Met hod for preparing of ceram c shaped part, apparatus and use thereof. The
present invention concerns a nethod for preparing of at |east one ceramc
shaped paw0D,208pp337at us for preparing of at |east said cecamozosymped part
and use thereof. Description of prior art: Regarding ceram c shaped parts,
it is a problemtoday to produce shapesiwith the requested di mensions,
especially | arge shaped parts, which can be recycled several tines.

Further, large ceram c shaped parts are required within several fields such
as for exanple preparing of silicon ingots to the solar cell industry.
Today, when preparing silicon ingots for further production of silicon

waf ers, shaped parts consisting of silica is used. At high tenperatures,

whi ch are necessary when preparing silicon for solar cell purposes, shaped
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cost. Sevéhadedpartrappeaiisforprdpairing’of R idad sarRy caramic BRaped partishd usedl ve
different nmethods for noulding. In such processes a slicker/dispersion

whi ch is HereRfueous conposition of mainly the preferred powder and a

sui tabl e binding agent, is prepared. The slicker/dispersion can al so be
based on other liquids than water, such as ethanol and other al cohols. The
sl i ciker iBegcription ofigrioraricasting nmoul d (typical a plaster nould). The
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several times. Further, large ceramic shaped parts are required within several

fields such as for example preparing of silicon ingots to the solar cell industry.

15 Today, when preparing silicon ingots for further production of silicon wafers,
shaped parts consisting of silica is used. At high temperatures, which are
necessary when preparing silicon for solar cell purposes, shaped parts of silica,
so-called silica crucibles, is exposed to temperatures up to 1500 °C. Silica
crucibles soften at high temperatures such as 1500 °C. When cooling the silica

20 crucibles to room temperature, crack formation arises which involve no recycling of
the crucibles. In several production processes, crucibles which can only be used

once, involve a substantial cost.

Several known techniques for preparing ceramic shaped parts involve different

25 methods for moulding. In such processes a slicker/dispersion which is an aqueous
”composition of mainly the preferred powder and a suitable binding agent, is
prepared. The slicker/dispersion can also be based on other liquids than water,
such as ethanol and other alcohols. The slicker is poured into a casting mould
(typical a plaster mould). The liquid of the slicker is extracted in the mould and the

30 mould is dismantled after a while. A green body consisting of powder bounded by
the binding agent is achieved. The green body is then prepared in several
processes such as drying, removing of the binding agent and nitriding/sintering,
before a desired product is achieved. The green body has low strength and thus



processes such as drying, renoving of the binding agent and
nitriding/sintering, before a desired product is achieved. The green body
has | ow swoengii23zzad t huscan easily change shape and cr &ach/Nazofonodiser
processi ng and handling. This is nore critical when |ager and nore
conplicated shaped parts are prepared. BRressure casting is another known
technique. The basis is mainly a conposition of powder, binding agent and
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body possesses the sane probl ens as nentioned above. The nitriding of

silicon to silicon nitride takes place at high tenperatures, typical
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Is especially difficult to avoi d when preparing Iarge shaped parts. The

present i giesibedy pessassen dieel samespioplenss aaimentipnediakave tate the probl ens
identified above. Particularly, an object of the invention is to provide a
met hod wel |l suitable for preparing ceram c shaped parts for use when
prepar i ng Fid nitiding ofsilisoi ¢ sliben sittide taleds plaoeas high temperateres,itypical an

obj ect of the present invention to I‘OVI de met hod in which said ceramc
shaped pailt Q‘éﬁogéqué%?%p&ﬁ'%\)a&cﬁf ipg fethe %r"@lﬁ’!%@ﬂ@ﬂ as deforni ng and
cracking of the prepared ceram c shaped part are avoided in the present

I nvention. Further, no binding agent or liquid is used in the present

i nventi on(1)and t hus3tSi@) et i ZNa@)eelisNg(s) an extra process step to dry

15 The reaction is strongly exothermic and thus can cause overheated areas and
hence the following escalating reaction. In such cases the probability of forming
liquid silicon is huge. Liquid silicon will not be converted into silicon nitride, and
thus results in a weakening of the material. This is a well known problem when
preparing silicon nitride, and is especially difficult to avoid when preparing large

20 shaped parts.

The present invention is intended to solve or at least facilitate the problems
identified above. Particularly, an object of the invention is to provide a method well
suitable for preparing ceramic shaped parts for use when preparing silicon ingots

25 for the solar cell industry. Further, it is an object of the present invention to provide
a method in which said ceramic shaped part can be recycled several times.
Problems such as deforming and cracking of the prepared ceramic shaped part
are avoided in the present invention. Further, no binding agent or liquid is used. in
the present invention, and thus there is no need for an extra process step to dry

30 and remove the binding agent. It is also used a shape which equalizes the
temperature of the ceramic shaped part during the nitriding process which by that
means will minimize the probability of forming liquid silicon. Compared with prior
art in the field the present invention represents a method which is simplified, which



and renove the binding agent. It is also used a shape which equalizes the
tenperature of the ceram c shaped part during the nitriding process which
by that meare1i2Bi7om ni m ze the probability of form ng PCENGRoBVIDGION.
Conmpared with prior art in the field the present invention represents a
met hod which is sinplified, whichis suiBable for preparing of |arge shaped
parts, which consist of fewer process steps, which avoid deformation and
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preparing o one-ceram c shaped part, wherein - a cavity is

provi ded $tepsewhichtavioichdéfoomatier taednalhick impeorordicat faveasablene i nt er nal
shape, - a Si-containing powder conposition is placed in the cavity, - the
Si - powder conposition is heated in a reactive gas atnosphere to a
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Further, it be nentioned that at |east one of the external shapes are
per f or at eshapedl partoviereireast one of the internal shapes are perforated.
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material 1S7C om graphi phi te”wool or graphite bar. The
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coat i ng wshdpesiresslt in ayelativelyyrifiosmueactive gas atmosphere. Furt%/er, the reaction
for preparing of the reaction bonded ceramic shaped part will take place quickly on
15 the basis of the perforated shapes which ensure supply of the desired gas
atmosphere. The internal shapes according to the invention are separated from
each other by inserting of a thermal resistant deformable material in which the
thermal resistant deformable material is chosen from graphite felt, graphite wool or
graphite bar. The cavity provided between at least the external- and internal shape
20 as mentioned above is coated with a slurry prior to providing the cavity. A foil is
applied according to the invention between at least one external shape and said
slurry prior to coating with the slurry. Further, a foil is applied between at least one
internal shape and said slurry prior to coating with the slurry. A temperature
resistant perforated foil is applied prior to coating with the slurry. Said slurry
25 comprises a powder containing silicon nitride of particle size < 100 y, < 80y, < 60

M,S40 4, =20, =10y, s5pog=<1p.

The mentioned Si-containing powder composition according to the present
invention is chosen from at least one of the following components: silicon, silicon
30 carbide, silicon nitride. The reactive gas atmosphere contains at least nitrogen.
Further, other gas atmospheres or gas compositions can be used when the
invention is performed. At least one external shape and at least one internal shape

according to the invention comprise a graphite containing material.



resistant perforated foil is applied prior to coating wwth the slurry. Said
slurry conprises a powder containing silicon nitride of particle size < 100
m < 80mwe260/ms37¢ 40 m < 20m < 10 m <5 mog < 1 rCT/No20mEdidoned

Si - cont ai ni ng powder conposition according to the present invention is
chosen fromat | east one of the foll ow Ag conponents: silicon, silicon
carbide, silicon nitride. The reactive gas atnosphere contains at |east
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whi ch can be exposed to thernal stress and at the sane time nmaintain the
original dinensions and al so avoid crack formation. In relation to this it
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bounded ceram c shaped part, hermal resistan
in the preceding where at Ieast the mternal shape possess a thermal expansion
coefficient which is higher than the thermal expansion coefficient of a reaction
15 bounded ceramic shaped part, and at least the external shape possess a thermal

expansion coefficient lower than of the reaction bounded ceramic shaped part. In
the instance in which an internal shape is used with thermal expansion coefficient
lower than the reaction bounded ceramic shaped part, shall a thermal resistant
deformable material separate at least two internal shapes. The thermal resistant

20 deformable material is chosen from graphite felt, graphite wool or graphite bar.

Further, the present invention comprises use of a cavity provided between at least
one external shape and at least one internal shape, wherein a Si-containing
powder composition is provided in the cavity previous of heating the powder

25 composition in a reactive gas atmosphere to a temperature in which a ceramic
shaped part is prepared. Said cavity is coated with a silicon nitride containing
slurry prior to providing the cavity. A foil is used between at least one external
shape and said slurry prior to coating with the slurry. Further, a foil is used
between at least one internal shape and said slurry prior to coating with the slurry.

30 The foil consists of a temperature resistant perforated foil. The use of the present
invention takes place in a gas atmosphere comprising nitrogen or a nitrogen

containing gas atmosphere.



deformabl e material separate at |east two internal shapes. The thernal

resi stant defornmable nmaterial is chosen fromgraphite felt, graphite wool

or graphiwe 208vi235urther, the present invention conpri sesTma2onfooar4gavity
provi ded between at | east one external shape and at |east one internal
shape, wherein a Si-containing powder cenposition is provided in the cavity
previ ous of heating the powder conposition in a reactive gas atnosphere to

a tenper [ am ¢ shaped part is prepared. Said cavity is
coated w ﬁécg”dstllgpmgéﬁgﬁg?%e containing slurry prior to providing the
cavity. ATheshapiagwfat ldzst oaeceramicstspedparedepends atithecobject el thes| urry

prior to coating with the slurry. Further, foil is,used between at |east
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present invention takes place in a gas atnhosphere conmprisSing nitrogen or a
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shaped parts. Figure 1 shows a cross-section of conposed shape of different
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circyl ar @aemetRapéape seen from above. Figures 5 and 7 shows a
cross-section of a circular internal and external shape. Exanple 1: A shape
conposed of different parts of graphite containing material was used in the
((ag;trrpl e. é’)l(y‘amaltéape consi sted of an internal shape (A), an external shape

A shape composed of different parts of graphite containing material was used in
the example. The shape consisted of an internal shape (A), an external shape (B),

15 a basis plate (bottomplate) (C) and a plate (D) as shown in figure 1. The graphite
containing parts was perforated, except the basis plate. The internal shape
comprising four relatively similar graphite containing parts were fastened to each
other and to the basis plate. Said parts were fastened to each other with suitable
fixing devices in the form of i.a. screws. In a distance between the internal shaped

20 parts a thermal resistant deformable material (E) in the form of graphite bar,
graphite felt or graphite wool were applied. Perforated graphite foil was applied at
the internal graphite containing shapes. The perforations of the foil shall preferably
not coincide with the perforations of the graphite containing parts. The external
shapes consisted of four relatively similar graphite containing plates. Perforated

25 graphite foil was applied at the external graphite containing shapes. The surfaces
coated with graphite foil were further coated with a silicon nitride containing slurry.
The slurry dried at room temperature. The external graphite containing shapes
was assembled at the basis plate (figure 1). Further, said external graphite
containing parts were fastened above the internal shape and to the basis plate.

30 Silicon containing powder, with the preferred size within one or several ranges is
as follows: <10 micron, <20 micron, <40 micron, <60 micron, <75 micron, <100
micron, <120 micron, <150 micron, <180 micron, <200 micron, was placed in the

provided cavity (figure 1, F) between the internal- and external shape. Further, the



a basis plate (bottonmplate) (C) and a plate (D) as shown in figure 1. The
graphite containing parts was perforated, except the basis plate. The

i nt ernal wbapw/espri sing four relatively sinmlar graphiPCe/NOzateionisag parts
were fastened to each other and to the basis plate. Said parts were
fastened to each other with suitable fi®ing devices in the formof i.a.
screws. In a distance between the internal shaped parts a thermal resistant
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15 part/ceramic shaped part with the same dimension as the cavity between the
external- and internal graphite containing shapes were provided. Possible
remaning slurry from the graphite containing shapes at the ceramic shaped part
can in a simple manner be removed with dry ice blasting (terrisblésing) or
mechanical rubbing ffinishing. The graphite containing parts was cleaned with a

20 cleaning cloth and were then ready for re-use.

Example 2:

In example 2 the same procedure as in example 1 was used with exception of the

powder composition. In this example, a powder composition comprising silicon (70
25 weight%, <150 micron) and silicon carbide (30 weight%, <150 micron) was used.

After disassembling of the graphitic parts, a nitride bounded silicon carbide-shaped

part was provided.

Example 3:
30 | example 3 the method as described in example 1 was used with the exception of
the powder composition. In the present example a powder composition comprising

silicon (70 weight%, <150 micron) and silicon nitride (30 weight%, <10 micron)



15000C during 40-60 hours. The shapes nmounted were then cooled down to room
tenperature. The whol e furnace cycle (i.e. heating, preparing of at | east
one ceramwo 28tvapaifopart and cool i ng down) took place i npaTNOmidG/bEPVal of
60-90 hours with starting point in cold nounted shapes, via shapes heated
to 1400-1500 C, to in the end cool ed/ colrd nounted shapes. Said nentioned
shapes was taken out of the furnace after cooling down. The external- and

i nternal j (mg??i Al - ' s&ﬁ.ﬁ% i tion
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di nensi onbegndetesiticon higridessheped phe vead provided. and i nt ernal graphite

cont ai ni ng shapes were provided. Possible remaning slurry fromthe graphite
cont ai ni ng shapes at the ceram c shaped part can in a sinple manner be

renmoved W theHrévibGs préfled Embbdiretité 8ptHeShvehticieREAE beah dedbibéWit will
/finishing. The graphite containing parts was cleaned with a cleaning cloth

and wer e béehviogadyr pensoneskilled. in theap thatothen embodiments inpliding#epr ocedur e

as in exanmple 1 was,used with except.i oS LI In this
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and si | i cijosteatelidboveHte Wiy shdwn asEkamplé®ahdwhs supd of Mg vediiGaisenbl i ng
of the graphitic parts, a nitride bounded silicon carbi de-shaped part was
provi ded. desagibgddn the followingslaims. t he met hod as described in exanple 1 was
used with the exception of the powder conposition. In the present exanple a
powder conposition conprising silicon (70 weight% <150 m cron) and silicon
nitride (30 weight% <10 m cron)were chosen. After disassenbling of the
graphite containing parts, a nitride bounded silicon nitride-shaped part
was provided. In the previous preferred enbodi nents of the invention have
been described it wll



be obvious for person skilled in the art that other enbodi nents including
the concepts can be used. These and ot her exanples according to the

i nventi orwOl2bugi2szwed above are only shown as exanpl es a&nd/Ndre1swoe of the
invention is described in the following clains.Clains 1. Method for

preparing of at |east one ceram c shapeé@ part characterised in that, - a
cavity is provided between at | east one external shape and at | east one
internal shape, - a Si-containing powler conposition is placed in the
cavity, - the Si-powder conposition is heated in a reactive gas atnosphere

to a tenperature in which a reaction bounded ceram c shaped part is
obtained. 2 . Method according to claiml1l, wherein at |east one of the
external shapes are perforated. 3. Method according to claim1l, wherein at
| east one of the internal shapes are ggifierated. 4 . Method according to
claim1l1, wherein at least two internal shapes are separated from each ot her
by inserting a thermal resistant deformable material. 5. Method according

to claim4, j r nesi st an - terial is chosen from
at | east 'n'gg@fbrﬁﬁgp?eoﬁ?@%nﬁlgat Ig‘?éatﬁﬁ'laet%ergg{'ggﬂ%%iﬁl e wool, graphite bar.
6 . Methoghagragcerrideddn thatcl aim 1, wherein the cavity is coated wwth a slurry
prior to providing the cavity. 7. Method according to claim1l, wherein a
foil is apPpcREdy isRraridgd hetwvegnat Jﬁ%ﬁt@k‘?&)ﬁ%"agﬁ@f@ and at lgast 9P9r"'r‘t9"i!ﬂ|i or
to coatin%,%geth the slurry. 8 Method according to claim1, wherein a foil
is applie etween at | east one internal shape and said slurry prior to
coationg w a Bi‘cbhatahing ppweler Kehipusitecispdacey indhelvavity,ai ns 7-8, wherein a

tenmperaturge resistant perforat . .
P t?\e §|—pow erc mpos?tlon Fscheated in a reactive gas atmosphere to a

temperature in which a reaction bounded ceramic shaped part is obtained.

2. Method according to claim 1, wherein at least one of the external shapes are

15 perforated.

3. Method according to claim 1, wherein at least one of the internal shapes are

perforated.

20 4. Method according to claim 1, wherein at least two internal shapes are separated

from each other by inserting a thermal resistant deformable material.

5. Method according to claim 4, wherein a thermal resistant deformable material is

chosen from at least one of the following: graphite felt, graphite wool, graphite bar.
25

6. Method according to claim 1, wherein the cavity is coated with a slurry prior to

providing the cavity.

7. Method according to claim 1, wherein a foil is applied between at least one

30 external shape and said slurry prior to coating with the slurry.

8. Method according to claim 1, wherein a foil is applied between at least one

internal shape and said slurry prior to coating with the slurry.



foil is applied prior to coating with the slurry. 10. Method according to
claim1, wherein the slurry conprises a powder containing silicon nitride
of parti cwe20ize337200 m 11. Method accordi ng to cl ai m PCTino2osyaotdbe

Si -cont ai ni ng powder conposition is chosen fromat |east one of the

foll owi ng conponents: silicon, silicon ®rbide, silicon nitride. 12. Method
according to claiml1l, wherein the reactive gas atnosphere contains at | east
nitrogen. 13. Method according to the clains 1, 2, 3, 7 and 8, wherein at

| east one external and at | east one internal shape conprise a graphite

cont ai ni n§. Methood atcordihg taithercidions 7-8r whesgiaa teqhperatusa sésistactperforatedthaped

part conprising: at |east a cavi bet ween at | east one external shape and
at | east fmlésia%pg?qti,gpogﬁ% ,t'%‘ﬁ&%tn%?lufrﬂserti ng of a Si-containing powder
conposition; nmeans for heating in a reactive gas atnosphere. 15. Apparatus

according to claim 14, wherein at |east one of the external shapes are
per f or at ed0. Methoghaceading tactaimdi nwherein the shuig comprissisra pewdeast one of

the i nternalt shagoeﬁ are.tﬁﬁrf?ratglg. s;L7.< ﬁ@@ar atus according to claim 14,
wher ei n aPoNtANURG FHEOR JNtAGE of Paftidle SKES I Ha '+ her mal expansi on coef fi ci ent
whi ch is higher than the thermal expansion coefficient of a reaction

bounded ceram c shaped part, and at |east the external shape possess a
t hermal etpaMethnd acrardingiterplaimbewhengimthes Steentaiirg pPewdeboemeasiiends: c

her mal | r ERosetEIre RSP RPTo Mg cEidRetd: MY Sl caffidt, |

shapgs. silicon nitride.

12. Method according to claim 1, wherein the reactive gas atmosphere contains at

least nitrogen.

15 13. Method according to the claims 1, 2, 3, 7 and 8, wherein at least one external

and at least one internal shape comprise a graphite containing material.

14. Apparatus for preparing at least a ceramic shaped part comprising:

at least a cavity between at least one external shape and at least one internal
20 shape;

means for inserting of a Si-containing powder composition;

means for heating in a reactive gas atmosphere.

15. Apparatus according to claim 14, wherein at least one of the external shapes

25 are perforated.

16. Apparatus according to claim 14, wherein at least one of the internal shapes

are perforated.

30 17. Apparatus according to claim 14, wherein at least the internal shape possess a
thermal expansion coefficient which is higher than the thermal expansion

coefficient of a reaction bounded ceramic shaped part, and at least the external



19. Apparatus according to claim 14, wherein at |east a thermal resistant
deformable material is chosen fromgraphite felt, graphite wool or graphite
bar. 20. Weeonfi12a37¢avity provi ded between at | east one exTaNOralo/®hape and
at | east one internal shape, wherein a Si-containing powler conposition is
provided in the cavity previous of heatithg the powder conposition in a
reactive gas at m)sphere to a tenperature in which a ceram c shaped part is

pr epar ed. : : it h
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foil betweeranait shapet pane external shape and said slurry prior to coating
with the slurry. 23. Use according to claim?20, of a foil between at | east
one internal shape and said slurry prior to coating with the slurry. 24:

Use accorqsnﬂpb&a&wa&&ur@ t%?a&ﬁq @& whé@'ﬂ%f %ﬁfﬁtﬁ@r%éitrég’%td?ﬂrforat ed
foil. 25. Use according toclaim?2 a slurry conprising a powder

cont ai ni ndefsirmablenmatenal $epacge mgm@nmemls apésii m 20, of a gas
at nrosphere conpri si ng nitrogen.

19. Apparatus according to claim 14, wherein at least a thermal resistant
deformable material is chosen from graphite felt, graphite wool or graphite bar.

10 20. Use of a cavity provided between at least one external shape and at least one
internal shape, wherein a Si-containing powder composition is provided in the
cavity previous of heating the powder composition in a reactive gas atmosphere to

a temperature in which a ceramic shaped part is prepared.

15 21. Use according to claim 20, wherein the cavity is coated with a slurry prior to

providing the cavity.

22. Use according to claim 20, of a foil between at least one external shape and
said slurry prior to coating with the slurry.

20

23. Use according to claim 20, of a foil between at least one internal shape and

said slurry prior to coating with the slurry.

24. Use according to the claims 22-23 of a temperature resistant perforated foil.

25
25. Use according to claim 20, of a slurry comprising a powder containing silicon

nitride.

26. Use according to claim 20, of a gas atmosphere comprising nitrogen.

30



