118841 23.06. 2010 Met hod for preparing of ceram c shaped part, apparatus
and use thereof. 5 -The present invention concerns a nethod for preparing of
at | east one ceram c shaped part, apparatus for preparing of at |east said
ceram c shaped part and use thereof. 10Description of prior art: Regarding
ceram ¢ shaped parts, it is a problemtoday to produce shapes with the
request ed di nensions, especially |arge shaped parts, which can be recycl ed
several tinmes. Further, large ceram c shaged parts are required within
several fields such as for exanple preparing of silicon ingots to the solar
cell industry. W8%btay, when preparing silicon ingots for further
producti on of saédéa%ﬁowafers, shaped parts consisting of silica is used. At
hi gh tenperatures, Whi'ch are necessary when preparing silicon for solar
cell purposes, shaped parts of silica, so-called silica crucibles, is
exposed to te I es, Up 1 0 C.Silica i.bl e f at high
tegper at ur es Sm)ﬁ tﬂB&lF ) \ (?qumlgs §édl & lé?étg l?S%tFl&g f: S tOgI’ oom
tenperature, crack formation arises which involve no recycling of the
crucibles. In ve i . i I |y be
used once, invo &zﬁ?ggﬁE@?@ﬁﬁv§ﬁ°§ﬁ§??aéﬁég?ﬁﬁg§%0§ﬁf?ﬂ@%ﬁ?aﬁéﬂaﬁg}y
preparing cer anstapsthapédpparatss fonpreparingdif B least said 26ramicsthped part gpdilel ng. | n
such processes e B}cker/dispersion whi ch is an aqueous conposition of
mai nly the preferred powder and a suitable binding agent, is prepared. The
slicker/di spersion can al so be based on other |iquids than water, such as
et hanol and oth e | s: e slicker is poured into a casting nould
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(typical a plaster e liquid of the slicker is extracted in the
moul d and t he Regarding ceramic shaped parts, it is a problem today to produce shapes with the

requested dimensions, especially large shaped parts, which can be recycled
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.

s 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

2 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 slickerldispersion 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 liguid 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



30nmoul d 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, renoving of the binding agent and
nitriding/sintering, before a desired product is achi eved. The green body
has | ow strength and thus 2 can easily change shape and crack in further
processing and handling. This is nore critical when | ager and nore
conplicated shaped parts are prepared. Préssure casting is another known
techni que. The basis is mainly a conposition of powder, binding agent and
sorme |iquid. Then e@sﬂp@ﬁhﬁgecnhabs ano opck ssdhdy pratieédimg @it hamdiingodkis iso t he

desired shape, a green ression ig ted
geonetries are%gﬁr'tﬁa w%rﬁlpger T%@&Q”W@“tate% %’d@ace}%ﬁ?ﬁp F ,%8 The green
body possesses the sane problens as nentioned above 10The n|tr| di ng of
silicon to siligon nitri.de takes place, at . e I
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" cause overheate as nc II In such
cases the prob rﬁ eérfogg&?ﬁi (ge “F%Sh 9 eggrqgﬁﬁg%%%*&gfh%ﬁ&éa% i on
will not be comompmmjed od@netiiéd arerven dlfrflcuimndamdjaytﬂmusohr@stmhn@ai'mTbeweakenl ng
of the material__This ing silicon
nitride, and |§r sptseocdyé’l%ﬁy S\é\lg% *heks%ﬁ}%r%&h%lsgh en prgf‘o\ge:l ng | arge 20shaped

parts. The present invention is intended to solve or at least facilitate

the problens i d?ﬁe hﬁﬁu‘:ﬁﬁ cﬂ%ﬂ}é?nb C#)h(f\‘lﬂ |<f'i’er fakes. pﬁé‘be%hgﬁt’(erﬁg Ett] '@MﬁQF' on is

to prowdeane paring cer mcs partsfor
use when prepar115§-1400idegnies ﬁglsits% a@oaﬁngﬂqéhesfollcavmg:elapthnndustry Furt her,
it is an object of the present invention to provide a nethod in which sald
ceram c shaped part can be recycled several tines. Problens such as

def ormi ng and cilacki ng of Sikgier 3 Mgar edSiehdsini ¢ 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 5 The reaction is strongly exothermic and thus can cause overheated areas and

hence the following escalating reaction. In such cases the probability of forming

fiquid 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 fo 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



30and 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 means will mnimze the probability of formng liquid silicon.
Conmpared with prior art in the field the present invention represents a

met hod which is sinplified, which 3 is suitable for preparing of |arge
shaped parts, which consist of fewer process steps, which avoid deformation
and which is econom cal favourable. 3 The present invention provides a
met hod for preparing of at |east one ceram c 5shaped part, wherein - a
cavity is pr OWBdmchdteefomnepamQ dfemgé smd@nuemmdh cmhaﬁieafmrawcee@st one

| nternal shap rav8§ﬁ%hgrlngﬁ%ﬁar¥gj high |§§§opnso%éa?%vb Srabaced in the

cavity, - _the _ AR FeactT ve gas at nosphere
to a terrperature |n Whl ch a reactl on bounded ceram ¢ shaped part is
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slurry. Furthe bet ween at ast one_internal shape and
said slurry prisbapesgestfan ﬂm@jawelwl‘tlfhé‘ﬂ staghiveygas Atresphereal vitherrthe reacten
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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, 40, s20u, 10y, s5po0gs1p

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.



25conpri ses a powder containing silicon nitride of particle size 5. 100 p,
580p, 560p, 540 p, 520 p, 510 p, 55 p og 1 p. The nentioned

Si -cont ai ni ng powder conposition according to the present invention is
chosen fromat | east one of the foll ow ng conmponents: silicon, silicon
30carbide, silicon nitride. The reactive gas atnosphere contains at |east
nitrogen. Further, other gas atnospheres or gas conpositions can be used
when the invention is perfornmed. At |east%one external shape and at |east
one internal shape according to the invention conprise a graphite

cont ai ni ng mat Enitlar, the preBant ieanfion hemprises enapparaien fdr grepaongatiieist oan

apparatus for ceram ¢ shaped part conprising: at
| east a cava%rglﬁ'\j?geéeh%g%‘?B? gﬁﬁbrﬁ? ‘ext ernal shape and at | east one

i nt ernal shapeat lrestrscakity batwsen &i legst ohe axiSinabshapapnd aldegrd Rk intesdposi ti on,
means for heati in a reactive gas atnosphere. Apparatus according to the
i nvention conprises that at | east one of the external-and internal shapes
are perf or at ed mefos fdnénserting of 8 Sksonteiningederdesivesiiitne t o provi de

10appar at us mhlnyegnggc{phggwgﬁggsrggct&ggwﬁ mhéyess and at the sane tine

mai ntain the origin sions an so avoid crack formation. In
relation to this it shall further be nentioned that the present invention

conpri ses appamggarmsace&a '19@([% ihVerlibg c&ﬁﬁgséwagaef\’e&ﬁ Bnélbf th@@%rﬁdle

i nternal shape possess a t expansion coefficient wnhich is higher than
t he ther mal ex;@admt@mal@@ewﬂ afeemerfomech Frdiestid isias 1enbenadalegraild erRrevidhaped

part, and gt %?&rat}ﬂ%h‘?&ﬁt @Bgébetoﬁeéﬁ«sﬁsﬁre@s LREAtTRE sﬁ%@ﬁrﬁghmntam
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coeffi ci ent an of ct1on bounded ceram c shaped part. In the
i nstance in whitehorginal ﬁﬁ@nﬁ@ﬂsgﬁ@lﬁ@olago'dff@ékW"'ﬁ‘ﬁt'qrhg‘rrﬁﬁ“o'é B‘ﬁétl%”‘ﬁ

coefficient |ovgfindy B?rrhetnngnéoetﬁﬁttth@Br&@%%ﬂta&ﬁé@?ﬂr@e§5@d&%{u@% deschibad | a

thermal resistant deformable material separate at | east two internal
shapes. The t héh gl pPrecesingivdiare QUGé?té‘PWFﬂ"@' pRAREMCEPess @ heBRLRPAPEIRN gr aphi t e

felt, graphite JWagikieRf witlERRMHigHRr AR 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 externat
shape and said slurry prior to coating with the slurry. Further, a foil is used
between at least one internal shape and said siurry 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.



Further, the present invention conprises use of a cavity provided between
at | east one external shape and at |east one internal shape, wherein a

Si - cont ai ni ng powder conposition is provided in the cavity previous of
heati ng the powder 25conposition in a reactive gas atnosphere to a
tenperature in which a ceram c shaped part is prepared. Said cavity is
coated with a silicon nitride containing slurry prior to providing the
cavity. Afoil is used between at | east ofhe external shape and said slurry
prior to coating with the slurry. Further, a foil is used between at |east
one internal sleperigiodokthedigsiearry prior to coating with the slurry. 30The
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nitrogen cont amaengthgaeraatimmmdrpart InEanMngj ofpsulloon xr[gbtsttbéwe‘sogamcekt The

shaping of at le ne,ceram. S and the
use of the ceré'?ﬁag ’%ﬁ‘gp%‘ap'B%W'F"fﬁeH%Dr'%Hgn n gte%%gr% OFg%ﬁé’{bﬁ'é‘gg’l tg t he sol ar
cell industry toaes.dtigpe righmﬁvélamxfs&amcm ofnohpesedehapadf dffprenteads. In
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10 external shape.

Example 1:
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 assembiled 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 migcron, <200 micron, was placed in the

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



A shape conposed of different parts of graphite containing material was
used in the exanple. The shape consisted of an internal shape (A), an
external shape (B), 15a basis plate (bottonplate) (C) and a plate (D) as
shown in figure 1. The graphite containing parts was perforated, except the
- basis plate. The internal shape conprising four relatively simlar graphite
containing parts were fastened to each other and to the basis plate. Said
parts were fastened to each other with suétable fixing devices in the form
of i.a. screws. In a distance between the internal shaped 20parts a therm
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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 nifride (30 weight%, <10 micron)



the furnace after cooling down. The external- and internal graphite
cont ai ni ng shapes were di sassenbl ed, and a reaction bounded silicon nitride
shaped 15part/ceram c shaped part with the sane dinension as the cavity

bet ween the external - and internal graphite containing shapes were

provi ded. Possible remaning slurry fromthe graphite containing shapes at
the ceram c shaped part can in a sinple manner be renoved with dry ice

bl asting (torrisblasing) or mechanical rubBbing /finishing. The graphite
containing parts was cleaned with a 20cl eaning cloth and were then ready
for re-use. Exampd ehcden. |Afteedaipdeentding bethe graphite coalningparts, amitileanpl e 1 was

used with exception of. the er _conposition. ,In this exanple, a powder
conposi tion coﬁBFW@Fﬁﬂmg?PﬁﬁgﬁgP?BgEgaﬂ@ﬁﬂ¥wge%150 m cron) and silicon
carbide (30 weight% <150 m.cron) was used. After disassenbling of the

AR I R L T
used with the dxaxbpbioforpérsbhekiaiviene abthabsthéi anbodimerthipclpdisgthet exanpl e a
Pt de. (30 wei SRS ERpetRro e P " eXhdky e Bt Mech @M * ¢ The
gr aphi t e cont aiilhistigtepp abt g, ara onlytshiode as@xardglds aind the snops af thedavestiapied part

was provided. |p i , erred enbodi ments of the invention have
been descri bed |?&@§Fﬁ{§%éag%9£%ﬁ%ﬁP0r person skilled in the art that other
enbodi nents i ncluding the



concepts can be used. These and ot her exanples according to the invention
illustrated above are only shown as exanples and the scope of the invention
is described in the following clains. B Cains 51. Method for preparing of
at | east one ceramc nould part of reaction bonded silicon nitride

characterised in that, - a cavity is provided between at |east one external
nmoul d and at | east one internal nould, 10- at |east one of the external
and/or internal nmould is perforated, - a % -containing powder conposition
is placed in the cavity, - the Si-containing powder conposition is heated

in a reactive gas atnosphere to a tenperature in which a reaction bonded
silicon nitride nould part is obtained. 1S2. Method according to claiml,
wherein at |east two internal noul ds are separated from each other by
inserting a thernmal resistant defornabl eqggiserial . 3. Method according
toclaim1 or 2, wherein a thermal resistant deformable material is chosen
fromat | east one of the following: graphite felt, graphite wool,

20graphi te par. 14\Aetwfgpﬁreﬁgr§§ra'aﬁl t%n%lc@ﬂamlcjanM@%r?bfr}e&tlbr@B@ﬁ‘l%at ure

resistant perforate ppl |e to at | east one external nould and
coated with a s#ilidopditrigt tride slurry. 255. Method according to claim1,

wherein a tenperfiti&isb8S gLant per forated foil is
- a cavity is provided between at least one external mould and at least one internal
mould,
10 - at feast one of the external and/or internal mould is perforated,
- a Si-containing powder composition is placed in the cavity,
- the Si-containing powder composition is heated in a reactive gas atmosphere to

a temperature in which a reaction bonded silicon nitride mould part is obtained.

s 2. Method according to claim 1, wherein at least two infernal moulds are separated
from each other by inserting a thermal resistant deformabie material.

3. Method according to claim 1 or 2, wherein a thermal resistant deformable

material is chosen from at least one of the foﬁowingz graphite felt, graphite wool,
20 graphite bar.

4. Method according to claim 1, wherein a temperature resistant perforated foil is

applied to at least one external mould and coated with a silicon nitride slurry.

25 5. Method according to claim 1, wherein a temperature resistant perforated foil is

applied to at least one internal mould and coated with a silicon nitride slurry.

8. Method according to claim 4 or 5, wherein the slurry comprises a powder
containing silicon nitride of particle size £ 100 pm.

30
7. Method according to claim 1, wherein the Si-containing powder composition is

chosen from at least one of the following components: silicon, silicon carbide,
silicon nitride.



applied to at |east one internal nould and coated with a silicon nitride
slurry. 6. Method according to claim4 or 5 wherein the slurry conprises a
powder containing silicon nitride of particle size s 100 pm 30 7. Method
according to claim1, wherein the Si-containing powder conposition is
chosen fromat | east one of the foll ow ng conponents: silicon, silicon
carbide, silicon nitride. 9 8 Mthod according to claim1, mherein t he
reactive gas atnosphere contains at |easts nitrogen. 9. Method according to
the clains 1, 4 and 5, wherein at |east one external nould and at | east one
internal nould conprise a graphite containing material. 10. Apparatus for
preparing at |east one cerami c nould part nade of reaction bonded silicon

nitride conpri&iYgh Odlworq"&@tc'aéméa\?’ih?@rb‘&q (waelive gps PRLSPIURE M Phal  moul d
and at | east ogﬁgnnkﬁkﬂ moul d; at | east one of the external or internal
noul ds are perforate means for inserting of a Si-containing powder
conposition; neans for heating in a reactive gas atnosphere. 1S 11.

Appar at Us aCCOBdaBod Ser@hdokRe JMRRS B NadiewAbiche@Rhsione ekisirarmabidmul d
has a thermal expansion coefficient higher than the thernﬁﬂ|expan3|on
coefficient of 28d pdarstionn InNSAdCEOW PorpRipedi o anhiR CoEFIBiRY 8t d part, and

the at | east one external nould has a thermal expansion coefficient |ower
than of the reaction bonded
10. Apparatus for preparing at least one ceramic mould part made of reaction

bonded silicon nitride comprising:
10 at least a cavity between at least one external mould and at least one internal
mould; .
at least one of the external or internal moulds are perforated,
means for inserting of a Si-containing powder composition,

means for heating in a reactive gas atmosphere.

11. Apparatus according to claim 10, wherein the at least one internal mould has a
thermal expansion coefficient higher than the thermal expansion coefficient of a
reaction bonded silicon nitride ceramic mould part, and the at least one external
mould has a thermal expansion coefficient lower than of the reaction bonded

20 silicon nitride ceramic mould part.

12. Apparatus according to ciaim 11 or 10, wherein at least a thermal resistant
deformable material separates af least two internal moulds.

25 13. Apparatus according to claim 10, wherein the thermal resistant deformable

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

14, Use of a cavity provided between atleast one external mould and at least one

internal mould, wherein at least one of the external or internal mouid is perforated,
30 and 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 mould part of reaction bonded silicon nitride is prepared.



20silicon nitride ceramc nould part. 12. Apparatus according to claim11l
or 10, wherein at least a thermal resistant defornmable naterial separates
at least two internal noulds. 2513. Apparatus according to claim 10,
wherein the thermal resistant defornmable material is chosen fromgraphite
felt, graphite wool or graphite bar. 14. Use of a cavity provided between
at | east one external nould and at |east one internal nould, wherein at
| east one of the external or internal noujyd is perforated, 30 and wherein
a Si-containing powder conposition is provided in the cavity previous of
heating the po o i tlon;l re ' SREP h@si
terrpergture in\/\ﬁ‘l[sgha%gg @@rgégr)ng@mbrgﬁ‘ﬁoé apsz@rwcéﬁp@céta{)on bgﬁgﬁghés)?ﬁogon
nitride is prepénded. |ID 15. Use according to claim14, of a slurry
conprising a powder containing silicon nitride. 16. Use according to claim
14, of a gas atnosphere conprising nitrogen. .

16. Use according fo claim 14, of a gas almosphere comprising nitrogen.



