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the invention The present invention relates to an S12N4-contai ni ng
slip for producing a durable, firmy adhering barrier 5 |ayer on a
substrate, a shaped body conprising a substrate and a durable, firnly
adhering barrier layer applied thereto which is abrasion-, inpact-
and scratch-resistant and thermally stable so that the shaped body is
transportabl e, famRy QBHERINGSERAFOCNGS DAYER cOMPRISING BaRSON RAwypand t he
use of such shaped bodies in the field of corrosive nonferrous netal
melts, in particular as meltifkpisd g€ e MFenbsenrin the field of
solar silicon processing, and al so the use of such a shaped body as
riser tube in Iunlnlu met al | 9 articu
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Background of the invention

The Imelting and recrystallizstion 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 Si0; (fused
silica). Ingots having the desired microstructures and
purities crystallize from the melt during precisely
25 defined <cooling processes, and these ingots are
subseguently cut into thin wafers and form the active

constituent of photoveoltaic units.

It is important here that the solar silicon quality is
30 not adversely affected by the materials wused in
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 become contaminated. Furthermore, adhesion,
infiltration and diffusion lead to problems in the

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



denoul ding 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 chem cal
reaction between Si and Si 02 takes place to formvolatile SiO In
addi ti on, oxygen and undesirable inpurities fromthe crucible get
into the silicon nelt in this way. 10 dn particul ar, adhering
material on the solidifying or solidified silicon block is to be
avoi ded at all wwsSvse simcersckimoonofindettgoeslyerysiangaest hef Mlon
expansi ons so thatkvery small amounts of adhering material lead to
mechani cal stress and thus to fracture of the 15 crystalline
structure, which results in reject silicon material. In alum nium
metal | urgy, in P& ePEIRHe ALl bvprpmedsureswltsmiini am aasbinnghe rsiser
tubes made 6f icronilldoysinee 20chesaskiSidehefid 6 dt5REn BY.L® de

hi ghly corrosi um t_te ratures_in _the range from 650
to 800C, these%gﬁgérg%gﬁﬁgaﬂgéépfbﬁ%gﬂgggté wi th PR Etor PX¥%FBes
or nitrides at ®FEgUPdrsiiRideydmeuritbrdefrato i erunibdssioetl yrntapi d
corrosion of thesesPbiamt eeilal s hisheayi quid alum nium In the case
of iron alloys, the corrosion nmechanismis a dissolution nmechani sm
while in the case of fused silica silicon dioxide reacts with the

mol ten al uim ni um Sccordi gt G RE TR dw6habqoat Fon: S8 £8ipg ar4 Al
--> 2 Al 203 + sobidifgdesihyceredticicbnipr oaust svandeardit F18sicdues, ar e
formed on the tused silica rimergbubevand shiferent:aa cgghbieients
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premature failure of the'riser tube. Us® iFrEaaP| Yo riade theradoto
coatings of al URFHiTUMExi FE*68FSborBR nitbr$ detwhi dhaarerappdf edtie om
slips cont &y ni ngyorgdrine btndens )y wiiippi Bgsu I USIH NG ject silicon

material.

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

20 fused silica are used. Due to the highly corrosive
aluminium melt at temperatures in the range from 650 to
8Q00°C, these riser tubes have to be coated with
refractory oxides or nitrides at regular intervals in
order to avoid excessively rapid corrosion of these

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

30
3 SiCz + 4 Al --> 2 Al,0; + 3 Si.

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

slips containing organic binders by dipping, brushing



or spraying. However, as a result of the conbined corrosive and
mechani cal attack by the hot nelt and the floating slag, the life of
such coatings is limted to hours or a few days. Riser tubes nade of
silicon 5 nitride ceramc, which are conpletely inert towards
corrosive attack by alumniumnelts, are also used as alternatives to
the coated riser tubes nmade of iron allg@y-or fused silica. However,
the costs of these silicon nitride tubes are many tines that of
standard 10 ri g&r srisgdrhavilivyesecoatdsnga Preisgitarat Mehei mprdinedbl es
malde of fUSedd&bkf@ﬁ,veg;aaﬂhfné@hﬁlcbi aet@m GyaRdePhoyigad \&intghthe
silicon nitri t p vVQl stic t
mel ting crUC|b?eL§%ﬁﬁﬁéﬁ' frgﬁg %% d% %8%% % 5?Ht nacs g ng
cruci ble wi th 88FFdi OFi nJ ﬁ@ﬁfe@?bﬂs ﬁé?%ﬁ tUb2® B@deHb?% SﬂHéCP%yers
conprise ni$ri déetpowdererdiigse poivier ader ecipyebylt henuser thehode

crucibles and gpeosSid Ca%ataktroydglmmﬁfm 'n%l%sSO|a¥@mal§QduEQ§nas
applying 25 it io t he .cruci bl es , for exanple, spraylng of

suspensi on. Th&'k Rﬁﬁﬁyean&oaﬂv“%rfﬁﬁﬁ%?tﬁ%ﬂﬁﬁ ?ﬁﬂ%ﬁl ent &t uééﬂ“have
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nitride itselfshascheantundhipebeaVer aphemigdl lohakesrstaRhak syar ds

silicon nei&s. Howeve tge |%pt of . the nelt alone |leads to forced
riser tupes hawvin coati

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 wuser ©before wuse of the melting
crucibles and are produced by dispersing high-purity
silicon nitride peowder in a solvent and then applying
25 1t 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 wvery chemically resistant towards silicon melts.
However, the weight of the melt alone leads to forced
wetting or infiltration of the porous silicon nitride
powder 1layer. This therefore has to have such a

35 thickness that it cannct 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



wetting or infiltration of the porous silicon nitride powder |ayer.
This therefore has to have such a 35 thickness that it cannot be
totally infiltrated and can therefore still serve as barrier or
deroul di ng | ayer. However, such thick layers are in turn
correspondi ngly soft and not particularly abrasion-resistant, so that
particular care has to be taken when charging the <crucibles, not to
mention | ong transport routes or the dispatch of ready-to-use coated
cruci bl es. TheseucBmeent inghakocnect bire loogt itmgssfort useten dhetbe
field of solaraskpdcan Jdehusadpve-Be disadvanhagedhat the coatings
have a | ow nechanical stability, so that coating always has to be
carried out imedi ately before charging of the crucibles wth the
silicon powder Thesg psopyeileeasd. Pricébleoarphgneod fhe ®saciisl eshot her
10 than direct lfyelacn dhesqueirntsiof carser s thiwe Rat a@%dd@lneage that
Furthermore, ow,pg.io 1N $QLL ROWdES mggﬁgbygasl S 9By caLE DRS

be taken Wnen chargi ng .tthe crucibles f mate I |n
order to avoi d°8&nHle AF2¥hehInyér Pe| REAHHTE |Cb3ﬁ llﬁﬁ%l‘éjsﬂtr%ﬁl é’eé‘ak%d
resi dues 15 occhzrdiegause ahei néiddibatsonvigh t biee pelouscrsi bbeaar,
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nitride in g silicon.in W Se occurs | eviate these
pr obl ens, 260 L) ﬁlg‘brtélﬁo%’énﬁ %I‘{Si%dscfﬁ‘é? brIOéF RRFPhE &
coating conpri Em@efrmnr%oowmgeﬁ% brewedfthtpwofdesi tbazoimasi t pkteemnd
fromI 5to 20% ba/rél\ﬂil@'lttd)Lbea d 0uamt GJ'EEQF@EHE@lrfﬂhQ_Qfealchlbgg@%s M\i&S}h the
total oxygen c of t.he coating being t range romb5 to
15% by wei ght. 9%1%1 1Jces c)ef(r:a uFeQ%?n er B prg eragjrd AN Y02 Dased
bi nder, but itth% éHaé’Srpo bREd{ B AUse §Pﬂ?%frﬁk8>@ynwf%ereﬁbwﬁer
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conprise Si02 noparti cl es e coatings are fired at _tenperatures
bel ow 800C andﬂbtrré*%é]f:&b??/ "t’)fel 1§(?(§‘C“lﬁ oftet™td e idxFoat FoFPtof

the silicon nitikatdskonccdity.ee preferred coating net hods are
described for this purpose. 35 In the first method (reactive |ayer),

silicon ni %(p die PO \%%rlaggdt%s%anongial él (‘ch%gzgg%s q)f §| licon
chemistry Trom grotp consisting of 'siloxane tr A6t Ryproses
orthosilicate, atré‘%]rtdé?tgh&?%%‘]’]aehé’a‘flﬁél pdicRet hyd sTamré s bpg c@?ﬁﬂ et i ons

t hereof are mxeddEnda werigatbbe k$1sadiseaguentkbyaaspr ayed widd ddd s
mxture wth the 2lgnefl of L eAstigoliatld thABLiDGfRIL] Vu ANt | g
of anmoni um chI or] de, ammoni a an , , .
tal oxygen content of the coating being in the range
25 from 5 to 15% by weight. The low-temperature binder is
preferably an Si0O;-based binder, but it is also pessible
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 Si0; nanoparticles. The coatings are fired at
temperatures below 800°C and preferably below 500°C in
order to keep oxidation of the silicon nitride low.
Three preferred coating methods are described for this
purpose.
35
In the first method (reactive layer), silicon nitride
powder and organcmetallic compounds of silicon
chemistry from the group consisting of siloxanes,

tetraethyl orthosilicate, tetraethoxysilane,



5 nitrate solution. The crucible with the applied coating is then
heated to a tenperature bel ow 500C to stabilize the coating. In the
second net hod (binder solution), the silicon 10 nitride powder is

m xed with an Si 02-based binder fromthe group consisting of silicone
oil, siloxanes, chlorosilane or conbinations thereof and this m xture
is subsequently sprayed on with the aidsof a reactive liquid fromthe
famly consisting of acids 15 (hydrochloric acid, nitric acid,
silicic acid, srlvdorthatlsatitor cde aambanet hers suhéabife act djnizdlie

coated cruci bl @niss &he&J&%&@d 1o %Jb%gagé@éwes'g%gé\amﬁcéhtotﬁﬁémve
reaction |iqui ds 20 Intpﬁa hr dmet.hod( sat ur at edsol
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25 thermal r eagsl Ogh%e%%meﬁal Beagt I ngpe%la@grg Sllj'lelfltogab![ %OO °C to

neutral i zi ng agent coated crucible then
t enper at ures b&FeW HFFCpr erdrianly before use. DE 10 2005 050 593 Al
describes a slip conprising 30 silicon nitride and a binder for
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solid particles, ,g precursors t her eqf a}p
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apply def ect - f epEo £0ANBRAES oP cofbanfMBdrEUNEHaYer tRhCckRess naf+ @hout

180 pm by this, t he_coa nmet ho descri he

2007/ 039310 Al %5%?&“3665%’5@’%# ltshof’% of lcerogmac rBFVEhY%ors
(e.g. salts orldfighomdtam| | cthonpotAlidY of conevstime used, epehds
activated (&. g(hdpyrameansiof aacd,d,nihase akib, \A@inmoradiaactshyﬂ&@d
However, it ha@e%ﬂo?&'@g to'}at artch:%%% C%tt'a@}g_eaga?&tcﬁ Vé tﬁgéyeé ead

to formation of %ctsm he coatin plication o

coatings by dip Jb‘i“?fd’ °f L8obiTY EFTER het2 |tne“W§tra§b¥%13}?%j’w PPOTS triot
possi bl e to apptycveayercthirckriasses. of greater than 180 pm wit hout
cracks or other defects being fornmed. However, defect-free coatings
having a hjgh yer, t.hi cknes are. ry| rtant for

cruci bl es %ﬂ a£n§| nd(Str i gf‘l s%al &ethEdsin a(% Q?ﬁrf él%bf’nt he™

cruci bl es haveP’éecc@rlttéFheﬁ)ougﬁh%wnanfdlttrﬁéiesLHCﬁ@Gés %avlénteai bei tdoat ed
by a certain nsib,musuibiclonespaeverieat the/sel aatlioyelryarhi'pghtp@ié‘sts A
hi gher |ayer thickness,is 3h$g:4 qu' %f& for, Jge Gpat | 18l 6

cruci bles. 20 i cation o g coating by means ray| ng)
al so cannot ent EWCRVbY d Sthey htﬁ”?&ld\i‘é?nttalg‘?es‘mI“T'llbahﬂ’dl%Li cessh an
applicati 04P of tipowdér rbechis: Wit Irehiemithe désadvant@gegot suitable

i nhonogenei ty IQiuttrQ@1£§N§raééht25 TheSReste@f cRINE8E 30d+ROL Choated
di stribution (ancjc thus

dstr th) a iLicon nitride
contam nation in the fa L(larres 8%8‘%556@)978 nBrﬁgﬂ"’ibﬁé’ E? Tete Y%figots (as
in EP 0 963 464 B1). 30 In addltlon t he binder concentration in the
fired coating manmotobe ©®t SBepADduatebJ::ylwben asi Bglﬁn hi solyPes i0fg

| owt enpergf urselllq_lcgge §_t9§_l er aR%036%§n88{_\dlf%I Onsog%l(ﬁlr nguszalxaallbl

manuf acture, since er changes conti nua
synt hesi s as aPafIi.‘i’nGPF‘Bh“%'f with the binder Comprlsmg 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 um by this
method.



35 tenperature, atnospheric humdity and storage tinme and the
properties change continually during and after application of the
silicon nitride layer as a function of drying rate, atnospheric

hum dity and anbi ent tenperature. These changes in the binder can be
attributed to hydrol ysis and condensation reactions. A systemof this
type is significantly nore difficult 5 to-control when it is m xed or
activated imedi ately before the synthesis or during application (as
descri bed in WD'200%/ 6898107 Arethadlspadasiceabad in #WRe2@A53GB1P hel
first t}/vo Er ELQE%EdECD@tjm et heds)al, sidae rcﬁpr@%mml q?rl@?hagj)py_r in
ternms of the DI r eactl vl I.ndikng, snrin e, dittyusion into
t he substrate (S(rg"i'va%_%%% i%%\ Sffg%%(\)/vrper%lqéégl ar OP%%% p?gcfﬁrﬂsﬂ%rgr%r
condensat es caff®d: belthegurat & 1eLd@sE - oPY t Reahi o rddci bty of the
conponent s. 5 15watet)heorcasacofivhions .t erperat ur et bhaxlesessn diohhdstwax of

the binder (sol zgels sallsfy efuRar Sin%fvli@wfy hOLer PBdi-alas) LN & SO

diffuse into the por oys substTate and | ow nol ecul ar wei ght conponents
of the binder ar~SHpdri 78 difdng9drying, so that the 20 conposition
of the layer becones depleted in binder in an uncontroll able way.

Depl etion of the gpalid@ibA Birndeksat bhei contidetasiHiace thgohhe;
cruci bl e Iiaglds Eowiegg{ east d chriap linng, .itn part itcul ar q)l.ﬁ_l’i n@arfi rif of
t he coating or “dur'i ng the prS Céss "gf ilngo s prrl%dug?lssoln. 25" ThéP¥ a‘ger
def ects occurr tagEs FhigEnedsrs Mfs greater ditaekd 8ferpentitoutarreaek s he

| ayer surface anddtheparddredtar whinppi fgme@an H@&Wkt, | Miexdhesk pge of

silicon to the ci hl e i I j,Ng i t i;on. 30 L.ppi ng
(det achnent of cﬁ%ﬁ%egg opg?%gécg%t iqﬁgglhtplta ggt 01?121 , cezﬁ%'tsh,_a %ss%lw
i ncl udi ng cructMPEFRECefPEl §o7edd CSUFHIMRSCPACRE Rt HeE 1FegPemt Df t he

contact zoh® 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 cf large crucibles.

20
Application of powder (coating by means of spraying)
alsc cannot entirely avoid these disadvantages. In
additien, such an application of powder brings with it
the disadvantage of Iinhomogeneity of the layer in

25 respect o©f binder 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 Bl}.

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

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

of drying rate, atmospheric humidity and ambient



in the crucible is liquid. The larger the amount of adhering materi al
or the nore regions of adhering material, the greater the risk that
cracks will be fornmed in the ingot during solidification, which 5
reduces the yield of usable silicon for solar cell production. It has
been found that, for exanple, the surface activity of the silicon
nitride powder can differ 10 significantly frombatch to batch
irrespective of the manufacturer. These differences can be evened out
to a certain exeepgratnrigeat Theeat ndranget t he powderbipefeor e canxipg

with a | owt enper iR dbt BAeFdAR v8i s Dhmdlelsabhom ok et T&EQE and

ot hers), but not to such an extent 15 that the desired properties of
the Si 2N4-containing |ayers produced therefromno |onger differ from
one another. |# &d8t+eT onf t bbihet wifovidretitdnéhéaarli Sadvanst ajésicuber e

20 i s a disadvaat agettdl teliers Of Oscupréd obal abygreiel SimeRliately

recursors and iv ro r nt he S i ons
Pn WO 2007/ 0393%5 a’%éng|zgl %trge(r)sgﬁ’pog%%g%d%“tq %%%QQT‘%J p%@

respirabl e TECRESEPSI VD B90A010493261 W Ats Lo vBFﬁHCf"blalrr rint a’h]?e 25
conponent, andcaéfe i nder féomponentsesachedsdBit@Rg nagoparst i, ckésge

precursors of &onmag@artlb%g&@ﬁrl ow,molechkar Jei ghte poLyARLl C
struct Uresl(?O”Peac (?Lf Si 0% ont ai ng gnor anoge%gl lic cq ound$

whi ch are used TH 5507/ ‘Al °3h uHsd 563A Bf%e 30
| i kewi se respi pabiteragnd ean Beapredtiead PA otoeontakiwdadur Wagakpr ay
application i nppadddseikalor ldbraddbit@n &kt Macticyhladehi bbeshsy

hal f - mask FFAPZ. |{hea%§§5d§é5c&l\%rtp EN 404 .and_ al sq at |east gloves

and safety glasses as Body protection are necessary as occupati onal
35 hygi ene neasures (for exanple during processing of a coating
suspensi onlas teschébedsen cExdnpt-echpeiatud® 20026639380 Ahgion G ect

of the Inventl%ltbmérheresfoq ge@n object, Ofpﬁ&%aseygnt 'o@n Q0,,
provide a slip,f cing a herin arrier 5

r_produ
| ayer on a sub%tt% ﬁ%dlﬁﬁ?%’h bat'ti ef SIaye% {él %ar £ERI a?P? sBPTdb e
for applicati osigeitirathe afnidel lpvofnaslgicadasi Wetoht provewsintg wiit hidut
having the di spthwait agess kKRewBrife t h@ufiteOr d@fting Thessl i pnshoulh in

part i cul aryo makgyldosRosal blecto ohial ndefiectalree 40, goat ags Navi ng

a hi gher layer “CKriess esive s reng
a durabl e and ?%e%ﬁéﬂ%?wléé’éﬁl rf'gi‘l’f orD%Eblpﬂql@&l%s tiﬂﬁ AARHLAP UMD
nmet al | ur gy showdrdicre apr aviededniand, surfpaet teutles ,chdrebopelaidngdife

for riser tubes,shoukd Bg:iRGI£ased pale s SHIEIMAhot RE-1 AYeDE i an
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 te 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



The abovenenti oned object is achieved by a slip for producing a
durable, firmly adhering barrier layer on a 20 substrate according to
Claiml, a shaped body according to Caim 13 conprising a substrate
having a durable, firmy adhering barrier |ayer, a process for
produci ng such a shaped body according to Caim24 and the use of
such a shaped body according to Cains 27-29. 25 Advantageous or
particul arly useful enbodi nents of the subject matter of the patent
appl i cation areéni ndecatradibhet he duhoidi ndhe dhaves. thheannvent p6n
accordingly pravhéesn shtprior RLOAEE NGo30 ardiilabl eor fiddHe¥in
adhering barri %Emla ayer op a s%gséé ate, cq:qggii S‘cihréQ a_su ensij cig gz
solid particles, eréin t%egso‘?ldrpar?icles conpri se - 95b% y

wei ght of siliéermefltritde Efd 5188% bfunkightsdf dahl Sitorpaselich

hi gh- t enper at uredbtsrdethangithe HE02udased &ighon35cdenperat ucell

bi nder is deriyed,fr.am,Si 02 precursors and has been pretreated by
heat treatnment I n a tenperature range of 300-1300C. - 10 - The

i nvention further provides a shaped body which conprises a substrate
havi ng a durablle, Has nbgeadhBrninng bbhat, erfolaysrampiiet h tie bBarfaes

| a_yeL t co][rpr I sgagt%;ft%S‘Vq}@yhﬁﬁeéhg?til@éo@t Idiceggd@:jtprdw@@éah@ar?- %?z%’cft@yt |
wei g o] i 02- bas igh-te rature nder an aving_.a tota
oxygen cont bt “bP ESRIEY SETEHSRI WShd B8 bt BTRP Ty 8 [ oESs
conpri si ng t hemarefrtayrepr oVhgivriigitegesubst et e [Hveapgl peattont of a
slhi plgccor Fli ngcéﬂ;djhﬁ dxAtent ibgh neatt Reestisiy aje @d fvddar eLfambﬂ@ gf
t he applie AR & t.e ratur. t he
durable, firm m§%%ﬁge%r%§ a??‘f ge"ﬁ%fglrﬁy%h%qﬁle\%gﬁgf%hur;%rd:eﬁfgr%Ipﬂ
provi des for t%‘é"% of £GP sithedt B radtr ity o ERE | AVeREFBRAC i n
the field ¥ 1bhxor rchsi véesionrider pottsemdeal el the | i:Parddrcaliaing he
use of a shaped.pody pRodNed ormR.Qfs 8mmMeldt | oh &I UCHDE & . f OF - ) OgHEi N
silicon nelts and .the use of a shaped body in the formof a riser
tube in al um nfUMfral lurgy, in particular | ow pressure al unini um
casting. 20 It has surprisingly been found that particularly thick,
def Fpt ;jf [)ee Iay@rg?mmm &@h&rh@f %hberﬁé}d:i&i’n_@dnaﬁ.sm&@éeg_ﬁntﬂ@re )
appl i ed by a [ t he nt.i.on t . t he
i ngot wit h2(g?| ?t‘“?;co(r%l Zgbﬁ?ﬂﬁngéglgs ‘ext F%Brr%é yohlfovﬁccg%%%gg}é%ﬁt ?)&gh(gﬁe

pul verul ent co&ttfy PACEBFEPTHY A6 EP29BZVAGH OBPSafle atSFeWD in the
2007/ 039310 Al coxonigam natsmemsdbnkhe Sin | nget 2007H0SPEiT oyl ni tandle i s

significantly howey JoBst hey e nof FHe £0al1RYStRECALAINGLEL hEs
invention. 30 It has been %ﬁ#’zn/j tg% the | ayers according to.the
i nventi on can B&bourd dfr %nd 1Pkt malisy &t aBPyA ot SsudSEr bRt
surfaces a5 pastrirculeat)y #&igh thgyebizddrrkgenpessrgfs uputo FamSiThe
| ayers are resisiclrtti®les, precursors of S$i0, nanoparticles or low-
molecular weight polymeric structures composed of Si0O;-
containing organcometallic compounds which are used in
WO 2007/039310 Al and DE 10 2005 050 593 &l are
30 likewise respirable and can be breathed in or contacted
during spray application in particular. In addition to
extracticn, a filtering half-mask FFAPZ in accordance
with EN 404 and alsc 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 1bh in
WO 2007/039310 Al).



35 contact and not powdery. The binding effect in the layers is
predom nantly due to the binding action of the thermally treated

Si 02- based binder, with slight oxidation of the silicon nitride
during firing reinforcing bonding in the barrier layer. It has been
found that, in the case of the coating according to the invention,
the oxidation of the silicon nitride ingair at the firing 5

t enperatures enpl oyed can be reduced significantly conpared to a

bi nder-free silicon nitride ceRisqtgckctbe dinngntdoEP 963 464 Bl under
i dentical process conditions, with the proportion of oxidized silicon
nitride being g@' £s tﬁ%e %fé?gu%?dobg)é £05 200, ]ﬁ%vgt%?igrll 1R QL LBE 4
invention can be applie the p eferted application e 043 of

di ppi ng, fl oodPhtP aftr WetRFuriRet ashagrhg: FThesY mdliifsdggalerrier
preferred bgcausgenor enhoapgengctisatnd dehser | ayerisrcanidyerl5 is

applied than ip,ihg. Gasey ok, spnAW NG ( RPPICLBRRlI Gt 1aR) £ Ihese:
application nethods result in the pore size of the fired, coatlngs

bei ng smal | er &AtE% he Sive SEPERFTHIY i nphdt OPEsi st'ahted andt e
scrat ch resi st absedweitages nkreasad ddweparédrt art aydres dppl isedul® by

powder techni quespadhe-diayer :aRECARE pbesisianto t SNt atdredRdrree
transport-fﬁabég and th cont am of th onstituents

atings havindg, a hqabggni Y g%’é%%%%sb%ng 1Mprove
of the |ayer decreaé%s S|gn?f|can9 y. 5 iﬁe sﬁlps are storgge-s abl e
and can al so bedpddgcedsEinggiwat e asaddisgensi o nedPiaRLlenwhi @i s

advant ageous f piestgeansper t camdiqy OCRSSI Reppsiosei oz damgeraQusigoads

then have to b r d.co i bst a . t ve to
be enpl oyed foﬁe%%ggﬁﬁg %Egugﬂbggrg?gi%&%%%%gH g %g%lgﬁg%ﬁafgﬁé

. . ared to t
described i n ERPYES 86418t difd W%OWW%%% bet RBCF SRS
according t» the invention display a better adhesive strength on the

crucible material and, unlikeguhhgse sOrRKENLAIAMiIc85 | ayers, they are
not powdery. In addition, the slips of the invention allow | ayers

which are denser than those in EP 963 464 Bl and NO 2007/039310 Al to
be produced, iTke Phyeaveniiipendhabecrb Far gehperes. by- alxlip | #r1t he
coating suspensi@iucihgt bediraranrd, i @armt headrrenrgl byrtieatade Si H2-based
hi gh- t eMpe; At UL G, i Ader 4L S0k PLESENL 189 NANAALSDLN 56, PRASE QPS8
sol or as ceramc Erecursors or as m xtures thereof (precursor

mononer, fracta® StetiniitatFEHE i6f P hoRoBPS TRt HohyEbitlehs SR8 P Rt as
di spersed Si 02fs0iliyd agiheasn$i H2rsiglri dzgdher & ngréaessi |focomprndtieinde.

This Si 02 soligidi ff @hgpsh AUy GRRELY: A LTI R 24 tahda 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

300 a durable, firmly adhering  ©barrier layer on a
substrate, comprising a suspension of solid particles,
wherein the scolid particles comprise 67-95% by weight
of silicon nitride and 5-33% by weight of an Si0O;-based
high-temperature Dbinder and the S5i0O;-based high-

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



10 properties fromthe original sol. The sinter activity is reduced,
so that, in contrast to the coatings known fromthe prior art which
contain | owtenperature binders (WO 2007/039310 Al, 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 fornmediign-the substrate surface or in
the coating (both after coating and after firing and al so during the
process), for Thstdmyenthdppifigtiieet achuidts o félokesl obodwoatihhght o
20 the total dephbrifessi Blystdudiakgngrachbie1ant efiqaly) a%egmiks
and m cr ocr ackg, or even Lhe fanmuion.of,enti e netorks of (oracks.
In the case of "a fayer ﬁ’roﬁqcec]lin t ArS~way, the 25" adhesi®on 'of 71 he
| ayer to the sBbsveddd & SELpEPRi MBSt pPBAgeT3Thdy tiedgebhesi @ of
the | ayer, flependi-hgses hhehbisigeraconceptif@it oand Nhawind ayetowhl hi n
t he conditions ' e:Lhyenti o rtjcularly i .
factors are thgg%ﬁr:% gdndi?}ftlie%g %grrgerggf u}%% "2 £<§8¢ tahlgi b%%déﬁ?%gg%ﬁ%&
firing tenperablir @ frAREScCRIPRYSIHepERTi AGEDH EhePTifigdrn of a
concentration) sulbstregeal 30 sprpicsiing tdfata déspi becoiingeducedhe
sinter activityn@ndike bihdehe the-adhesi anof cf hadaanehgt @t hene

substrate js very, good.. . This finding i.s novel and kes it 35

possi bl e t%éap%?%llger?g e b?’}’on%pllﬁl\? rLﬁtenﬁn_d%ere‘Eatt-efirg'gmpﬁﬁﬁ?%r%aW ng
particul arly hfefn [thgefuripbknédsasy arthegdod kalitdsirvéage¥ength to the
substrate. - 13 - The good | ayer properties |ead to excellent

process- el evant. PLARSELLESL,ONN0 Liavthes nenpulerdlent Layer,.d here

is no or at the nost very | ow contam nation [ con In
nost is i nsensPe¥e AGOFAPAEL Hond tBe mak@EnNtipPobl et caf 18har f'hg of
t he coat ediTr ucobtasiwet hopiecesispassablre=lthur thepanrieynleeat haguof

l'arge cruci bl ess (5] SRR ACHHEL PL€SiHe I %@ $@ ROZST DL and b hee aghesi on

of the coating to the cru is excellent  in the entjre

j bl e eria th
Pt 0coss 1 onper RIS P nGhL BomT GoR hgo et SSEAPE. = 1N aFt PERT a1" ¢ he
coati ng has thehadiern age ¢hatseef velts suchlesindhimpmietiglleracksirand
i nhonogenei ti esaitdidulerCcoat-igi@satife SA Gk Gandd 4k imgduced during use
of the coajged crucibles. This is evidenced by data gathered by ingot
manuf acturers, for 15 exanpl e the nunber of cracks in the ingot and
the anount of ForlyFYrRELTS1DYs Pearpher it Héatt RRAGCUIPHés ettt gi ve
i nformati on abéoatedtherye el thyefrsusablen siddheen fosllsolaad ceké not
production. The,use ofhheslifiaceondi nghq the dfventin anabled
t he nunber of cracks 20 in the ingot in_continyous production to be
reduced to bel tWS e Pever®WGPHBF 19 pPodutts o8Pt pulvér uPehtcon
silicon nidyideltirdyer 95 axdrenedy atow nGenrewesduriserthei sudivbeleort of
C_ralcgs per i Ngedatihlge n@@f@egdg{%i ncddisi oms gwas gk ser rediced. The
yield and pro i.ty during.ingot pr ction wer :
i ncr eased. m?ﬁ?‘?\%@aé%?%d c})l’?l_’ccc):r?%ﬁ_ f%a[r}%oncroufgid%lee_sé)lorl%o% ng "
mel ting of | unpyrisiori EeRridanagestontiieasbay i hgieanioces , cadferP] f
i nhonopgenei ti eshorcodel egd ssdcprtibheg 3 aoat ingetave.not been forned
during appij cation or firing. OvMng to the low strength of the layer

or lower adhesion to the substrate in the case of coatings according
to EP 963464 BIt afi@d® NO&°8B07PER931H2A1 , tifet HOIRTENtEGPIEABT| &Fertfue to
i npact , shear, invention can be bound durably and thermally stably to

substrate surfaces at paerticularly high layer
thicknesses of up te 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



35 scratching or frictional stress is high and a thin residual |ayer,
if any, remains. The layers according to the invention are not
damaged or danmaged to a significantly | esser extent by nechani cal
stress during charging. |If detachnment of the | ayer nevertheless - 14
- occurs, this is significantly lower in the case of the |ayers
according to the invention, so that thejbarrier action and function
of the layer is maintained. 5 The sinplified application by nmeans of
fl oodi ng, whi chitsigs efdaried aéeordi ngatiofpheitqveémndang in the
significantly pegcas ﬁalye_rti fLrQShégrb@@plf&aid amaef thecgoathieg &
substrate mat erﬁflal coébts cco ptication, t dcuce pyl verul. n% layers
according to the pri é?t a 19 s angara érUC|bIe ng a
base area of 69@x6963nnﬁléhﬁp%@1Fl%¥@§% 0?169®%ﬂ003ﬁn2tP?p|éaF%&g

t akes 20- 505 m netws-atAppki catplayely geansceof dddnedi ngsimiikdcthely

coating suspension..Qiy the 1oventjan._ E?%@S s?ll?ﬂ%n5 $0 SHRUL @ { g 1 S

| i kewi se possible to 15 accel erate a | catlon neans _of sprayl ng,
whi ch typi cal | §°TFESI10525 T mMed® 01?1 a Lg’tdﬁﬁdaﬁae%frjtfcﬁlbl BIOFHES
addi tion, wet-¢condigtiogpr ayiity nelkesprbtp@osisinbl ef t oxdgézedbmyel teal

gl azi ng f obot Sni20BId 8k desaniptbope tfeduReadbaVi NGz The invention is
il ustrateﬂ%wth the aid of the drawings. Here, 25 Figure 1 shows the

results of "the tape test; Figure 2a schematically shows a |ayer
according to tHesi s¢énei orf whheh irasnhber been appl pedlbsd pdwdethe
coating; 30 Figiemr2edsebpratdtcalnl meshows arl ayssimccandbagng azdde

prior art whi CQ%@%% Been %EBL&%E%QV ﬂfé’%er R 409; aE%gUEa%e%é?rred

schematically s chip description of e Invention
The Si 02- based°$¥fatst e’ﬁﬁﬁ? atGFeIBrFiRIeT @5€d %ﬁﬂﬁ?lrdl hyes t Fan ke
invention is dsspMed frigranSi O pr eloeir soese andfhaspiveghngr etipeadead by

heat treatnEntaﬁﬂlf%aE@HP?faEH@§é épﬁ@idﬁtion methods result in the
pore size of the fired ceoatings being smaller and the

adhesive strength, impact resistance and scratch

resistance being increased compared to layers applied

20 by powder techniques. The lavers beccome resistant to

contact and transport-stable and the contaminaticon of

the 1ingot by constituents of the layer decreases

significantly.

25 The s5lips 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 20077039310 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 Bl and WO 2007/039310 Al to be produced,

i.e. layers which have no large pores.



range of 300-1300C. For the purposes of the present invention, Si02
precursors are materials which can formSi 02 as a result of heat
treatnent. 5 The Si 02-based hi gh-tenperature binder is preferably
derived fromorganosilicon Si 02 precursors prepared via a sol -gel
process, nore preferably from a nanoconposite conpri sing
organosilicon Si 02 precursors prepared 12 a a sol -gel process and

| i kewi se contai ni ng nanosi ze solid 10 particles. These 5i 02
precursors O ABNOEBHPORIAESIcoft BPFITHPNSI 0F pEBeur sofeRtdpa. t heke
converted int Oth@ﬁnaSu@Qtl&ase@Idhsgn-beﬁmﬁrtatgw—eelap@ﬂﬁfﬁebyblheai is

treatment in a,Lge ?é Me aHQx‘?o fs %Qgengggg Iég Z% %;e %io' i d

particles are pref se ecte om a 203,
A100H, 1203, cé%?amlc%r%’%ﬁ?uéﬁa%r °BN38r “FF‘BH?%ﬁmh ﬁ%uﬁwgrﬁ?rm hese
nanosi ze sobi dmpagitdc| es ftwhAcicdl ar eccomvbatietsi nt of t hesemagelrsd or
particles by §q§%dﬂﬁehggtéplbﬁgﬂa§”&¥§§§5565h§180 §5¥1Hd09a%5|%h@§ are

particularly pre | cle g nanoconposi tes which are
preferably used® LJC{ é‘\éﬁbn?(z)t‘f ﬁﬁ%nrijltgﬁ gnhd their preparation by

t he sol -gel 25 process are knovvn fromthe prior art, in particular
from D:E 103 26T18ils'3 Mo, %roaﬁer aﬂﬁge#§ Qﬂjrﬁifgic‘dﬁﬂlﬁ Oik hegﬂ?@m zecsolid
particles urf i fi surface i fyi ent
havi ng a m) g?ép&eﬁqeg Itggsofﬁglnal 0?)D If Stlrrgull‘ra%/ic@9 v iy
sur f ace- nodi fyiLﬁgr%bJ%Gentso\/\ﬁP%f cHhtaanig24ah E?Ih%ﬁ i tREtgrgapkret d
am de group, afrew greup,prSoOH groupyhintdr aloysabhe Iawdhicalpgrature

si | anes and/ ory, g, &4 Car(%n%oﬂ/@‘é@m Al, DE 10 2005 050 593 Al),
Accor di ngt oapreferrederflbo i ment, sucha 35 nanoconposi te can he

obt ai ned by t hg"¥61"gé& E)Jr%tceé’s“sngbﬁnfie%*&rﬁ%‘ﬁgSfOﬁa‘ffbeslbzlé‘d%I F%I not
particl es Wt hoone .orThipr ecsiullanesnoflovdie gormersals flor rka chkin® Si A
(4-)?1(11) -| 16s0 \V\ﬂflﬁies%]d}%frl'@gh@%:' Stved ejaf@?ETsi gab ebrfldd f o etde and
are hydr oxy ups._or ol ysabl.e grou e

Ment cal o aririrele HEQLHonh, Bo Bhnhlt A B a5 e
1, 2 or 3, Wi tﬁn%t afeast 501RH| GRef &tlﬁé’ s‘iiqi'%%r’i’@s Haﬁvu ﬁ§0§<e81s) | ffomly
sil anes of theifgtantka chlipphayi ndetecBmane usedlzpes eby oot iganits
nanoconposj g esyal e fhaiuedsy, WB!)£§1k91t;h%rn\@'l§§1ﬂ&1ecm<ﬁqulér @dterial)

organi c-inorgani ¢ nanoco gsites are .10 obtai ned

nanoconposi t es®ar E*80FY e F8d HTESCEREESSi 2- 5468d trﬂeghf?ﬁ?ﬁ}éloﬁt e

bi nders by heatnttimeanpewmerisa od teaperature range of 300-1300C. In
anot her enbodi nent, the Si02- based hi gh-t enperature 15 bi nder can be

obtained by th sQ gel Rr o¢ reaction of one nore silanes of
t he above eneireal #’or mi°a § EH’eat If’recg SFEnt Hibf %F‘le résul ttlahng
reaction p%g dduedhesioa Pérrﬁé?a%@r%? riegngdeoSUBODrABO0E surprisingly

stronger than the cohesion of the layer, depending on
the binder concentration in the layer within the
conditions according to the invention (particularly
important facters are the preignition temperature of
30 the binder and the firing temperature of the coating,
depending on the binder concentration). It 1is alsco
surprising that, despite the reduced sinter activity of
the binder, the adhesion of the layer to the substrate
is wvery 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.



20 Suitabl e exanpl es of silanes of the above fornmula (I) are |ikew se
given in DE 103 26 815 Al. In particular, alcoholic Si02-form ng sols
in which high-purity silicon nitride powder has been dispersed are
used as Si 02 precursors. The use of high-purity starting chem cals 25
(silicon nitride powder, silanes, alcohols, etc. ) is preferred since
this makes it possible to obtain very-highly pure | ayers which, in
particul ar, neet the requirenents of the solar industry. 30 The

Si 02- based hi gAheemsefatigverbirnrdeerivsed boxsbrieh ng=eolidng ipnoestsEon i s
an Si 02-based kﬁbmde?nmkgiz@l@ehgse@eeﬁm@et}seam@gldnpuggat:uiér&atl@gk igl a
tenperature ra 1 [ 15 more. preferably
800- 1050C, gggsga gegal t%ghgg‘ gﬁga joggt eazg P c%%t ac |vE %

a reduced si ntéPeaé‘tlllW?S‘/ 1M¥eE s Mgetofig hé“iWéﬁth%ntPs lﬁ‘PéE%péﬁ@l on
of solid pabti ekkss whigtoiiregaed abl yCB@ﬂ‘q)mgseDf75tIQQ%d®te\AElcgﬂt016ﬂ.e

silicon nitridg;and pllgcé%ﬂz»és%wht FRL e h 08 I02- Das8 g o7 1arge
hi gh-t enper at ure bj nde preferably 8 O-88%by wel ht of sificon

nitride and 12°28% 5\/\5‘1 dﬁf“ Bf cf‘ﬁ%l%eﬁ ) pagedl i ghRITMI&r 4PHr B
bi nder. 5 Pref efbacion sofl Sbegicvehitm the tBr0Zdyadedle hinghet bavpeiat ure

bi nder bei ng pegsenicras gfaamlé egntMsg ep s afer aﬂnﬁerggﬁf‘etggnéé I Lgon
nitride ang the Si 02 bas acturg #e er turerbl n(;xe Coa 1 re ent ]gs

m xed granuPes "Y1 R RS CASE of "a sﬁ dlabcbdy accordin
i nventi on, theaﬁ*ai*?ﬁa@e | &z Aegeet st o%%ﬁh ok§ g iepht®nt cmclsa 21%1 by
wei ght . The oxygermeenicenices S LAt r eHacedobning t herdar sigti diayatly

essentially bycLigedl 0:based,bi nder ek dech oLl oxygen eontent is

| ess t han 5%b% 15 wei ni cal properties parti cul ar,
of the Si3M-c Wr%ﬁqﬂer‘?g bé’oéiFFﬁggaEhﬁedadjﬁ’e&“\‘?@tsP?’éﬁ%ﬁ%urﬁﬁﬁacﬁor
resi st ancels abeagiwre r ek¢ stnanber amd scraatkeh iresitbeancgotdedrey | orat e

signi ficantly. adfendyrdirget on tH15ubsh« atlﬁndn% eeﬂyﬁseau%@ thge&f f ect
of the higher go hesi forces is

adhe3| on forctes coggaé l? C
reduced. In particdar, 1P an ou¥ fy()lre h&*t B off/ ano"
content to be 60118%@3ﬁr\/\e|0§ﬁﬂ, Prﬁ?@q@rléﬂer ably 7isk5%dfy Wweeghslip n
order to achi execgauadgmeshand calvepraperéia8.cdOdhe heuidielcrhandeksd f

the total 25 oxygen cf %nfm' %oétp%‘méltéoexum&btm b%err%d@e@ {4 sk

of the nonferrous net melts comn cont act
Si 3M4- cont ai nﬂﬁ%l%af'?‘?lg 158Fhg "CoRE ANt RatRFP Gt 4P s GfutRdireeP oKy gen
in the nelts antlidve bartriiele actyieon, ofantthehdeatdtngat ewards thheber

nonferrous netals3QpiRhbs deer easidig. EHH h@ﬁg@ge e | $upBSsSi ble to
configure the barrler | ayer as_a nmul ti |ch has t he

in
outernost | ayet” TACI RG awky f FORT t ﬁgdgg%‘gt r%@ t*h]@r]f had'd hE*88°ss
above- desc?d bedt BEps8i ERbnaidoat t ptelucoiggere orineneased.

During charging of conventional crucibles or during
melting of lumpy silicon, damage to the coating can
occur, even if inhomogeneities or defects in the
30 coating have not been formed during application or
firing. Owing to the low strength of the layer or lower
adhesion to the substrate in the case of coatings
according to EP 963464 Bl and WO 2007/039310 Al,
detachment of the layer due to impact, shear,
35 scratching or Zfrictional stress is high and & thin
residual layer, 1f 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



of not nmore than 21% by weight, preferably not nore than 12% by

wei ght. In one enbodi ment, the barrier layer is configured as a
doubl e layer conprising a first layer which is applied to the
substrate and has a - 18 - total oxygen content of not nore than 27%
by wei ght, preferably not nore than 16% by wei ght, and a second | ayer
havi ng the above conposition which is.lpgated on top of the first

| ayer and has a total oxygen content 5 of not nore than 21% by

wei ght, preferaseyraottinier €t oni2%dntlweilghtr im thd scadeublfe the
coating, the fU%§Er§ay@%oﬁﬂiﬁ&e§oaghpoﬂﬁwéﬂlloﬁyegoa@ﬁa@a§héiﬂgﬂlth
strength than thg or?par!aa% N Qra{'n%ﬂﬁ he upper | ayer

nevert hel ess olEUre" Eontact %)?nt t EI‘f"e'rﬁelltS 1M a€910 crucibl e

is in any case prevented by the bottomlayer. In addition, the
coef fi ci ent sof Thhesmabl EpsRanipeDi 64t tdie HROtdany | aYeElé&jﬂr@’\eﬁuhEBﬁm

t hat of the topg ngggenseca tﬂ?. ﬁ%‘%mf' n@]gé:hl nv%n%tlo}]ggﬁ::%r?l c% Icgy

crucible materi aI terns expansion i'sS
t hereby. This § %%n?%@e@ﬁ@eii nfBFo@é’géé%aW et stidelesotehper bour e
changes. Ml ti phestzgter smboeachi.eve feysidier apepiadabnontar eroukes se

possible, wt hpﬁb@efdl'@ntts erw’ertsheaém%rln n@obott.ljieon})l:fgxer 2Rel

mai nt ai ned or el se bre mats or woven fa I’ICS

In a pref erredsg%%acﬁ% stc’latrhe Cs“FFéEbBEje boaﬁv}@ a el PRFY 287%% uc?%l e
havi ng a subst 5&@@6%@5105@@%f waplar tezeagr apthi 680 x4Er ant ¢ topiSk DLy

(fused silica)tanss isosil trableef or Aﬁﬁﬁld%rt%ﬁ%yn%e%sc%r Q5i%8ing
nonf errous net st I Ege Cg Q%tl cuI arnSS|OI i co I n ano}t{ her
enbodi ment, the s body 1's° a’riser avl ﬁg lﬁvgﬂbjs?nr at@kes
conposed of Si B2 us%dloslf‘lllné’a'?sor ah |rl§n dmkgyls} apPhEghblst r ettt h
or heat - res$ st antelvetaakl i gpmlilcay ibor @ unkBhsimdret aplay gy, 3anihe

barrier layer ihg1shapeds begies b, L0 t ref Ly, has a
t hi ckness of 8§yp Qg) t?)’m m)rg pr ef erabl ylgok%o% lf)gn%ea\?ae%n%r gigrléeqt erably
200- 500 pm addition, wet-in-wet spraying makes it possible to

use commercial glazing robots,
20 Brief description of the drawings

The invention is 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 2e¢ schematically shows chipping.

35 Detailed description of the invention
The SiO;-based high-temperature binder used according to

the invention is derived from $i0, precursors and has

been pretreated by heat treatment in a temperature



- 19 - The shaped bodies of the invention can be obtained by a
process which conprises the follow ng steps: a) provision of a
substrate, b) application of a slip according to the invention 5to
the substrate and c) hardening of the applied slip by firing at an
el evated tenperature to formthe durable, firmly adhering barrier

| ayer. 10 In the case of nonnetallic substrates, the firing in step
c) is carried out at tenperatures of 700-1300C, preferably

1000- 1225C, noréngeefodr aifl0y 130605 .1200C, tley epurmrsespragf ertabl present

1075-1175C, paritivet asd,y sqrogfﬁf@&lﬁéo%éogré%n%@s%ﬁﬂcﬁméﬂ 4G
Substrates are qéga t.he fL|1 F is carried out at
t enper at ures of "500-1600¢ pre 38 y %5’%“@55& particularly
preferably 700-850C. In the case of netallic substrates, in-situ 20
firi n? dur:jﬁg U&ehfl%hﬁaﬁtﬁpﬁdgbﬂiﬁn@&ﬂaﬁuﬁir biigakar iy %J?é@ﬂagqy
A preferred ov r oduction

Qeaived %%%rggkgsgglccoq 1:S Sgep etcHrS?OTI%Vﬁpr?éeSr B&gs

the invention is also jntegr conpri
steps: 1)m xi n§ & p‘?eeIClPrr§’6F§s fYtfe PSRG2T Palse d TviMg A- N eeeprarasiE e
bi nder, pref er abihyrivgeat kegambshlisicni can, nidecudec povsteipaald, vik a

appropriate aH&hlééﬂ|ﬁ¥béé@soghé|ﬂlﬂQWiQQQ£ﬂRg&§£§ ]naég%lze solid
2) gr anul at;lgn of thelel nte&gedl at?e to obtain granu es
internmedi ate 2778 HES t FEETRentiGf PRECT TR SedF at Bal?oqcﬁnpé’ﬁtl‘a?ﬁ

thermal ly tr eaF@@ltig]rf&ﬁ’GI &40asrienwsmedi are Bhem)canddrtag ohtdhehe
i nternmedi ate 3si0-%abed el Patlinb 2858 2€nddds HySPEES| OFk Lhnehbein

product ~obt ai n &) radde 2RPLOPT{ A& addition of silicon
i de pomergfj}érﬁbesr%%ﬁ & radde BRPLOPIARSC

15 The nanosize solid particles are preferably selected
from among Si0,, TiC,, Zr0,, Al;03, AlOCH, Y,03, Ce0j,
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 SiO,
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 welight
of less than 1500, in particular a surface-modifying

30 agent which contains an anhydride group, acid amide
group, amine group, SiOH group, hydrolysable radicals
of silanes and/or a f-dicarbonyl group.

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

silanes of the general formula (I):

RxSik 5y {I)



this has not yet been used or not all been used in step 1) and al so,
if appropriate, addition of - 20 - organic and inorganic binders to
produce a suspension (slip) as internediate 4, 6)application of the
internediate 4 to a substrate and 5 7)production of a shaped body
according to the invention by firing the coating. As silicon nitride
powder in steps 1) and/or 5), preferenae& s given to using a

hi gh-purity powder whose 10 al kali netal and al kaline earth netal
content is in each case not nore than 1000 ppm and whose fl uoride and
chl ori de cont emrhets tite eaahca:mex I’&Cﬁe faee: id1an 020091 pprantwWaageat ot al

car bon contenth%érémeg BOb: R & @g@bggogﬁ&&@ and hase. [pan,

particle size d nor e e oXygen cont ent
such hi gh- purlF§95|Hq%96hc?ﬁtlqrdedbﬁﬁﬁﬁﬁQ§ |§n%5Lﬁﬂely“??P%qﬁ91VéﬁB%?fr(nn
1 to 1.5% by wergits difdexprecOr sbr 2 iar st,epithase praftersabhylt het 20

abovenent i oned: RANQEQHROSI h@ﬁlﬁemowd 10f pf e%Hwors%Ll%eé' | J£COfhy
di oxi de or SI|%COH nit nonetal |i nds O salts of

;
silicon, if approprlaté&anrﬁyégal &f Ssi 10N 8% nafGparEicl es.
These are pref@ﬁ@ﬂﬂ?@p@ﬁkﬁﬁshoﬁﬁ@en@@ﬁﬁﬂ%ﬁQMt|Vﬂ§ﬂElC@ﬁhﬁFW¥$Qk3ﬁﬁé

powder, e.qg. iﬁréEéMﬂedﬁi||bf§hdﬂd%@n@£gQ£M£r nh&ha@bﬁﬁa@a&agusesarahe

aUX|I|ar|e in ) 3 e ounds such as, pol.y
but yr al Oé&ﬁeﬁ\?l%n < %o gﬁgg&& ,&é ?etcﬁg %Jﬁteecbl ycoci Tiq%/?EG)
waxes or ethan?ﬂ IﬁigﬁoF?ﬂ@ﬁ%ﬁture inders by heat treatment in

a temperature range of 300-1300°C

In another embodiment, the Si0O;-based high-temperature
15 Dbinder can Dbe obtzined 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 azbove formula ({(I)
are likewise given in DE 103 26 815 Al. In particular,
alcoholic Si0;-forming sols in which high-purity silicon
nitride powder has been dispersed are used as SiO,
precursors. The use of high-purity starting chemicals

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

requirements of the solar industry.

30 The Si0O;-based high-temperature binder used according to
the inventicn is 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 actiwvity, i.e. a reduced sinter activity.

The slip of the invention is a suspensicon of solid
particles which preferably comprise 75-90% by weight of
silicon nitride and 10-25% by weight of the $Si0;-based



The granulation in step 2) is carried out, for exanple, by
precipitation in a liquid, e.g. water or oil, or 35 spray drying or
ot her granul ation techni ques. The suspension conprising the
internediate 1 is processed in customary granul ati on processes to
give granules (intermediate 2), with the suspension being - 21 -
dried in a suitable vessel and a | unpy internedi ate 2 bei ng produced.
The granulation is preferably carried out in a m xing apparatus, e.qg.
an Eirich m xehighotemedatergr dmuldes, haweng apxpfanabky sidle-GisA t he

range 5 from SQepght 0OoR @ﬂrm% Q&tmaélmrﬁﬁ-zolh%yg%@gh@t b?nthé
nore preferabl y, Sffect %h recipitati naliquid in whicht
internediate 1°T% insorubt®E &FMBRf S+ ESal |J‘P|8?§ sol ubl e (or only
partially soluble) and the precipitated granul es have a granul e size
in the rangse 1B8réfemnt@ pist oapief eriabhy aof ewndn Idiopeides, anghthe

granul ation 'Stgﬁﬁéfact%r%r']é!lr}?{eﬁff ehgpll]%/ %%reg‘g‘gg oyt ¥al§lplr%asy dwl%\g or

spray buil dup granu at1 on l'e srze ra rom-a
pmto about 158°phiGP h‘??}(?) thy agd&dFOBOOl‘bl?ﬁdel@“ﬂ*h hﬁe%%OZt"Péa‘F%nt
of the granul esigm-mr@prayu:ai Hiedper atereesaboves 30QEC| geulsiliea .
renmoval of the or ganic auxiliaries (bi nder rermval) and at

t enper at ur 0 m 450C to _1300C n). | eads 20 t
st rengt henl?(?lg of t?lhe grandl eg% % % GFY ¢ h%c%c?réiéﬁﬁc a8xi Fi%ri es

in step 3), whigterwiiion.akk® kb@rrléfreﬁﬁieﬁrt@sag ‘thi aterxygsmovahteiel ow,
takes place inocfi 6-213% t BAPeEAGRY €STR bh@ydrangdtedd fikomM300Gutas

550 pref er abl y. 3506 500C.and pRrdd cul atly 15 g1ahly, 400C: éégg

Bi nder renoval can be carri at CAWl se i it cr C%Jsed
silica) or prePe?fli-y Iitnther boaYy Fwigsaceorsery nlsst1@|§53}halﬁh
granul es flom whidgtt,t hehabi meldrarias lbgenpeerbyed af e phirkeailse, i g:nﬂ ted,

preferably in the gange C 0C, r a
450C- 1200C and. aru% e 508 TngaegL gt A8k paaen,

i gnition tenpet®fie F6F* f%aerpcger‘anﬁ 5§¥’r‘?‘i‘ orrﬁérlsF%ﬁ%eet 288 optTAEF!
| ayer propertiessigitaphe, f deedr todtiengs isinadlidabel set Thaes lerfdimet iton of
the binder contrntsstirieeghanub@scedgdisheOfe r@cht XLETr €r0f n oA es

\éwglsgrbrg‘vez%)eggdﬂ&ql Eedfoattcegl féo peanrtedt et et %t urco els.SLorl)I oVJ\rAcgg is

reduced. In particular, it is advantageous for the

total oxygen content to be 6-18% by weight, more

preferably 7-15% by weight, in order to achieve good

mechanical properties. On the other hand, if the total

25 oxygen content is above 21% by weight, there is a risk

of the nonferrous metal melts coming into contact with

the Si3;Ny-containing c¢oating being contaminated by

dissolution of oxygen in the melts and the barrier

action of the coating towards the nonferrous metal

30 melts decreasing.

Furthermore, it 1is possible to configure the barrier
layer as & 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 weilght, 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



In principle, higher firing tenperatures are selected for higher
bi nder contents. For exanple, a suitable ignition tenperature for
granul es having a binder 5 content of 15% by weight is 500-1000C,
preferably 600- 900C bi nder weight, granules a suitable ignition
tenperature for the is 600-1100C, preferably 700-1000C and 10
particularly preferably 850-950C. The-iygermediate 3 contains the
hi gh-t enperature bi nder according to the invention which has_been
formed as a res$afeloPxyhen heentarteatfmamt, nprzef erabl 2 Ttodet herdgnkth 15
silicon nitriderefbeamwiy |idig mfret hea@r arl as; !vféli%lhep éhglggr \éf%%oh@ set
the particle si p I aver age rticle.size not
nore than 30 pmég%r%g‘;gﬁggr%b%ijﬁllgo%ﬁﬁ% Ogvgﬁl%orles prO&gFSbPQ
1.5-10 pm and (&Pt PEufaf| yipttef E1vas] ¢rd- 8apne totgheowidan mproenthe
granul es in5step 4ptl incew stapr efiar abl yheadat oghistedabuy anut esbze 25
di stribution. Ihgnd@@ewhggié%_stlglp t%SC%BPP?%C&IE%ﬂﬁ%,OL&e' 8ot
separate proceigygﬁe eéyés ggegon ingu&gggr and h;% a higher strength
than the top layer. If damage to the upper layer
nevertheless occurs, contact of the metal melt with the
10 crucible is in any case prevented by the bottom layer.
In addition, -the coefficient of thermal expansion of
the bottom layer is lower than that of the top layer,
so that better matching of the coating to the crucible
material in terms of thermal expansicn is achieved
15 thereby. This 1is advantageous in processes having
sudden temperature changes. Multiple layers to achieve
further degradation are likewise possible, with the

limits for the upper and bottom layer being maintained.

20 The substrate of the shaped bodies of the invention
appropriately comprises quartz, graphite, ceramic
(including silicon nitride ceramic}, $i0, (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 SiQ; (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 Si0; (fused silica) or an
iron alloy or & high-strength or Theat-resistant

metallic alloy for aluminium metallurgy.

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



step 4) in an organic or inorganic solvent, preferably 30 an al cohol
and/or water. It is possible here to use inorganic or organic
additives, e.g. PVB, PVA, PEG waxes or ethanol-soluble polyners, in
order to increase the stability of the suspension or the green
strength of the applied layer. 35 In step 5), it is |likew se possible
to mx in additional conponents such as;ganosi ze solid particles
and/ or precursors thereof prepared via a sol-gel process, preferably
Si 02- or Si 2N4-Thsr phapeddirop@st PEl ese inv2Btionlcqif @eULBOLSnddiereal or
si 1i con oxyni tr:desdnen p10BGRDEONL Onbheo S 92 ot et of the siip
resulting fromgthe ﬁgg‘(’a{j i|¢2}:§11rticles or precursors should be not nore
than 3% by wei %ét i h-order f 8r ?hSeUbﬁ%%é?ti es of 5 the coatings
according to t i n¥eMti it 1ot of o abeliippaiccedding ntd heher dausitiion
according toé the inventrieonubkttde shigp, contact with or breathing in
of volatile, 1Q,irrj .Qr t oxi uhstances can be nminim zed or
ruled out in t%é pr%%:lzds%nl%ﬁai%(i gh((;:l ggggl%ystseﬁ% Y, Lo 9exdEm e,
granul ation takes pfHCENHeH F°8BPAST&Yero point uthondefatdryi ridament
and human bei ngs camdizerimgnbarzied hyyéhe use of a downstream
condensation unit 15 in which volatile conponents are collected and
recycl ed t? th%prt cess. Thg sane a g]lrj es to the binder renoval in
which an affer “Bofbist°6R OXi diCPBETubl i | PePtGRpBRentse BaFike ihe
processes i n WOt2R0OZ) 0893¢arniechamiitDEL] O 20852050593 Atgo-tieocc,
preferred Si ZNéreE%aﬂcﬂfyt ai mo g 235k ps q{ortehepi_,@,yeerqitbilgln P&del%oﬁ%,t ain
any irritating a ous conponent s esult of jignitron
and granul ati oﬁgg?e é@é ar eprierrlfgfﬁgf%l i ?@ﬁ%ﬁﬁg#?’espi?%ﬂﬁl%u%r%hat
for the purposBEeBI ddupit?oiai®°Rygi ene only a sinple hal f nask FFP2
in accordahte with 25 EN 149: 2001 is recommended for application of
the | ayer by sprayi g whe i | en Thi.s, means t hat
there are no or,ony Iow Ee%ﬁ%%@%ﬂs%g alfr'o%r p'{s%?m%rh i r%lr%?%pjsn of tP
application and’ t he’ sTBSEFTRnt°HandFi nEeTRRGEEs8S st @ps HAVILABC tdhe

hi ghest exposuPeeiduadlfor 360pe?dUnel ) ewenitnlihe caserefedadhow
degree of autoned-igmnocThenappticadd ?ﬂs izﬂet%tﬁl@ct:@};uﬁét%aﬁ%gpr?99{]&% a5
suspensi ons4 s rje usi ng omar oati ng met hods such as
sprayi ng, nzpdf ef %fa%lb gy%\}\l/g%?ng?/\eet?g(b)!t%% Irr%‘&é’feﬁggB tah ihérgadrelarly
substrate, e. P ¥i7<éq9silica. After application, the coating can be
dried in air. - 24 - The production of the coated shaped body in

step 7) is cargi reBY Sf L &ating at .a evate .
terrger;t ure. |2f’l L?Eegféiasgy %%%g%e%gﬁ ?S% sunf)tgt rtél1 eg, %%ﬁl PP ed

. of | |
out at tenperatiur ofsfjr%mofooéhf:‘o invention is also integrated
5 comprises the following process steps:

1) mixing o©f precursors of the 5i0;-based high-
temperature binder, breferably 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,
3) dispersion of the product obtained in Sstep 4), if

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

step 1) and alsec, if appropriate, addition of



5 1300C, preferabl y10000C1225C, nore preferably 1050C 1200C, nore
preferably 1075C 1175C and particularly preferably 1100-1150C, and in
the case of netallic substrates this is carried out at tenperatures
of 500- 1000C, preferably 600-900C, particularly 10 preferably
700-850C, in each case preferably with a heating and cooling tine of
preferably 8 hours in each case and a-hptd-tinme at maxi num
tenperature of preferably one hour under air, or in a reducing or

i nert at nosphere or ¥fIEC gadicdor éswupenie. ghindasogemw 15 mwduaegon.
Firing of the coati sgspHit@bna ( épgucia@glﬁﬁémmiggg 4e g. in a
gas-fired furnage h duci S £:Qr @ | ow o

partial pr essu?sg Q%ﬂg:faerlégd%gl %g% tﬁg %ﬁ ESR it de ‘T’%%%?@‘te
coating is then omiﬁ’1 ed | ess strongly. 20 Wen the slips are used
for coating5sufistrapesidaiioAl ot al | Bhghsd t bedgi ldeerdahgride pawder
used can al 5o be Of s kuelioRUBY L3 AN: {Orcd e el ting of “sol ar
silicon. 25 The solids content of the coating Suspension for
application by flooding is appropriately from40 to 65% by wei ght and
for applicati ofishysingitcann- netrisjsr appnded s ifir ost g5 t ) 558 webght .
30 The shaped bedteserafe tiBegitwventd arriRgVvh mglg%%&é%e%mtdéﬂﬂwxose

adhering bapri e sui.ta efor use .in corrosive
nonferrousil?ret gﬁkgﬁ%/ Eﬂegéf ang Ia?!( 6% TRt Iﬂ?tagl | PN § hd?

| i ke. Shaped bsaF‘éscarSr? tﬂﬁé FBF M BTamR0PP nepPre ranei bhese af kuaniideabh@, in
35 particul ar, chooripteodueinhgnsi | igonnreldagh fessaccy@DeRENgthigui d
silicon and fopogs Ysghd |hdsRo ddaul dskbheanatonform silLon blocks.

- 25 - Shaped hodies in formof riser es are sui abte:
particular, in 3¥%n]fl?ﬁrhrﬁor9é)t BPIufgy, "Rty "r?él“t Patkarty pret éjfsabfri/
| ow pr essut® ahewi npuen thast | hgim .5 ERenpd:esyeandonoapar ati vecexanghes | n

t he exanpl es aﬁﬁriﬂyﬂﬁﬁﬁabbﬁengﬁfﬁﬂg %%md%pg i§y§guéﬂTyCKﬁe§§gsran e
i ndi cated are P%gdl Qn Ehg q)riy a?’% hi cknesses after firing. 10
ou

Tape test: The tape test>T s Carr t by repeated sticking-on and

pul l'i ng-off of an adhe5| ve tape (Tesa 4651) on a 15 specinen area of

1000 m2 whi chTiras peenuceated im as¢elgf | ned waye Theecadhasive t@pe is
pull ed offo@t AARghe 108 AL %E%C'C%ﬁpoggéf Srbig L est o o

the coatings was, carried out unti ns of
material were fo-iWRgEtoELRIYd By ifhe @{Frd@&tl Rg2 orozFareret pbliest
had been repeat@whclBdsi nes. sAlter ofachi Jpiutdohi, ngt OF fappf:oﬂiﬂ‘h&t@dhﬁﬁtlﬁle

tape, the wei gidailass Ofrthe13p6gi NBN Jwas, Q‘?%%r@lgfgs T%eggﬂb{;‘i

repetitions of -off test were Io ai nst the wei
|npa graph (FI%%$§r%$H mixed gomogenegus Y w1t% silicon nltghde

powder, in a wet milling step or other mixing

| oss

apparatuses.

The auxiliaries in step 1) can be organic compounds
such as polyvinyl butyral (PVB), polyvinyl alcochol

30 (PVA), polyethylene glycol (PEG), waxes or ethanol-
soluble polymers.

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

35 spray drying or other granulation techniques.

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

granules (intermediate 2), with the suspension being



25 As the strength of the |ayer decreases, as in the case of

pul verul ent | ayers and/or coatings applied as powders, the neasurable
renoval of material is greater (weight |oss) and there is a higher
risk that nore 30 coating nmaterial will be introduced into the nelt,
nore coating material will be renoved under nechani cal stresses and
the layer will be consunmed nore quicklyziso that a barrier action
wi [l no longer be present. 35 Pull-off test (adhesive strength): The
adhesi ve strengthedasrdat erit ke bjeIrsasaning thepy oi vee miHGhtES 2

required for pukihggpebiuaedl aties V\A_ﬂiaﬁﬁllaa&oxbe% @QQ@@fé&?ﬂyy danded

onto the f| red Qatl ng o ted speci ea ,of adheswe
bondi ng = 500 O% " The ItUfémeg vé%ar&%ggf velry: bonded‘g by ABANs “Bf a

t wo- conponent 8685%&’/"? egFﬁmé]tﬂf;es]ilf\‘ﬁ@anl%hgr%melet os}zs hhglhhei seosety,
penetrates hot fmomeS@han GO-BOypmernbé hbel maeati ngie Jhenadieshve

strength perpendi cdar %Qekgﬁaﬁl'{;f@(fgegge& ng, ! Ay&l..pas.deLer m, ”eQ '”

N mR2. After the Bh% the rupture durface "was exani hed
an assessnent WAS'hhdd e‘iguf: %%tﬂétterﬁﬁﬂfﬁtr% hdd deentrile iar Pﬁéy
coating (cohesEBa¥ingly rsalwéleoripacniint erfacel 10 dodubhe) sabst tate

(ﬁdhesi On)‘i Th@ré@mrtaz:BSCKyB@ﬁ@lég ﬁah:l% &0 tadu SPeLi SIBNS, tt%%t edpyas in
the range ffo -of f, test. gi.ves infornation
about the aghg]gfgglﬁ }g r? tﬁ Hayer oytﬁe f&ubﬂlrlgf@eB?esaboﬁTthEe
strength of th8 #AYSCICR tife R?a@écéial‘i% Rithfesiebhy f orcesedxeerdbng

t he cohesi on f epcas, duhieh, cas émdycailﬁddaboweanhﬁaﬁldiesi&ﬁ@{ €the

effect. 20 Co BY a hi |sa
suspensi on of @?{ﬁlgnesrﬁ%ér :Haé l%V\der&?chﬁEPelﬁg@p stulIl |1§8 Wat &f

wi t hout furthef FUdi% i"9e8 %W AP °hHE: been pr oduced as described in EP
963 464 BI1>25 For further processing (brushing, rolling, spraying),
only the rheol ogy okathis-SUSREASIAN £§eC dbzialng@és %Coggéﬁglsx e

sol i ds content ér§pesreaEUrfor ebﬂe]lrg)l 8ohO% 30% L EBpr%I&P%ral]‘fappl ication

by means of a Spray € siuSpehsi o Sppropii ate
in a nunber ofmf%af@rcs aélxaléﬁ?élaﬁ'%d thistdetr ee redpyausedasi | i cat

cruci bl e so astémpepaoduee gafh@mgeme@us tayesoddy ckir@ssioh) 300adum
After drying, {91&:GRabLAG S Ui effe DETONS s

The removal of the organic auxiliaries in 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 in crucibles (e.g. 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 150°C~1150°C. A suitable
ignition temperature for the granules in order to set

35 optimal layer properties of the fired coating should be
set as & 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.



35 use as nelting crucible at 900C. The silicon nitride powder
coating obtained shoul d be bubble- and crack-free and al so have no
ot her defects. The silicon nitride |ayer produced in this way has
only - 27 - |limted resistance to contact and should be treated
correspondingly carefully. It is not only necessary to avoi d damge
to the coating during charging with piLeges of Si but charging al so
has to be carried out so that 5 slipping of pieces of Si is avoided
during nelting, so that no defects are produced in the powder |ayer

during nelting g thehei Soapak ady - I : rd _suspension 10
50% by wei ght %f g?ﬁi on Ltr?%kﬁeomdegg(%§épﬁ§%?n%% é%faﬁ%ﬁﬁgFSQ
homogeni zed. Th&"sU¥\FERE] nﬁ§raﬁgWF§Btfo 8°E| &XABRLedust -THideblary
fused silica crgeiblen Ceavengtwfe t Horcr ucabllesby haeans of fHieading
ijs not pgsssbl eoibesi NEe 1E%65§Sw@i®£)q;sggdoim%‘%,ﬁB?&jf%&@aﬁW 50
ryi ng above aghayer ckness o - i eads to

det achnent of g?gdg S%Q%hgaégéf?iﬁf ef8F8f$$¥Pﬁb g?ofﬁgjébatﬁﬁg.a
Vetting of thePdPERT bFLRNEH &t RARoYrdufisse odppEPr attampleoulds nby
prevent this ekbégit, Even whermpd% 2Qqefic PMA CedvlraEu04/ 8804 Celgpese

Emul si ons GrbH),.ya$ added t h nol - sid i nigric yspensi on,
crack-free %a;%? tﬁ%cknesseg“%f§é§gg%'gﬁ?%é%k%gﬁ%t @%Jg®ﬁ?e§edaP% t he
case of appli cBEFOHBY51F ot i bt Ywed TRMEC - sprayi ng. 25 Conparati ve
Exanpl e 3: Standard suspension 50% by wei ght of silicon nitride

powder (UBE El@)eiihiifhanelrare hommgeni 284 »ithe « sHSPENSI QN vl R
applied to a 3 nge]gpdtod%%%-ggeeh dn¥ fused silica crucible. The
coating is appfied by spfaying T FT oliHe ™t haAS REEPnfdEteS Bayd ng
of the suspensFoitits dfottigodispbl sreptanter ackse gl f oromedhin then
coating abbwve ailiayer ntibrtkaess of about 200 pm The coatings are
sprayed on 35 in powder form After drying, the coatings are fired at
about 1000C before use as a nelting crucible. The silicon nitride

| ayer produced i This™\ay thddiofyprbinft &8 FESP sfhneerves to set

the particle size, preferably an average particle size
ds¢ of not more than 30 pm, more preferably 1-15 pm,

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

The milling of the granules in step 4d) 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 is 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 35), 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 S5i0;- or SizNs—forming nanoparticles



- 28 - to contact and should be treated correspondingly carefully.
The adhesive strength of the coating is 0.21 Nm®2; the 5 results of
the tape test are shown in Fig. 1. In addition, the coating
suspensi on was applied by flooding, in which case the coating
ruptures during drying or firing and becones detached in flakes. The
10 adhesive strength could therefore noj; he nmeasured here (see Table
1). Conparative Exanples 4a and 4b: 15 A coating suspensi on was
produced as descri bedcumnsdi® 200¢£639316r Al silExanpl exyibit rikie .coaheng
was applied by pubyeridenis SPEAYENE, ORI ety SPIay] nﬂas@:{i iNgs
fired at 500C §4a gé 753% &4b%. Both in the case of Eul veru gantt
sprayi ng and i A Pfe "88s8UGFIwBEITTEVRST 20 REFSYPRGS SpPadA ngei &°
carried out bymaeanshaf 3 rieactdigdt] ilquioddas Fodi tiat ep-dpertes of
2007/ 0393105 Al thdhe-z@ahhg fdbetifid IitRg 4% PAWIEhY: ANdnhet dLshst ant
to contact. The adhesive strength of the coating 25 sprayed on in
pul verulent formis indicated in Table 1; the results of the tape
test are shown in Fig. 1. The coating applied by wet-in-wet spraying
ruptures duringrdrpengredutt témgaatordinyero t bhe kaessntfon300£80nd 50
pm and becomesgdet ac takble gdhesiye st %%m coyl d %er&;‘l%rcglgpt be
nmeasured h 5e.,Cb arative Exanple 5: 35 “The ?ntern& late i'S

pr oduced bg hofbGeiFat or °8f © 038P Y B¥Ce8t FaRoPe BHBLMY26F Pirn&ryed
divided silicactHDKn WaekerpcedF4cgadh $hlicdonedi systenpowtes (QBE
E10) and 16 g @ﬁarﬁc\i%,by?ﬁ&aﬂsﬂt@tmwak%@n Piddd denmd | kpgzyredigein a

i ) i di ate
PE contai ner OBoﬁhl%%no O%O|é§¥f%ongggtlrgégln%uman beings can be

r

minimized by the use of a downstream condensation unit
15 in which velatile 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
nygiene 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 in the case of a low degree of

automation.

The &pplication 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.



- 29 - 2 is produced by pouring internediate 1 into a flat PE
container and drying in an expl osion-protected drying renoved from
the lunpy granular material at 450C in air in a fused silica
crucible. To 5 produce internediate 3, the granules are ignited by
heat treatnment at 900C in a covered crucible. 750 g of ethanol and
750 g of internediate 3 are mlled and yipnogeni zed in a PE contai ner
by means of mlling nedia to produce internediate 4. The average
particle size ghelprodmierinedivat ehd tsatedl spapedheodntier mébatie 4si s

applied in a | ayer;ihi Coiﬁraesl§y Offl%tmgt %%0 Q'@a{:?ﬂ?orlﬂsegﬁs%l'e%gtad

cruci bl e byflcéodln’g er is dried in air
subsequent iy fiF&Q° ‘?tulerSé i th®a 14t ity RBTERIilsg T “6tes.
hours. 15 The ¢basi ag abtreiedieihgai stempensesirss ant tfoomom)at:ct to

ﬁorrpar ati vesExagpbec 6: p;lg&em%lbnt ]faro;m@'tgi?zsil"d S prpduced %y
onpbgeni zati on, 15 (0] us IC SI I con
nitride powder ?Eﬁé E%&% ahd § of® ﬁ%&?ﬁaa S g sﬁf?& nfE¢i de
mlling media PATAIPE it BFnEsrabdvalset-of50°6) | erd. iTHd e seeenedi at e

2 is 25 pr Oducadtﬁ)yllpﬂwﬁlbﬂgratfﬁ£rtmiﬂ(§l akecdriid catf battdfperatures
expl osi on-prot get eddr ro y n fused si|
Og i/b(ﬂgDCf r?n! raggg % ﬁ %I&@Jct nerﬁarttlcg18638.¥n a

cruci bl e. g@ ranul es _are ignite rea
covered cruti bPESEEGY Y of° etsﬁgm%'l éﬁde’?Sb 636F PreépRRlivat et at e

mlled and honbgehinzedridn cacPEngoning ner drgfaeansy of houkki g gedma to

produce internediat exrth Ehe havygr agﬁn&aretﬂ Clx$haR oéeﬂa&‘aw?gl

is 2 pm The inte i,ate a 35|nalaert|cknesso
about 350 pmtD ¢ anPT u%léf S|”Iei c}éoucrpu‘én%ire By f | Boditfg.® ThRedYy¥r 9%

dried in air féreX ¥Howsphane subsedeenthsy Preswhrat ELA5Cniktbgen
heating antscoeti ngdond® WiriohOUES.the coating under a reducing

atmosphere, e.g. in 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 thanrn 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 liquid silicon and for crystallizing

liquid silicon to form silicon blocks.



- 30 - The coating after firing is not resistant to contact. Exanple
1: 5 The internmediate 1 is produced by honogeni zati on of 3000 g of
Inosil S-B (Inosil grade S-B 38 from Il nomat GivbH this commercially
avai l abl e binder is a m xture of organosilicon conpounds, i.e. Si02
precursors, and Si 02 nanoparticles), 1000 g of ethanol, 4000 g of 10
silicon nitride powder (UBE E10) and 406 g of PVB (polyvinyl butyral
BM 18, Wacker) by neans of silicon nitride mlling nmedia in a PE
cont ai ner on aS§epedfbedidseris. ths Them ok erimedi &vke? #1352 prdduabéd, by
pouring intermedi at padticiiera flah PEacamtaiper asda iy invagf
expl osi on- pr ot ryi.ng n._.The_binder is renmoved fromthe | unpy
granul ar mter?g%gg%&fg?&% JQr%é/j’gf';rrabl-E oY ESESSE i%glpmclrnﬁgfnb?aes.tl‘f"g'
produce internmediate 3, the 20 granules are ignited in a heat
treatment at 900C in a cExempllesrami kbmpiodt iRe eRamntlesH00 g of
ethanol and 750 g of internediate 3 are mll|ed and honogeni zed in a
PE cont ai ner b& means of SNmlling nedia to produce internedi ate 4.
The average parti dP€ sPAEPIFS 259t MEdrat & 4 oFe™Al §5im e laver
i ntermedi at e 4thiclapsisiced imdicdtager atdi dhamesls oh ablout B3Q0 payso a
fused silica cenciileasby fFoodingiguce. The layer is dried in air for
24 hours alrglg subsequently fired at 1125C with a heating and cooling
time of 8 hours. 30 The coating is defect-free and not powdery. The
bi nder cont ent I&®€ tY8Stéoating i s 20% by weight. Exanple 2: 35 The
internediate 1 is produced by honopgeni zati on of 3000 g of Inosil S-B,
1000 g of ethaggs . 40000501 ; IBE. HLO. AN 100, 0.0 1Y byt Rang. of
silicon nitride mlflng mediainaP contalher 'on a set o rolTers.
- 31 - The i nfRY nBUHRtW 2 s ofr GducE@eBy Ve pFaRe gf BeiA at§dn om =
i nternedi ate lspddienchi rder i rlém@_vedz f wioimit heagrisewd atoatmiderinala at
450C in air ing@fised,s)]i e Chucidl R t_T@peor@Qu?%n@&%??dla%t €3
t he granul es are ignited. r)mat;sh heat treatnment at 900C in a covered
crucible for ofieHour. 500§ Of CefRERGTant 7569 OF°i hedr nddi dt%e 3
are mlled and<¢@ggenivEed ¢araePE @ontwitidr byrsteansyiohsmidd i g
medi a to produsepdviaeenedied: 4. Thee avey agenpart i €dwerehizendl the
intermedi g 4 internediate 4. i plied in a layer .3 mto a
fused silica c?%?gc)cilt?l%e gg%l@/,er tlﬁg g??gdh%g %%’%f%érp%%e og(rgsgérﬁe '
subsequent |y fAred &8°R1B%E I RIS pRathhgoasaivootanty threveials
hour s. loss of the specimen was determined. The number of
repetitions of the pull-off test were plotted against
the weight loss in a graph (Figure 1}.
25
As the strength of the layer decreases, as in the case
of pulverulent layers and/or <coatings applied as
powders, the measurable removal of material is greater
(weight loss) and there is a higher risk that more
30 coating material will be introduced into the melt, more
ccating material will be removed under mechanical
stresses and the layer will be consumed more quickly,

so that a barrier action will no longer be present.

35 Pull-off test ({(adhesive strengih):

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



15 The coating is defect-free and not powdery. The bi nder content of
the coating is 20% by weight. Exanple 3: 20 The internediate 1 is
produced by honogeni zati on of 3000 g of Inosil S-B, 1000 g of

et hanol, 4000 g of USE EI 0 and 100 g of PVB by neans of silicon
nitride mlling nmedia in a PE container on a set of rollers. 25 The
internediate 2 is produced by spray gramul-ation of internediate 1.
The binder is renoved fromthe granular material at 450C in air in a
fused silica crgetdf espaoinmrodideea mferathgisave Bondirey gr ahl es’ar e
ignited in a h&‘aé blLeed MRfd  atneRQ0E61§ nb@nd‘éH/erﬁd)yCVrrlé%hQ' ecfar tope 30

hour. 600 g 5 f 1 er nedi,at are m I.l ed._and
honogeni zed |n g}n otnta%?)ng’ Q:egflﬁ a% 715 on ‘OF 5 BEéLﬁOBI%d 75
g of PVB by neéih%c%ﬁltﬁﬁ | |IRSRGLERER R ROF p‘P%ﬁuc‘é‘qfhtfé}‘r%dP’at éngo fhe

aver age parbi ckeasimgs .of Thant edinedlivat estheingth m’erp%elctxmaef nedi ake 4
is 35 applied lsareaé@ycer chil ﬁg?elsswa%f deleeyﬁ%rge”qo R R B gg shdica

cruci bl e by neans. of t-in-wet sprayin aerlsdrle in-air

for 24 hours aﬁHstu ediféht | YOFi F%‘EF‘H%‘E ff?gélc\?\n ‘t"ﬁs S reAgeafhden
cooling tine ofsgdmuand. was Bade Fheteodtdtngri sudefecthda eecandedot

powder y. The aejh%w%&&iﬁf@gt heakstbe) coat U’ﬂgthé SHOWE ] qé&e@ée 1,

and the resy of the.t e lest are sho The de

the coati ng |s 1.9 SUbnSQaﬁ%eF i éPnE %engagth E%\ SO n@ %0%
by wei ght . Exaﬁﬁélﬂé%d 4$Piecmesearrﬁee§e<11 v®S 7inekke prader elres %ﬁ%cw bed
in Exanple 2, bot jiche ignition tenperature for the granules and the
firing terrperature for the |ayer were varied as shown in Table 1. The
coatings are def ect-free and not powdery. The adhesive strength of
the coatings i SPSHEWT 14T ET46FE I Verhe iRk ledntiet dfher REhes T ngs
is 20% by Wei ghf.ti20 IByanplte 8he Thimstimter nedabter Itlies spreducied by
honogeni zat i onged faim dnofnbnegid o%%heél%%@egleﬁ HBEH Q.apdsdf) 9

of PVB by neanéhe cd ééf&%‘é@ﬁéég, wg] hlngsngnhfbégeéigﬁéve, is a

desirable effect.

20 Comparative Example 1l: Standard suspension

This is &a suspensicn 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 rheclogy of this suspension is critical.
Accordingly, the solids content is set, for example to
30% by weight for application by means of a spray gqun.
30
The suspension is applied, if 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 drving, the coating is firaed before
35 use as melting crucible at 900°C.

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

The silicen nitride layer produced in this way has only



25 container on a set of rollers. The internediate 2 is produced by
spray granul ation of internediate 1. The binder is renoved fromthe
granular material at 450C in air in a fused silica crucible. To 30
produce intermediate 3, the granules are ignited in a heat treatnent
at 1000C in a covered crucible for one hour. 500 g of ethanol and 750
g of internediate 3 are m |l ed and hooogeni zed in a PE container by
nmeans of mlling nmedia to produce internediate 4. The average 35
particle size dfimihe@dr mediatandk i o 6cpmadiheahat ehbediate 4desited
applied in a |%)6@Ee§ﬂ%r§:ﬁ@l%§? gérélﬁpﬂty 393 R tgca fysed. silica .

r eff ﬁgurs and

cruci bl e byfloodlggdonce c é@r ied 1n alr for
subsequently =733%-°F79%d &t t&iz SirBh YT Heht S G 94RE ¢HGT iRdgoer me
of 8 hours. Thé&fc&at PHE Fhaveiractalispebaandonbt pawwderdy.cutheor egbtts 5

of the tapestestippinfxaiec8sane §h0M@ AJbﬂaéQ d&rlﬂ}“%éytqq

content of the t 4°/b WEI ht 0X cont ent of t%e
coating is 16. 10?1/08El h(pgdé%&s %r Cedlbn %’%ﬁ’ &F mbti &t &uripg

produced by hoﬁ'ﬁb%ﬁi‘%ﬁ% 8R* of 3000 g of In03|l S-B, 1000 g of
et hanol, 4000 g of UBE EI0 and 100 g of PVB by neans of silicon

nitride mllingoaedia ik ﬁx£§§fé3QtaSP§ﬁdé¥& %ugﬁén of,yollers. 15 The
|ntermed|a!l 271TS produc ranul ati o I'nternedi ate 1.
The binder s renoved fromthe granular material at 450Cin air in a
fused silica cPlei b¥eweTphtprofluselisrermediiate p3rpdéhe (geBRNBl®S af €
ignited in a heamaﬁdle&trgeﬂtam@éerﬂi%QC m&'eéus%e%'sﬁéﬁgﬂ‘ .ﬁ:ﬁi?éﬁh%e in
20 a crucible T:?éane'}fa QP L. fr00 9,9 nﬁe nol. %?Dal

intermedi ate 3 are m’'ll°ed and Hond ot éc"PECJéLb fnef°ByLieans
of mlling medfa e pFéﬁ%Jéfélei rhlférm\@d’lsatcef A loTHénavesagetpapbbihbke Si ze
of intermeth at eidkd schaqum akhke fdrmRENEG aire Acda%lagp|db%@n<§5dk91@g

| ayer thicknesg,ofs agjoigye?foqgﬂr& Q.2 I}ys§€osi[}£|4ca cr, ggéhl ?eac}/s o

fl oodi ng once. . The ayer In arr PRour
subsequent |y f‘f‘?"e%“hgie 119535 °4 RRat F97F @AdPEHTS g ringeobftiss
hours. 30 The ewowtingg ivstdeheckLf e andicible pewder yrhIhel bbagere

content of thea}ﬁ‘fﬂ_a.tdalﬂgohsccag_é’ By e WeL gt !%mgp%&s%cgco E%QP Pnom SB

i nt er medi u e tion o
1000 g of aie({ehanol 99508: gVOl Uggvggoqgﬁ AT gEIPJ‘flSP\‘?BSbf“}?é‘énswacﬁ
silicon nitri RA4Ed ItPnﬁhﬁe@ﬁ%@flqir aibPEcgontigirnde smsmersébnof craoid-ers.
- 34 - free layer thicknesses of > 250 Hm  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



The internediate 2 is produced by spray granul ation of internediate
1. The binder is renoved fromthe granular material at 450C in air in
a fused silica crucible. To produce internediate 3, the granules are
ignited in a 5 heat treatnent at 900C in a covered crucible for one
hour. 470 g of ethanol and 750 g of internediate 3 are mlled and
honogeni zed in a PE container by neans ¢f mlling nedia to produce
internmediate 4. The average particle size of internediate 4 is 5 pm
The 10 i nt er nedicat ecatast appid ecshiomld | Byer ttddteknessrobspholiingd0 pm
to a fused siligaeeruc)ble by flooding once. The layer is dried in
air for 24 hours and subsequently fired at 1125C with a heating and
cooling tinme of 8 hours. 15 The coating is defect-free and not
powdery. The biThderdeonitentstabngtle ehatiengorsi®i%bhy0 wei Yhtn®; Exampl e
11: 20 Thesi ntresubeh aife thei Sap adueedrdyshampggnk zat iion of 500 g of
et hanol, 3000 g of Inosil S B, 4000 g of UBE EI 0O and 300 g of PVB by
nmeans of silicon nitride mlling media in a PE container on a set of

rol lers. 25 Théli M¥Hidanat &he i soprid@uceesnnnsirecipit arbPphiest by
internmedi ate 1filnodirter, imi whithe canteromedi @it ihgbehng uaddedidi opwi se

to 20 1 of di sa' 1@@ yat earymgbl EnStHLLIRNG Vi Lol pgal ¥n mkggawhg

size is ab?H inder IS renove granu

mat eri al 458 ??ﬁ ?r535$n8t?ugﬁﬁﬂ%lWWQ£§fEF%CP%ﬁebeTTP%ﬁqﬁﬁGcéere
internedi ate 3/ (sehefalaniles are ignited in a heat treatment at 1000C
in a covered crucible for one hour. 500 g of ethanol and 750 g of

internediate 3.are tlb%dExam Qonqg§qued in a PE container by
means of mlli ngJ%é%#a—to—p#ﬁg%ce—rﬁ%efﬁed1ate 4. The average
particle size of intermediate 4 is 5 pm The internediate 4 is
applied i nla | ayetodthingk nesspeofs iaBoutas30Q rpanden aakusesk &iilbe@a in

cruci bl e by f|ﬁ@@hﬂ@/@@@§1oﬂﬂﬁ Hﬂ%ﬁ&lgslgrifﬁgiéhating 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 2007/03%310 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 is 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



- 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 .
wei ght. Exanple 12: The internediate 1 is produced by honpgenization
of 10 1200 g of ethanol, 2450 g of Inosil S B, 4580 g of USE E10 and

200 g of EVE by neans of silicon nitridegnmlling media in a PE
container on a set of rollers. The internediate 2 is produced by
spray granul atidnisoferodtesdgi giringThec bimdertbsSir enpyed firempihe
granul ar 15 malenkaknal 490Cakpil r14 N2 LU Sl Lea: crug) Ble 1o
produce internediate 3, thed ranul es are |gf|te | ft eat” treatrent
at 800C in a covered ‘EPudiBIETt dr® oFfWEGr . L3500 trcof Letyanatarandr750

g of intermedi &¥é¢e3iak extrid08d amdahonmgenifzeed i i ld cREceamimianerroby
means of 20smi ldrbAgedednaetedi-aducs, i pher gRdhalss 4,8 AYELR0E,
particle size heat treatment at 900°C in a covered crucible. 750 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
10 intermediate 4 is < 1 pm. The intermediate 4 is applied
in a layer thickness of about 250 pm to a fused silica
crucible by flooding. The layer is dried in air for
24 hours and subsequently fired at 1125°C with a
heating and cooling time of 8 hours.
15

The coating after firing is not resistant to contact.

Comparative Example 6:

20 The intermediate 1 is produced by homogenization of
650 g of ethanol, 150 g of fused silica (dse=2 1m),
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 is 2 um. The intermediate 4 is applied
35 in a layer thickness of about 350 pm te a fused silica
crucible by flooding. The layer is dried in air for
24 hours and subsequently fired at 1125°C with a

heating and ce¢oling time of 8 hours.



400 pmto a fused silica crucible by is 2.5 pm The thickness of
about fl oodi ng once. The 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/cnB. The binder content
of the coating is 15% by wei ght. The axygen content of the coating is
13% by wei ght. 35 Exanple 13: - 36 - EIO and 200 g of PVB by neans
of silicon nitrilgecaititngivedi &iiing iPEncoONicaiiBEENONt A BBLa6f .
rollers. The internediate 2 is produced by spray granul ati on of

internediate 1.. Thelbi der is renoved fromthe granular 5 material at
450C in air in—ééggs%dQSilica cruci ble. To produce internediate 3,

the granules are ignited in a heat treatnment at 900C in a covered
cruci bl e fos omachaitterh08igOf 1etihangloARda739, dnSfodsMticLiedi ate 3

are mlled and BI@@HDQEQL'Z%QOgiQL aS—F};SE (CICr)w.rc])ts% ngnl;:ac?é/ gPBan'?S Ogrom Inomat
GmbH: this commercially available binder is a mixture

of organosilicon compounds, i.e. Si0O; precursors, and

5i0; nanoparticles), 1000 g of ethanol, 4000 g of

10 silicon nitride powder (UBE E10) 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 preduce 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 homegenized 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 is applied
in a layer thickness of about 300 um 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 ccating is defect-free znd not powdery. The binder
content of the cocating is 20% by weight.
Example 2:

35

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

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



10 mIling nedia to produce internediate 4. The average particle size
of internediate 4 is 5 pm The internediate 4 is applied in a layer

t hi ckness of about 350 pmto a fused silica crucible by flooding
once. The layer is dried in air for 24 hours and subsequently 15
fired at 1125C in a gas-fired furnace with a heating and cooling tine
of 8 hours. The coating is defect-free apd not powdery. 20 The
adhesi ve strength of the coating is shown in Table 1, and the results
of the tape testhearietshoswidte Ri d.s fb.roaﬂil@ed)lH}d%’pﬁ@nbegﬁgﬂti%eff o
coating is 15%ikycWREgM e 'EheTgéyg%eqp%egng\Fes& %ﬁ:g%ﬁ?%%n%rénsular' 0

ight. 25 | e, 14: he internediate Pre by
Egrr;vszagi zat i on%ga?g?%b ¥ o4f5-5e hahofi™ 2456 §used |fidsicr SrB:ilfB807Tg of
UBE 30 El 0 and FX@duge ofrPmegyatealds ohespramaresnidds denatkhi ng gedi a

in a PE conbai meatonraas®intofatr aldoees inThe doRkeLaedi alie 12 if%gprgglrj,fed

L I iate_ 1. The binder 1s renove
by Sprey oranuhationel d eTedhal ey Jlie D0Er Lo (el from
35 produce int &'medf afRd 3hordrengrafulies sark® i guitkédernba heats of
treatment at 8@QClLimg amediered prugidd eif@drrmeaghouy. 474Q %v%frage
et hanol and 75@.9:0f1d ntse_LrZ_rgedio%tei%égm?ﬂgtleeguﬁg%isgg(r;g?_ eglfngtengag '?‘he
defggéaln?B bgnggﬁ%géfgkenhlAérgkg?iehainoap{é;er thickness of abou£

300 pum to a fused silica crucible by flooding once. The
layer is dried in air for 24 hours and subseguently
Tired at 1125°C with a heating and cooling time of

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

The intermediate 1 is produced by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of UBE
E10 and 100 g of PVB by means of silicon nitride
milling media in a PE container on a set of rollers.

25 The intermediate 2 is produced by spray granulation of
intermediate 1. The binder is removed from the granular
material at 450°C in air in a fused silica crucible. To
produce intermediate 3, the granules are ignited in a
heat treatment at 900°C in a covered crucible for one

30 hour. 600 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container with addition
of 75 g of PEG 400 and 75 g of PVB by means of milling
media to produce intermediate 4. The average particle
size of intermediate 4 is 5 pm. The intermediate 4 is

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



- 37 - article size of internediate 4 is 2.5 pm The internediate 4
isBappIigd in a layer thickness of about 2000 pmto a fused S|I;pa g
crucible by flooding. |layer is dried in air for 24 hours and 5 ;r?h
The coating is defect-free and not powdery. The binder content o e
coating is 15% by weight. The oxygen 10 content of the coating is
12.6% by weight. Exanple 15: The interggdiate 1 is produced by580
honogeni zation of 15 1200 g of ethanol, 2450 g of Inosil S B, 4 dg
of USE EI0 and 200 g of PVB by neans of silicon nitride mlling gecgg
in a PE contai nefe @Baai%tisohefs(@&éﬁfr%f I[ilﬁ A?’}t %Wégkg e21is &t rom
by spray granul ation of internediate 1. The Dbinder TS" renove [ on
the granular 20 material at 450C in air in a fused silica cruci .
To produce int éffedprdeeside t hererariul es arte | gohtaey i Nsa shoddtd in
mnutes. 500 g Tablet DAngld &M results of the tape test are shown in

Fig. 1. The density of the coating is 1.20 g/cm®, The
binder centent 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 for the granules and
the firing temperature for the layer were wvaried 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 1s 20% by weight.
20 Example 8:

The intermediate 1 is produced by homogenization of
4500 g of Inosil S-B, 4800 g of UBE EIO 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 ¢ 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 & pm. The
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




f intermedi ate honpgenized in a PE container by means to
;?gdgcg internediate 4. The average of internediate 4 is6 pm The
internediate 4 is applied in a layer thickness of about 400 pmto a
fused silica crucible by flooding once. The 30 layer is dried in air
for 24 hours and subsequently fired at 1125C and cooling tine Tpe ]
coating is defect-free and not powdery. ;the binder 35 content o9 tlcye
coating is 15% by weight. The oxygen content of the coating is 9.1%
by wei ght. Detafized delsciipbi®nwoth t he Heagngs and 3%o1ik0.tiheShaws
the results of 4 heurape test. Fig. 2a and 2b show a conpari son of

i icti i i Fig. 2b)
tic depictions of a layer applied in pulverulent form (Fi
ZCPgr?hle pri gr art (EP 963 464 81, WO 2007/039310 | ayer according to

the invention WHISCIFORAS POLS Isedmcpuf veer winentof opordeivy. TRA) reskhe s

pul verul ent Sdeteiched tapmidi®@ for Example 8 are shown in Fig. 1. The
binder content of +the coating is 24% by weight. The
oxygen content of the coating is 16.1% by weight.

Example 9:
10
The intermediate 1 is produced by homogenization of
3000 g of Inosil S$-B, 1000 g of ethanol, 4000 g of UBE
E10 &and 100 g of PVB by means of silicon nitride
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 homecgenized in a PE
container by means of milling media to produce
intermediate 4. The average particle size of
intermediate 4 is 5 pm. The intermediate 4 is applied
25 in a layer thickness of about 300 pm to a fused silica
crucible by flooding once. The layer is dried in air
for 24 hours and subsequently fired at 1125°C with a

heating and cooling time of 8 hours.

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

Example 10:

35 The intermediate 1 is produced by homogenization of
3000 g of Inosil S-B, 1000 g of ethanol, 4000 g of URBE
El0 and 100 g of PVB by means of silicon nitride

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



ible walls or fromthe bottomof the crucible, e.g. during
ngbeng, can be introduced into the nelt by convection 'anPf Con
process and | ead to contam nation of the silicon ingot. In ; Ira
of the layer due to the high 15 porosity and the presence o ?rge
pores can lead to the same effect. Exanples 1 to 15 |lead to a ?nye
corresponding to the depiction in Fig._ 33. _Here, the flre?ezssslicon
20 aggregates corresponding to the mlling of the granulate
nitride in the Evatinigraadpensidnid orddcpm BY @ﬁ@iﬂﬂgﬂg@ﬁyagqgk of
aggregate size)intHigestiZe: Of. the POLES, '135 tr3é91 Gg‘dt %omd%hgg%r%%u%%

tl L .correspondi ng t
Ergdogbn:pe ?orneé in t% %%ﬁr ardt vk éhﬁPé§d15%b“81§ﬁHCa¢§®-ﬂ@ and
4b when they an¥Q%§§F|é&tﬁ?mﬁﬂﬂaﬁér@bemmefgmanumhe 5&$|£§H1t@gg&gg@1e

-25
Si ze in coatd ngsagpragetdném: pad vmaylcerltn faordgvlejsfeas HoLlpws: - One
p”1(pred0”1nanﬁhﬂn:p@hﬁﬁéyoﬁggﬂﬁgﬁ dd5§$ eﬂnébﬁgegr%$1s rayg&;:g)
25-50 pm (few pr.i y aggregates 0 7e)°1 B %%ﬁhﬁb e

of a feM/aggreg ga? 584 Gmﬁﬁﬁ?%%ﬁbd%HF%SP%fCWHﬁMnaggmega&es}

Typi cal size oftidddnd medsheet- lpirkeupor estHetamaeRe Pra Mg @gg&%%@tes

or aggregate CQH&EQ&!:I@S s1z20 pm (HE@QQH&%@P 'y) ra%i"rg)gl : cPﬂcks The

f chi acks
sh?wgngliﬁpgpaghgf e sﬁﬁlogeg wfﬁ?ﬂf%?aﬁ“bé %%ﬁQﬁN}héGén%Qﬁsﬁﬁwabbage on
SEyPng or 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 cocating is defect-free and not pcwdery. The binder
content of the coating is 20% by weight.
Example 11:
20

The intermediate 1 is produced by homogenization of
500 g of ethanol, 3000 g of Inosil S-B, 4000 g of UBRE
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 is pProduced 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 pm. The intermediate 4 is
applied in a layer thickness of about 300 pm to a fused
silica crucible by flooding once. The layer is dried in




5 inhonogeneities in binder concentration and density can Cccur as

| ayer defects in coatings. Wen drying progresses further, during
firing or as a result of further progression in shrinkage during use
of the cruci bles, the cracks can becone | arger and chi pping 10
can then result. Chipping takes place when stresses in the coating

| ead to | ocalized detachnent of the coaggng fromthe substrate, e.qg.
in the case of excessively high 15 shrinkage of the binder

rel atively |arged ntenmddehenrs esnd rsuldseqdensiyt yfiakdt he hayerc (whirch

can occur, in pamtsattihdrand Robhen§ase0t psl yvgHLUl ent spray coatings
and | eads to non-uni form shrinkage), inhonbgeneities in the binder
concentration in the 20 coating (depletion in sol-gel binders which
results from difFusi®6hiPrht &° t MESbérrat encimbtt lesrdeeadsTh® 1ai diegh

bi nder concent renitent i ot tihe suafaee ief 2bhend aypagnand thus to
nonuni form shri nkage), defects in the coating (e.g. scattered | arge

pores (air bub@xgs%l |§5 cracks (e.g. drying cracks) or defects which
are introduced ‘coating, e.g. during charging of a silicon
ingot or in the reorientation of lunmpy silicon which is just
melting). 30 Layer siritBrwbichd he ghi pﬂé&c@%ﬁ(% RGeS 1L 9 80

i ncreased %terigogrg éfrer@l%nion Cgfr;rg rative Exarples 4a and 2 whén
they are applied by® wet -7 n-wet’s @ic-ﬁgOforI“PIsbbd?ﬁ%' amPd iskewi §BEi n
the case of codtPndddas2@@striofedPVih PE 128050053 i5930A nshendt hey
are 35 appl i edmbylidese=cdpplircad ion seidadsr-angd havg.l Q%errollers

t hi cknesses abeyge abaut, . le. 1l shows the experinental
results of the G - of f egdgg:tcgnb7lgagléoquce§T$§05?ra-‘6ug 1e5A0R oot

.gull ] _
det ached in bh& F&ﬁ@ﬁ&%ate 1. The binder is removed from the granular
15 material at 450°C in air in a fused silica crucible. To

produce intermediate 3, the granules are ignited in a
heat treatment at 800°C in a covered crucible for one
hour. 500 g of ethanol and 750 g of intermediate 3 are
milled and homogenized in a PE container by means of

20 milling media to produce intermediate 4., The average
particle size of intermediate 4 is 2.5 um. The
intermediate 4 is applied in a layer thickness of about
400 pym to a fused silica crucible by flooding once. The
layer is dried in air for 24 hours and subsequently

25 fired at 1125°C in air for one hour with a heating and
cooling time of 8 hours.

The coating is defect-free and not powdery.

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

35
Example 13:

The intermediate 1 is produced by homogenization of
1200 g of ethanol, 2450 g of Inosil $-B, 4580 g of UBE
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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
produce intermediate 3, the 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
milling media to produce intermediate 4. The average
particle size of intermediate 4 is 5 pm. The
intermediate 4 is applied in a layer thickness of about
350 pm to a fused silica crucible by flooding cnce. The
layer is dried in air for 24 hours and subsequently
fired at 1125°C in a gas—-fired furnace with a heating

and cooling time of 8 hours.

The coating is defect-free and rot powdery.

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

Example 14:

The intermediate 1 is produced by homogenization of
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
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. 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



i i | verul ent form sprayed
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particle size of intermediate 4 1s 2.5 um. The
intermediate 4 is applied in a layer thickness of about
2000 ym to a fused silica crucible by flooding. The
layer is dried in air for 24 hours and subsequently
5 fired at 1125°C in air with a heating and cooling time

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

10 content of the coating is 12.6% by weight.

Example 15:

The intermediate 1 is 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 1is 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 ¢ 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 num. The
intermediate 4 is applied in a layer thickness of about
400 pym to a fused silica crucible by flocding 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 is 15% by weight. The oxygen

content of the coating is 9.1% by weight.

Detailed description of the figures
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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
to the prior art (EP 963 464 B1l, 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. In addition,
powder residues which have become detached from the
crucible walls or from the bottom of the crucible, e.qg.
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
poresity and the presence of large pores can lead to the

same effect.

Examples 1 to 15 lead to a layer corresponding to the
depiction in Fig. 2a. Here, the fineness of the
aggregates cerresponding to the milling of the
granulated silicon nitride in the coating suspension is
0.2 pm—-30 um (primary and aggregate size). The size of
the pores is typically < 5 um, predominantly < 2 nm.

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 ccatings sprayed in
pulverulent form is as follows:

1-25 um (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 agdgregates)

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

(predominantly)




[0 006 | 10CL 10UR 1008 1008 10001 008 900 Exanples Lonparacive
Exanpl e 3 t.unparalLive Exanple 4a Lonparative

- 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 cecatings. When drying
progresses further, during firing or as a result of
further progression in shrinkage during use of the
crucibles, the cracks can become larger and chipping

10 can then result.

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, in particular, in the case of pulverulent spray
coatings and leads to non-uniform shrinkage),
inhomogeneities in the binder concentration in the
20 coating (depletion in sol-gel binders which results
from diffusion into the substrate and thus leads to a
high binder concentration in the surface of the layer
and thus to nonuniform shrinkage), defects in the
coating (e.g. scattered large pores (air bukbles),
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 1likewise in the case of coatings as
described in DE 10 2005 050 593 Al  when they are

35 applied by these application methods and have layer

thicknesses above about 180 am.

Table 1 shows the experimental results of the pull-off
test.
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i i [ [ [ he Si 02- based
7 40 - Cains 2.8lip according to Caim1l, wherein tl
hi gh-tenperature binder is derived from organosilicon 5i 02 precursors

epared via a sal-gel process, 15 o .
B;eferablyfronananogonpositeconprising organosi |l i con 5i 02 precursgrs
prepared via a sol -gel processand |ikew secontaini ng nanosi zesol
particles. 20 3.Slip according to Claimsolid particles are f
preferably Ti 02, Zr02, A 203, A100H, Y203/ from anbng precursors o

[ [ | process.
these which are converted into these 25®f. the sal-ge
4.Slip according to Claim?2 and/or 3, wherein the nanosize SO|Id

particles are Si0O2particles. Claims

1. Slip for producing a durable, firmly adhering

barrier layer on a substrate, comprising a suspension
5 of solid particles, wherein the solid particles

comprise 67-95% by weight of silicon nitride and 5-33%

by weight of an SiQ,-based high-temperature binder and

the Si0;-based high-temperature binder is derived from

5i0; precursors and has been pretreated by heat
10 treatment in a temperature range of 300-1300°C

2. Slip according to Claim 1, wherein the 5i0;-based
high-temperature binder is derived from organosilicon
5i0; precursors prepared via a sol-gel process,

15 preferably from a nanocomposite comprising
organosilicon SiQ; 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,,
Ti0z, Zr0;, Al;0s, AlOOH, Y20s, Ce0,, 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 8i0; 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, SiOR
group, hydrolysable radicals of silanes and/or a

35 B-dicarbonyl group.

6. Slip according to Claim 1 and/or 2, wherein the
$i0;-based high-temperature binder can be obtained by




30 5.Slip according to at wherein the nanosize solid by a
surface-nodifying |east one of clains 2 to 4, particles have been
nodi fi ed agent which contains an anhydride group, acid am de group,
am no group, SiCH group, hydrol ysabl e radicals of silanes and/or
a 35 P-dicarbonyl group. the sol-gel process by reaction of one or
nore silanes of the general formula (1): RxSiAm4(1) 5 where the
radicals A are identical or different and are hydroxyl groups or
hydrol ysabl e groups, the radicals R arety dentical or different and
are nonhydr ol ysabl roups and x is 0, 1, 2 or 3, with at least 50
nmol % of 10 the s’it}ear?gé -9y PRECSESL bY aFRRCleaR ofr et mentmoné $ Himnes
resul ting reacti®htpeothretral rfoamtlener at ure range of 300-1300C. 7.
Slip according to at |least one of Cains 2 to 5, 15 wherein the
nanoconposi te can beR(glgkal ned by the ﬁﬁl gel process by reaction of
nanosi ze solid particles W th one or re silanes of the general
formula (1): SiA(4_,)(1) 20 where the radicals A are identical or
different and ar@eﬁ?dﬁf}wyf?dmadﬁpé ore hgehtdkybalsl 6ifferaps, artchere
radical s R are ild@mbxalgronpdidif erwenslyanshareonhydeokysiahe groups

and x is 0, 1, Z@r RXenthtdy at,l e 2 a2y i]an havi ng
x1. 8. Slip ac %Q%to at Itjoeagltqﬁ l%(;h:lfmfjt Jé)eogrece%% J[ %§

wherei n the 5 0 ba i gh-1 er‘rper‘a?ure bi Ytk haJseaﬁéego ﬂ?‘%t%r%%lt ed by

heat treatne tﬁé anes having x 1, and heat treatment of the
resultlng' reaction product in a temperature range of
300-1300°C.

7. Slip according to at least one of Claims 2 to 3,
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):

RyS1iA(1s) {I)
20
where the radicals A are identical or different and are
hydroxyl groups or hydrolysable groups, the radicals R
are identical or different and are nonhydrolysable
groups and x is 0, 1, 2 or 3, with at least 50 mol% of
25 the silanes having x 2 1.

8. 8lip according to at least one of the preceding
claims, wherein the S$Si0Os;-based high-temperature binder
has been pretreated by heat treatment in the
30 temperature range of 700-1150°C, pPreferably 800-1050°C.

9. Slip according to at least one of the pPreceding

claims, wherein mixtures of SiO,-based high-temperature

binders which have been pretreated at different
35 temperatures aré present.

10. $8lip 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



30 tenperature range of 700-1150C, preferably 800-1050C. 9. Slip
according to at |east one of the preceding clains, wherein mxtures
of . Si 02- based hi gh-tenperature binders which have been pretreated at
different 35 tenperatures are present. 10. Slip according to at

| east one of the preceding clains, wherein the solid particles
conprise 75-90% by wei ght of silicon nitride and 10-25% by wei ght of
the - 42 - Si02-based high-tenperature binder, preferably 80-88% by
wei ght of silicon nitride and 12-20% by wei ght of the Si02-based

hi gh-tenperature binder. 5 11. Slip aceot@ing to at |east .one of the

precedi ng cl ai ns ey Jbased hi h tenperature binder is
present as granulsm %é& Bb& Nt é I"NG l?l Str IFE5SEr e B1-EB8feby

preceding 10 cl ai'ms. hﬁheref’nl’tcﬁ% gftflilt?SnaﬁiitH‘@@%ahﬂ vigh8i 02- based
hi gh-t enperat ure q&ohd’@rseér’élqﬁrésmﬂraagrmbmdegr anul es. 13. Shaped
body which conprises a nonnetallic substrate having a durable, firmy
adhering bather hayers:i tangp@“%atgger £l alyéggtco r$t3| 67-95% by

wei ght 150f siliggn; rﬁé”dh le and, £ 33%)(3%/ gh? of “an™"§ GFE6H
hi gh- t enper at ur e /bi ndér and°haviiy B %otasedo y‘é‘éﬁeﬁwaéﬁfeobl@e’&l% by

wei ght, and can B& WBtEPhetf Waau%ﬂsccess conprising the steps
a)provision of a nonnetallic substrate, 20b)application of a slip

according to at LzastsiopeabfordiabMeolad2ibod %es%t%stt?u ecedl

c) hardening 0b theigRp! i li RLDY n el tenperdt ure
b el th glcr?lﬁr éml'r elaﬁ | 5P elc%@zm@

of 700- 1300C, qge abl 000
even 25nore prefera!fbl y uﬁﬁ%@ hefs Bﬁ‘FS&PFyai)Fféf‘eﬁmlayules

1100-1150C, to fgy bl firmy adhering barrier |ayer 14.
Shaped body accor d| n éﬂ? ogé‘)@' Wln%ilé"o“%?ﬁ%eﬁél"t‘imi’ﬁ@h%alb?ﬁa@rhavlag/eldurable

conprises 75- gomaﬂbﬁrglﬁtbamﬁrlsyef mithrmerHaﬁiretIdﬁeracB]ﬂbn% 35%%’){ %Elght of

et ght of b?f??cﬁ“rfg*“:‘?"??““é@ IR SeD ot £l L0, 500

hi gh-t enper at ur é S‘H’&f@rﬂ total oxygen content of 5—21% by weight, and can be obtained by a
process comprising the steps

a) provision of a nonmetallic substrate,
20 D) 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 of 700-
1300°C, preferably 1000-1225°C, more preferably 1050-1200°C, even
more preferably 1075-1175°C, particularly preferably 1100-1150°C, to
form the durable, firmly adhering barrier layer.

25

14. Shaped body according to Claim 13, wherein the
barrier layer comprises 75-30% by weight of silicon
nitride and 10-25% by weight of the S5i0,-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 body according to at least one of
Claims 13-15, wherein the barrier layer is configured




15. Shaped body according to Caim 13 and/or 14, 35 wherein the
barrier layer has a total oxygen content of 6-18% by weight,
preferably 7-15% by weight. 16. Shaped body according to at | east
one of Clains 13-15, wherein the barrier layer is configured - 43 -
as a multiple layer in which the outernost |ayer facing away fromthe
substrate has a total oxygen content of not nore than 21% by wei ght,
preferably not nore than 12% by weight. 5 17. Shaped body according
to at |east one of Clains 13-16, wherein the barrier layer is
configured as a double |ayer conprising &3frrst layer which is

applied to the substyahaaped. fotal o en content 10 of not
more than 27% by yei B fglfagg?ymng?l%%gt AP T89h hpyaei firingand

h pr.
a second | ayer whic i%sfqmoc?g?eﬁubs&ﬁa‘f%d"%ﬁ at ffetl rotygkayesntand bas a
total oxygen cont®Ht RFrengbapolis thyame2di96, byraeigitty RéefLyably ot
nore than 12% by & gkt weildht18. Shaped body according to at | east one
of Clainms 13-15, wherein the substrate conprises quartz, graphite,
ceram c or Si02 (yfuse ilJca). 2019. Shaped body according to at
| east one of O ains. 1%3%!§d\/\h%)8ﬁyi s?EPHFEERT ngtO crafci Bleeshavemy aof
substrate corrposecggb S quatfz, Yrradhi tae bargimic loyesSi 02 ddissQekey
silica) for corr@sive drobfter loysr netalkis®lgt S rirst 120er SHARSG JQ0dy
according to at kpasiecdne oOfe GudkiEtl3a]l8 M F(htc! S18,L)ser 25 tube

i ca

: ; 1 oxyg, nt
having a substrabe seepased of..Si02 (fused si " °f STV RM ARt Fur gy.
21. Shaped body aggonding to at. I%\% ¥orE 188t O BRisFer Al grotyiwerei n
the barrier ° JOY Weight, and a second layer which is located

on top of the Ffirst layer and has a total oxygen
content of not more than 21% by weight, preferably not
more than 12% by weight.

15

13, Shaped body according to at least one of Claims 13-17, wherein the
substrate comprises quartz, graphite, ceramic or Si0; (fused silica),

20 19, Shaped body according to at least one of Claims 13-18 which is a melting
crucible having a substrate composed of quartz, graphite, ceramic or Si0, (fused

silica) for corrosive nonferrous metal melts.

2 20. Shaped body according to at least one of Claims 13-18 which is a riser
tube having a substrate composed of Si0, (fused silica) for Al metallurgy.
21, Shaped body according to at Jeast one of Clajms 13-20, wherein the barrier
layer has a thickness of 80-3000 um, preferably 150-2000 pm, more preferably
30 200-500 pm.

22, Process for producing a shaped body according to at least one of Claims
13-21, which comprises the steps
35 2) provision of a nonmetallic substrate,

b) application of a slip according to at least one of Claims 1-12 to the
substrate and




| ayer has a thickness of 80-3000 gm preferably 150-2000 gm nore
preferably 30200-500 gm 22. Process for produci ng a shaped body
according to at |east one of Clains 13-21, which conprises the steps
3 5a)provision of a nonnetallic substrate, b)application of a slip
according to at least one of Clains 1-12 to the substrate and - 44 -
c)hardening of the applied slip by firing at an el evated tenperature
of 700- 1300C, preferably 1000-1225C, nore preferably 1050-1200C,
even nore preferably 1075-1175C, particuharly preferably 1100-1150C,
to tomthe durable ErriIX adhering barrier layer. 5 23.Use of a
shaped body accor B ng Pdeaingobhe eppebslipfby Ghiag sfn 2Rvadi thipethfe Si7ahd Of
corrosive nonferrous nmesoadc, pRid: v f a | £.i cruci bl e
according to daim19 for %Adu%]yn}%ﬁeﬁg’n%ﬁrgl IE%E“%%%%%%%&&% ng
liquid silicon and/or PT&F F@?f%‘%HP YAYC) ipepticwlerlyi prifebly t1000£1090PC, to

silicon blocks, 1525. Lﬁmmédmmd,ﬁ@nyidga%g%%g}r]gj&gg to daim20 in Al

metal | urgy, i S particul ar | ow pressure casti'ng.

23, Use of a shaped body according to at least one of Claims 13-21 in the field
of corrosive nonferrous metal melts.

10 2 U i i
. se of a melting crucible according to Claim 19 for producing silicon

melts, for accommodating liquid silicon and/or for crystallizing liquid silicon to
fonn silicon blocks.

15 25 Use of a riser tube according to Claim 20 in Al metallurgy, in particular
low-pressure A1 casting,




