

addition, such an application of powder brings with it the disadvantage of inhomogeneity of the layer in

25 respect of bindef 4 pofeGistisutiBA ARG thu& Yedaced stréiigth)dhd =<8 3Hicdh nitfide
contamination in thé'fstef process-dgring atelfifig of the ingots (as in EP 0 963 464 B1). 30 In addition,
the binder concentration in the fired coating cannot be set reproducibly when using this type of

low-temperature binders, ypder pracgss cendifons of dadustiial manufacture, singe the binder changes
continually dU{i g the syntr%gsis as a function of 35 temperature atmosphebric hucmidig/ and storage time
1in n is ndt p e o dpply

. Oﬁ we —we a]ar.a lr% 1 OSs1
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 B1).

30 In addition, the Dbinder 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 application (as described in WO 2007/039310 Al, in particular in the case
of the first two prefe%%d gggi;cin meth%%)é sincC r%preoducilbrlle bgggvio%ri in terms og Ighe 1g)iender 10
reactivity, binding, s rm%age, diffusion Into the suabs?ra?e or evaporation orf?ow m&ecular weight
precursors or condétisates ¢afifiot e TegtifitEa becaitdeC of té Agh rEactivity 'of thé components. 15 In
the case of low-temperature binders, diffusion of the binder (sol-gel, salts, precursors of Si02,

intermediates) can alse giffuse igto theiporeys substrate;and 1w molecular weight compenents of the
binder can vapgrizetguri&gn@%qg, S0 égatitlg_e gg compositign of the. layer Qegqmggldag@éﬁt}gd in binder in

an uncontrollable way. Depletion of the coating.in binder at the contact surface to the crucible leads to
increased chipping, iR Particuldr Guring¥ing st the Hating'8F tifing tHE process ot ing6t production. 25
The layer defects o€@wtinginthel eoaltifigs 08 4. Ocraeks pekpenticuled 16 the layer surfadesand in
particular chipping, casaestlt imadhesion afigilicore te the ¢ruciblei materéal g, ingoh peoduction. 30

Chipping (detachmentof flakes-afthe ¢eating ta.the total depthy, possibly inglyding grygcible material)
results from c?a%ﬁks jfrle g}:ec Eevqgn of the contact zone between cogg%g 1g;mdosubstra?tg wr%i%g lead to local
e wa

/ ndlng, shrin e sjon 1
detachment of the coating. As a result, adhedion oFtlﬁe £ Métal melt to the crucib | can occur when
the substrate or evaporation of 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 Si0;y,
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 will Be -formed in the ingot during solidification, which 5
reduces the yield of.usa? eesilicon f%fglaﬁ ceIIlProd ctioghlet has been f%l.fl]nd that, fo exa%nple, the

. : 1 dl . g \ .
surface activity of the silicon nitride powderS can differ 10 signi |caa{:r%ﬁ/rfrom batchto'batc , irrespective of

the manufacturer. THESe differefdscan be &fendd'But B A certafiextent by hestitfeatitent of the
powder before mixmgtwith allow-temperatarechinderge.g.isikdersdrome hrorkat, FEOS arel others), but

not to such an extert-ladhat the desiked properties f the$i3N4-containing: layers preduged therefrom
no longer differdfrom ong . another, Inaddition e the.ahqvementioned disadvaniages, there 20is a

disadvantage in terms of occupational hygiene since precursors and reactive groups are present in the
coating suspension8 11 W6 2037/039310 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 components such
as Si02 nanoparticles, precursese of Sid2 nanopasticles o towe raalecalar weight palymaeric structures

composed of Si02- goptajning organometallic;sggrmpeundswhigh argdisedin WO 200039310 Al and DE
10 2005 050 593 Al are 30Q likewijse respirable and can be breathed in or contacted during spray
apploaton in Do A e e R TIERRY 1) Seciaae v EN 404
and also at least gl6VEs ARG 'Saféty glddes® differences can be evened out to a

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 1in 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 wused in
WO 2007/039310 Al and DE 10 2005 050 593 A1l 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 particularty Suitable for applications in the field of solar silicon
processing without having the disadvan@gj%sclﬁn%vgnér}wlthel ‘rrig;l It The slip should, in particular, make
it possible to obtain defect-free 10 coatings-having a hlg%er ayer fhickness and improved adhesive
strength. In addition, a durable and inexpensive coating for applications in aluminium metallurgy should
be provided and, inparticulahdhe foperatimgdifedor risér tubesishould benintreasedv 1&Sammary of the

invention The abovemegtiened ghjsstisiachieveddnsa slip fari progucing a-durgbles firmbr-adhering
barrier layer onza Zpawwatgnaccgrdingl}gs(glﬂrpell, a shaped boggﬁcgggdingl@ygtaim 13 comprising a

substrate having a durable, firmly adhe,rln%barrler layer, a process for ,producm% such a shaped body

according to Claim B4 and the*ude of ‘Stich™a Shdéd BB8y Heebrdif§ to Cldifs 2728925 Advantageous
or particularly usefu ehgifodiméntsictthe subjectmaited of thelgdtent applicatibnare indicated in the
subordinate claims.dihke inventioneaccondiaglyiprovidesa skp for produciag s30 @ durable] firmly adhering
barrier layer on a supstrate, complising.a suspension.af galid payticlgs o Whegeindhe solidparticles
comprise 67-9l % bx S/g%ight Sof ﬁ‘gi\‘}% nitgid% an 655331% t&wg' 'hélgr'; eaSpSSig%-opa%drgi‘gehc-itemperature
binder and the i02-base(§lﬂ|gh d J Y P

adhesive strength. In addition, a durable 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 SiO,-based high-

35 temperature binder is derived from Si0O; 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% by weight of an 5 Si02-based high-temperature binder and having a
total oxygen content of 5-21% hy.weight and can be obtained by a process comprising the steps a)
provision of a subs%:?fe, 6)175786?%la<)tf6n%1 gncs |%racé)c]fr(c)ixlfnlgéteosthea iniqlgﬁﬁce)ﬁf to%ﬁg ub%kf%a(fg and c)
hardening of the 104PplfetPslip By filR§ Gt HrfelevdtetPtemperatiretto forfi the atrabié firmly adhering
barrier layer. The inventior futheeprovides:fortthe lusercfea shaped bodyaceording to-tHesinvention in the
field of 15 corrosiveponferseus metal melks.in particular thewuse ofa shapedhady ipthe form of a

melting crucible for Sgrgzd_%ng gili%q@m%lgnggg the use _}gi S‘d%]?‘PSQ body in ntgle go_rrg 9f g riser tube in

aluminium metallurgy, in particular low-pressure aluminium casting. 20 It has Surprisingly been found that

o

particularly thick, d8feciSfee ayErd\which adheré wlll afhtarendt powdsry anBe pBiicd by means of
the slips of the invetitios. CorRafTitatioATsT the ingot With sHicBR5Mitrielecisiddsmedyf low. Compared to
the pulverulent coatimgsaccordingto ERS63464i Bd and also sWAD 2Q0#039348 At,ccontasmination of the

Siingot with silicon; Ritride is significantly.lowerin:thecase, gk the caatings-aceording te the invention. 30
It has been fo Bnd thaat tilweelgyer acc rding fo ltp}e ig\éenggn g:ilg\paetl%%ungegnuréa]pol{)é QQQ thceormally stably to
substrate surfaces at]| Sarjticulaﬁ Jf‘ﬁ)gh \éyer J P

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 1is extremely low. Compared to the pulverulent
coating according to EP 963 464 Bl 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 Si02- 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 according to thelihvention, the oxidation of the silicon nitride in air

at the firing 5 tempenrggur@? employed can be reduced si%a%'g%%ntrll comp: f}q to a bindgﬁgee silicon

nitride coating according 0 EP963 484 B1 Gnder identic proée S con ||or%, with the proportion of
oxidized silicon nitfife befity anE6 belrediiéed B§ 20-50947 40 T slipsTof the ifveftion tan be applied
by the preferred applieatioratiethodscofdippiryg, flooding andveet-ipavet sprayimg. ddteisenmethods are
preferred because grore hpmogeneous and denserlayerscan be-15 appliedthan inithecase of spraying

(powder application)., These application mefhads restilt in the, pare size of the fired coatipgs being

smaller and the adhesive strength, impact resistance and scratch resistance being increased compared

to layers applied 205V BaWdRer téchniGued THE fayers becdime rédistahit I ‘Contaét™sid frénsport-stable
and the contaminatip®ref #ié thgotby éonhstitrerits bffthe layeladecrédses isighificRiE2S The slips are
storage-stable and ean&lsa begyroduced usirg watep astsuspension snediumdvhichl isadvantageous for

transport and processing; sincg o dangerous,geeds dhephave tohe transported and combustible
substances czirp not have to be employed for coating the substrates. 30 Compared to the layers described
6

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 4 the coating suspension of the invention, the

thermally treated Si?Z-baCshed high-tgmrperature binder is not resent as, nanogisgerse @hase or as a sol
. n e Qarl SUusS nsion O [S] inve n h

or as ceramic precursors or as mixtures thereor precursor, monomer, tractal acdumulations of

monomers or polyddifeiisate) Butsiaispersed ‘3ie2 Solid oF a5Siper 86lid adRéfif§ To Sificon nitride.
This Si02 solid diffens significaatly ineterms odits s 6 prepearties fronrthe vriginalcsol. dhe sinter activity is

reduced, so that, in contrast todhecoalings kapwasfrem:the prior anawvhich coptaindewdemperature
binders (WO 2@07/%%%%%%@]_, DE 10 2005 OSO&%%@DI a;_grp&qynceggi_nteﬂgg Aand 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 subsB8te’ STRAEE o7 iff the*Gatitiy (Bofit &ftSr Coating aidafterFringSand&so during the
process), for instarelékippifitpldetachment bf flakes bf €dbafing 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 i this way, the 25 adhesian &f the layerito the substrate is-surptsingly stronger

than the cohe jon of the Ia%eirége rndlr_lgcgg the.blnderlcosnoctjﬁ.ntr?ﬂgn |nit£1teelgy%rcv%/ggllntthe conditions

according to the inv%ﬁﬁ%ﬁ particu arﬁ/mlmporta%]ijfgclt%?s are the prei nition temperature of 30 the binder
andtheﬁﬂngtenmm&ﬁuﬁé qﬁgcoaﬁnépat, in contrast to the coatings known
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 1in 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 godd layer properties lead to excellent process-

relevant properties:ﬂqwin to Epe nonéaulverulent Jaayer, ere is_.no or at tEuf most very low contamination
s . e [e)e) laver .rope e e to e e en rocessy
of the silicon ingot, most 1s insensitive toplmﬂ?a& and 5 makes unproﬁFematlca cﬁarglng of the coated

crucible with pieces pbR¥mié. FUrtRSHTGRS coating of targelerueiIBE {YjambElucitblés™y is also possible
and the adhesion dfltke €oatingto the caicibiéenateral is7sexcellent irrthne entirexpicoess femperature
range of 10 ingot manufagture-bhpartigylay, the seating hassthes advaatage thatdefects sach as chipping,

cracks and inhpmogeneities,n e, coating are sighificantly refuced dyring use ot the; gqated crucibles.

This is evidenced by data gathered by ingot manufacturers, for 15 example the number of cracks in the

ingot and the amouht'st forigRaAcId&isits Amond Sther THifgsS theSE dataGive inforifation about the
yield of usable silicsir Yo 36k céll prodiaction THelasé bf e slibs aceerfing t6 thgihivéRton enabled the
number of cracks 2Qdn¢ke trgobih continuotstpreguction tabe eduuced to belowrthel level normal in

production of pulveruent; silicon pitride,layers, and this at anarrow,pumherdistribution gkcracks per
ingot. The nurm)er of inqclusi%nsu\rmagt%@ce) requced. }'Jgec){ﬁld and %reocess 25 stagili%y %}ring ingot
i In

production were inc%élgé)ed.Ibur}lngacharglng 0 co%?/enﬁonaﬁgl’uci% es ocrodautrllr?gg mél g oilumpy silicon,

damage to the coatftfy’€ar 2G¢eur; '&en f5hRGdgetiEities bt defett®ilhe Ccracks an

inhomogeneities in the coating 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 c¢racks 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 1if inhomogeneities or defects 1in the
30 coating have not Dbeen 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 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 dctording to the invention are not damaged or
damaged to a signiéiggg%lg Igsag{gxtlent Sb%/ mlegiwggir(l:aistr%%gurir{% c;cr}laergiggééf deta leen_t of th(_a layer
nevertheless - 14 occurs, this’is S|gn|ﬁcan lower m%hé’ case of the layers accordplng o the invention, so
that the barrier actioR¥aidfuiictiohbfthe fayeris meitaiied™s TRE simpiified’&ppticatioR’by means of
flooding, which is preferred accortimgta tire mvention] sigrificantiye redadesthe times for application of
the coating to substrate material. A spray application to produce pulverulent layers according to the prior

art on a 10 standard slag crusible, having & hase area gt, 6ROXER0 mymez Andwall aregs of 690x400 mm 2

typically takes 20-50 minutes. Application by means of flooding using the coating suspension of the

invention takes aboit 5216 hihtités. TS TkewiSe possitie td15°Alceiérate appiicatioh' by means of
spraying, which typi€allictakes 16-15 Himtite5T6r a2 stahterd tedcibté. IMhaddition; Wet-in-wet spraying
makes it possible toswsereammeraied gtazing robotss2kBrie desariptidn of the drawigscEhe invention is

illustrated with the aid pfdhe drawings, Here, 25 :igyre 4 shewscthe results,of the tapg, tegt; Figure 2a
schematicallylsd:lows a Iaﬁae]g %gcosrgﬁr[lagrto t@e inngtion \A/hich has not b%g}geappg%% Qy pgyder coating;

30 Figure 2b sc emsatt%% shows a layer agc%%lngeto thea‘f)h%? art Whic been applied by powder
coating;

690x690 mm® and wall areas of 690x400 mm~ typically
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 SiO,-based high-temperature binder used according to

the invention 1is derived from SiO, precursors and has

been pretreated by heat treatment 1in 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 SiO2 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 forh® Si02 as a result of heat treatment. 5 The
S_iOZ-based high-terpggraeturgfbi%%r_i?%%t,ecrgbl%gogerié/ﬁg f_roun% o(ggaerslo_s(ijlgfcortlhseioz recursors prepared
via a sol-gel process, rﬁore. preferably from a nanocomposfe cpomprlsmg o.rgano?l icon Si02 precursors
prepared via a sol-gBIFrocEss ant lkewiseCBritaining hanBsize Salitf10"parit|eS T heseSi02
precursors or nanoceposites centalntingSiB2iretursorsare then converted into the Si02-based
high-temperature binders by heat treatment in a temperature range of 300-1300C. 15 The nanosize solid

particles are preferghly seg%ge_qa from argggg_%ig%p&%@gz}ﬁ%ek A%@O%Q@Pg’r a%el(;z carbon

and/or BN or from among precursors of these  hanosize solid particles which are converted into these

solid particles by m&gns 6f the 58 g1 1510R8ES " THE 2001 PafticEs 8 p&tichffify préférably Sio2
particles. The nano€ormpbsHES WHIEIE @fé préferably istrirastordifgC o the mventibRid their preparation
by the sol-gel 25 progessiarerknownyfroasthe priar artpin paticutardfromRELH3:26 815 Al. Preference is

here given to the nap@sizeisolid particles havingbsen surface-modifigd .8 stytaceamodifying agent
having a molelc(ljllar V\geljghtc f’é less Lp}?gsleSOOS i% parti%ular assourrgace(-)@odi irqg %(r)n a gnpévshich contains
an anhydride group?amdlam_l(fé group, amino gfouﬁ, Sioh group, hydrolr)l/sa fe rf iGals” of silanes and/or
a (3-dicarbonyl grod>"AGCSHdIY & préferfedrémbodinént-8Gech gonverted into the

Si0O;-based high-temperature binders by heat treatment in

a temperature range of 300-1300°C.

15 The nanosize solid particles are preferably selected
from among Si0O,, TiO,, ZrO,, 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 is 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, Si0OH group, hydrolysable radicals

of silanes and/or a B-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):

RxS1A (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 1A (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, 2 or 3, with-atléast 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 are

converted into the Sit-Baséd higiittéinperdtufd Bintérs by tidat tredimert it & teMpPersitire range of
300-1300C. In anothedemhodimentiithe Si02-hasedrigh-temperatbose 15 bindercan be dbtained by the
sol-gel process by keactioriefene or mere silanes ot the abave generah famnula(l),and heat treatment of

the resulting reacti 8&%@“%@@8 a temperature range 0£300-1300C. 20 Suitahle examples of silanes of
the above formula (I) are likewise given in DE 103 26 815 Al. In particular, alcoholic Si02-forming sols in

which high-purity siliésh fitridepdwder hd¥bedn dispersed are’lised aS'Siv2° prelirsdri®The use of
high-purity starting éRefiicals 251 (silicorvaitride yoWwderT Silanes: hlcoRdIsS étc.) s préfetied since this
makes it possible tmahtat ety highly pare layekscwhichy in particukar, meetkthei sequirements of the

solar industry. 30 The SiQ2-shased highdemperatiwepinder used,ageerding 1 tbe invention is an
Si02-based bgj_qer W gé:gikr]lae%peeﬁl e;éretreated té\éheatl tcrggtmaent in a terenpteer ture rcang_;gcahoe1c 300-1300C,

preferably 70 150 , more prefera sI)e/ 800-'10 8?21nd as a resuft hasan a juéfleoi) sinter 35 activity, i.e.
areducedskﬂeracﬁ@ﬁ?fbased high-temperature binders by heat treatment in

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 Dbeen 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, 1in particular, meet the

requirements of the solar industry.

30 The SiO,-based high-temperature binder used according to
the invention 1s an SiO;-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, 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 to the Si02-based high- température binder being present as granules. More
preferably, both thehsili%o_ niﬁ”%‘% a,gd the %i(ljg&based hiq@-temgg%aetlrjr% gindegda_rﬁgtyes%nt as mixed

granules. 10 In the case of a §i1apaeo\l Egdy accoertlr‘lg to the im?entlon,at arrier layer has a total oxygen

content of 5-21% bYySweight. TheSoxygetlcohténtidSntraduced o the bifietiaydtiessBatially by the
Si02-based binder .Sl ¢heltetet dXygeh-contertristiess tham 88 by 15 weight, the mechanical properties, in
particular, of the Si3N9-containing coating, e.g. adhesive strength, impact resistance, abrasion

resistance and §cra§% fr(g§gli%gc_e, idseteré'cirg(ge sggﬂgfé%antlé/oThg&qndglg);tgbwseegﬂub%g g is reduced and

the effect of the higher 20 adhesion forces compared to the cohesion forces is_reduced. In particular, it is

advantageous for tH& 1B Bxy58n coritefitto BE 627894 bY Saight, Hiord referably 72159 by weight, in
order to achieve gobdchfechahical préperties. Onlthesther hahdsif e tdtar25 bRygeassshtent is above
21% by weight, thetei ishatiskpef-theurenferrodisrmetal meks €omiag intoxeontact withe the
Si3N9-containing coating being contaminated by dissolution of oxygen in the melts and the barrier action
of the coatinglt8war1dr§ th hnonferrous me%al 30 m Igs ggcr as(ij{‘nyg. Furthergnore, it is po%%ible to configure

: £
the barrier layer as'a mu tlpﬁe Ié:)?esrem which fas thé dutermost Iayércgé)clfnj%%vay from the substrate then

has the 35 above-dé&&itiéd eBmpdsitiditand A totalG¥ygeitcshtént 21 oxygen content

of 5-21% Dby weight. The oxygen content is introduced
into the barrier layer 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 SisNy-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 1s advantageous for the
total oxygen content to be 6-18% Dby 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 Dby
dissolution of oxygen in the melts and the barrier
action of the coating towards the nonferrous metal

30 melts decreasing.

Furthermore, it is 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 |b8ated on top of the first layer and has a total
oxygen content 5 of not more than 21% by weight, preferably not more than 12% by.weight. In this
double coating, the tfi?gta aygfiggsv%s%% b%r? ing aytra]? and' i%% a rﬁ&ﬁer%]{?’enjb% %%;l ﬁ% top layer. If
damage to the uppétlayer aevertigfes§ oteurshedntalfof tie Hietaltelt #ith the £6<ricible is in any
case prevented by thevieattdratayer. theadditiors thewpefficientofihermaliexpansigredf tme bottom layer

is lower than that of-the top layes, sethat hetier-matching-ef the €oating ta the srugihle ematerial in terms
of thermal expansionds B‘SIE_ie\{%df 15 thereby, irgpisbi§ ag@gt}@gleo _§gkg%cgf§g%g@vi%rseudden

temperature changes. Multlgle layers to achieve further dégradation are likewise possible, with the limits

for the upper and b&t6M layer being' maiftainet? 26"Tre Sibtirate of fie SRaped BoditsBf the invention
appropriately comprises uaftzy §raphite> eefamic {mecfuding Silicon rmtritledderantic), Sio2{fused silica) or
an iron alloy or elsetfittre mats: or wegven fakrics. Infa prefersed embodiment;the shapegdiody is a melting

25_crucible having %éQQ%Kﬁ@%%@DQé@QPJ ,quéc!ﬁ%a@@p&‘ﬁetﬁ%r?fﬁ%@éﬁf %Q%t_(f%@&sm%) and is
suitable for t eoprocessmg of corrosive nonferrous metal n]ceeltg, blél] p@ﬁtéc%arg%lllcoqmelts. 30 In another

embodiment, the sh%rp)%%l é&y isa rlgerat%ecﬁa\e/ingrae Stbstrate ompose 8iv2 (?ﬁ’seerd silica) or an

iron alloy or a high-sttertfti-or Heat-rdsistaritofetafie Aoy for afutiiriarh nfetafdyer  ©F
the bottom layer is lower than 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 1s advantageous in processes having

sudden temperature changes. Multiple layers to achieve

further degradation are 1likewise 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 heat-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 pm, 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 invention 5 to t¥e substrate and c) hardening of the applied slip by
firing at an elevated temperature to farm the durable, firmly. adhering barrier layer. 10 In the case of
nonmetallic substra ehse, 8 ?’r?i%%.iﬁog?éepsc)%g C%E}ﬁe& %\G?%%/ é)rrﬁp(%?a ulroees 8%?6&1%%38’, Sreferably
1000-1225C, more Préferally 105t 1200LT ‘&\eh hitte PrefetabRP1675R975C, particularly preferably
1100-1150C. 15 When metatlicisulbstratés are wisedy #iefiring in step c) is carried out at temperatures of
500-1000C, preferahly 600-800€, pacticutarly preferably -2Q0-850€. tnthercase of setadlic substrates,
in-situ 20 firing during use of the shaped badies is particularly preferred. A preferred overall process into
which the production_of the slip of the invention is also integrated 25 comtp,ris,es the following process
steps: 1) mixing of ﬁr)ecur%ogefri%%ioﬁgbagga high® témperatur® bivder’ prerdfabl togdther with silicon
nitride powder and, if approptiadé e Auskifamnes & bbtairkan imtefnddiate du BOPYPgramdiamion of the
intermediate 1 to obtain granelesras iiermediate 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 of the invention 1is also integrated

25 comprises the following process steps:

1) mixing of precursors of the SiOy;-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) application of the intermediate4 ¥® asubstrate and 5 7) production of a shaped
body according to the invggtio?l Pé/ firiQ{g C}he gogg_j\%%h As sili%on Orlmit{jgle ptogvder inoﬁtggéc, 1) aand/or 5),
preference is given to using 3ah|gh-pur| y powdler ose 10 aﬁﬂaﬁ metal and alkaline eartf metal content
is in each case not more tAAAPOTD-BPm End Whase fitsid&and® ERlctide content is in each case not
more than 2000 ppf, whese totah tardyoncgontérs s likewisedictt mofe than2060ppm are whose mean
particle size d50 is 15 not spare than 5 tam. The oxygen content of such high- purity silicon nitride

powders is usually igl)the rﬁ@&&ug{’%% to 1.5% bys‘@(%@@& The recursogs. gﬂﬁgep 1) are preferably the 20

abovementioned nanocomposites composed of precursors of silicon dioxide or silicon nitride, e.qg.
organometallic compound<'8F84itSof Bilichh” i 5ppropriafWwith“addition of silicon oxide nanoparticles.
These are preferably mixed homogeneously with silicon nitride 25 powder, e.g. in a wet milling step or
other mixing apparatusesi Thecauxitiaties iestepilyiean bhenorganie sonpoundsd sueh as polyvinyl butyral
(PVB), polyvinyl alcghok 3Q.(RVA), palyetbylene glycal(PEG) yraxes ok ethanak.solyblespolymers. The

granulation inlséep %M?a‘ﬁ”i%je ut, foaq r%argﬂed

each case not more than 1000 ppm and whose fluoride and

line earth metal content 1s in

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 dsg 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 1in step 1) can be organic compounds
such as polyvinyl butyral (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 preférably carried out in a mixing apparatus, e.g. an

Eirich mixer, to produce granules havi ranule size in the range 5 from 50 }am.to a nymber of
millimetres. The gra%ﬁgﬁ%nl?s r%orseuljrge earla I)Y gﬁgg? daﬁlyéprae;g‘%g ion fng]aclellra%gllﬁ%vehic the
intermediate 1 is in$6ldB@ d?l?ﬁffg‘/“fﬁgrin@ﬁﬁso‘ﬂ?&é‘(&)%h@paﬁ‘ﬁall@%%‘fﬁﬁ]@?%Df]d 9 Precipitated
granules have a granule size i thie xange 2@ from l@slametogpreferablii afew nuillmeetrest and the
granulation is particulaylynpeefesablycarsied,out by spray diying=or spray buildup granulagion, with the

granule size ragging fram aew }am, to,aboyt 150 am or 1f1om.2Q Lo abeyt 500 um, 15 The heat treatment

of the granules in step 3) at temperatures above 300C leads to removal of the organic auxiliaries (binder

removal) and at terhperditfés of fiohT 48087 to £366€ F5hitiBF) 16320 b tréiytheRingof the
granules. The remoVvafisttheldrgamicukiiariés it sRpI3R tWhichiwillialse belrefered 26 85 "binder
removal" below, takes placelin adcattenperaturesinthe sange 25/fram 1300 to 550C, preferably

350C_3t;|500(C aﬂg p%@%?%)l@é@f@c?%‘%#@ﬂ%ﬁﬁ)@v?%d%f%%ﬂ%\@ §§9§b%h§af€i?éi Q%%%IChWLS;ehinh
crucibles (e.g. fused silica) or preferably in a rotary furnace. n step 3), the granules from which the
binder has be%# re%nr&nedg?e [ ev%v_i%e é%?tea?%%e ra%ly %then}éﬁémﬁ%ﬁ?%oé to 1§dbec, more
rneﬂHaMy450C>12©6€Q%%§t10“ 1s particularly preferably carried out by

spray drying or spray buildup granulation, with the
granule size ranging from a few pm to about 150 um or
from 20 to about 500 pm.
15
The heat treatment of the granules 1in 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 batchwise 1in 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°cC. 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 temperatures &re 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 exahiple® 24% By Sveight 98 StitaBle igAitisT tenperattre fof the gfaRtGlesds 600-1100C,
preferably 700-100GCand it0 particuladlypreferabiy 850-950€. Eremrtéemediate 8idortams the

high-temperature bingler rtacsording-tethedinyentian whichy has heen formesas a resultfithe heat
treatment, prefgrably toggther with :15 ﬁwc%'% pétﬁigeilhgdgﬂli%gt @,e %rra@fg%%gwtegozb)_serves to set

the particle size, preferably an average particle’size d50 of not more than 30 tam, more preferably 1-15

tam, 20 even more preferabl§1Ss-107am Ghergarticufary préferably 228 8m’ The nilling 3f the granules
in step 4) likewise prefefbly oz to LBintddal granulkssize 225 distritsitione The didpersion in step 5)
can be carried out in@ai geparate pracessasiep or diyectty daring milliaganustep 4j #r an organic or
inorganic solvent, preferably 30 analcghgl and/es water, [isfiogsikle hepe 1q gisg - horgapic or organic
additives, e.g..PVB P waxes or eth nolés%gglgochymers, in order to increase the stability of

2710 ﬁg¥?&c$¥3tl ﬁre9eragay
the suspension or the green’s rerr\ét
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
dsp of not more than 30 pm, more preferably 1-15 pm,

20 even more preferably 1.5-10 pm and particularly
preferably 2-8 um.

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 1s 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 1is 1likewise 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 particles ctr3precursors should be not more than 3% by

weight in order for tQ% pro reergessoer the coatings accordlg%hfg the invention not to be ﬂi aired. In the

production according to the invention of the ]éﬁp, contact wi o?%rr]eatﬁfﬁ‘\énlﬁ o]?lvo?aitile, irritant or toxic

substances can be HiRRAZEUBT rd1&d blEin IHEPréCesCeairtin cidSedSSystents I8 ¥6r Ekample,
granulation takes placernin alspragddiger, potiutioreef erwirpmment andshustarvibeings cavbe minimized

by the use of a downstrearneendensationunilsS inwhickiyelatile-camponenisare icolleeted and recycled

to the process.The same Caaoangiﬁg,gtg the hindst removal ipwhich an after-comhustion oxidizes volatile
components. Unlike the processes in WO 2007/039310 Al and DE 10 2005 050 593 Al, the preferred

Si3N4 20 containing &lifs 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 hygieme onlyea simphebalfdnaskddolP2 in@ccordarice withv2h EN149%200dhis recommended

for application of the {ayer by spraying whenextraction,is present. This mgans that there are no or only
low health ris sofor Ehe Wé)rkipg steps >({)1c gpgﬂ%%t{%n an th%1 gufl%seq(llj.en.t handcgngr(p]g%(i%%s steps having
f

. rri r n S C e inimlze
the highest exposure timefor 30 personnel) even in fhe case of a low IElegree 0

out in the process chain in closed systems. If, for
example, granulation takes place in a spray dryer,
pollution of environment and human beings can be
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 1in 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.qg. 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 coating at an elevatéd temperature. In the case of nonmetallic
substrates, this is carried out at tem era],il;rtieg of from 7 Osqlgo 2 dlaggfrlplrefer%%% 1000C-1225C, more

preferably 1050C-1 joC, more ;t)%é) era 75C°1T75C and” particularly Bre?er ly 1165-11500, and in

the case of metalli€&ubstratesthis isC¥arrietdutcat tehfperafidres 8f 580-1600C epfefératily 600-900C,
particularly 10 preferablycz0@-850C, ihreactheasegpreferably witinat héating andeoolkrigtime of preferably

8 hours in each case and ashold time-at maximum tesmperature-ek preferablyronsmbour under air, or in a
reducing or inejt at[rgqﬁpclle,re_owgq%rrg@% ressyrs, (ec_glai%)g@,n ;SIrporIaergoth@'gggﬁge coating under

areducing atmosphere, e.g. in a gas-fired furnace having a_reducin atmos;]tL) ere or a low oxygen partial

pressure, is preferr%%lkssq;lgémg Silicon niffid€in e E6&6RG ¥ then Okidized 1éss StrongRf 20 When the
slips are used for c@atiiig substratesrior A natallukdy Cthelsiicén nitfide poweds useeiccattalso be of
lower purity than fomthreameltingsabsalas sdiconh 25 The selidsi eantent oktheceaating: suspension for
application by flooding is appropsiately, from,40 40,63%. by weight gnefor application Ry wet-in-wet
spraying is frgr(p 35to %%"éoal%)i wel 516_%% a‘p&shggedegggies of the invefntion Tgtvigg tahdugable, firmly

. re case referab
adhering barrier Iay%r are suitable for use in P
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 is
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 ligquid 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 afJuminium metallurgy, very particularly preferably

low-pressure alumil%ngn cgst}iono%iSSEx%rlnpclgg agdr%mop%argti\sl% gxgmplgs Inrt6hes%>§am8 es and
comparative examples,ptﬁe layer ?hlcknesses indicated are%ased on the ry layer ‘thicknesses after
firing. 10 Tape test:*The tape testis Edrried otft by répeated &tickingt6h 2and Pifling-off ©F &n adhesive
tape (Tess. 4651) opea tis gpecihven agda o2 000 mm2 whichi has beenicoateddn s defined way. The

adhesive tape is pulled off at an angle of 90 to the specimen surface. The test on the coatings was

carried out untikfirst regions of theE§HQAquLe g@&eggh\ggggg‘}gnggaﬁg\ﬁrgd 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 (Figdfe 1)125 &S @A serengthdf thelayertetrrasesazlinthe Ease dRpaverulent layers
and/or coatings applietdas qpoveders; the measiirablesremayvsd ©f materiahis greater (weight loss) and
there is a higher risk thatmore 39 caating materigl will be introduced into the melt, more coating material
will be remov%% 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 o0f 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 1loss) and there 1s a higher risk that more
30 coating material will be introduced into the melt, more
coating material will Dbe 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 means @f a two- component epoxy resin adhesive which,
due to its high viscg(s)ig)é Fpaengtra}%s not nzggreethag f50;1%(?&éasmvigto tge .goatiggé. 'Bhe hesive strength
perpendicular to the surface o??heTayer was determined in i\l/mmbz.r}l\ erthe puﬂ-of?l;[ne t, the rupture
surface was examinétfaid ah adsessaBit Was Madeas ts whetHeY rdjstahe had ofcdrféd in the coating
(cohesion) or in thecomtactkinterfacext0 tocthersubstrate (a@dhesion). Thedayer thicknessaf the coated

specimens tested wassindbedange fiem 25040 420 tamdrEhe-puli-off testogivas infernatian about the
adhesion 15 ogthe 4@5@&%@9 suilggtrag%l% @\%J_t tggrség1 h %fe %%}l%e&j@ JQe (E%seﬂ( éhe adhesion

forces exceeding the cohesion forces, which, as indicated above, is a_desirable effect. 20 Comparative

Example 1: Standard'&0é5énsion Ths iS Saspésio of Siicdfchitriie poWder tOBE E18) in distilled
water without further'abieitiiels whith, has beenirodaced asadescribed ik EPL963 4848|225 For further
processing (brushings seliingespraying) maidy the rbeolagyofdhisrsuspensiamis csiticak rAacordingly, the
solids content is set; forigxample {9 ,30% by weight forapplication.by-means-of a.spray-gun. 30 The
suspension is applied, if appropriate In 2 number. of layers, to g cleaned, dyst-free, dry fised siica
crucible so as to produce a homogeneous Féyer%hicﬂnéss Y

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, 1is a

desirable effect.

20 Comparative Example 1: Standard suspension

This 1is a suspension of silicon nitride powder (UBE
E10) in distilled water without further additives which
has been produced as described in EP 963 464 B1.

25
For further processing (brushing, rolling, spraying),
only the rheology of this suspension 1is 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 necessary to- a&/bid damage to the coating during charging with
pieces of Si but chﬁr irR eacli'so ngitot%% cgrri%g) ouctosqcth&t 5 §’”%pins%8f; Ei{?C%S of tS]} isa g\e/gided during
melting, so that no defects are .rodsucedcln the ow&erﬁayer dﬁrlng melting either. Somparative
Example 2: StandaﬁP§6§ﬁé%?§i8E%nﬂél50%59W§bﬁt of'Silicoh Aiftfde“pdwdecAFBEEY0)A ethanol are
homogenized. The suspensiendgappled e acckeiahed, dust-freectprfused silicd criciisles Coating of the
crucible by means offflogdingiis net pessitle 15 sinceseracks aee fosmed-in the€oating during drying
above a layer tgickrgel%gfi}go-ggo am, which leads to detachment of ar a%gﬁm%ggatmg before firing

of the coating. Wetting of thé crucible with ethano| befare application could not prevent this effect. Even
when 2% 20 of PVA E8vdIE 84/88 [CelahdsB Bt iiohs BmidiS) RAE 8808816 thé &tHaol-silicon nitride
suspension, crack- freg€taper thickresses of > 250 }Jam could not be 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,(BEEIQLIN: ethanal are hamagenized. Jhesuspension 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 not possible since
50% by weight of silicon nitride powder (UBE EI10) 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 pm, which leads to
detachment of areas of the coating before firing of the
coating. Wetting of the crucible with ethanol before
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 um could not be
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 E10) in
ethanol are homogenized. 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 not possible since
cracks are formed in the coating above a layer
thickness of about 200 pm. 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 adhesive 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, .floading, in which
case the coating rugt%rescaﬂ%ﬁé tdryﬁfbéor ﬁérkllnogugﬁd b%%om%gecfgctgghecf Pnrpﬁ%fgs?nﬁ%en *adhesive
strength could thereforé ABL b8 measured here (see Table 1). Comparative Examples 4a and 4b: 15 A
coating suspension was produced as described in WO 2007/039310 Al, Example |b. The coating was
applied by pulverulent spraying o& Wwet-iawetrspsayinganswasn firedsattbQ0C 4anoy 760€ (4b) . Both in
the case of pulyerulent spraying and iqg@% cage of ﬂeet-ighvg%ZQgpﬁ)éipgﬁpraying 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 pulverulent form is indicated
in Table 1; the results oftftltabeitest Eré sHovit iMFig. SESPRE ebating'eysplictbPby Wst-indWet spraying
ruptures during dryiigrodfiring atia layer titickress of t 3@ >8@-d50nkamrand beeames:detached. The
adhesive strength cgyld.thergfore net he measured bgre, Gomparatiye Example 2535 The intermediate 1
s produced by fomegenizaion of 90,3 o elipnol, 120,6.o inely ided ilea,(Hpr Wecken, 474
of silicon nitride povxé er ﬁJTlﬁ:{ElEsl l)a

see a e

Comparative Examples 4a and 4b:

15 A coating suspension was produced as described in
WO 2007/039310 Al, Example 1lb. 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 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 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 1is 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 intermediate 3 2the granules are ignited by heat treatment at 900C
in a covered crucible. 750 g of .ethapqgl and 750. g of intermediate 3 are milled and_homagenized in a PE
container by mean:=,§oflrrs1iII?I%fgo%ue(leelélj{1 ?8ypr88ﬁ€é %%erlmngﬁﬁa{?g %aﬁee e%(\e/elr%(e) paartlfc%t_éi.zéﬁif 10
intermediate 4 is < EAFF THein@Mhediate A9s Applied iHE /et thickhess of abolt250' Yam to a fused
silica crucible by flooding. ThHeslayeiris@ried in aieforv24 hdursrandrsubseqeently fired B2 1125C with a

heating and cooling-timeof 8 haurs: 46-The goating aftes firingds not resistant te comtactT £omparative

Exampie 6: 20 The iiermediate, L is produsad by homogenjzation of 630.0 of glhanl 150 g of fused
silica (d50=2 tam), 474 g of silicon nitride powder (UBE E10) and 16 g of PV bﬂy means of silicon nitride

milling media in a PE®TontdifgF 8id séof follets. Thefintéhiddidte™2 1§ 28 srod(i8d by PFouring
intermediate 1 into &2 PE cémdinéPand drying i bagsiasion-protezted diyihtedver:d he binder is
removed from the ltmpygrandlad materialmt A0G imair iba fused silica eruciblegT ecproguce

intermediate 3, the granulesare ignited by 30-heat freatment @t 200C insa coveredsgrucible. 500 g of
ethanol and 7 8 g of i@terIerecglia%a 3 are gnill<ec1 anIgIl h meo_g{errllized ina PE cgntlainer t%imeciams of milling

. . . d . .
media to produce |ﬁférrenrede|atea Ql'he average Bal’tIC e Size o eﬁ{?grrﬁgaf%te 4 Ig Zat% LFhe intermediate

4 is applied 35 in a fdyet tHigkTEss G &bAT350 farit6 A fused sifieatc & fused silica

crucible by flooding. The 1layer 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 1is produced by homogenization of
650 g of ethanol, 150 g of fused silica (dsg=2 pm),
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 is
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 ignited 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 1is applied
35 in a layer thickness of about 350 pm to a fused silica
crucible by flooding. The 1layer is 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 binder is a mixture3f organosilicon compounds, i.e. Si02 precursors,
and Si02 nanoparticles), 1000 g of ethanol,. 4000 g .of 10 silicon nitride_ powder (UBE, E10) and 400 g of
BB (potyvimyl byl BT 16, (Hacior by Hheahd ST Siicon. SRS iling heRATH &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 explosiBrapratecfed 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 ignited in a heat

treatment at 909C i’h‘?‘e cg\{gggrgéggig&forlonleshogg_, 200.g of %@aqlogrg%deglsgag P&jptecg@ediate 3 are

milled and homogenized in a PE contalner%t% means of SN milling media topgaroduce intermediate 4. The
4t

average particle sizé Ot 25 intermeifiste’s i& Ataht Pl mtérmediats & is appiiedin'& PAer thickness of
about 300 }am to a fIsEt siliéd cruciBleesy fledding Bircel Fhkelaparidsdriedsn air ok 244sours and
subsequently fired atfl12b&awithid heating @nsoconling time of & hour 30-The eoafingisddefect-free and

not powdery. The binder cantemt.of the coafing is 29%6 by weight. Example 2:4,33 dhe intgrmediate 1 is
FNOducedbyr¥%noqgﬁ%%ﬂgpc%itride powder (UBE EI10) and 400 g of PVB
(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 is 4 pm. 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 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 1is 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 3, the granuleslare ignited in a 5 heat treatment at 900C in a
covered crucible forT%rée ihnqcur. SOﬁigagfe et agcs)l and 750 otbintermediate 3 glrlelarpilllgg aon#i

in a PE container by means of mi

crme.

homogenized

ing media to p%aﬁigé: intermediate 4. The average particle size of

intermediate 4 is 5-6 &R THE 20 ntérmédfate YissHpplie diR%LIETer tHieRnédsoaBeut 300 Jam to a
fused silica crucibletay loodihgeonce: (Ttie 1ayeriis driedeinfaisfor 24 hours and subsequéntly fired at
1125C with a heating-and €ooling Sime of & Bows. 15 dhe coatingds defect-freewand net powdery. The

binder content.of the. goating.is 20%by weight, &xample 3;. 20 The intermegiate 1 s produced by
homogenization of 3000 g of Inosil S-B, 1000%960f ethanol 4000§ of UBE E10 and 100 g of PVB by
f

means of silicon nithd8 miliidy nfedid i 5'PE

ntdifter o a%et

rOlt5 55 THeSinterfiadiate 2 is

produced by spray §faniftationnsf intEpsediated. The Bindédr is perhvvedfroRy thesgrapulaf material at
450C in air in a fused silicacrucialea Ta preducaintermediatess) theqgranuleshare igritedyin a heat

treatment at 900C ip a-¢qvered crycible fgrone 30hour« 6909 of £thanol agdg?
geqirzlgd in a.PE cor(lﬂtainer witi&glggiti%q gf [ e?:f I?__EG 400 an 75 gbcg)quEVB by means
of milling media to pro t

milled and ho

15

20

25

30

35

grmed'ate Ickness o

. 15 a
uce interme |a%e 4. ﬁlﬁe average partcie

00 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.

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

content of the coating is 20% by weight.
Example 3:

The intermediate 1 1is 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.
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
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
applied in a layer thickness of about 350 pm to a fused
silica crucible by means of wet-in-wet spraying. The
layer 1is dried in air for 24 hours and subsequently
fired at 1125°C with a heating and cooling time of

8 hours.

g of inptermediate 3 are



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 of the coating# 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 Example 2, but the
ignition temperature' 5t thedrantilesSand fthetfiridy ferfperdtire fsttheddyer 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 bindefcontent of the,geatingsis 20% by yveight; 20 Example:8: The intermediate
1 is produced by homogenization of 4500, of Inqsil $-8,,4800.g,0f UBE E10.and 160 9.6f PVB by

means of silicon nitride milling media in a PE 25 container on a set of rollers. The intermediate 2 is
produced by spray §rahulation' OF intsfiiadiate®r. THEbIFEFi5Yembved from HEGrandidF material at
450C in air in a fuséd 8ifiea ctaeibe tTe Sothodueeinte¥mietligte®3 thevgradiules are ignited in a heat
treatment at 1000C in a covered crucible for one hour. 500 g of ethanol and 750 g of intermediate 3 are
milled and homogenizedn &PE cantainer by means of milling media to produce intermediate 4. The
average 35 peir(ljicle 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 1is 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 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
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 pym to a fused silica crucible by flooding once. The

layer 1is 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 of the coating®i$ 24% by weight. The oxygen content of the

coating is 16.1% by weight. Exa 9:. 10 The intermediate 1 is produced by homaogenization of 3000 g
of Inosil S-B, 1000 § e a%EBL Tgc%% gof £10 253 100°g oatjPlgVBC%?/grﬁéygnsthW%IiCSr? nitride milling
media in a PE containeP®h%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 silica crucible.
To produce intermegiate-3athengranulesare-ighitegkin heat iregdmest at 1000Cunrdarta nitrogen

atmosphere in 20 a crucible for.one hayr. 500 g of gihanal and 759 g.of gr};e@rngiafe, 331¢ milled and

homogenized in a PE container by means of milling media to produce intermediate 4. The average

particle size of intefmBafdte 785%8M. The iMtermietiae’d is dpphed 251 a'fy&r thickh&ss of about 300
}am to a fused silic@>crtieible dyfRovding ohee. Thetaper issdriéd frrakYfor24ahdurs and subsequently
fired at 1125C with a heating and cooling time of 8 hours. 30 The coating is defect-free and not powdery.
The binder content:gf the coading is 20% by weight. Example 10: 35 The intermediate 1 is produced by
homogenizati% of 3000 g of Tnosil S-B, 1000 g of ethanol, 4000 g of UBE E10 and 100 g of PVB by

means of silicon nitride
The intermediate 1 1is 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.
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 Dby means of milling media to produce
intermediate 4. The average particle size of
intermediate 4 is 5 pm. The intermediate 4 1is 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 1is 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 ethanol and 758 g of intermediate 3 are milled and homogenized
in a PE container b)fg]eeanr?tof &iﬂi{‘gt@e%iafg prgg%%e érge mecéiat%1 4. ng Aaverage npa:)ttjcle size of
intermediate 4 is 5 tam. The .6[6 Intermediate 4 is%pp iedin a %yetptﬂlgkn%ss ot about 45t }am to a fused
silica crucible by flooify BREe 2 FRe Haydris died firait for 24 Aotrs ARa"subieqBeaty fired at 1125C
with a heating and cedligitimeadsf 8 Hours. 115 Jhe coatingiis tefectifréeandmotipdwdee The binder
content of the coating és120% by weights Example 11nhL04the, integnediateilyisi pagdueed by
homogenization of 500, of.ethanol, 3000 g,ghlnosil -8, 4000.g.0f UBE E19.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 is
produced by precipit&lid of ﬁte?m%ﬁia?& 43RadP Witk the intérmédiafd T beth§ addeddropwise to 20
1 of distilled water While- sstirriritfvigororsiy Tasigranule siZe is abbat 13 mpy. 30°FRé bindler is removed
from the granular materalat 4%QG in aip in@-tusedesilicatcruoite.afe producadntermedigte 3, the
granules are ignited.in.a heat treatment at 1000G in a.covered crugible;for one hour. 5pQ.g of ethanol
and 750 g of i%ermegljcaete 3 ariea@eilleqd ?ig and q%rggg%qizaedlig a EEt%cirgginneesrsbyo@eﬁgqu milling media
to produce intermediate 4. The average par de Y

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 1is 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 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 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 5The intermediate 1 is produced by
homogenization of 10 12f00 g ?jl ethanol, 2450 gc fslnosn §E 4580 l(ﬁgl;%L%Bﬁle%QCanvg. %0 g of PVB by

. .alr hours eque T 1 .
means of silicon nitfidé mﬁﬁng media in a container on a é’et of ro e intermediate 2 is

produced by spray §ratiftation ofiAteirediate 1 TRe binderisdEfoved 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 800C imaecaveied csuciblefor one-hode 50019 abethanehand. 756hg obinteenediate 3 are

milled and homooge_lgigggégta PE %q{étagjoea[gyn@ef\gs%fg%gwingngQQiia to produce intermediate 4. The

average particle size of intermediate 4 is 2.5 tam. The intermediate 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
subsequently 25 firégafR195E2in 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 tegt.are shewnin; EKig. 1.1Th1esde5§@)519<f:ggp Ggygltir}g)%ggiglg%gl’ he ¢binder content
o oy TR n L Lo oot s st Ryl o 13
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 1intermediate 4 is 2.5 pm. The
intermediate 4 is applied in a layer thickness of about
400 pm to a fused silica crucible by flooding once. The
layer 1is 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 1is 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, the gtanules are ignited in a heat treatment at 900C in a
f:overed cruci_ble forE%e g%%r. %%9 of eotganlg tEndeSO rge%f igterO (_edisag 3 are ngliygg l%ed h_omogenized
in a PE container by means of 1 mllﬁng media to prc}/duce intermediate 4. The average particle size of
intermediate 4 is 5 faht. ' TRE iRkfiedidte 2 isSapptiedta d Byerthicknéss ofdbotit 1350 Fam to a fused

silica crucible by floddimgionce:nkEre dayerds dsied e @icor 24vhouws andsubseguenty 15ffired at 1125C
in a gas-fired furnace,withra heating 1and seoling tinte o8 houks-<Ehe eoating.ds detect-free and not
powdery. 20 The adhesive strength,gfthe qoating is shownin, Jable 1, and the regylts of the tape test are

shown in Fig. 1. The binder cantent of the coating is 15% by weight. The gxygen content of the coating

is 11.3% by weight®28 EXampie T4 e fHtermedidd®L £ prodlted By honfogerizatioh ot 1200 g of
ethanol, 2450 g of Ih8sit StB 4586 grof UBE 030 E10mand 200Vg bt P VB By Hreanstetsilicsn nitride milling
media in a PE container on z0setgofaollershahlre inderinadiatey 2 is producedkhy speay3granalation of

intermediate 1. Thepinderis rgemoued fipm the granular rpaterghat430¢ inair ina.fusedksilica crucible.
To 35 produc% interm qiate 3, thg rancules areo{'gnited.in a headt.trecatmgnt af 800C in a covered crucible
(57 ml hl’l% me @] ]pr? ce .. Jtnt,frme late . he average
for one hour. 470 g of ethanol and 750 g of intermediate 3 are
particle size of intermediate 4 is 5 pum. The
intermediate 4 is applied in a layer thickness of about
350 pym to a fused silica crucible by flooding once. The
layer 1is 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
weilght.

25
Example 14:

The intermediate 1 1is 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 a heating and ¢ooling time of 8 hours. The coating is defect-free
and not powdery. Thgrbﬂind?r content of th COfltngri% 15% bé/ w%ighti g’he oxygen 10 content of the
coating is 12.6% bfwelgjh : Examplze 15: The inférmeqelate 1is produced by homogenization of 15 1200 g
of ethanol, 2450 g of1h6sT'S2B24580 ¢'6f BBEL E1D aRd 2067 BF PVB 6§W’ﬁé§n§gf sffiedA nitride milling
media in a PE contaifiep onra set ofrollerse T he idtermediate 21is produced by $pray granalation of
intermediate 1. Theikinder is sempvedifrom theigramglar 20 material at 480G i adrdna fused silica
crucible. To_produc inlermediate;g.the gragyles areonitedina fealdeealment a( 9p0f.under a
nitrogen atmosphere in _a rotary tube furnace at a residence time of 40 minutes. 500 g of ethanol and
750 g of intermediaté 28 3'&H¥ hilled and homogenized in a PE container by means of milling media to
produce intermediate 4. The average patrticle size of intermediate 4 is 6 tam. The intermediate 4 is
applied in a layer thickness &f abgut A0} te erfused silicacarueiblelby flooding anceicihe 30 layer is
dried in air for 24 howswang subsequently Jfired-at 1125G 4n a gas-fikad, flyrnace, with,a.hgating and
cooling time o{ﬁ hou(g%.t'gr]l% cggtiggeis ggfehclthfree gng2no6t9p wd%g/iThe binder 35 content of the coating
is 15% by weight. The oxygen content of the goa]tlng i$9.1% %y we@]ﬁ% Detailed description of the
figures

Example 15:

The intermediate 1 1is 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 1is 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 adhesive Strength and defects can easily occur as a result of
mechanical stress. Ln addi{io&,blvg SpQC\z}\{gerr reesslilq es gvthi%r%lgavg beectoerg% detached from the crucible walls
or from the bottom of the crugl (ie, e.g. during charging, can 1bepintroducéd 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 préSence’ef large poreshcan feadhtoothel same effechExamples:piotiStead to a layer

corresponding to thesdepiclipsrin:Fig. 2a1 Herenthedineness ebthe 20 aggregates-eerresponding to the
milling of the granulated gilicop,nitride in the,cagting suspension is, 3,2489%-30 Jam (primayy and

aggregate size) . The size of the pores is typically <5 tam, predominantly < 2 tam, 25 Layers

corresponding to th&B&PictiBRIRFY b &fe formed i fHE Edmp4Pative EXEmpltd1 8% And also 4a
and 4b when they arerdpiiéd i pulveaert forim. Thien typice aghregatésizednlctatings sprayed in
pulverulent form is asfellawsa38 I=25dam {predeminanttyprimany aggregates; droptati size from spray
mist) 25-50 }am (fewprimary aggregates) of this size).10-80.lamstcomposites of.a few;iaggregates)
50-400 Jam (composites of mgggi%%%%egatﬁ§?c%5 gyf%'ga' BEE %fer."“é‘edftocﬁgﬁet"r‘§%£°r§§ebetwee”
primary aggregates or ag%rlegate fi)mposw%s. -Zth an% (é)treé)omlfnapﬁ ya) b1

crucible walls or from e bottom o e 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 1in Fig. 2a. Here, the fineness of the
20 aggregates corresponding to the milling of the
granulated silicon nitride in the coating suspension is
0.2 ym-30 pm (primary and aggregate size). The size of

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

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 shrinkage during use of the éfucibles, the cracks can become larger and
chipping 10 can then resujt. Chipping takes place when stresses in the coating lead to localized
detachment of the %a?ihglﬁjﬁorsnﬂt %S %b%%teg?aegé.c in the case of 8%c§§“s%€&§/1%gh 15 shrinkage of the
binder, relatively large inhomogeneities in the density of the layer (which can occur, in particular, in the
case of pulverulent Speak coatingsiand leads te nareupifonn shiinkage), inhemaogeneities in the binder
concentration in the,2Q epatingr(depletiop tns9l-galbinders which residts Sromydiffusion gito the substrate

and thus leads fo a high binder concentration in,the surface, of the, layer, and.thuis: o, nonupiform

shrinkage), defects in the coating (e.g. scattered large pores (air hubbles), 25 cracks (e.g. drying cracks)

g .
or defects which ar€ GAttbduéd int6 e codfit§ “¢.9. dufing CRafGIRGDf a ¥fieBn ingot'didn the
reorientation of lumpy &Hlicons svhichuisfjbistrmeltlidg). 180 Layets th whichrthe @hippitigléffeetoccurs to an
increased extent are detimed infCompasativen Examplesa kangk4bahen dhey sxe appliethby wet-in-wet

spraying or flooding and;likewise inthe cageof ceatings as,described.in Df, 40 2005,050,593 Al when
they are 35 a%liedcbglnthe.ﬁc,gnap elié:a{[;?n methods and have layer thicknesses above about 180 um. Table
1 shows the experimentaﬁ 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 of excessively high
15 shrinkage of the binder, relatively large
inhomogeneities in the density of the layer (which can
occur, 1in particular, in the case of pulverulent spray
coatings and leads to non-uniform shrinkage),
inhomogeneities 1in the Dbinder concentration in the
20 coating (depletion in sol-gel Dbinders 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 1large 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 in 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 likewise in the «case of <coatings as
described in DE 10 2005 050 593 Al when they are

35 applied Dby these application methods and have layer

thicknesses above about 180 pm.

Table 1 shows the experimental results of the pull-off
test.
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a durable, firmly adhering barrier layer onasubstra@hcomprisingasuspension 5 of solid particles,

eig

wherein the solid particles comprise 67-95% by w ft'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 haslbeen fietreatédhy heatiuditregatrmentinraltémperdtiretange @f800.4300C. 2. Slip

according to Claim $awhesein the Si0Z-haseds high-temaperatisedindenis derived fean nsganosilicon
Si02 precursors, precpgreds\éigi%sol-pgiegtp{ggg%sl, 15 preferably from a %%@mpggggic&rggrising

organosilicon Si02 precursors prepared via a sal-gel process and likewise contalnln% né';lBrlpsize solid

particles. 20 3. Slip @88BFdifg t& Claint 2°WhBFeifthe Rhndsizecon nitride and

by weight of an SiO;-based high-temperature binder and
the SiO,-based high-temperature binder is derived from
Si0, precursors and has Dbeen pretreated Dby Theat

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

2. Slip according to Claim 1, wherein the SiO,-based
high-temperature binder 1is derived from organosilicon
S10; precursors prepared via a sol-gel process,
15 preferably from a nanocomposite comprising

organosilicon SiO, 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 SiO,,
TiO,, 2Zr0O,, Al,O03, AlOOH, Y,03, 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 SiO; 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 B-dicarbonyl group.

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

Si0z;-based high-temperature binder can be obtained by



solid particles are preferably selected from among Si02, Ti02, Zr02, 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 are Si02particles. 30 5. Slip-adéording to at least one of claims 2 to 4, wherein
the nanosize solid p%rteiclgs lh_avglbeernoEneosolsifi%d b%ea %1ggge-g%odogyein%%gegtrvghighlcaonetains an
anhydride group, aci amide g%up,pammo groG/p, i0 group, hy rolysabfg radicals of silanes and/or a
35 (3-dicarbonyl gréUp. 6 SSIFsaeéaring tetaim 1)and/or 2, wherein the Si02-based high-temperature
binder can be obtained by - 42 the sol-gel process by reaction of one or more silanes of the general
formula (I): R,;S iA (9_x) (3, s2where the radicals A aye identical or different and are hydroxyl groups or
hydrolysable groups, the radicals R are identical or different and are nonhydrolysable groups and x is O,
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 temper&iiteSahge df*30631300¢. % Slip &8ddrdig o af1ehst bRt of BIRIMS 2 to 5, 15
wherein the nanocompasite’ eary bewbtained by the lstl2§éPprotess by reheticiref AandsiZe solid particles

with one or more silanes afdbetgeneral tarmua {hz Re;SiA(4nd (1)a28 wherehtheradicals Peare identical or
different and are hydroxylkgroups,or fydgolysable greups, the radicalsR ,ate identisakor different and are
nonhydnﬂysa@g 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):

RxS1A (44 (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 is 0, 1, 2 or 3, with at least 50 mol% of

25 the silanes having x 2 1.

8. Slip according to at least one of the preceding
claims, wherein the SiO,-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 SiO,-based high-temperature
binders which have been ©pretreated at different

35 temperatures are 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



groups and x is 0, 1, 2 or 3, with at least 50 mol% of 25 the silanes having x ? 1. 8. Slip according to at
least one of the preceding claims, wherein the Si02-based high-temperature binder has been pretreated
by heat treatment in the 30 temperature range of 700-1150C, preferably 800-1050C. 9. Slip according to
at least one of the preceding claims, wherein mixtured 8f Si02-based high-temperature binders which
have been pretreat%d 81t_q3iffereecﬁ1t 35 temperatures are kg;]rge%ent. 10, eSPQ ac

cording to at least one of the
preceding claims, whefein the so ﬁig;glar |cfé%ecomprlse 0% b welg]:nat oj?%illé;%ngﬁifri g and 10-25%

by weight of the - 43°3@2-basedHightempetatité birtlst, greferably?80-8898By Wight'sf silicon nitride
and 12-20% by wei§htof the <SiO2ilyhsed high-temperaturelbinder. 5 11. Slip according to at least one of
the preceding claims, wherein the Si02-based high-temperature binder is present as granules. 12. Slip

according to atJeast pne ofithe preceding 10 ¢laims, whereip the, silicgn @H@?ﬁé@c@&ﬁgoz'based
high-temperature binder are present as mixed granules. 13. Shaped body which comprisés a substrate
having a durable, firrily Adherivg Bgf’ﬁlertf:;&?er,gfvﬂﬁ_llﬂ%sfgbgr}‘fél?ﬁfé‘}pc?oﬁﬁﬁﬁﬁg %7°65% by weight of
silicon nitride and 5-839% b§s¢ight of anrSid2shased 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 acegrding o atleast oneLf: Claims 1512t9dhe, substiate,and c)
hardening of tpg apgﬂed slip b%/ firineqi%t an elev.alted temperature to formttpg dg{ggl_% gisrrenéy 25 adhering

. aimsy, her e silicon ride and
barrier layer.

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 SiO;-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 SiO;-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



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 Si02-based high 30 temperature binder, preferably 80-88% by weight
of silicon nitride and 12-20% by weight of the Si02-based high-temperature binder. 15. Shaped body
according to Claim 13 and/or 14, 35 wherein the barriét layer has a total oxygen content of 6-18% by

weight, preferably 7-15% by weight. 16. Shaped bady according to at least one of Claims 13-15, wherein
the barrier layer is cécl)snfi%uIrTEch;{VF ﬁ%q s %a%eulftiﬁ]él Ig?/qelrcl% v%crfﬁ(e:h %ﬁsé %ﬂ?é)rﬁos?talgye/ér a%cfr\lgrl gaway from the

substrate has a total'&%ygért @8nteht of Mot meretthaAA 219 by welight=preteratity het moré than 12% by
weight. 5 17. Shapetbodyaecording td1at |éast eneadft ClawmsE3-d6] wherein tioe balrierdayer is
configured as a double layer;eofrising 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, prefefably*i6 Rore B8 12% 45 Weiditt. 15 28. SHaped Botly acRBfding’t at least one of
Claims 13-17, wherélrréiessubstidte coRfsifses quartz PyFaphite, teramicl Sio2qfuset sitiea) or an iron
alloy. 20 19. Shapeddody acaording ta vt teastopeiofi €daims E3-A8&whiehcomprised a nonmetallic
substrate, wherein 5@% hasrdening:ofthe applied:slipis gaxried aoug@yafjrir}gi%gggp&)r@te%gemperature of
700- 1300C, ppfergtly 1000-1225C mote ersferadhy 4920425 12005, sust rofe pelprelly 1075-1175C.

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, SiO; (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 1is carried
out by firing in 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 1is 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 Si0O, (fused

silica) for corrosive nonferrous metal melts.



preferably 1100-1150C. 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- 1000C, preferably 600-900C, particularly preferably 700-850C. 35 21. Shaped body
according to at least one of Claims 13-19 which is a mMélting crucible having a substrate composed of
guartz, graphite, ce%afyglc %ligIOeri(f se S|I|8%)81;\?V corrosive anf rrous ng%tgl m ItsC i a415 22. Shaped

body according to at [east one o claims 15 ich is & riser tubé aving a substrate (r:nosmposed of

Si02 (fused silica) ot 3irtitorf a6y fOrPAP nidtaftirdy 523 3SRaged body Hctdrding 1Rt 1645t one of
Claims 13-22, wherein theibarrietayerhas althicknessrof 80-3000tam, préferabliok50-2000 tam, more
preferably 200-50044m2 10245 Process for producing a shaped body according to at least one of Claims
13-23, which cgmprises 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 fornfthe darabi& firmRP Rihefifi§ BarridPlayer® 20 25. Process acSdidingd Claim 24,
wherein a nonmetaficstibstiate’s providediin step ay andithe hardening of theApplied sfp in step c) is
carried out by firingoat asteraperatute ofcrQ-d300C; preferably 01000-1225€, moseqpretarably
1050-1200C, even mgge 25ppigferably 1075-1175C, particularly preferably 1100-

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¢) 1is 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 liquid



1150C. 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 500-1000C,
preferably 600-900C, particularly preferably 700-850C. 27. Use of a shaped body according to at least
one of 35 Claims 13-23 in the field of corrosive nonfebus metal melts. 28. Use of a melting crucible
according to Claim Z%lgogdorogggi/nﬁgrsil%con mrelts gcgﬂczciommPgating Iigy'idl- gfg §i(ljic %E‘}leor for
crystallizing liquid sﬁipon t0 formsilicon %focfksy%. se’of & risertube accor%llng to Claim 22 in Al 5
metallurgy, in partictlarieRRpresetiFé Al casting.

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

5 metallurgy, in particular low-pressure Al casting.





