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Reusabl e cruci bl es and nmethod of manufacturing them
This invention relates to reusabl e crucibles for

w@raduetoson of ingots of sem conductor grade sPE¢T/EORY07/000220

i ncluding solar grade silicon, and to a nethod for
manuf acturi ng the reusabl e crucibles. Background The
wor |l d supplies of fossil oil are expected to be
gredidableyeraveNes hrd nidthbd of bl vt heidlearRaes. This
means that our main energy source for the |ast century
will have to be replaced within a few decades, both to
cover the present energy consunption and the com ng

i%ﬁ&ﬁﬁfénh@nmaegk&wm e% wu@@ dh la#af o8B of
féé%d

.concer ns e.ralse foss ener
et CioR @il hc o Jemis &0 e stlicom aad i@ Amethdd for

t hanufEcyuting thed@nsphloosiciblesis t he present consunpti on
of fossil fuels should preferably be replaced by
eFchyréogd ces/carriers that are renewabl e and
sustarnable for our climate and environnent

eddegyordd syrplics of Sotsihoi] pIgHRXpesiRfl dh be @raaidiablt/@sih@lrﬁéed 1 the
edﬁlﬂ@wlﬂgt decddss [Thismeansether gy hbiarenetgy presefdr th@jast century will
c ‘ﬁg%" BPhL P lade'ac\lvi'fﬁji'nragfewqé’ecfagése $ERAR GveP ﬁ[ee[?r'égedt Rnergy

uman ener n tion. However o] ar cel
ICQEW‘PI&W‘%‘&/X’?fg&‘e Ipe dpireAsdB e Blgba akenengy demand-pe

conpet|t|ve wi th nucl ear power, thernmal power etc.

ThR dddisioas maBY CREFIRS A¥e rtaH;éd khajehe Beent fOéiFll gpergpncreases the

sehah geadnhoabeeffedtao by ektent thabenayaaln dackerduse Thos thegiresent

elCSﬁ§l{Illl}9tli(;Iy0f f({ggﬂ ?l.lf?? gﬁ)(ful@ {'@Eragisy Eee{' %ldc i 9 é}fer%)h&urces/carners

ener gy conversion, effi ci an u osts
of gt [ge Egiexra "b%a SUSRADIG FnYlé‘b‘H’&?IHg t he
costs of solar cell electr|C|ty IS decrea3|ng

pIBWUBICh SHEYSIONrGst is splag lighh Mdiich Hg%dlgteSThFeGWHatvaﬁ@y more
pleaegyham theepresdnt sliay iconsunystied isdhding papdbssedable increase in

n%lll}ﬂaﬁre%é}% édrﬁﬁmﬁ@%ﬁr Ho | @erp EcﬁﬁFEéll ¥le QM‘lJltgr HQPQ.?) to date been too

I ngot's Il recti IC& I on

BEKBEHAYS Y iod %B‘Hanft“b‘S? With gpelgat RNFFr &hﬁégla BPweY ‘ﬁsnﬂaéweeds to
t kbangegidttse hogespeteheal dﬂtb@ ktslalamil tlectrivety is ¢o batealsed.A

mai n chall enge in these processes is to maintain the
pUthetapsodf ¢lbetrivitly ifeoan arsalir pahelris al fuaebit of hteakrzyaconversion

S‘é?ﬁéa @{:‘énc‘r‘ﬂﬁtﬂr% é%{ﬂ nl s W@E@%Ph&n&r?ﬂﬁse&ést%

I onal ati.on o e |n
{ GedHsing Fhes‘asrssqf Bief la?%&laqty Hudacreasig X ?WéO%Paapéﬁ?ts of solar
wivtdfercmgbesim nation is strongly connected to the
crucible material since the crucible is in direct
C diieatviminktihg pheestduenfogisiliconrbasedisolah pargei o bf sl twdrdtalline

t %@xrsairé' s‘éﬁ{g7 52' Ef gg?fdu%lcﬁ%ﬁes@hﬁlﬁ?@aﬁ@ﬁtb?%F of the

rate and i on
ofBHi dégr%r&fﬂt RIS @nﬂé e s difi i@gpisyo smaller

blocks and further to wafers. A main challenge in these processes is to maintain the
purity of the silicon raw material and to obtain a sufficient control of the
temperature gradients during the directional solidification of the ingots in order to
obtain satisfactory crystal qualities.

The problem with contamination is strongly connected to the crucible material since
the crucible is in direct contact with the molten silicon, and the problem with
temperature control means use of slow heat extraction rates and thus long
solidification times. The material of the crucibles should therefore be as chemically
inert as possible towards molten silicon and withstand high temperatures up to
about 1500 °C for relatively long periods.
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inert as possible towards nolten silicon and w t hstand
hi gh tenperatures up to about 1500 C for relatively

wo o0vg/ 18986 ods. Prior art Silica, SiQ2, is preseptt/NORwe/000220

preferred material for crucible,and noul d applications
due to availability in high pur%ty form Wen enpl oyed
for directional solidification nmethods, the silicais

Wethigdakty t he nolten silicon, | eading to a strong

adherence hetween the in nd the_cruci g .. ..
COBILFhG O 1 REFSFRHEE BTG Frig Iaﬁtfrléﬁffgr%w I anggohpptications

crdae ko agallﬁblluﬁysmhnglmpudmefdrm Bhdnceroplopéd herahieavitioak! solidification

t (?Hestlrlrg(lib kigsylitd {bgwét"t&f'wf '&?e RbAsE Elli%@ﬁfléhdihg b a%ftrong adherence

U T R S S £ LA
s aldbemnoyleagptoyinagkiagradithagmgot dae tcngulbcf upoif ingshanical tension

nlréiuldﬁg hlaﬁi the@siIsdrcodEridibM flerdntd® eRPAdsior b 1heGiliddd as
nace ess, the silica crucible 1s transforned

°8ﬂ%p§reéiltgss§ V%o a crystal line phase. During cooling,
tallipe Si.O2 u oes a has nsi t.i on that
t Aot BBl Erachape PhE ESE i S et d Bhapulh ik 4 fdtase
mepatng yf hhcons sdride tet rFhsts wyitiieg ba tlm mweltf i cant

contribution to the production costs of the ingots. It
h&3urinpethe ffomach pervesy, ttherpilied cturible ndtrensfoihed frotthaglassy to a

m@y fa1ihe %@ @%rﬁl'g%ohlng P c‘i@éﬁlﬁné (S'iOghﬁ@éiﬁb@sn@bhase transition
d|f|c n con uct}? rade Sql g d
i BEESTE "1@8 %‘é‘ %dr&aﬁqn & & P ﬁ%\{naVé’n y'be'uSed once.

S l]ﬂﬁsi; givenalsygrpﬁq:aelt andtrihwionda lthe/piodeetion oewss dEthehiagots.

nolten silicon to allow high-purity ingots being
f dt hadthemifickeVideien atthmptal tohfemdretucibiqrathei may tbkatustdes crucible or

NQfodi§ %ir &196&#6?@[%619?5cﬁﬁﬁmeﬁﬁkoﬂcﬁlﬁﬁir %’ﬂ§deb§h¥‘@@ rSuch 2 crucible

e su atte

A6 1§ PoragBo56. st 8bh KO aPuLr e R ir g ineft towards
nﬁU@mwten stlizondn ablomdeighsiurity orgons being éoxnmrmiSRnd which has a

Sithéra eﬁbiﬂsicﬂf—‘thﬁf 864 R SedBiy the sQ@ﬁ%ﬁfé@Haﬁi@algEﬂsﬁ‘ons between
Cr.uci coefficients of ermal expansi on

cdﬂ%%t agglcéu‘?%ﬂ’t ém%cfo 'S metal . The crucibles

ST 6! B BAre YA AT RS it made
S irbzio:tim hontled didicananitridey(R&IHdVe Silgwachitrastshanéeibids may be designed to
Stgi%‘%htbé%g@ftﬁ l%‘ﬁ%ggﬁ‘i’&éfrﬁﬁ of R RR] & aW%f’;)gnc\bﬁ{ Pardlle BY the silicon
batota | e blsS Beetne Qorord o 190 es FBORs SL R & Sensity of

arfd Yrof shengetiesl mavémem densityofsHgenrmétridesandthe showed good
snmédh@ﬁwapétaéngtﬂ Miehepé Qlak BEwWekEta MMmMIt}n@eMIgI Byathe diquid

SIs|1ﬁcC MHd%o g)gécﬁlgg&{égmgjadh?%gc%&%eﬁ tﬁ’eC %%?ﬁn(?crumble leading

gutg grqoéimg YK yeakage ofithe epicihlss whén é%le%ﬁ%g B}eeggmrbmetal

during nitriding are regulated to give a silicon
niTthei pfebleint withdhe wejtingebndignididlieeniseolvwdon N@e& 17 080 which

t hegY] &dek GrudiBiel ibide ERBISN/whER tAe phRR$d si2é d¥tribution of the silicon
particles and pressure during nitriding are regulated to give a silicon nitride with
density between 40 and 60 % of the theoretical maximum density and at least 50 %
of the pores of the crucible surface must have larger diameter than the mean particle
size of the Si3;Ny-particles. This material is reported to show no tendency of being
wetted by the liquid metal, allowing a relatively easy release of the ingot from the
crucible. The crucible according to NO 317 080 was formed in one piece and given
a typical cylindrical beaker-design with tapered inner surface with inner diameter
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of the pores of the crucible surface nust have |arger
di anmeter than the nean particle size of the

wee@d4gessticles. This material is reported toPGHNG2000/000220

tendency of being wetted by the,liquid netal, allow ng
a relatively easy release of the ingot fromthe
cruci ble. The crucible according to NO 317 080 was
f argre A Site 3onempndaaitandlagieted o f @ Otrymi. Thk height b thecalicible was 40
beaker-design with tapered inner surface wth inner
dianeterfrom 25 to 30 nm and outer dianmeter of 40 nm
ht o e ehy ci bl ¢ er I

orndfitm bl bEREINE LRlcRREare GafBled MO S Spp MR ho4-
208414%pt0 Khattak ¢f aknbha applicatign teaphes 'ai?p‘l’ﬁ sgaateofﬁoss -section
t @fgdibles wile ff rSﬂ:lﬂl@hQ)oﬁlﬂé@ siReatni®iderisiprtsssd BRdOn diitride coated

m%fi?lli g?&e?s%%gﬂ vﬁ tﬁec éﬁxb%‘fe%eﬂe%ﬁ&’%&zﬁ&%gﬁr ckEQectional

e coat ease coatin
craiRa WY B0 A0 GRad hﬁmaﬁ 'ihmkéseswa%g QA BaThg isapregsed

t @rékdbbe 14 ianer. diffleasivas bf 1 hixclkied 3 cwesindbwealt thékness of 2 cm. It
TRG s RANRASR &Hz{tutﬁ: Qhﬁflﬂ@g cbﬂﬁ%ltﬁétm% Hﬂl% o‘f indot préduction.

17 x 17 cnB an ckness of 2 cm

d %E%QEM B&?cijedt Ji'ﬁ‘& d‘f ﬁ‘?rl(% fﬁc la?e%a‘l" ﬂ&ﬁb g@h:%ﬁl?qgad]e%y;

ns. 0
i CRPERE § STRORREBICI G feedRack &1 émﬁ}ﬂr: &N wmaﬂgy'ﬂon and purity,
mifar expnaplsiih ao aguqaistslip] e f eedst ock of suitable grain

Si Ztﬁnﬂin%ttﬁé Qﬂfcbﬁ'fﬁaﬁﬂ:qe RH& IR to {Iﬁrdéﬁ@@%ﬁ)e' Bftéf'called a green

aqu rticle mxture
% 5 ’efsoc5§§?$‘8{f @h%?ﬁé‘ngg‘f‘f’gaﬁteééw'ga fp“ar een body, for
exém:ptieg the grasn body ima piteegesratmrosphess iram dhambraeftiimage, a

t REnBRLERR MAkLe] & Be 'I'i'kE:HPlﬂ@ @oa&&ﬁﬁg El‘i‘é lﬁhté‘n fht ﬁl@ag}@@f body to
e |1 Ke us

f
cgh{r}’g’(ﬁqlﬁgdef%gogqn?g o‘i?a?ﬁrﬁg’?ﬁz green body to silicon

d di 3S (S +2 N2
(éi)” gl gﬁlzozsl) n% éle(é}r eig[\]b?gr}RBé@\b& cess :s(t%wat t he

green body undergoes only a slight dinensional change
duf fopgurgic rﬂ%ﬁmgﬁos@ﬁ@m@@t thesareem bpdy phdareeesenly a shight
nidimeasiogal chatgedwind ciondipgr Anothes fextarerislitheg thconltndlng of the

" SRR Ahchdibs heoobihg Mo kacBERI(Gs Wrbng B ol Y

exotherm c reaction-causes pr

' p1"he|rk?r g@ﬁr g&)tl}{\@rhllc F‘eealgﬂoh ga{lsee@‘t“ptrolgl%ﬁfsqﬁ tl]iz{']. %]%t areas in the charge

surroun
t treitlignd F%fﬁ&ﬁh@sterf A0HRH AN rwmlabd%%ﬁ*%g tq #8isk of docgl thermal

hirghaway bfithermbyrunbway acksrs athdrd isamsigh probubiligytodicradks and flaws
T'?S tlﬁegf?ﬁ SRl Wl‘lf ﬁﬂ%@%thﬁﬂ&?ﬂ‘ﬁ%uﬁ%& Peftélﬁfdﬁﬁ@él ﬁrhf& tethe

ySI ca )

nsi.ons
s Measioas of fe %defé&flga St be fﬁ.{vﬁir ¥PSE Wéﬁyects should
t thiame bbelbtivelf abiasbulk phdseagmgbtaspedtiragosardl thim walls) ingyrder to allow

| ) Qffl€fent Hea@'tﬂaﬁ!bcﬁ‘t B ﬂh%'r@éktudﬁe&inetcfuﬁ%gﬁfi’{ddlﬁg om the
reactl on zone during nitriding. The RBSN-process is

| i eeliﬁgﬁ ﬂ%t:es%% e bR n&rs‘ﬁ(#tléﬁ'fﬂgp&rdﬂemglc?ﬁmf)l%@ for industrial
scale proguctlon of semiconductor silicon, such as for instance in present day direct
solidification furnaces (DS-furnaces) which forms ingots of sizes up to 100 x 100 x
40 cm’ or more. This requires crucibles with larger dimensions than presently
available in RBSN-materials.

Objective of the invention

The main objective of the invention is to provide a reusable crucible for production
of high-purity ingots of semiconductor grade silicon.
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scal e production of sem conductor silicon, such as for
instance in present day direct solidification furnaces

w@ DB7fisos@ces) which forms ingots of sizes up POT/&00007/000220

100 x 40 cnB or nore. This requjres crucibles with
| arger di nensions than presently available in
RBSN-materials. Objective of the invention The main

ol fethey ebjektivbef thvigmention isto tpoovyidedimiehad fetmaifacturing the
CLURIKLE for production of high-purity ingots of
sem conduct or grade silicon.A further obj ect ive of the

| THEREI AR Se1R B et ey TRl pat gt MR ABrdin e
r éa:*fqr@él@nmf the, emreeapm belpvaander in ghe erpnendﬁch eatent claims.
description of the invention below, and/or in the
apreadptopaf ¢hé imleaitivh. Description of the invention

t he real sat | Qn t hat

T inventian, i s bas 0
ot BEIEVATORS pSedcsl Tigedio2Uon 1o e Piaieie it eppraline of silicon
w‘nithds ¢fddikliee mithpurfitigntiperitysnidanedrabic seength to be beed for
| gfef@rcyE%éQﬁTrﬁéltlﬁg %%1&%111@&16@1@' d&%dﬁ@?lgjhlggﬁ%iri@fﬂ 8ilic¥n metal for

S i di I N ur il S 0 Qr orman

> ybttae Tl B AaBiEkihs 18 23 0B 7 el op pfeE) iy b solved by
nawnbﬁacs@mgeﬂlewuwhhﬁfﬁémmdﬁ gndedsigicor iIllelélg (BBSN) and by
n lféﬂhhdg %pha(w dRahaitd bz NBSNidetetibBIVNmatpdbdiyorh anhdiwall elements

e§1t fm{jﬁﬁteﬁ\@‘?%ﬁt%r&‘%lﬁ Form ng bottom

are sequen y nounted to

. ﬁfl}gﬁhh%ﬁ {ipeetRY g BURRlER Bt g RBR mElholiiBrpragpetion of
crunsitipeforfrspdytinne ingpt off semigendustor gapdcgitiger by directional
g%@lﬁ’cﬁﬁeaﬂlém%nﬁyls@hg ectional solidification,

F%dn 's”ﬂw H‘t?%&é‘?o%&‘ Wit sﬁic‘bh %@V(%pwder wi t h

wth the
de§?fFT§§g arepen bedy wathdh @%He%l shaps &f the PRBYSTABIE Y
gk deatitpothy dreermbedyt inogeitrogemaapbsphere, tiusscawertarg thagreen body to

43R BORiIcBn i/ NERIBPRIShyohi 6 A LG partictes in the
gﬂéeé%ﬁb&éwca%‘?mwn@amgrrégcuon (). (1) 3Si (S + 2

N2 (9) Si3N (S) In a second aspect of the invention

there is provided ¥ (bt RN €0 PBYd®ti on of crucibles

for production of ingot of sem conductor grade silicon

by directional solidification, conprising - mXxing

silicon nitride powder with silicon powder, - formng
alsetseafndgaspect dfatie ésvention ltleere oy providedl amethadnfar paadaction of

t @riREoILH foriRbHRT IO WRbI & RnifortRM A radOSStEL6Y idectional
Lol (!.ll?lcaflon comprising

- mixing silicon nitride powder with silicon powder,

- forming a set of green bodies in the form of plates that are to be the bottom and
walls of a square cross-section crucible,

- heating the green bodies in a nitrogen containing atmosphere, thus converting the
green bodies to nitride bonded silicon nitride (NBSN) plate elements by nitriding
the silicon particles in the green body and the sealing paste according to reaction
(D), and

- mounting the plate elements to form a crucible with square cross-sectional area.

Alternatively, the green body plate elements may assembled to form a green body
crucible, and then heat the green body crucible in a nitrogen containing atmosphere
until the green body crucible is nitrided into a nitride bonded silicon nitride
crucible.
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- heating the green bodies in a nitrogen containing
at nosphere, thus converting the green bodies to

wamedoritgdsdoonded silicon nitride (NBSN) pl ate ePEnEOR®?7/000220

by nitriding the silicon partickes in the green body

and the sealing paste according"to reaction (I), and -

mounting the plate elenents to forma crucible wth

E qgaroe?ar{g&a?ys betrziﬁﬂﬁbecamathﬁugfhgﬁ m%wy ¥pplitigg zgpg}mgt comprising
. . . . r AY

e oBIEN L SRR IRR SPRAPRIEE ppfil % T iR, Hghvine pasc

nilk A SYERE A RIng AtaospRgs A antl thersihcdnparyeles of thyypaste becomes

c micidet end sransformd¢lte pastotca nolid bomdihgadé deaing NBSN-phase. The

Fi 'ggt!e gl:?aﬁﬁlgélg;&e;hieg b@&eggtfl?di?'% %é;@éégg %o&ig':s) f thglle%% ff3al nitriding of
e G SOy I TR (S &S PRB et edan & second heat
pareaing¢rds, and then heat treat the paste in a nitrogen

cont ai ni ng atnosphere until the silicon particles of

t e aphst aspxet ofrde invetticedhands providddosrnsibidsefoppasidaction of ingot

g é)? g&%ﬁoggﬂ g?grag@ qlil?\’ér%ﬁldl%ﬂ@ir%\gi?}fapmﬁﬁ%%aﬂbglé ﬂgﬁlthgc 4 e¥ crucibles
s Wade qf nHfide Laﬁ@f Hlicen ity € 6M B SHagc0rd g 1orfhe method as

| apemfied asthe firlsbagpast ef thelihvdndiomi t ri ded in a second
heat treatnent. In a third aspect of the invention,
t ieadoush psmect d€thednuentbdg shdroiis proviliedt drociblzl fongmiduofion of

Sgﬁgcg%ggem&adg&eﬁ Eratle!SIRQMh B aflL{iffia] Mlfdification, in which the

SO ication, Jn. wal e ‘crucl bl.es e o

> Priciblet 6 mate of phids, Sbdad ALY prige g@%ﬁwgﬁ%e mqpes that are
nmethoded® fopac fqueck ¢noss-bectionakeruaipeatcooding te the method as

| RYENEEPTh tHekeBod PMPeBt SSIREGAvitiohhe i nvention, there

is provided cruciblés for production of ingot of

Sef'ﬂeg&?ﬁ' uﬁittﬁ{iingr’ ad ﬁ\sl\iti hir@ﬂﬂm@é(nsdérf L& here sha;Fed powder or
solidification, .in | t qcru&rlg es a(ilemaeo b
niPEFtE SEMPEITHEF ke il mertisleraresanyeasrd it BftEsRsRalmosphere
t matil areactionetdedndtht srimoa mquices and o gse ghs oneltained such that

c &Hé?éigksn a%?lé%ifd?tg ﬁbﬂyér’fh% ttG%anI%&ici%O&ﬁ{i{;lie_@,?addﬂhhb Bbtaining a

second aspect o e .inventj.on. e ter nitridi

- Do0E e RS e Hermoc ik BB Wbl § ottty The

oiformasst wlisoelyedtsyitigediibit 6 shegrrstafl popesityi dipesdiag@nHbaparticle size

tb hadpadidldsize !dlﬁsftﬁBﬂ%h af fﬂéfs@l'i@i’rﬁpdiﬂ_&llels afd/oe8fHek Phrticles present in

f wee ecSilico ti. trogen. gas. i s .

oS PRRE A R e R F Al B A Bl BRI oo icace

t §OBIPFisebsilinpn pridislgseaand; sihiean nithide partislesng the mitriging results in -

behdtithg sibicoh Ppartidsutit cohxértedetocdlSdn Hitiedd partiolgetwideh bond

f | ] » . i ' ' .

oIS gRareSr S eltT EREREr A SR o g gorons

sibPdy b @upsatifen Bitddse distribution of the silicon

particles and/or other particles present in the powder

bdihertermpi‘greedibagdy” anusad: hargia meanseay shapedoebiegttafithe powder

t heixpoedemphilsiiglsi Bearopgrticke aindistlicvamipRlet pagli €8s, 8f6in dry pressed

is’#okz&.lgp nﬁhtqﬁésd&npﬁﬁltn'gcdn?yc’ sil M aﬁlﬁ%ilw&lrﬂigld}gporv%self 1) §haped
objects consolidated from aqueous or non aqueous suspensions or slips by slip
casting, gel casting or any other ceramic shaping method, and which on heating in a
nitrogen atmosphere will undergo a nitriding reaction to form a solid object of
porous silicon nitride with sufficient purity and mechanical strength to function as
crucible material for directional solidification of semiconductor grade silicon. The
green body may optionally contain additives such as binding agents, dispersants and
plasticizers provided these are essentially completely volatilized during the

subsequent processing.
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that the silicon particles are converted to silicon
nitride particles which bond thensel ves and the

w@eoogilesaké y present nitride particles togetherP¢DNG2007/000220

solid porous body of pure silicgn nitride. The term
"green body" as used herein neans any shaped obj ect of
the powder m xture conprising silicon particles and

SiTHet@fin Fhitfided ®opdéd sitit &S nitfide (INBSIW)Pae sselh@emt®eans a more or
I%E{fo‘?ﬁus‘:gﬂﬁﬂlgh&gnﬁﬁ%@ makdrd %Baﬁ?&ai P{” hi gg r@ééte gﬂgse reflecting

I
ndhe RejlisHUEZS d%‘ﬁ@iw Cﬁ@@ﬁ)ﬁ@ e mﬁrlé%\@ggrﬁgateg@d a bonding
Cc phusagflecting yhopdreiclecsizeadistitamiapi and pwithof a sdivbnvdivater, and
o%ﬁ?@&ﬁ@ﬁhb& ﬁoﬁ]dlh% gﬂ?& iQifesy Sé go#létdyr& v &P Po silicon

tridinpg etg orma So ect por ous
sﬂ’l“ir’éjﬁﬁi“r‘ﬂ BN BIGCFISei ent purl ty and mschanl cal
strength to function as crucible material for

di% ewin distincden pENB SNrmaseriafireya withes falicanotitrideamaterial types is the
sichéthod of prpagitiRan Abdigindtiyn @pini RBENI (Yedvtioh dofded silicon nitride) is

aqﬂéttlh\@Sﬁ Bd@&lo%égfyt %}eex?ggﬁ]}rf B edl] rggf ?(‘l’f)é;frﬁmaﬁﬁce(%n eﬁ)owder.

pI astici zer pr ovi Se are essen conp

htaetcramgges a %rdé[?g %Ogtglﬁ Sfrﬁ\lp Sﬁ%%?}e n%)f\&oc?g’g:;ébﬂgg-g &qhi epé)ed with a
némm@ ipgrderdio qage thegstasse ok e iggaf | hé@ﬁu%bquaa@ptlonally be

mabetedalitle o61at sdterdalab ease thggelrgsd ef hbdngotrafier eadtingy
the particle size distribution and purity of a silicon

NiTHel sd8liRg 9&:&8 @ﬁa@r beﬁ\ﬂh@ s@m@%ﬁiﬂe% thé gﬁ&nr&fd&%ﬁhiﬁ@ pabR, an
pa\rﬂéé&dsepa% %51 1 51{ Flr)l cie? And gqb lf'lgh{r}/de péla 1cles IAﬁernaﬂvely the
e§§@lmgep=tsé¢1maéftb@| aypaisém%@nlwﬂmnsmrtl@ ni t r | de dur i ng

the nitriding process. A main distinction of
NBSig-imgogtantifo ¢émpley aeivenatstipisadrhigh prfitye Tt sresp¢cially important

t mezsxyg%nt Sigcoet g@ﬁ cﬁﬁ%ﬁﬁhﬂilheﬂn nfride $§ kmSbd @Nlehd @Mwettingby
GNP ED SPORGES WPl Rkt By of Yo parictes
s @%mﬁdﬁ@munﬁﬂﬁiebecf@m%%@pld&do&saarvvgm@@rnah@r the green bodies

| RvedYdimpntonthy idvbntiohaTRBURIght be obthindqupgdasitl ibaching, for instance by
t aa@ﬁf I’eQ&ngE afl qgﬁseé?erﬁ%?r‘slugé")gl ﬁlghgfﬁ?fgy gjats{'{hﬁléh%%solosed in WO

ne?tOQHOéﬁS?b Iéa%vqrh@erl@r/@gw igmof Hakedhfothisgleapng method; any
c &sibimmgproddss feeptaviding asdlepumity shikcdnheitisdeparpakts and®r silicon

t %nﬂfl@?ﬂw?%@y fgﬁg(ﬁn ng paste, an aqueous paste of

si'l1con part s and silicon nitride particles.

Nqo%cgﬁga Y&kt}é 1|€§§N5§r% éé@gttf% Bfeéﬁx{ gl%dﬂcfﬂ% tr&mees%?'n}’tnde
néaoeﬁ%ﬁléwen nEFigs @@SNWST ¢ bolf %Wl@g@éew&?gv . n‘por t ant

f orBaitey pevcess strabfhtjz h”Ehe)myxgémg&eaMmmt (1) 13 sstonigboexothermic. This
S LI s 11 BB o

S THERR Jﬁa@m%@ ﬁofflf pE s }eb&ynﬁlerélaawayﬁg t€ 3 puppway oceurs,
behereas bédiigigpaybpbiligyl oﬁsrackmmhﬂawsah tlicomatdnal gJnéeBSN, the amount

bQ)(ft'n?a?ter'?ﬁlctgrB@I rﬂ@hde‘a ik m@ss'tﬂé&?iﬁt RBSN mﬁssm@h%apﬁss heat is liberated

aci d | eachi
e reac? on, and more materga’l can absorlsa Hcdlstrl%ute the heat. The result is

that the process stability is significantly improved.
- More flexible in engineering of microstructure. The nitriding reaction forms a

product layer on the surface of the silicon particles. For the reaction to run to
completion, nitrogen has to diffuse through this layer. This imposes a practical
upper limit of the silicon particle size. If desired, coarse silicon nitride particles can
be introduced in NBSN through the silicon nitride raw material.

- Higher reliability. A crucible made from NBSN has the advantage that it can more
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acid | eaching and subsequent rinsing in high purity
wat er, such as disclosed in WO 2007/ 045571. However,

wo be7itgsgenti on is not |linked to this cleani ng Pet/NO207/000220

any known process for prOV|d|ng high purity silicon
nitride particles and/or sili con particles may be
applied. Conpared to the RSBN- process, the process for
prreldakdy agd evitichighesyiefd bé madeén bendqdirsd dimensiond for dee in

( N@%@?lo&ﬁssohaﬁ‘ cfaﬂbh%‘ygﬁ&oﬁ%qg qgeel%(iufecﬁgﬁ%ﬁﬁt & }Féﬁ‘?f'eﬁeased by

reaction
e%’é@ Hlé?‘ijdncg re‘?‘?ﬂ%“ means that hot areas in the charge
will tend to react faster than surrounding material,
| deheimatethased progespRcoosdiag te Hsr sesPnd on fousth aspect ofethgdnvention
r hag ey fodloewng advdigsigest S a hi gh probability of cracks

andl"elfre: ag)lgﬁ Bl@bgg& {'ﬁatthg rfgfﬂace } 100 t#‘ﬁc é?l?ly%ggﬁlnf R_%Ees are stacked for

néaEdiRgat | ess heat is |iberated by the reaction, and
norRasivathandliang chigreab partb tleancth giesh rcrinuble alosvshredtctiobhe wall and

r%%%fn éﬁcl&ﬂ%?v} Tthl?ﬁ‘gé(@g S theSh@Rhdli ch¥racforiti ?E‘bf tAGht¥le and

rove e I n engineering o
m Yeoss‘f‘i"ﬁ&‘labre . The nitriding reaction forns a
pr-ddhegiroiagteon afithe keugblefraade fvpmtayplats wWilktbe epaert amsd mere

F‘é&oﬁcﬁlﬁlcﬁﬁéﬁé iooé‘lév@erri‘dﬂuﬁe‘}aféqﬂﬁhgkhﬁﬁmg e ﬁﬂ&@'ﬁlé}iﬁ dEfPsny of

b g et Rty ot BREFER R Pl REK] fftpe niriding
c oail“ﬁ@eﬁlsal mitgigingpf thecwealing earcbequitarapid and eombineddvith a

NEShipéfatd ghodk@e ftirlent B9t dulality entfAw nmaterial . -
Hi gher reliability. A crucible made from NBSN has the

agu at it can norereliably and with higher
y:i‘e?m%g rrage in the required dinensions for use in

diliigoeilopait a3 0d cHisfd sdiematicofiews iolf pbavn eduentothnhmay be assembled
r g8l use a 36BN 18f DSelidiftRRYESE fNcdhdecBidihl #% Be embodiment of

o SiBior el L ABREHRREE AR ORI The

| om_n va ges The avail ab pace in the
f EJH%‘HG@ l?@ %o%f @f‘ﬁuacﬁcéﬁ‘infiﬁ}c y&eY O?Pia{ﬂ %@%ngﬁgagwax Pggssembled
f o forint nicouaile-foERS-gnlidiacatidmnef wlicgr seordiag te atshamda

OTe@fIddEhehed d1 tRe &lVeRton BGURd 2 @ 1lﬁfstfﬁ@|s lth@ReheRMId PBRucible.
t hi ckness. This i rrproves the thermal characteristics

of.. t he groycl bl epd WA mat er i taI - The production
oEAPIE S AR T E MR, || Do Bacier and
marhe ieceaitivn wil beldescribed ih duvelierfdetdiLibye wagtod ek amphess of
CAAHJAE St ngﬁ{Ejm%eHﬁ%J‘Féco%gg tb Xhé’lf’]ecHH& oF krtl Qslptel?teof the

furnace an reactl on

dURYSHEOR: Prrqdm@f %elﬁrf%aﬁ tftm A tpddp TPHR asaprefgoss-
c anctimnad) museblleaqmudbmsdThmetnxaenblw should lbsemp) areansibe considered to

shegdésddt @At ARMor Of tHIURhELY iRtV concept of forming reusable crucibles
of nitride bonded silicon nitride, NBSN, any conceivable shape and dimensions of
NBSN elements, in one piece or assembles by several pieces, that may function as
crucible for solidifying silicon may be employed.

The plate elements in the crucible according to example 1 and 2 are all made by
casting a slurry of > 60 weight% silicon nitride particles and < 40 weight% Si
particles into a mould, preferably made from plaster with the net shape of plate
element that is to be formed, including grooves and apertures in order to obtain
plates suitable for assembly into crucibles. Then the plates are heated in an
atmosphere of essentially pure nitrogen up to a temperature above 1400 °C during
which the silicon in the as cast material will react and form silicon nitride bonds
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List of figures Figure 1, part a) toc) is a schematic
view of plate elenents that may be assenbled to forma

w@eacitkdoes f or DS-solidification of silicon accpeTNOgI0T©00220

one enbodi nent of the inventiong Figure 1 d)

illustrates the assenbled crucible. Figure 2 part a)

and b) is a schematic view of plate el enents that may
b&eassartt eilidod Higida @atisuat kelvepézﬁfe ddFitswdsi Thé head tr@ment in a

Ofnlt§6 e!ncﬁﬂlo ﬁ&é qg t %.e uﬁﬁ QP 1- égTEln&le% ur ffave been
e se

I nve, as
c DfEdg éucwgﬁvléd Blat %§rP ’c§f°b(tﬁ§eql rw 8Reqss#Y the nitrided

Tiptatenmantbeqrolishéd aﬁxieskr@earlnhﬂeﬂ afterf avolingrforlebaidingyccurate
WRYm et 1@1)1%3'593 SOJHO%H%#%@P%E} k ahd) ?ea'kr];}fgff;'f Jt:r%gibles upon

accor di ng to the secon aspect o

i A%SMA8%n, production of plate el enents that assenbl ed

to forma square crosssectional reusable crugibles.

THEhen assamblias thneructblesy armsalingpasty mads deqmy silisgnidispersed in a
r élnuﬁlssrdepasﬂtedmﬁ el avasod f thh@lagerbmadnts thaewtill be in contact with

CQH Fteféierﬁelﬁg V&l%ﬂsﬁ’?\lerﬁlh%a U'Fhé‘H ffl% J)%te %L%rﬁérﬂﬁ are assembled,

on n X el va e S ap h £
aﬁB egfgug eNBéRPJ@Ffewe%ﬁ%? d e%}ﬁée%ms%temcﬁn tmosphere o
assenbhBy poye sitnogenhtmospbers, suchabatrthy Si-padidlenofahe sealing paste is
c l&lgttﬁu@h @nfl Qlﬁussééhhﬁ tnd Jg,g;btg :okk) :ufeoae uBmYe B8 %milﬂg/ g{é e1'&lﬁems
P i, TNE Bhchdthe Effe R P TateF B Py Yt S EBOWBIgRTg; and o
sidnratiom whichindieidsa etliSdtrasticaglintheGekingpasis. Si

particles into a nould, preferably nmade from pl aster
WExBmiplel net shape of pI ate elenent that is to be

forned, .ncludin r oov a apertures i.n order to
obiSHTR dﬁé‘tsége@ﬁg‘f Sisveok the Pﬁ &ﬁﬂdwltﬁ ??r&neg {Rs beteym and side-
Thehlstdfe gouateesoss-sechionsleduciblaaccarding phefestofxample of the

essRMtibAl AY dehenidiabd RYRE oM NEIN ATREHPEAHIY §hARAKE assembled
1400.C during which the silicon in the as cast

wﬁf‘bcﬂlﬁﬁ will react and formsilicon nitride
en the silicon i de. gr.ai ns

ndsbet [ apor.
a eﬁqrﬁﬁéwﬁuﬁffeé%@&tbqtﬁoghtﬂﬁ%[ Which isp apg HCEPX ﬁe% groove 2
i sncbanpwastfacitg Jurfdck aBingpaachiof itssides. The gelveris y‘xtﬂed\te the

b%ﬁ@kﬁ@sts r0'f @1%1518&' %herﬁé?ﬁé fo?ﬁhﬂéésj tlg:l @El?ssopﬂ‘he%'rllldlﬁferkuch that the lower

t
megEnaF iR Al S errinpt B rnesiong RERacLORitY: RoEratively, the
olstdgi elémentacodithe bottomenedenmay dadivammcahplowientary shape such as

f @ragranfotidipid #mduéeak proof crucibles upon assenbly.
V\hen assenbl ing the crucibles, a sealing paste nmade

f rogareithy s@lewsdinege&ﬁﬁgnwwau |e'léiHérfi 31 THERPAA! bEARINIIISE these at

WOPROSIB sty oitiEu e foh e IERek i b e TR & grove 4 along
plbathecddes marthe sarfaccasmghinwdrdsaintp theecrbableed he ignedvsks & are

i %nﬁe&bdl&%d t"ooglae 82100 ﬁt Wi‘ﬂltthE SRRt é@@& of theawanltewﬂas% @laced
peg%,?l aégy %If H}eh\gali Sl eﬁwg %afs‘l’tleeg og%se 4344 1dte e%ges oF the wall
elements 3 may be given an congruent angled orientation such that the wall element
becomes shaped as an isosceles trapezium where the bottom and upper side edges
are parallel and the side edges are forming congruent angles. This isosceles
trapezium make the assembled crucible tapered such that the cross sectional area of
the opening of the crucible is larger than the cross sectional area of the bottom of
the crucible. The upper direction is indicated by the arrow in Figure 1b. Also, at the
upper part of the side edges, the wall element 3 may be equipped with a protrusion 7
which may form a locking grip with a corresponding protrusion 6 on wall element 5,
see Figure 1d.
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nitrided and thus sealing the joints of the crucible
and bonding the el enents together. The second heat

woe@atmoed is simlar to the first, at about 1BOONG2@IW00220

a duration which nitrides all §,-particles in the
sealing paste. Exanple 1 Figure 1l is a schematic view
of the plate elenents form ng the bottom and sidewalls
ofF1 gurs Jdahews I‘tl@? Sors&pohding| wall tleirttine Sadake ciutible acevrding to the

[

1\ff ﬁB %ﬁ@‘? }h% 13%%?(1 d']“ﬁl@t_wﬁl bﬁluls%dé!s fﬁ%s%ﬁxﬁig ents at
FiogRping sides S PO BEmEA LD BRSteBRTs Wal Cements drsced igire 1d. The
q orcedlk @ltmenl;sISalseat thd WpEer gides \equippod wittea ppateusibr Gcthagis given a
Slé fé‘fnéﬂt g&gs Bfe IBrto§ru§1'oﬂ§Si of-[ﬂ@“&ﬂ@‘ée The pﬁ'?{[}ﬁs‘?&s 6, 7 will

I.cknes ti_; e sid formn

?‘F%aé? q‘t‘ﬂ%gE‘Pl}’&‘F%‘l eé’tﬁ%tﬁ“st‘%? 13 e?‘bWé? PEJGE 101 7t he
side walls enter tothe roqve and forns a tig
f.Fegurmlfiéle%fﬁteSet platelements ayhsraitambled nne ‘HBF’tbéfinThe sealing

gipaste és appliddengiavke |gr<mwecﬁmﬂ feret &sgmblyapéths grboes 22 4gand edges
ngP F}%@Eﬁ%&%%% arEl %%bélgﬁéfé YairRéHs; Jrﬁ‘ﬁta@(ﬂﬂ%yarthe crucible

ese

o el Wik s serigr tréiﬁtﬁsm ol a U dSRe Shppl. Inthis
eqaiep fedusei aftsealagt paste and a¢cong hiseting evyds @nittedethe wall elements

swiflaetel @bl pldcé BWahdprdtiksRnisige 7¢r uci bl e. The grooves
4 are dinensioned to give a tight fit with the side

%9851 ?;) 2the wal | elenents 5 placed perpendicularly on
WAIT“ el ements 3. The grooves 4 and side edges of
t Feguwa 2l is alsehanatic Sievayf the ;gat\zeeﬂemesnts borgring e borgdrednd side-

O BRIR! saﬂal%t&lssst fatiohMecrvBible & %PEEH% t@sge&ﬁgi é!a?rg,%iof the
t tt
PR oA TG 419 B8 Rl o] el el g mbled

corgniblent angl es. This isoscel es trapezi um nake the
assenbl ed cruci bl e tapered such that the cross
sé&tguredalillestemeothethogtoapplatent),ofhithés & quadatie piae with two
| a{3@htel! @rthﬁ% lqré31§ﬁ §§(§ht 6018k d8d. gt e HinmleR&oROb ﬂf@a%fertures are
t? ruci g ectloglsmlcated ﬁvgtf s and
LR &l?eé’ a5 Tehig 2 dowpig dpyIBE PRAFYSIQH ot Hig side walls an
sifolmn edigbs ﬁt tIhés aled bneisomed to Boede greowepu(nopeldown ) tunaing aligned
PRAEH WSiceRtrd am'dfhhgﬁﬂeﬁlﬁém 8 dipglat ﬁgt}ﬁrgrﬁov\ést?oﬁthe bottom plate
q ag? in {515 ot rusi on on wall elenent 5, see
Qﬂﬁ % r-@nxg ‘I c shows the correspondl ng wal |
ement. 5 of the crucible rdin I rst
i P abSHOwREME NAHFEBI Fhoriere Tl bEdoHCe s clgments, se
t Iﬁegere el Thebidretamserit] 2dp eqeippgd svithetsvaapibtrusions 14, 15 on each side
p%ﬁ@ end Ildswnwalra/ phﬁﬁmﬁ th qh\e@hde ﬁ'o%@'%h§ ak d1§r?e?151oned such that
i.gure r
o RSt 155 o F 08RG Pea o e Frat o PSand Kiriva ght
covhshdwenvall glesteatrel hsret %eelpbl@tirfgsnmgsadyaqgﬁt whals phtHescrucible.
3 ThTEhi%“m’WiHrﬂ lﬂﬁdlﬁ)@ §r(ﬁrus?oﬂéﬂ 13 ar@%ﬁkﬂmbﬁ)@dﬂd‘ﬂt @it thedpRRures 11
Sd RESE & lﬂ%’h? Plt see %1éure%dThQ §eR dggsr §F {h% wall elements 12 may be
given an congruent angled orientation such that the wall element becomes shaped as
an isosceles trapezium where the bottom and upper side edges are parallel and the
side edges are forming congruent angles. This isosceles trapezium make the
assembled crucible tapered such that the cross sectional area of the opening of the
crucible is larger than the cross sectional area of the bottom of the crucible. The
upward direction is indicated by the arrow in Figure 2b.



Figure 1d illustrates the plate el enents when
assenbled into a crucible. The sealing paste is
w@pplilesdsé n each groove 2, 4 before assenbly. PET/ND2007/000220
grooves 2, 4 and edges of the ate elements 3, 5 are
given a sufficient dinmensional ‘accuracy, the crucible
may be assenbled with a sufficient tight fit to obtain
aFigaak 2pridedtratesube plate elemdnts $0cES®heh Asserttedinto a crucible. The
S
?.?4'1&% pa@?esl"s %p%ﬁ'?(? &g%&ﬂ{jf gs%g@ dggr%blg%g @h%r gftdcrezbcglhgahlé element
‘Eﬁ&ﬁ&ng’ﬁ Figure 2 is a schenatlc view of the
plate el ements formng the bottom and sidewalls of a
s dbis exagde shadd mpbbaForsidripd beuadeddiodiss pitwoprasedaas 13, 14, 15
ﬁlﬁﬁmﬁbh’:‘ sﬂ%feﬂ@é ahd'B66h ©T. thé\bdalleélérﬂemtsSZaAﬁayfﬂbde%lr)ﬁble number of
i quyr uci bl e
ggpg‘gglﬁrﬁﬁs rg#§§1§E9W§ F%H?%f%?§h§%°§ hich is a
quadratlc plate with two el ongated apertures 11 al ong
each of its sides. The di nensions of the apertures are
fitted such that they can receive a downward facing
protrusion of the side walls and forma tight fit. It
is also envisioned to include grooves (not shown)
running aligned with the centre axis of the apertures
11, simlar to the grooves 2 of the bottomplate 1 of
the first exanple. Figure 2b shows one wall el enent
12. There will be four of these elenents, see Figure
2c. The side elenent 12 is equipped with two
protrusions 14, 15 on each side and two downward
protrusions 13. The side protrusions are di mensi oned
such that the protrusions 14 enter the space between
the protrusions 15 and forma tight fit when two wal |l
el ements 12 are assenbl ed form ng adjacent walls of
the crucible. The downward facing protrusions 13 are
di mensioned to fit into the apertures 11 and form a
tight fit, see Figure 2c. The side edges of the wal
el emrents 12 may be given an congruent angl ed
orientation such that the wall el enent becones shaped
as an isoscel es trapezium where the bottom and upper
si de edges are parallel and the side edges are formng
congruent angles. This isosceles trapezi um nake the
assenbl ed cruci bl e tapered such that the cross
sectional area of the opening of the crucible is
| arger than the cross sectional area of the bottom of
the crucible. The upward direction is indicated by the
arrow in Figure 2b.Figure 2c illustrates the plate
el ements 10, 12 when assenbled into a crucible. The
sealing paste is applied on each side edge and the
| oner edge of each wall elenent 12 before assenbly.
Thi s exanpl e shoul d not be consi dered bounded to use
of two protrusions 13, 14, 15
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on each side edge and bottom of the wall elenents 12.
Any concei vabl e nunber of protrusions 13, 14, 15 from

wd 2@nd4sepsvar ds may be enpl oyed. CLAIMS 1. Met horlCT/802007/000220
manuf acturi ng cruci bl es intended for production of
i ngot of sem conductor grade si'licon by directional
solidification, characterised in that it conprises: -
mxing silicon nitride powder with silicon powder, -

f ] a green body with the desired shape of the
p%&% xture, and - heating the green body in an

at nospher f. substanti al | e.nitrogen, thus. .
convbr Megof e BrauAtiems Febhler RendeP f nodiGion ofjneot of
ni t ri deemikB8N)ictoo gyadeysilméanr byddimectidmel solidifioatigrar ti cl es

in the cghepiteNOEl i BERHEREpLiQst he reaction: 3 Si (s)

+ 2 N2 &@%{.: Si.3N4 {tsh 2. R/Et d.laccordi to claim

1. char atkina ShE0H nieills poieCeuiE SEEE WA | oS !

si | i con faimingdegrsondiedy wiithHhs idesiceshshspapéthe powdermixgure, and
a sgt thegﬁﬁ‘gﬂlebgiéélﬁﬁocﬂ)n}ri ftathWsphére dflsabeantidldy p@ecnitrogen,
to be O . sy

o oss- TAF FRYEAMERE abein Sod BIERFAChORAMRNG nivide (NBSN)
a ni t r 8g€R bydntriding the alicrispHEeles 1 Higsgresnbedy pagprdig to the
green beaditiea: aryd (§)o+ 3N, @) miSisNgé)bonded silicon

nitride (NBSN) plate elenents by nitriding the silicon

par t2.chesthbé atb@deaertldigdi es according to the

reacti qp; . + .=.Si3N (s), and -
nmount i %gaf%cet tf(%_{(f%nn{hgﬁdy\%ﬁﬁ%}lé se'm?_\nt s to forma
cruci bl-éigingsiigempiride pawderwithgHigonpaveders. Vet hod
accor di-fgrrhimgcd it 0¥ Zreeqtbadistiathes édnd of plasds thatseals bgthe bottom

paste i, ?%faﬁigie?ﬁn&% o?%%é{ﬁ%}g o sst%{iQth]\c){leP”di ng the

joints gl ate en asse mg th(ah

cruci bl &alng jis $Sen JeUss M A GIEQECR CAPA1RINg atmosphere, thus

char a_ctc_eni/areigig !thle gteah boles sedlto egl_iqb agtide ibs_ndpcba'ﬁt:en nitride
T Ao DN AN Ve AN 85, AP He AR O PANCIETR the gregn bodies
Opt | ondFEgIbtse G HARACE: B! LI 2 NhitED Lt Mot

si | i con neuntingghetpettomerndeviali alemenits tooigem omcibila i) square

at nosphesB-sebtioMtahed according to claiml1l or 2,
characterised in that - the powder m xture conprises

mor &3 t Ag&nB8 aWEd i oRidikfen nitride
characterised in that a sealing paste is applied for sealing or optionally
bonding the joints of the plate elements when assembling the crucible.

4. Method according to claim 3,
characterised in that the sealing paste is a paste comprising silicon powder
and optionally silicon nitride particles, which will form a solid sealing and
optionally bonding phase of solid nitride bonded silicon nitride when heated
in a nitrogen containing atmosphere.

S. Method according to claim 1 or 2,
characterised in that
- the powder mixture comprises more than 60 weight% silicon nitride
particles and less than 40 weight% silicon particles,
- the powder mixture is formed to an aqueous paste by adding high purity
water, and
- that the green bodies formed of the aqueous slurry are heated in an
atmosphere of essentially pure nitrogen up to a temperature above 1400 °C.
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particles and | ess than 40 weight% silicon particles,
- the powder mxture is fornmed to an aqueous paste by

wa@oai7nggoké gh purity water, and - that the greerChNOR@S/000220

formed of the aqueous slurry ar]% heated in an
at nosphere of essentially pure Nitrogen up to a
t enper ature above 1400 C. 6. Method according to claim

1 or 62 Methad acéstinpe dlgint hak 20 he green body is a
shaped Jad ctgﬁls%(i@n flld¢! tﬁé’gr&' tl* dS:%s Bgﬂ?féd éf Jh' %ffton nitride

powder m xture
pr essedopwiceand f s@parpégvd@bmlawﬁﬁf Ry use Y ong p rfoaﬁa/mg dry

Si i corpredstd pdedpomtietureswonsdiaimgbndPidicha aad 8Honddtredt powder,
from a%‘f??ﬁﬁedocgbé{ﬂg? c@ﬂébqﬂﬂgerdsﬂéﬁ%gtﬁh&ﬁsorq{onstifﬁﬁp¥usrﬁ>en51ons or

slip cas stin ceram
met hod.slips bm{la&ast%c&eb%%ms&r@mm#% CeRBIC B‘rnlgé%F od

in that the green body rray optionally contain

addi ¥i JMethed @pcarding tedilgign Agent s, di spersants and

pl asti Qﬂh&ﬁi&er@ed o tli‘attthegredﬁtkﬁid@i&ﬁa)f Opti@adiginitan adlitives such
i ngot ﬁ'{g&gg&ﬂgt&g &Eé}gggﬁah ﬁ&tzpryé di recti onal

SO|IdI Aract eri se i s made by

the ge té' 8ﬁlb? S 1nJ£end{:;Ql% r od%tli'&n g% o{ 0 & élg ggnéucto ngrgde silicon by

productT g et condtic r gra i11TCo
di r ect iddveqtionad|spHaHiceiPnon, characterised in that it

i s madehlyadtbeise@imeihtoft i€ h@idebs. thd thetkddiof dlhdm flor
direct solidification of silicon, characterised in

t hat 9- ¢heibtdstigidplded ifsr ﬁx@aﬁaqblbuf AgsEHDIIMIgo R tAX0Erh 8 kilicon by

plate e and four wall elenments (3, 5,
12) al Idlre”?onalgs()hd{]to‘)ad Mhonded silicon njtri de gNBSN)
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11. Crucible according to claim 10,
characterised in that
- the crucible is assembled using one bottom plate (1), two side walls (3),
and two side walls (5) in an intermittent sequence,
- the bottom plate (1) is a quadratic plate with a groove (2) along each side
edge on the upward facing surface, and where the grooves (2) are fitted such
that lower edge of the side walls (3, 5) enters into the grooves (2) and forms
a tight fit, and
- the wall elements (3) are equipped with a groove (4) along both edges on
the surface facing inwards into the crucible, which are dimensioned to give a
tight fit with the side edges of the wall elements 5.

12. Crucible according to claim 11,
characterised in that
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two wall elements (12) are assembled forming adjacent walls of the crucible.



