WO 2010/003455PCT/EP2008/058926 1 Silicon-based green bodies The present invention relates to
a sol-gel process for the inexpensively and in large quantities agglomeration of silicon particles in a
green bodies which are more suitable for industrial uses of silicon than the patrticles itself. The silicon
particles co¥&® #a8tiSREm the recycling of silicon from semiconductors iRGHStRMGRadays there is a
soaring demand in silicon for several 10 appllcatlons but the area that is taking more and more silicon
is the photovoltaic application which is growing in western countries at a steady pace. Unlike some
high tech area of application the photovoltaic application does not need extremely high impurity

meaning that some silicon that 15 isf3qt;suitablg, fQr sqmue Areas g sgmiconductors industry can be
taken by the photovoltaics. Recently the cost of polycrystalline silicon as a raw material has soared

dramatically. Tﬂl@aﬁ?rég'&% |§$tg]g19£|%q{y P&P&% ogtad% ngatgrlel v&hg} !:eegsr slpl sﬂ;&gm

multi-crystal 20 silicon and amorphous silicon comprising the maj orit hotovo faic marke

Currently, photoVotai and BlectfShics-Gradd ShicOH e WideRy ﬁ%‘é’l B%fﬁﬁﬁ%@/d?ggen reductlon of
trichlorosilane $Siemens process) Frichiorosiianeris lgenetallyobtained fromometaliurgidal-<25 grade
silicon feedstoek whiehihas heen mired fromsguarzite - The: reactionfor the preparation for

thﬂchlorsﬂaneﬁ@%&%@%&gg&ﬁ?&+&e§1§&%%1%os%£y“%£do¥£ s BIgresEls agpund 80-90%; the

remaining is 30 mainly made up of SiC14 which must be remove As it is an exothermic procedure it
must be cooled Joldjrgr?/\]flsefr &' yRFG berbrhEsBver *Fhe Siichn produced with such process is then

treated in order to obtain silicon ingots that are

Nowadays there ig a soaring demand in gilicon for several
10 applications but the area that is taking more and more
gsilicon is the photoveltaic application which is growing in
western countries at a steady pace. Unliks some high tach
area of application the photovoltaic application does not
need extremely high impurity meaning that some silicon that
15 is not suitakle for some areas of semiconductors industry
can ke taken by the photoveltaics. Recently the cost of
poiveorystalline silicon as a raw material has soared
dramatically. To date, silicon is the primary photovoltaic
material, with single crystal silicon, multi-crystal
20 silicon and amorphous silicon comprising the majority of
photoveltaic market. Currently, photoveltalc and
electreonics-grade silicon are widely produced from hydrogen
raduction ¢I trichlorosilane (Siemens process).
Trichlorgsilane is generally obtained from metallurgical-
25 grade silicon feedstock which has been mined from
quartzite. The reaction for the preparation for

thrichlersilane isg the following:
MSi + 3HCL = SiHCL3 + H2

Yield from this process is around 80-90%; the remaining is
37 mainly made up of SiCl4 which must be removed. As it 1s an

excothermic procedure it must be cocled otherwise the yield

becomes lowsr, The silicon produced with such process is

then treated in order to obtain silicon ingots that are



WO 2010/003455PCT/EP2008/058926 then cut to produce the silicon panels. It has to be said that
most of the times there is a step that concerns the addition of dopants such as boron or phosphorus to
produce p-type or -type ingots respectively. With few exceptions, 5 commercial solar cells produced
today are b&¥8aBHPHASe silicon ingot material. More in detail, the prodJttiGRrEAEIIE8H4ngots goes
through a manufacturing step that is called direction4l solidification, in Norwegian patent application
No. 20035830 filed December 29, 2003 it is 10 disclosed a method for producing directionally solidified
(Czochralski), float zone or multicrystalline silicon ingots or thin silicon sheets based on a silicon

feedstock material-produced from metallyrgical.grade silicon.by, means,gtmetaliyrgical refining
process, Whlcfys %onduc;ed pyt%S rggans oft% hgat-yg cglcletund%%vacuum until attt ning a
temperature gréatsr oF squalto TA00C ORIy 16T the Saké of a Complete DVefview abotit the use of high
purity silicon pdAfterlitTs iteré2iing e nghtior? thepiotuctivnditigh gfade SiOMsePHEmaking of SiO
20 films for electropic:elementswar heataeflectingtherial panetsias weikdescribediiarthe patent filed

by Tuemmler 1982:3317GE. Also.related o theuse-afssilicon powderitisvorth, t%ﬂaml@n_the UK
patent GB 2084_9179 cf”%d bX GO%n%r%leElctrlf it ﬁodreescrlbeg a gr.o,cesshdews%d for 25 Rrod cing
chlorosilanes f?d"mf&l?éon:f‘pgw er. e@lfaéw literatare has “eejl“'ﬁputglls%e%r todflllncoitlrllg(;3 rel?a le process
that can allow &6 4$€ @liso-fifé povitisitn the ProductictrrpalyERStaIAnG Shigoh it is irf fact known that
the powder is difficidttoaneltancbtat canlbeileads:30 toisafety ssuesdfthe atmasphere is not
completely Oxx%g@aj(,e@c Thatgwhy ifds obyious;for someang.skilled in theyart the penefits coming
from a method fhat ?lcl).%\élg thrﬁgg‘hpﬁt%‘&Ofg%kt%%“cbﬁ%be&‘Sz?égégﬁé%% melting fo make silicon ingots.
In fact, the ultra-fine sificon powdeér 35 is actually a y-ﬁrodﬁc of many process concerning the

{Czochralsxi), float zone or multicrystalline silicen

ingots or thin silicon sheets based on a silicon feedstock

material produced from metallurgical grade silicon by means

of metallurgical refining process, which is conducted by

15 means cof a heat-up cycle under vacuum until attaining a

temperature greater or equal toc 1400°C.

Only for the sake of a complete overview about the use of
nigh purity silicon powder, i1t is interesting toc mention
the production of high grade S$i0 for the making of 8§10

20 films for electronic elements or heat reflecting thermal
panels as well described in the patent filed by Tuemmler
1982-33176E. Also related to the use of silicon powder it
is worth to mention the UK patent GB 2084979 fiied by
General Elctric it i1s described a process devised for

25 producing chlorosilanes from silicon powder.

Vaery few literature has peen published to finding reliable
process that can allow toe use also fine powder in the
producticon of polycrystalline silicon. It is in fact known
that the powder is difficult to melt and that can be leads
30 to safety issues 1f the atmosphere is not completely
Cxygen—-free. That's why it is obvious for someocne skilled
in the art the benefits coming from a method that allows
the compacting of silicon to be used for the melting to
make silicon ingots. In fact, the ultra-fine silicon powder

35 is actually a byv-product of many process concerning the



WO 2010/003455PCT/EP2008/058926 3 manufacturing and the post-processing of silicon. Examples
of processes that have ultra-fine silicon powder that cannot be directly recycled or used in melting
applications are: fluid bed process for the making of electronic grade 5 silicon, sawing of silicon bulls
or chunks, r&goraef&dRar cells, or cutting of silicon wafers or ingots slicif§TVRRAE8HAPHISO to mention
the method reported in the patent W02008/041261 which is about the manufacturing of high grade
silicon powder starting from multiple precursors 10 by means of a transformer coupled plasma reactor.
Also worth to report is the patent filed by Elkem A/S in which is described the melting of silicon in a big

crucible and themolten.silcan becomes dh feed for.2n alorpiset Lsing inett gases, e gize of the
m {

particles can be tailored fro 5_91,1 to 1000 microns, Most of these processes produce a very fine
silicon powderWhich Has to e pliffied 2&°all §orfdg%&?oe%‘iﬁth%%é@ﬁ?WOfO'b%?lB?OQS. Most of
the time these ffowders e haixed with abrasiveé dispersions vhichcbhtaitspetals and/or20 silicon
carbide pqrticlasandﬁm;p@mdmg @gemsssucﬂbas_myeﬂayden@ gd:}tcoi;l&omaﬂy &@&eadjépersion are
reworked in order ta.Be reused for the same application as described in the following patents:
EP-A-786317, 6%3197913815’ ng /43933 or, %JjSG,OlO,,O*;LO. It is almost obvious 25 that would be much
more profitablé o split the dispersioh ifrits somponehts with & majdiffoctis b the"Silicon part which
would be sold {6 #7& BRétove|tatsindustrytter mielting. A aeadysad e fihe pdwder cannot be
molten and needs ¢ beronvestetkinza body that can be afterwasd 30-mokenwFhe gndsersal method of
treating fine powder isby;addition of organigandinorganig b&@%%rsﬁfremqgfét thespowder 1o granules
and pell t§ asbthe are pra%tised in the_ceramic man fagtur'Tg as described in thle US patent

06 inest lit“‘“is pie ©

5 Tr for - ¥ :
2006/0040064: tn the Japanese patent IP200702291 sma reactor. &
worth to report is the patent filed by Elkem A/S in which

5

is described the melting of sgilicon in a big crucible and

the molten silicon bhecomes the feed for an atomiser using

inert gases. The size of the particles can be tailored from
15 0,1 to 1000 microns.

Most of these processes preduce a very fine sgilicon powder
which has to be purified as already described in the patent
WOz006/137098., Most of the time these powders are mixed
with abrasive dispersions which contains metals and/or

20 silicon carbide particles and suspending agents such as
polyethylene glycel. Normally these dispersion are
reworked in crder to be reused for the same application as
described in the following patents: EP-A~-786317, ep
0791385, WO01/43933 or US6,010,010. It is almost obvious

2% that would be much more profitable to split the dispersion
in its components with a major focus on the gilicon part
which would be sold to the photovoltaic industry after
melting. As already said the fine powder cannct be molten
and needs to be converted in & body that can be afterward

30 molten. The universal method of treating fine powder is by
addition of organic and inorganic binders to convert the
powder to granules and pellets, as they are practised in
the cersmic manufacturing as described in the US patent
2006/0040064. In the Japanese patent JP2007022914 is

35 proposed a very original method of compressing e very fine

powder (0,1 micron) made cf 5iC, the method comprises the



35 proposed a very original method of compressing e very fine powder (0,1 micron) made of SiC, the
method comprises the WO 2010/003455PCT/EP2008/058926 4 pressing of such powder with carbon
powder in a predetermined shape; heating the compact to a temperature just beyond the melting point
of silicon; an¥f fripY¥YR&tig the compact heated at the temperature beyo ET@%‘@I’HF@’ﬁoint of silicon
with molten silicon. Worth also to mention the patent the method proposed in the US patent 7,175,685
where the authors describes the making of silicon ingots starting form silicon pellets and tablets made
by tabletting agglomerate-free high purity silicon powder without any additives and/or binders. The

tabletting isperformed agregmdemperatiiie angithe density-ofdhe pellets-is4dn the range 1.2-1,4 ml/g,
the size in withinthe tangs ol 13- grams Summapy The presentdisclosure tegganjzes that it is

. I 3 T =
possible to recover and recycle silicon power. Disclosed herein is a method to compact the powder

into "green bodig§ that ¥anhe-l8ed by thESMEltErfor the prodittion BrSilidBriRgoid e method is
based on the sticalledse-gel techpotbgytinfact itconeeristhe preparatiornef asbiutiom with silanes in
water solution and;then the hydralysisis initiated:by settingdhe meresuitable copditions: Jhe
hydrolysed soll%tglg}n isawgrp?a%?i%d to, Lr}leogiliccllg Ep{g)gvmdcg 3.:[Qatt _%ulgpe_%q’%cll_x_” r QiSp?gs%%- an organic
solvent such as ‘a“(:e?one or ethanol. The mi furé so prepare 'is left ﬁ)nd_ey sfirririg ill it 1S homogeneous
and at this poirt &S podrRddRid e mofRCforIRE préfaratibn st the "§rebnBody' Fhesaid molds can
he a crucible metderof sificd @astthese suppliee by<Ceranuynecolpor Wesavium as mold can also be -
used any hollow-ghjeets; sujtable forthe-hriquetting rThe mixture in the molds is-then left for

consolidation of th gﬂ_l%tn%( 1r;‘or a&l&lagll‘._ thsouglsld%ghobut V\glshlng t(ﬁ?g QOlféldeL%h&w ct;he authors think

that in said peri’g):EILt e So-called syneresis occurs which aliows the formation of a network that is

needed for WOPOADIO63455PETHEP2688/058926% providing to%heé sail gleerody the needed
stiffness and preveht anyifermatiohof finege 1 Befareltonda intothe detaits oftheidisélosure the
inventors would like tg.give seme-insights on the sol-gel 5 technology. By the name "sol-gel" it is

meant a broad gapge-qf techniques for the production of dry gels and green bodies. Contrary to
traditional technifcl]ues, sol-ggl péggg%ggrsetar% Lrgm gf)zltétior%sngf precursors of thebiiesired materials andc_l
avoid passing tﬁroeug%rrenstﬁ Ing operations or anyci?rlqueﬁing orttabﬁettiﬁa t(—f{f?:(ﬁ“c"nslilfmue‘@.E Aﬁﬁourg%cﬂ’\{g roas
technique allows=forea broadireriyeer riodificatiopRedlperein is

a method to compact the powder into “green bodies” that can
be used by the smelter for the production of szlicon
ingote. The method 13 hased on the so called sol-gsl
technology in fact it concerns the preparation of a
solution with silanes in water solution and then the
hydrolysis is initiated by setting the more suitable
conditions. The hydrolysed solution i1s then acdded te the
silicon powder that could be dried or dispersed in an
organic solvent such as acetone or ethancl. The mixture so0
prepared is left under stirring till it is homogeneous and
at this point it is poured into the molds for the
preparation of the “green body”. The said molds can be a
crucible made of szilica ag those supplied by Cerandyne
corp. or Vesuvium as mold can also be used any hollow
oblects suitable for the bricustiting. The mixture in the
molcds is then left for consclidation of the matrix for at

ieast 6 hours.

Without wishing to be bound to theory the authors think
that in said period the so-called syneresis occurs which

allows the formation of a network that is needed for



sol-gel processes have in common the following phases: production of a aqueous or hydro-alcoholic
solution or, more frequently, of a suspension, of at least a compound 15MX, generally defined as
precursor, containing a cation M at least three-valent and preferably tetra-valent, Whose glassy oxide
formation is BésHee0Biidrolysis, that might be catalysed by acids or baseRCBERepERSOr (Or
precursors) in the solution or 20suspension, with formation of M-OH groups, as shown in the reaction:
MX, + n H20 -> M(OH), + n HX(I) The thus obtained mixture, that may be a so.L12,...ion or a colloidal
suspension, is defined as sol; 25polycondensa o- of M-OH groups according to the reaction:

M-OHM-OHM-Q-M #4420(1) with formationof an:oxyd ¢ pelymer defined gel, that takes the whole

volume orlglnaIIX occupled by ﬂ"loe rsﬂglyyon 39 Thls Ehase is defined gelation;

Before to go into the details of the disclosure the
inventors would like to give some insights on the sol-gel

n
o
(T')

chnology. By the name “scl-gel” it is meant a broad rangs
of techniques for the production of dry gels and green
bodies. Contrary to traditional technigues, sol-gel
processes start from solutions of precursors of the desired
materials and avold passing through melting operations or

0 - any briguetting or tabletting technigue. Although the
technigue allows for & broad range of modifications, all

sol-gel processes have in common the following phases:

- production of a agueous or hydro-alccholic sclution or,
more freguently, of a suspension, of at least a compound
15 MX,, generally defined as precursor, containing a cation
M at least three-valent and preferably tetra-valent,

whose glassy oxide formaticon is desired;

- hydrolysis, that might be catalysed by acids or bases,
cf the precursor {(or precursocrs) in the soclution or
20 suspension, with formation of M-0OH groups, as shown in
the reaction:

MY, + n H,D 2 M(OH), + n HX (1)

1

The thus obtained mixture, that may be a sclution or a

colloidal suspensiocon, is defined as sol;

25 =~ pelyvcendensation of M-CH groups according to the

reaction:

M-0OH + M-0H =2 M~0-M + H,0 (

I
-t

with formaticn cof an oxydic polymer, defined gel, that
takes the whole volume originally occupied by the solution.
30 This phase is defined gelation;



C drying of the gel obtaining a dry gel formed of a porous monolithic body, having apparent density
(weight divided by the geometric volume of the monglithic body) comprised between about 1/20 and
1/3 of the theoretical density of the corresponding non-porous oxide; drying may be realized by
controlled evaporation of the solvent, obtaining a body defined in the field as "xerogel”, or by
supercritical extraction of the solvent, obtaining a so-called "aerogel”; as given above, the dry gel may
firtl)d industrialI apgj'@bggg@s} @f such, @ié éj[ Gan-he §yg?it§edi§_oydggﬁifig@tmgy %ﬁergn@dl@g;lment, f
obtaining a glassy body .of theoretical density. In a first aspect, therg is provi a,s0l- rocess for
the aggIomeratioﬁ%?%i}l/iéblrﬂi'ﬁp”ov?c?egﬁz bhgraeﬁz'fgﬁzgé’j by fhe %Ilgo%vrllrsf lgffepgv:\?bjr" §agrir$g‘" gl;%e?lﬁon of
alkoxide precursct¥aridi6r SHEESvalet arit-88IveRt nfikmgtHE SottiortoPsifidon particles keep the
said dispersion undeistirsing baryigrofadhewispef8ionatillthe formatiohof ardriecgreenibody. The
disclosure will be further. llustrated-by- the-following examples. J-hese non-hmitative examples illustrate
some embodiments m %ntrtgﬁtfggg o the experts in (tahdcre field how fa practice the invention and to
represent the best mode contempla e.cﬂor réalization o .tﬁe Inven |o‘n.rf5)€ MF E107 g of
tetramethoxysilarfe areEmixedPWith5'g ethansicahd £yiwaet ahd theSolitiort'sé dbtained is kept
under stirring untit eamplete hydrolysis eftetramethdxysilanenceurs (solutiorthecomes completely
transparent). Thep t4,g.0f siliconpowder are.added to.thessilaneshased premix{weight ratio 1:0,49)

and kept under stérrigg.eThen,sludcgp S0 0 tainedgg thc?q R %rsegripatpea[gg_ldighg_.wggleapgocess is
conducted under n}i)troge’n.rl?feefore)‘1’?ﬁeq§.'t?;1rfn 6Fthe d}yln@ phase the sample’is ief)%ln a Sealed container

at room temperat§ifor thé cohseRdatih 6FtHe greed botly: Silfcbhitcdy! i'ther drictitiider ventilated
hood for 3 days. the praduct has-heem characterizedshy meanswaf XRBcspectroscopy that has shown
that the content 0£S,Q2 inthe WO 2010/003455PCT/EP2008/058926 silicon product raised only of

0.5wt% because of the described treatment. . ,
In a <Zirst aspect, there 1s provided a sol-gel process for the

aggleomeration cf silicon powder, characterized by the following steps:
- preparing a solution of alkoxide precursor and/or silica, water and
solvent
- mixing the solution to silicon particles
- keep the said dispersion under stirring _
- dryving of the dispersion till the formation of a dried green body.
The disclosure will be further illustrated by the following
examples. These non-limitative examples illustrate some
ambodiments meant to teach to the experts in the field how
to practice the invention and fo represent the best mode

contemplated for realization of the invention.

EXAMPLE 1

0.7 g of tetramsthoxysilane are mixed with 5 g ethanol and

-

1 g water and the solution so obtazined is kept underx

stirring until complete hydrolysis of tetramethoxysilane
occurs (solution becomes completely transparent). Then 14

g of silicon powder are added to the silane-based premix (

weight ratio 1:0,49% and kept under stirring. The sludge so

obtained is then poured in the mold. The whole process is

Py

conducted under nitrogen. Before the start of the drying
phase the sample is kept in a sealed container at room
temperature for the consclidation of the green body.
Silicon body is then dried under wventilated hood fox 3
days. The product has been characterized by means of XRD

spectroscopy that has shown that the content of Si02 in the



EXAMPLE 2 1,4 g of silica (Aerosil ox SO supplied by Evonik industries) are mixed with 2 g water and
the solution so obtained is kept under stirring until for one hour. Then 14 g of silicon powder are added
to the silane-based premix ( weight ratio 1:0,49) and kept under stirring. The sludge 10 so obtained is
then pouredwttreanaiecisThe whole process is conducted under nitrogenr8efRmasiesstadt of the drying
phase the sample is kept in a sealed container at room temperature for the consolidation of the green
body. Silicon body is then dried under ventilated hood for 3 15 days. The product has been
characterized by means of XRD spectroscopy that has shown that the content of 5i02 in the silicon
product raised_only péé)%\g % because of &h%lgfgcggeg treatment As already said as feedstock could
be used silicon revered 20 from cutting, slicing and sawing of silicon wafer (among the others).
Herewith is rep§rted a356h-firfiative example which illustrates some embodiments meant to teach to
the experts in the field how to practice the invention and to represent the best mode contemplated for
realization of the 25 invention. EXAMPLE 3 Silicon powder is could be either as cake from filtration or
sludges from centrifugal treatment or as dry powder; the first step is the re-slurry operation which is
made by 30 ad@tBMEHE dRionised water and hydrochoric acid; the ratios among the chemicals. Water
is added in such a quantity to adjust the density of the slurry
5 1,4 g of silica (RAercsil ox 50 supplied by Evonik

industries) are mixed with 2 g water and the solution so

obtained is kept under stirring until for one hour. Then

14 g of silicon powder are added to the silane-based premix

{ weight ratic 1:0,49) and kept under stirring. The sludge

10 80 obtained is then poured in the mold. The whole process

is conducted under nitrogen. Before the start of the drying

phase the sample is kept in a sealed container at room

temperature for the consolidation of the green body.

Silicon body 1s then dried under ventilated hood for 3

ft
ol

dayvs. The product has been characterized by means of XRD
spectroscopy that has shown that the content of 5i02 in the
silicon product raised only of 0.9wt% because cf the

described treatment

As already said as feedstock could be used silicon revered
20 from cutting, slicing and sawing of silicon wafer (among
the others). Herewith is reported z non-limitative example
which illustrates some embodiments meant to teach to the
experts in the field how to practice the invention and to
represent the best mode contemplated for realization of the

25 invention.

EXAMPLE 3

Silicon powder is could be either as cake from filtration
or sludges from centrifugal treatment or as dry powder; the
first step is the re-slurry operation which is made by
30 addition of deionised water and hydrochoric acid; the
ratios among the chemicals. Water 1s added 1in such a
quantity to adjust the density of the slurry
The slurry is then added in a reactor with hydrofluoric
acid. After the treatment the slurry is gent to filtration



The slurry is then added in a reactor with hydrofluoric acid. After the treatment the slurry is sent to
filtration WO 20101003455PCT1EP20081058926 8 and the resulting silicon cake is washed with
water, re-slurried with water adjusting the density. The slurry is then mixed with hydrochloric acid and
with hydrog&OgétbRidéswater is adjusted to control the density 5 of the SIGHEP2REPIFRGreatment the
slurry is filtrated and the filtration cake is washed with water; liquids from filtration and washing
containing HC1 and H202, are sent to a neutralization tankthe final step is the hydrofluoric acid and
with hydrogen peroxide in such a quantity to 10 obtain the following ratios by weight. After the
treatment the shury is:filtrated:and washed witmwatekeAfter firtratienl theiprioduettis wvashed again with
HF and then withzethapd| . wQCLAMIS: acjusting the density.

The slurry is then mixed with hydrochloric acid and with
hvdrogen peroxide; water is adjusited to control the density

5 of the slurry. After the treatment the slurry is Ifiltrated
and the filtration cake is washed with water; liquids from
filtration and washing containing HCL and H202Z, are sent to
a nevtralization tankthe final step is the hydrofluoric
acid and with hydrogen peroxide in such a gquantity to

10 obtain the following ratios by welght. After the treatment
the slurry is filtrated and washed with water. After
firtration the product is washed again with HF and then

with ethanol.



1.Sol-gel process for the agglomeration of silicon powder, characterized by the following steps:
preparing a solution of alkoxide precursor and /or gilica, water and solvent mixing the solution to
silicon particles keep the said dispersion under stirring drying of the dispersion till the formation of a
dried green body. 2.Process according to claim 1 wherein the alkoxide precursor has the formula
X-Me(OR),1 in which Me is a metal belonging ¢y fesd; 4th and 5th groups; more preferably to the 4th
group, especially is silicon, n is integer and represents the valence of Me; X is either OR or R where
-OR is an alkoxide group and -R is an organic radical linear or branched with a number of carbon
atoms up to 10. 3Process as claimed in claim 2, wherein the alkoxide precursor is tetramethoxysilane,

tetraethoxysilane, methyltriethoxysilane oy a mixture thereof. 4.Process according to of claims 1 to
28, EBrorS ARG Ehars Bt Bane T weraR e sica s

3, whergin the QS fuled SR
colloidal silicachaPmetss heestdiviy tohenyieficlainiesB (@5 amBerein said solution is a solution
containing from 1% to 50% by weight of alkoxide precursor and more preferably from 2% to 18%,
especially from 3%redf8tnmoee esfledidltyfran Rakoti%e precursor and /oxr

silica, water and solvent
- mixing the solution to silicon particles
- keep the said dispersion under stirring

- drying of the dispersion till the formation of a dried
green bodyf>

2. Process according to claim 1 wherein the alkoxide
precursor has the formula X-Me(OR),.; in which Me is a
metal belonging to the 379, 4™ and 5 groups; more

preferably to the 4™

group, especially is silicon, n is
integer and represents the valence of Me; X is either OR
or R where -OR is an alkoxide group and ~R is an organic
radical linear or branched with a number of carbon atoms

up to 10.

3. Process ag claimed in claim 2, whereiln the alkoxide
precursor is tetramethoxysilane, tetraethoxysilane,

methyltriethoxysilane or a mixture thereof.

4. Procesgs according to any of claims 1 to 3, wherein the

gilica is fumed gilica.

5. Process according to any of claims 1 to 3, wherein the

gilica isg colloidal silica.

6. Process according to any of claims 1 to 5, wherein said
solution is a solution containing from 1% to 50% by weight
of alkoxide precursor and more preferably from 2% to 18%,

especially from 3% to 10%, more especially from 7% to 11%.

7. Process according to any of claims 1 to 6, wherein said

solution is a solution containing from 1% to 50% by weight



7. Process according to any of claims 1 to 6, wherein said solution is a solution containing from 1% to
50% by weight 10 of silica and more preferably fragn 2% to 18%, especially from 3% to 10%, more
especially from 7% to 11%. 8. Process according to any of claims 1 to 7, wherein the solvent is an
alcohol, an ether, a ketone or a mixture thereof. 9. Process according to any of claims 1 to 8, wherein

the molar ratio of siicon/adkaxiste RieEUrSOF4s ntp Tange-fiami0 £ 15 snreéarpbly feom-B0 to 120.

10. Process acgording to any gtbglairpn% 109 wehgrei%fhe /ater content i§l gtween 0.1% and 20%,
more preferably from 186 to-10%. éspecially fTBm 19 15°6%, hore especially from 3% to 5.5% by
weight. 11. Process according to any of claims 1 to 10, wherein before the drying,the mixture is kept in

the consblidatibr PRESE withGaESoIvEN R ad¥atioh. i%?ﬁ%e%s%%cgrdiﬁﬂjﬁf%?of:agims 1to 11,
wherein the drging is=cdrritd ciit atateinpbratare thiabésrin the katge:20 tor280€ 113 Pmcess
according to apyefclaims 1 to 12, wherein the mixture is poured into a mold.

9. Process according to any of claims 1 to 8, wherein the
molar ratio of silicon/alkoxide precursor is in the range
from 10 to 150, preferably from 80 to 120.

10. Process accoxding tce any of claims 1 teo 9, wherein the
water content is between 0.1% and 20%, more preferably
from 1% to 10%, especially from 1% to 6%, more especially
from 3% to 5.5% by weight.

11. Process according to any of claims 1 to 10, wherein before
the drying the mixture is kept in the consoliidation phase

without solvent evaporation.

12. Process according to any of claims 1 to 11, wherein the
drying is carried ocut at a temperature that is in the
range 290 to 230°C.

13. Process according to any of claimeg 1 to 12, wherein the

mixture is poured intc a meld.



