Method for producing high-purity Si02 from silicate solutions The present invention relates to a novel

method for thewgyodgatiorafhigh purity Si02 from silicate solutions, to SanepghRigh M@é 2 with a
specific impurity profile and to the use thereof. The proportion of photovoltaic cells used worldwide in

power production has been growing continuously for gome years. If further growth in market share is to
be achieved, 10 it is essential for the costs involved in producing photovoltaic cells to be reduced and
their efficiency to be increased. A significant cost factor in the production of photovoltaic cells is the
cost of high purity silicon (solar silicon), 15 which is conventionally produced on a large industrial scale
using the Sientrishméthoskdeveldped syehigyeatsrdgy: 18 this methpdssiticanisdirstly reacted with
gaseous hydrogen,¢higride at 300-350C in a fluidized bed reactor to yield trichlorosilane
(silico-chloroform). After complex 20 distillation steps, the trichlorosilane is decomposed thermally

again in the pr, ence 81;3 g}/l%roge\r}etytrfversal ff %he at%ove reaction on heated superpure silicon rods
at 1000-1200C. T the process. the elenantalsificor growsomtd the rfds-5RE thé fibéraged hydrogen

chloride is 25 FeciduRtedrSiiéon iefachioriderarisesas adyproductathis eittiertieing converted into
trichlorosttanezangreturnedde the process inschmb%stgdg;@@@iq?(yge@I{@mq@.yigpo%rggenic silica.
A chlorine-freg alternatiye to &@eeagg\éerggéhod is the 30 decomposition of monosilane, which may
likewise be obtained from the elements and dissociates again after a purification step performed on
heated surface%or oné?assa e through fluidized bed reactors. Examples thereof may be found in WO

2005118474 AI*2 PREBITchyEtaline RitiRoR {501y EiCor obtHinasSH tHeweyE e ciibed above is

suitable for the prsductivhbisolarpaneis bréhagzopunity of over 89.9984. \Hdwevenihe

above-describggemethods arevenk complex-and gngray: Sintensive, such thajthers is congiderable

need for, g cheapef more efficlentt method,of PIOINEING S99 S1G°, producing
photovoltaic cells to be reduced and their efficiency to be

increased.

A significant cost factor in the production of photovoltaic
cells is the cost of high purity silicon (solar silicon),

15 which is conventionally produced on a large industrial
scale using the Siemens method developed over 50 vears ago.
In this method silicon is firstly reacted with gaseous
hydrogen chloride at 300-350°C in a fluidized bed reactor
to yield trichlorosilane (silico-chloroform). After complex

20 distillation steps, the trichlorosilane is decomposed
thermally again in the presence of hydrogen by reversal of
the above reaction on heated superpure silicon rods at
1000-1200°C. In the process, the elemental siiicon grows
onto the rods and the liberated hydrogen chloride is

25 recirculated. Silicon tetrachloride arises as a byproduct,
this either being converted into trichlorosilane and
returned to the process or combusted in an oxygen flame to

yvield pyrogenic silica.

A chlorine-free alternative to the above method is the

30 decomposition of monosilane, which may likewise be obtained
from the elements and dissociates again after a
purification step performed on heated surfaces or on
passage through fluidized bed reactors. Examples thereof
may be found in WO 2005118474 Al.



Since silicate solutions are available in very large quantities as a very inexpensive raw material, there

has been no shartage: n/theess of attempts to produce Si02 10 from siieatarsolytians and ggnvert it
" into silicon by reduction. For instance, methods have been described in US 4,973,462 in which highly

viscous water glass was reacted with an acidulant at & low pH value of the reaction solution to yield
Si02. This Si02 was then filtered, washed 15 with water, resuspended in a mixture of acid, water and a
chelating reagent, repeatedly filtered and washed. JP02- 311310 described a similar method, but in
this case a chelating reagent was added as early as during the precipitation reaction. These two
methods have'the 20disadvantage that they involve (@uenscdmplex werking:we:grogedure, It has

additionally begn,faund that ihe preeiaiales oblained afier preciaiialion arg in part difieul o fiter
Finally, additional costs are incurred for the chelating reagent and separation t ereof from the 25
silicon dioxide A6 20871106860 A1 pidFoSed s Ticthod in WHich first 8F &Il pHeYSHGHis ahdeboron
impurities are removedifromwatel glasd:and anaeid by jomexchangescalumnsyafter which the water

glass andsacidiaredeasted, toyield SI02. Thisi02 30 isdhen reacted withcasben o yield elemental
silicon. This method has the dlsad¥%nta9e that rLrpla#Iy ogﬂ boron and phosphorus impurities are
i orde i sa |cf3entélf)%‘?él§6%9 SHiRORAThSWeve Fetallic

eliminated frorfi the Watér 6%%? (A ortier 10 Obfam S0
impurities have jn particular also to be 35 separated out. WO 2007/106860A1 proposes in this respect
to use further fOMTEXChaRYR RFMAS e ProcBES IATREVEr 13 thid retsiis ik a5ty complex,
expensive progess:with zelowespacertime yieldzFhereligdthusstitha needfor anefficientand

inexpensive meshed gbpwdyeing hih,purity. siigan dioxide whighmay 5 be ysed forthg production of

solar sil%m. Itfv%/a% agcczr{jirégcl an %%l%ct of the ]gresent invention to provide a novel method for the
production of high purity Sificon dioxide whi ast so of the
duction of high'purity Sfficon didkide Whith Ridks SPIEASE sormk ofthe disativaRtades of th
above-stated HethstsiorexHibits tenta0wnly s lesteridegredidewas atsoraivebijechtaprovide
novel high purty siliconetioxidewvhiel is-pasticylarly svell.suited:-to.thg praduclion of splarsilicon.
Furth_er pbjec@Mcggr%Q%ﬁ %Igzlctlyasctaétae %rﬁ% e% ukg}y tcrgg c%\ﬁleéaljlfggrét%g 101f the following
description, examples and 15 claims.
solution to yield $i0;. This 5i0; was then filtered, washed
15 with water, resuspended in a mixture of acid, water and a
chelating reagent, repeatedly filtered and washed. JP0O2-
311310 described a similar method, but in this case a
chelating reagent was added as early as during the
precipitation reaction. These two methods have the
20 disadvantage that they involve a very complex working up
procedure. It has additionally been found that the
precipitates obtained after precipitation are in part
difficult to filter. Finally, additional costs are incurred
for the chelating reagent and separation thereof from the

25 silicon dioxide.

WO 2007/106860 Al proposes a method in which first of all
rhosphorus and boron impurities are removed from water
glass and an acid by ilon exchange columnsg, after which the
water glass and acid are reacted to yield $i0,. This Si0,
30  is then reacted with carbon to yvield elemental silicon.
This method has the disadvantage that primarily only boron
and phosphorus impurities are eliminated from the water
glass. In order to obtain sufficiently pure solar silicon,
however, metallic impurities have in particular alsgo to be
35 separated out. WO 2007/106860A1 proposes in this ragpect to

usge further ion exchange columns in the process. However,



These objects are achieved by the method described in the following description, examples and

claims and thewuoglz pudtyesiticayedioxide described therein. The inventogg-hawe sHdisHghy fpund that
~ itis possible 20 to produce high purity silicon dioxide simply by specific process control, without a

plurality of additional purification steps, for example, calcining or chelating and without special
apparatus. A significant feature of the method is control of the pH value of the silicon dioxide 25 and of
the reaction media in which the silicon dioxide is located during the various method steps. Without
being tied to any particular theory, the inventors are of the opinion that a very low pH value ensures
that ideally no fiees negativiety chargedvSit,groupslare presgnionithe silicon=3Q: dipxide surface onto
which troublesome metaldons may hecome attached. At a very low pH value the surface is even
positively charged, such that metal cations are repelled by the silica surface. Providing the pH value is

very low, it is pgssible 1q prevent these metal ions, if they are then 4 washed out, from becoming
attached to the surfacé"%f &%édgilicsgnls(iﬁ%x%engc%%r ing t(%u?héa nventish.if M siliCE SRITRGe 1a

positively char§eii&ific® partichss sre Wendiso Braverite G frérrbecohingiateactiedtd oneanother and
so 5 forming cawities édi which itheuritiesdoutd be deposised.The methed according to the invention
may thus be carried out without using chelating reagents or ion exchange columns. Calcining steps

may also be dispepsed with Fhe-presentmethndis thus substantially simpler and less 10 expensive
than prior art mg'g)h\%(_jgéA fugggre ziltdvang%%% %ﬁthe n}_?thod accorit_ji‘ng to the invention Is %hat it can be
performed in Conveéntional apparatus. -~ The preert RVERtSH&ECoMingly Provitidass iiethod for the

15 production %F higHpuity SHicén dibRide, éanipasiag thefollowingsteps abeoducing an initial charge
of an acidulandiierzatyan tagidwantwith svater withsa pivalye of less than2.preferably less than 1.5,
particularly preferably less 20t , very particularly preferably less than 0.5 b. providing a silicate
solution with a vis%l())sity‘of 0%%? %It)oe?sgg/ (r:%gddi%gé .t%éy ?sil%gtséos&ﬁtigr%) M step 16 YHegﬁlitial charge
ﬂon1§epauHP&Xﬁ%a%%ﬂFﬂ@PﬁﬁgﬁH311lcon ioxide which is particularly

well suited to the production of solar sgilicon. Further
objects which are not explicitly stated are revealed by the
overall context of the following description, examples and

15 claims.

These objects are achieved by the method described in the
following description, examples and claims and the high

purity silicon dioxide described therein.

The inventors have surprisingly found that it is possible

20 to produce high purity silicon dioxide simply by specific
process contrcl, without a plurality of additional
purification steps, for example, calcining or chelating and
without special apparatus. A significant feature of the
method is control of the pH value of the silicon dioxide

25 and of the reaction media in which the gilicon dioxide is
located during the various method steps. Without being tied
to any particular theory, the inventors are of the cpinion
that a very low pH value ensures that ideally no free,
negatively charged Si0 groups are present on the silicon

30  dioxide surface onto which troublesome metal ions may
become attached. At a very low pH value the surface ig even
pesitively charged, such that metal cations are repelled by
the gilica surface. Providing the pH wvalue is very low, it

is possible to prevent these metal ions, if they are then



25value of the resultant precipitation suspension remains at all times at a value of less than 2,

preferably lessitha@ A1, [seaticwarly preferably less than 1 and very partiesiaey preferabys lass than

" 0.5 d. separating and washing the resultant silicon dioxide, 30the washing medium having a pH value
of less than 2, preferably less than 1.5, particularly preferably less than 1 and very particularly
preferably less than 0.5 5 e.drying the resultant silicon dioxide The present invention additionally
provides a silicon dioxide, characterized in that it has a content of a. aluminum of between 0.001
and 5 ppm 5b. boron of less than 1 ppm  c. calcium of less than or equal to 1 ppm d. iron of less
than or equal 1675 pprm eutickel pffessathanorequaktochppnto frphesphoads-obless than 1 ppm

10g. titanium af {ess-thancoregual to,5Rpm hnzingof fess thaparequal to-} ppm.and in that the total

of the abovementigned impurities plus sodium and potassium_amounts to less than 10 ppm. Finally,
the present in\ﬁe%ﬁ%%cﬁo&i%eg u%%pSOJT he %%1?60@%5% 8%ide§ BbEOriRG T tHelifve ftich foR e

production of Sot&FsifedtY a3 e fightisatity sammhateriat for the groduction ofhighhpurityrsilicacglass for
optical waveguides.on glassware for lahoratories angelectronicsand as g.startipgmategial for the
deUCUOﬂOfQQQ method according to the invention may thus be carried

out without using chelating reagents or ion exchange

columns. Calcining steps may also be dispensed with. The

present method is thus substantially simpler and less

10  expensive than prior art methods.

A further advantage of the method according to the
invention is that it can be performed in conventionsl

apparatus.

The present invention accordingly provides a method for the
15  production of high purity silicon dioxide, comprising the

following steps

a. producing an initial charge of an acidulant, or an
acidulant with water, with a pH value of less than 2,
preferably less than 1.5, particularly preferably less

20 than 1, very particularly preferably less than 0.5

b. providing a silicate solution with a viscosity of 0.1

to 2 poise

c. adding the silicate golution from step b. to the
initial charge from step a. in such a way that the pH
25 value of the resultant precipitation sugpension
remaing at all times at a value of less than 2,
preferably less than 1.5, particularly vreferably less
than 1 and very particularly preferably less than 0.5

d. separating and washing the resultant silicon dioxide,

20 the washing medium having a pH value of less than 2,
preferably less than 1.5, particularly preferably lesgsg

than 1 and very particularly preferably less than 0.5



20 purity silica sols for polishing slices of high purity silicon (wafers). The method according to the

invention for thedpraductrars vf7bigh purity silicon dioxide comprises the teiewihbieps ¢ ¢ fArgducing

~ an initial charge of an acidulant, or an 25acidulant with water, with a pH value of less than 2, preferably
less than 1.5, particularly preferably less than 1, very particularly preferably less than 0.5 6 b.
providing a silicate solution with a viscosity of 0.1 to 2 poise c. adding the silicate solution from step b.
to the initial charge from step a. in such a way that the 5pH value of the precipitation suspension
remains at all times at a value of less than 2, preferably less than 1.5, particularly preferably less than
1 and very parficulariyqreferabiidess=thah:G.5d, separatingainevashing the resultant silicon
10dioxide, the washing medium having a pH value of less than 2, preferably less than 1.5, particularly
preferably lessrthanck-asdwery parisulasly preferably-less thap.0,5: e<drying.theresyitant silicon

dioxide 15 In siep a) an m@g&%&gg&p an ac %ulgpl Lor arjcaﬁldulaaglt ggg V\é%tgr |sproduced in the

precipitation

a. aluminum of between 0.001 and 5 ppm
5 b. Dboron of less than 1 ppm

¢. calcium of less than or equal to 1 ppm
d. iron of less than or equal to 5 ppm
e. nickel of less than or egual to 1 ppm
f. phosphorus of less than 1 ppm

10 g. titanium of less than or egual to 5 ppm
h. zinc of less than or equal to 1 ppm

and in that the total of the abovementioned impurities plus

sodium and potassium amounts to less than 10 DEm.

Finally, the present invention provides use of the silicon
15 dioxides according to the invention for the production of
solar silicon, as a high purity raw material for the
production of high purity silica glass for optical
waveguides or glassware for laboratories and electronics
and as a starting material for the production of high
20 purity silica sols for polishing slices of high purity

silicon (wafers).

The method according te the invention for the vroduction of

high purity silicon dioxide comprises the following steps

a. producing an initial charge of an acidulant, or an
25 acidulant with water, with a pH value of less than
2, preferably legs than 1.5, particularliy
preferably less than 1, very particularly
preferably iless than 0.5



vessel. The water used for the purposes of the present invention is preferably distilled or deionized
water. The aci#i@laBtmaydse7thesacidulant which is also used in step 20sg)ferwasbmgdhe filigr cake.

" The acidulant may be hydrochloric acid, phosphoric acid, nitric acid, sulfuric acid, chlorosulfonic acid,
sulfuryl chloride or perchloric acid in concentrated or dilute form or mixtures of the above-stated acids.
In particular, hydrochloric acid may be 25 used, preferably 2 to 14 N, particularly preferably 2 to 12 N,
very particularly preferably 2 to 10 N, especially preferably 2 to 7 N and very especially preferably 3 to
6 N, phosphoric acid, preferably 2 to 59 N, particularly preferably 2 to 50 N, very particularly preferably
30 40 30 N, especially preferably @tc36: Niand verysespecially prefenalbly 4 ta-20; N nitde acid,
preferably 1 to 24 N, particularyspreferable1 to 20 N, very particularly preferably 1 to 15 N, especially
preferably 2 to 10 N, sulfuric acid, preferably 1 to 37 N, particularly 7 preferably 1 to 30 N, very

particularly preferably 2 to 20 N, especially, preferably 2 to 10 N. Sulfuric.acid Js very particularly
preferably used. In a preferred \%Tariant of the metho l:a)lccg:r |8n% t](S)Srtﬁzé1 5 itﬁ(\afgngljdn%agpé: oxide is added

to the initial charge in stej'd) ihHddtibHF BB HERE whichi Peroxide Bringyaliéuta yéllow/orange
coloratiorpwith titanium(I¥¥iorslursder Acidie conditions .t thisrcases thenpearexide-is particularly

preferably hydrogen pergxide pr patassium 10.peroxydisylfate. As, 3 result 8%&“%%%&9%‘” orange
coloration of the reactionlsolutigr%i the ]ge%ree of purification during washing step may be very
closely monitored. It has ih Tact emerged thaPfthim iF parichiar cohettites £ vary-enacibus
contaminant, which 15 begémes feadifyratiachedrtbythesitenalioxidé at pHovalues oBover 2. The
inventors have found that disappearance of the yellow/orange coloration in step d) normally means

that the desired purity ofthesiticoh:dioxide! has dieengeanked and the sifican dioxige may be 20
washedsfom this point witfdistiled or deigaized watgrunti.a peylta) pH valye is achieved for the

silicon dioxide. In order to achieve this indicator function of the peroxide, ithis alSo ﬁlossﬁ)o e to add the

peroxide not in step a) buf Father @ thd wateF §Rsa T St b)fordea 25 thirdiAatetiahdtPednd in step
c). In principle it is possibfeab<acklthe perexideionly aftenstepe)yandbefaresstepid) or during step d).
The present inventions previge-alkihe above-stated variants and mixed forms thereof. However,
preferred variants are those in which the peroxide 30 is added in step a) or b), since in this case it can

exercise a further function.ip;adgition ta.the indicator fungtion, Without being tied to any particular

theory, the inventors are of the opinion that some, in particular carggn-containing, impurities are

oxidizquy r%rgtion with §5 Qgrqxrildlet:aLLntI_jL removed from the reaction solution. Other impurities are
Yy

. Sten, charge oL a {
converte by OXIdsa.tIOﬁ INt0 a more reads} g n acidulant or an
acidulant and water is produced in the precipitation

vesgel. The water used for the purposes of the pragent
invention is preferably distilled or deionized water. The
acidulant may be the acidulant which ig also used in step

20 d) for washing the filter cake. The acidulant may bhe
hydrochloric acid, phosphoric acid, nitric acid, sulfuric
acid, chlorosulfonic acid, sulfuryl chloride or perchloric
acid in concentrated or dilute form or mixtures of the
above-stated acids. In particular, hyvdrochloric acid may be

25 used, preferably 2 to 14 N, particularly preferably 2 to 12
N, very particularly preferably 2 to 10 N, egpecially
preferably Z to 7 N and very especially preferably 3 to 6
N, phosphoric acid, preferably 2 to 59 N, particularly
preferably 2 to 50 N, very particularly preferably 3 to 40

30 N, especially preferably 3 to 30 N and very especially
preferably 4 to 20 N, nitric acid, preferably 1 to 24 N,
particularly preferably 1 to 20 N, very particularly
preferably 1 to 15 N, especially preferably 2 to 10 N,
sulfuric acid, preferably 1 to 37 N, particularly



8 soluble form, which can therefore be washed out. The method according to the invention therefore

has the advantegezhatre galthsing step has to be performed, althoughithis /igwf ¢oYI58s pagSIble

" option. In step b) a silicate solution with a viscosity of 0.1 to 2 poise, preferably of 0.2 to 1.9 poise,
particularly of 0.3 to 1.8 poise and especially preferably of 0.4 to 1.6 poise and very especially
preferably of 0.5 to 1.5 poise is provided. An alkali metal and/or alkaline earth metal 10 silicate solution
may be used as the silicate solution, an alkali metal silicate solution preferably being used, particularly
preferably sodium silicate (water glass) and/or potassium silicate solution. Mixtures of a plurality of
silicate solutiors friggralsdibelused. Alkali nretatyl Sosilicate sohutibps hawe dhe ladyantage that the alkali

metal ions canveadily be:sepasateddywashing, The silisate slution,used in.step.b) preferably
exhibits a modualtursEi i.g. #‘?i ht ratio gf me!Tt%I oxide éo silicon dioxide, of 1.5 to 4.5, prefera@(y of 1.7 to
4.2, particularlg preflera y of ¥ fo £07 Thé visco ity may be established, for example, by
evaporating conventional commercial silicate solutions or by dissolving the silicates in water. In step c)
of the method HecBrdif§ & tHeMVEREGR the HicalesBIREST i addetrtithe initaksisarge and the 25
silicon didxidedisteus: precipitated:out: Careimusichiere bectakae ta ensureithahthesacidulant is always

present in excgss,The siligatesplytion.istherefare, ch t he pH value of the reaction
solution is alw s%essq than i rel%tgglly Iis%%n F%%%gr%%ﬁar?ﬁﬁe%r%ﬁf ?gslsgfo J?;ﬁlﬂf,svery
particularly préfeFabily fescth f?"b/% ESES peRiaNy Prefitaliy BHo0T-to'd A nBébsdarySturther
acidulant mayseladdéd: TFHectermpetaturerof thé reddtion soiution ishmaiptained daring the addition of
the silicate sofsienysheating @r-conlingithe precipitalian yrsssltads 20 ta 95C, preferably 30 to 90C,
particularly preferably 40_to .9 The inventors have found that particularly effectively filterable
precipitgtdgs af'%eegtc))t}é%;n%dsi?%%ﬁdat‘é‘ss,o?utf%%sélr?lersogwe%ltlfdliﬁayﬁiaﬁa‘g%%Wﬁlgﬁecipitation suspension
as drops. In aprefsrfdd 6mbodiniértt gfgRetion solution, the degree of

purification during washing step d) may be very closely
monitored. It has in fact emerged that titanium in
particular constitutes a very tenacious contaminant, which

i5 Dbecomes readily attached to the silicon dioxide at pH
values of over 2. The inventors have found that
disappearance of the vellow/orange coloration in step d)
normally means that the desired purity of the silicon
dioxide has been reached and the silicon dioxide may be

20  washed from this point with distilled or deicnized warer
until a neutral pH value is achieved for the silicon
dioxide. In order to achieve this indicateor function of the
peroxide, it is also possible to add the peroxide not in
step a) but rather to the water glass in step b) or as a

25 third material stream in step ¢). In principle it is
possible to add the peroxide only after step c) and bhefore
step d) or during step d). The present inventions provide
all the above-stated variants and mixed forms thereof.
However, preferred variants are those in which the peroxide

30 is added in step a) or b), since in this case it can
exercise a further function in addition to the indicator
function. Without being tied to any particular theory, the
inventors are of the opinion that some, in particular
carbon-containing, impurities are oxidized by reaction with

35 peroxide and removed from the reaction solution. Other

impurities are converted by oxidation into a more readily



5 present invention, care is therefore taken to ensure that the silicate solution enters the initial charge
and/or precipitaitior 8uspexssion as drops. This may be achieved, for examples oydyopwisesaddition of
" the silicate solution to the initial charge. The dispensing unit used may be 10 arranged outside the
initial charge/precipitation suspension and/or be immersed in the initial charge/precipitation
suspension. Examples of suitable units known to the skilled worker are spraying units, droplet
generators and prilling plates. 15 In a further particularly preferred embodiment, the initial
charge/precipitation suspension is set in motion, for example by pumping or stirring, such that the flow
velocity, meastpediinia zénerwhish is-defirred by:bak the radivs obtiegprecipitationyesselnbem and

the surface zcé@fgagagﬁ@ti%s@aﬂoa%éﬁ@ﬁbﬁe%ﬁ}l@%@gti%%§Uf{%%e’483£ﬂ£9%§’é’lttﬁf%o m/s,

preferably 0.005 to 8.m/s farticulaig referably 0.01 to 5 m/s, veg@garticularly 0.01T04 m/s,
n

especially preFeC?aﬁI&f/JOC?‘(}Ji1 02 lsTAnd ey S pRBia§ praferasly P01t L As FithotiE 25 being tied
to any particulaP t#Heoty Bthedfvéatdrs aretefthe opinion that the incoming silicate solution is dispersed
only slightly immediately after entry into the initial charge/precipitation suspension as a result of the
low flow \elocity. 3@ @hisdeads ¢d apid gelatiomat the sheltof the/ingeming silisatecsolution drops or
silicate soluti trgams,.such t ng hapd-the farmation of colloidal silica is suppressed and
the yield of filctiggble 102 is %re%%&?ﬁcgzgeg ar?c? o%l 't%e%)%%tre?ial%da éo tméﬁﬁl%|ieanrtlf racf)l% gﬁa%ge 35in
pH is ensured- Which ishiecEesan it e fighlevel df putifFiatobhecdchieved:C 10-Gpatiftselection
of the flow vefeity vEthe initiad chargblprecipitatien Suspéndgiors may thus impieue the purity of the
product obtaingd;Byseembining an optimizad:fow velogity with.as far as.3 pgsgible drop-form input of
the silic%a solult'ﬂlcg i% eggggl@axrpemggcr ased fugher sqégl that an embodiment of the method
according to the invention'is preferred ih which the Stliéite ‘sofutfohis ftsufetids. Gfopsdhito an initial
charge/precipitatiér éugﬁé%foﬁ Withaaficw aohvwiscity, Predsured valzehe @xtersding through half the
radius of the precipltation contairers &:eim and dhe surfage of the-eaciiar selulionde 10 cm below the
reaction surf : , f of 0.005.t0 8 m/s, particularly. prefetably of 0.01 to 5
m/s, very 15655}%23%331? %%%%l?lﬁ #%2,§§?é\%;i£i|81&8 egrléiblghcf )é)téjf {02 c?ijlé/saarpdl \?éfr)!f} %Jsﬁécially
preferably of 6.01% 177 9t RFUHReRGTePassTIEt Biis Wifther 6 brddudessititon dioxide
particles whichidaireery effettivelyibe filteved (See figires taaad 2a) tinttontask4n these-2@ methods
in which an elevated fiow veloeity preyailsdn the, initiakchagge/nresipitation suspension, fine particles

tend to form, which are ver défficult to filter. T
sollution used in step b) preferably exhibits a modulus,

i.e. weight ratic of metal oxide to silicon dioxide, of 1.5

to 4.5, preferably of 1.7 to 4.2, particularly preferably
20 of 2 to 4.0. The viscosity may be established, for aexample,

by evaporating conventional commercial silicate sclutions

or by dissolving the silicates in water.

In step c) of the method according tec the invention, the
silicate solution is added to the initial charge and the

25 silicon dioxide is thus precipitated out. Care must here be
taken to ensure that the acidulant is always present in
excess. The silicate solution is therefore added such that
the pH value of the reaction solution is always less than
2, preferably less than 1,5, particularly preferably less

30 than 1, very particularly preferably less than 0.5 and
especially preferably 0.001 to 0.5. If necessary, further
acidulant may be added. The temperature of the reaction
golution is maintained during the addition of the silicate
solution by heating or cooling the precipitation vessel to

35 20 to 95°C, preferably 30 to 90°C, particularly preferably
40 to B0°C.



The present invention thereby also provides silicon dioxide particles which preferably have an average
particle size 25d5@ 01.0/w7¥@ snm, particularly preferably 0.3 to 9 mmzangl vary pasticidanty o

- preferably 2 to 8 mm. In a first specific embodiment of the present invention these silicon dioxide
particles are ring-shaped, i.e. they have a "hole" in the@middle (see figures la and Ib) and are thus 30
comparable in shape to a miniature "donut”. The ring-shaped particles may adopt a largely round
shape but also more of an oval shape. In a second specific embodiment of the present invention these
silicon dioxide particles have a shape which is 35 comparable to a "mushroom head" or a "jellyfish".
Thatis 11 to s@yginstead:obthe heledn flre:aboverdescribedidohuat'l shafed: pattictas,; in the middle

of the ring-shaped hasicsteugtuea-there is located.a layer of silicon digxide, (see figures 2a and 2b)
which is curvegégggeosfjde an 5 pr&ierabg.tgin,r{.e. thinner than the ring-shaped part and which
covers the innér opening of the "iing™ It théseparticles &re S8 UoWn &1 Bve- GrotmidWith their curved

side downwards 8R@observetspetpendiculbrlysram abeve sthegartidésevould Eotraspond to a shell

with a curved base; 10 semewhatisolid ke thick-upperedge and.arather thinnerbase in the area of
bove-descrihed embodiments 1 and 2 may

curvature. The_parti .according to the invention of the a

be produced by%%e%?tﬁ%%%ccsog&l% 1 %.ee%%%ﬁﬁoé%itﬁgﬁt%ﬁiﬁg fied 16 @ny™ 15’ Sarticular theory,
the inventors &eS5HtReé opinioR At IREREIRE cHidifiens ih-thEhaitialeharge/reattiorvsolution together
with the additién of the:siticate sejutiomasdeops-laad ta the drop-ofsilicate salution starting.{o

gel/precipitateimmegdiately at its surface . on 20, contact wi

EQ? acid,.the drop simultaneously being
deformed by the movement of the drop in the reaction soﬁ%onﬁniﬁéﬁé@mgﬁrﬁaD%%\én%%g on the

reaction-condiibhEiA $he RUEE BFGIOWET dr8p MdverTeRtiegoes RithsutSHyimgthat the "mushroom
head"-shapedspestictes 28 foemdhere, Wwheraasagquiekir drop movemerits lead instead to formation of

the "donut'-shapedparticles: The precipitation accerding te:the inveation-enablesithe, 09@&@%"“ of
roe

particles with ylferentéoohygggzé)ch mi'clal gr%exrgg% Since the gar,ticles of the above-desc 30
embodiments'T ("donute") and 2 Tmashrodm headsy aréPraying units, droplet

generators and prilling plates.

15 In a further particularly preferred embodiment, the initial
charge/precipitation suspension is set in motion, for
example by pumping or stirring, such that the flow
velocity, measured in a zone which is defined by half the
radius of the precipitation vessel # 5 cm and the surface

20 of the reaction solution to 10 c¢m below the reaction
surface, is from 0.001 to 10 m/s, preferably 0.005 to 8
m/s, particularly preferably 0.0l to 5 m/s, very
particularly 0.01 to 4 m/s, especially preferably 0.01 to 2
m/s and very especially preferably 0.0l to 1 m/s. Without

25  being tied to any particular theory, the inventors are of
the opinion that the incoming silicate solution is
dispersed only slightly immediately after entry into the
initial charge/precipitation suspension as a result of the

low flow velocity.

30 This leads to rapid gelation at the shell of the incoming
silicate solution drops or silicate solution streams, such
that on the one hand the formation of colloidal silica is
suppressed and the yield of filterable Si0; is greatly
increased and on the other hand a sufficiently rapid change

35 in pH is ensured, which 1s necessary if the high level of

purity is to be achieved.



already present before the washing step, the content of impurities may vary depending on whether the
particles are fufthet précessedEecording to steps d) and e) of the methed@aceorting ta desimyention.

- The present invention 35 thus provides both high purity silicon dioxide particles of the embodiments 1
("donuts™) and 2 ("mushroom heads") as 12 describédbelow in the text and silicon dioxide particles of
the embodiments 1 ("donuts"”) and 2 ("mushroom heads") which comprise greater proportions of
impurities on the basis of the intended subsequent application. In this case, 5 the proportion of
impurities may be comparable to conventional commercial precipitated silicas such as for example
Ultrasil 7000 GR foriEveaikeDéqassarG i of Zewsir¢165 MP from RhediaxChimsie. The present
invention also graviges preethed: inwhbichtheddhsilieon digxideparticles.accarding.to,step,q), i.e. the
above-describg]e]i"syiggn dri%jc,jg fpa(g&ljjcﬁlgs1 I% gmbodiments 1 ("donuts") and 2 ("mushroom heads"), are
produced or further progessea in at feast one ‘step. The silicon dioxide obtained according to step c) is
15 separated in step d) from the remaining, constituents of the precipitation suspension. Depending on

the filterability &f the Preciditste 2RhiCmay préced by EoriFemtionay filiationdtethdts afor example filter
presses or rotanysfiters skrnbwartoa persorpskilled intthe art. In the ease 20wf grecipitates which are

difficult to filtee, separation,may alse-procesd b sentrfugation apdlor by, decanting off the liquid
constituents o&he rei_cf@%gtigg nggggnsion. Once the S%Qérnatan,t has been separated of?, the
i

i
precipitate is washed, it b dGitablé wakRrghediuh tiEt tR& pH value

it being necessarﬁ tg%ngaree By 4
of the washind hfediirh diiting Wwashing andithus alsecthat efithessilivorpdioxideds dess than 2,

preferably less tharn 4.5, gaticmary-preferablyless than bovary particularly prefegably 0.5 and
especially, preferaply.0.001 1o 0 30 washing medium used is preferably the acidulant used in
steps a) and c) or mijktu%és therg%%]i%}%iﬁﬁe or 6%§1?ut% gﬁlr#ﬁ?% ch fb%%%} é%%g Ie*‘",’ foeit not

necessary, to 2t a EnElating Fedifeiit 16 thé WashingomeaiLRes: fo Stictieand the

surface of the reaction solution to 10 cm below the
reaction surface, of 0.001 to 10 m/s, preferably of 0.005
to 8 m/s, particularly preferably of 0.01 to 5 m/sg, very

15  particularly of 0.01 to 4 m/s, especially preferably of
0.01 to 2 m/s and very especially preferably of 0.01 to 1
m/s. It is furthermore pessible in this manner to produce
silicon dioxide particles which can very effectively be
filtered (see figures la and Za). In contrast, in those

20 methods in which an elevated flow velocity prevails in the
initial charge/precipitation suspension, fine particles

tend to form, which are very difficult to filter.

The present invention thereby also provides silicon dioxide
particles which preferably have an average particle size

25 dsp of 0.1 to 10 mm, particularly preferably 0.3 to 9 mm
and very particularly preferably 2 to 8 mm. In a first
specific embodiment of the present invention these =ilicon
dioxide particles are ring-shaped, i.e. they have a "hole"
in the middle {see figures la and 1b) and are thus

30 comparable in shape to a miniature "donut'. The ring-shaped
particles may adopt a largely round shape but also more of

an oval shape.

In a second specific embodiment of the present invention
these silicon dioxide particles have a shape which is

35 comparable to a "mushrcom head" or a "jellyfish". That is



13-precipitated silicon dioxide in a washing medium containing a chelating reagent with a
correspondingiigH ¥alu/ef@3f than 2, preferably of less than 1.5, partisulayhymretesatly of fgss than
1, very particularly preferably of 50.5 and especially preferably of 0.001 to 0.5. Preferably, however,
washing with the acidic washing medium proceeds immediately after separation of the silicon dioxide
precipitate without further steps being performed. Washing is preferably continued until the washing 10
suspension consisting of silicon dioxide according to step c¢) and the washing medium no longer has a
visible yellow/orange coloration. If the method according to the invention is performed in steps a) to d)
without additidiPofa peroxide-ahichoformsa Yellow/orange«caldredacaipatnic 25 withcH(Y) ions, a
small sample ehthewashing suspension muyst be:taken dyringgach washing step and combined with

an appropriatesQelrlocxii_qler.e'l'hci%ggoceggr IS %c,)crgguaed until the sample taken no longer has a visible
yellow/orange coloration after addition of the peroxide. it fust hefe be S0 erstired tat #FEHH value of

the washing meditiftand thud dlse thatwsi & silisos dioxide tp tothis poit imtithe is less than 2,
preferably less tharei s, particularly preferablysless thambvery particulary, preferably. Q.5 and
especially preferahly Q. 0 5T ilicon dioxide washed jn this manner is preferably further
washed with distilled wgt%%%% d%%)%i%éﬂq \;%vgteo n %ﬁr}ﬁte?r%le % e sfelpngl),'i.ei. et% 17 step d) and e),
until the pH vaI%E of HE Siliv6H Biciide BB s R PB%HHortheicondettvigrattad washing
suspension iss3Qikessdvavar équaltd HAStencpteferabyessthan-orequalto sr4s/em. This ensures

that any acid gesidues adhering to the silican digxidg have,been spfficiently removed. | In the case of
precipitﬁgﬁs which are difficu t{:[i%filter 35 or.wash, it may be advantageous to perform washing by 14

passing the waghing medftitt ttough the predifitatdRRonT bEIOUFE f6FexamprIRS clbbd-meshed

perforated baBRéte Allrof thewashingosteps maytpreferably be performed at temperatures of 15 to
100C. 5 In order to guarantee the indicator effect of the peroxide (yellow/orange coloration), it may be

advisable to atfoefupther peioxide: tagetidarwith the-washingsnedivm watilng: zbove-

described embodiments 1 and 2 may be produced by the method
according to the invention. Without being tied to any

15 particular theory, the inventors are of the opinion that
the acidic conditions in the initial charge/reaction
solution together with the addition of the silicate
solution as drops lead to the drop of gilicate solution
starting to gel/precipitate immediately at its surface on

20 contact with the acid, the drop simultaneously being
deformed by the movement of the drop in the reaction
solution/initial amount. Depending on the reaction
conditions, in the case of slower drop movement it goes
without saying that the "mushroom head"-shaped particles

25 form here, whereas guicker drop movements lead instead to

formation of the "donut"-shaped particles.

The precipitation according to the invention enables the
obtainment of particles with different physicochemical
properties. Since the particles of the above-described

30 embodiments 1 ("donuts") and 2 ("mushroom heads") are
already present before the washing step, the content of
impurities may vary depending on whether the particles are
further processed according to steps d) and e) of the
method according to the invention. The present invention

35 thus provides both high purity silicon dioxide particles of

the embodiments 1 ("donuts®) and 2 {"mushroom heads") as



yellow/orange coloration is any longer discernible and only  then to continue washing with washing
medium witho®tcd & pexice: Tde resultant high purity silicon dioxide can-ae gried endfeHRaE

~ processed. Drying may be carried out by means of any method known to a person skilled in the art, for
example belt dryers, tray dryers, drum dryers etc. 151tis advisable to grind the dried silicon dioxide in
order to obtain an optimum particle size range for further processing to solar silicon. The methods for
optional grinding of the silicon dioxide according to the invention are known to a person skilled in the
art and may be looked 20 up, for example, in Ullmann, 5th edition, B2, 5-20. Grinding preferably is
carried out in filfidized bed dpposedijst milts inordertoiminimizecar aviaiet Coataminatien efthe high

purity silicon digxide, with-metal abradedifromibe walls)of the, mill. Grinding harameters are 25
selected such %%%tctﬁe Cgegﬁul%a.nst E|anrticle have an averagge article size d50 of 1 to 100 4m, preferably
of 3 to 30 pm, ‘particularly preferably 6f'5 to 15 R THé SiitoR dioXides aécGiingto'the invention are
characterized fif-thet tieir E6rterf:6E30EAlGMITLTTaAIcUMS IO betwsem0.004 ppm andsppm,

preferably 0.0t ppm ta@2-pamnparticutasly-nrefesably0,02,t0 0 dyvenspadicularly preferably 0.05 to
0.8 and especijally. erably, 1 0.110.0.5 ppm h. boron_amaunts to less than 1 ppm, preferably
0.001 ppm to 0.0g\épéé%n%?%%iicg%r yzﬁg earlgbﬁ%?&}f :btﬁ% t%go.ﬁé %h%?gnal%fgﬂ gﬁrti dfarly
preferably 0.0F5ppnt fo 8. Afetufaneiits 5 Ressithar e ee@abtot ppm, DE64. ppm to 0.3

ppm, particulatlyqireferalily G0 Rippii to QBip@na and very particularly preferably 0.05 ppm to 0.2 ppm
10d. iron amounts to less than or equal to 5 ppm, preferably 0.001 ppm to 3 ppm, particularly

preferably 0.05pprpte 343pm andvery particularly-preferably Q,01 to 1 ppm, espacially preferably 0.01

ppm to Q.8 pp nd very.especially preferably 0.05 to 0.5 ppm e, nickel amounts to less than or equal
to 1 ppm, pre%%%? B.00 S%rlﬁ 9 é% i plfrfyp%srti&ﬁgﬁ); %%e%&%ra%?y 8 51 5th t0 ©:5 ppi&nd very

paﬂhubﬂy[H@Rﬁﬁﬁ?@ﬁ@@ﬁﬁﬁ?ﬁ)@3ﬂﬂﬁﬁn dioxide particles of embodiments 1

("donuts”) and 2 ("mushroom heads"), are produced or

further processed in at least one step.

The silicon dioxide obtained according to step ¢} is

15 separated in step d) from the remaining constituents of the
precipitation suspension. Depending on the filterability of
the precipitate, this may proceed by conventiocnal
filtration methods, for example filter presses or rotary
filters, known to a person skilled in the art. In the case

20 of precipitates which are difficult to filter, Separation
may alsc proceed by centrifugation and/or by decanting off

the liquid constituents of the precipitation suspension.

Once the supernatant has been separated off, the
precipitate is washed, it being necessary to ensure by a
25 suitable washing medium that the pH value of the washing
medium during washing and thus also that of the silicon
dioxide is less than 2, preferably less than 1.5,
particularly preferably less than 1, very particularly
preferably 0.5 and especially preferably 0.001 to 0.5. The
30  washing medium used is preferably the acidulant used in
steps a) and <) or mixtures thereof in dilute or undiluted

form.

It is optionally possible, albeit not necessary, to add a

cthelating reagent to the washing medium or to stir the



20f. phosphorus amounts to less than 10 ppm, preferably less than 5, particularly preferably less than
1, very particuledlyzireferablyQ:801 ppm to 0.099 ppm, especially prefesafly £:00bppa49s o g

- 0.09 ppm and very especially preferably 0.01 ppm to 250.08 ppm g. titanium amounts to less than or
equal to 1 ppm, preferably 0.001 ppm to 0.8 ppm, patticularly preferably 0.01 ppm to 0.6 ppm and very
particularly preferably 0.1 ppm to 0.5 ppm 30h. zinc amounts to less than or equal to 1 ppm, preferably
0.001 ppm to 0.8 ppm, particularly preferably 0.01 ppm to 0.5 ppm and very 16 particularly preferably
0.05 ppm to 0.3 ppm and in that the total of the abovementioned impurities plus sodium and
potassium ambuatsiteiless thans10 ppry preferdbly less thanadsppmgpasticulanlyreferablydess 5 than

3 ppm, very partigularly:preferably -5 0 3:ppm and-gspecially preferably 1.pprm ta 3 ppm.In contrast
to prior art silicc%%diq%(ideshsa%cr}g% or exa ple frotrq,WO 007/106860 Al, the method according to
the invention resuits inf siicon dioxides wiich exhibit ety high' p&ifity Lo With rédfard to a wide range of

impurities. The®RRfEpaktsilicbndiexidégatcarding v thednentiohemay herprésentihithe £
above-describedsfosng, kesm@asc E@QQ%"@E@@%@@BF&WQ&OVOQ% 'UEU%WO@%UG@@&@%WJ}V“C'GS or in

ConvennonaH%gag@g Unw§8ﬂ§¥8“$g%%.the acidic washing medium proceeds
immediately after separation of the silicon dioxide

precipitate without further steps being performed.

Washing is preferably continued until the washing

10  suspension consisting of silicon dioxide according to step
¢} and the washing medium no longer has a visible
yellow/orange coloration. If the method according to the
invention is performed in steps a) to d) without addition
of a peroxide which forms a yellow/orange colored compound

15 with Ti(IV) ions, a small sample of the washing suspension
must be taken during each washing step and combined with an
appropriate peroxide. This procedure is continued until the
sample taken no longer has a visible yellow/orange
coloration after addition of the peroxide. It must here be

20  ensured that the pH value of the washing medium and thus
also that of the silicon dioxide up to this point in time
is less than 2, preferably less than 1.5, particularly
preferably less than 1, very particularly preferably 0.5
and especially preferably 0.001 to 0.5,

25 The silicon dioxide washed in this manner is preferably
further washed with distilled water or deicnized water in
an intermediate step dl), i.e. between step d) and e),
until the pH value of the silicon dioxide obtained is 4 to
7,5 and/or the conductivity of the washing suspension is

30 less than or egual to 9 uS/cm, preferably less than or
equal to 5 pS/cm. This ensures that any acid residues
adhering to the silicon dioxide have been sufficiently

removead.

In the case of precipitates which are difficult to filter

35  or wash, it may be advantageous to perform washing by



15-may also be press-molded into granules or briquets using methods known to a person skilled in the
art. If the particles are QrarsTZi7 28. are present in conventional particle femsn: they sy, pretergply have
" an average particle size d50 of 1 to 100 4m, particularly preferably 3 to 30 4m 20 and very particularly
preferably 5 to 15 4m. The "donut"-or "mushroom head'-shaped particles are preferably present in an
average particle size d50 of 0.1 to 10 mm, particularly preferably 0.3 to 9 mm and very particularly
preferably 2 to 8 mm. 25 The high purity silicon dioxides according to the invention may be further
processed to yield high purity silicon for the solar industry. To this end, the silicon dioxides according

to the inventiopasay. be réaetedavithi highrpeitity: cattoncordiigh parityrsugars.cAppropriate methods are

known 30 to aipersqn skilled in.the-art for.examples from WO 2007106860, Al; The high purity silicon
dioxide may also serve as a high purity raw material for the production of high purity sﬁica glass for

optical waveguides Or g r 17 laboratories and electronics and as a starting material for
catalyst su ppg%gﬁan%gthl?%%g%%#gﬁl %f ﬁ%ﬁpp%n%? gilica %%%‘"f%g%glis]fﬁna Shices gﬁ E)urity silicon
(wafers). In addftiBrE1Re RighSpdrity SilicbA did®id€ can be used to 5 produce glass blanks, for
example "boules" glass moldings, for example "overcladding tubes- or "core rods", or as "“inner
cladding matefial" a fight wavemdides 10ecoreamatetint incplanaf\aveguides haeltimgoertcibles
optical lenses apdprisms and photomasksdiffraction:grids, electrical, thermal and magnetic insulators
15 vessels ang @Jpgﬁé%tuse& Ig{r j%%g cpggné%%l,e %he‘brrr%% C%Jtlcal ar%:t semiconductor mdulstry and solar

industry glass rods and glass tubes * ® washing medium until no
vellow/orange coloration is any longer discernible and only

then to continue washing with washing medium without

10 peroxide.

The resultant high purity silicon dioxide can be dried and
further processed. Drying may be carried out by means of
any method known to a person skilled in the art, for

example belt dryers, tray dryers, drum dryers etc.

15 It is advisable to grind the dried silicon dioxide in order
to obtain an optimum particle size range for further
processing to solar silicon. The methods for optional
grinding of the silicon dicxide according to the invention
are known to a person skilled in the art and may be looked

20 up, for example, in Ullmann, 5th edition, B2, 5-20.
Grinding preferably is carried out in fluidized bed
opposed-jet mills in order to minimize or avoid
contamination of the high purity silicon dioxide with metal
abraded from the walls of the mill. Grinding parameters are

25 selected such that the resultant particles have an average
particle size dsp of 1 to 100 um, preferably of 3 to 30 pm,
particularly preferably of 5 to 15 um.

The silicon dioxidesg according to the invention are

characterized in that their content of

30 &. aluminum amounts to between 0.001 ppm and 5 ppm,
preferably 0.01 ppm to 0.2 ppm, particularly
preferably 0.02 to 0.1, very particularly
preferably 0.05 to 0.8 and especially preferably



or ‘for coating of metals, plastic, ceramic or glass 20 as a filler in metals, glasses, polymers,
elastomers andxaatings tas agpwlishing agent for semiconductor materiat-angrel@ets ealaitcsiis
" lamps 25 carrier material in the production of solar cells. 18 Measuring methods: Determination of the
pH value of the precipitation suspension The methak based on DIN EN ISO 787-9, serves to
determine 5 the pH value of an aqueous suspension of silicon dioxide or the pH value of a largely
Si02-free washing fluid. Prior to carrying out the pH measurement, the pH-measuring instrument
(Knick, type: 766 pH meter Calimatic with temperature sensor) and the pH electrode (combination 10
electrode made by Schoft, fiypecN7680)thave to be calibrated using the buffer solutions at 20C. The
calibrating function should be selected such that the two buffer solutions used include the expected pH

value of the samples(buffes sotutionswithspi 4.0 aad:Q0, pH %R0 apd pH-159,00 andqeptionally pH
7.00 and 12.00). In step and d) t ue js determined.at 20C. In step c) measyrement
proceeds at the respecti%eﬁ%tnerglgeréa‘[?rn%gc};t&jt ere (?t?[oecnlgo uTtéli(%ﬂnl.yl'op r%%a%ﬁ%%%?é) g]H @gﬁjé) fHe
electrode is firstly rinsed §¥ with Yeibiizéd thatsi= thetP26 With Sorie obthrelisispension.drd is then
immersed in the suspensiom. ¢heé pbiBmeter displays a constant value, the pH value is read off from
the display. Determination of average particle size d50 of high purity

¢. calcium amounts to less than or egual to 1 P,

0.C0L ppm to 0.3 ppm, particularly preferably 0.01
ppm to 0.3 ppm and very particularly preferably
0.05 ppm to 0.2 pom

10 d. iron amounts to less than or egual to 5 ppn,
preferably 0.001 ppm to 3 ppm, particularly
preferably 0.05 ppm to 3 ppm and very particularly
preferably 0.01 to 1 ppm, especially preferably
.01 ppm to 0.8 ppm and very especially preferably

u

0.05 to 0.5 ppm

l._l

@. nickel amounts teo less than or equal to 1 ppm,
preferably 0.001 ppm to 0.8 ppm, particularly
preferably 0.C1 ppm to 0.5 ppm and very
particularly preferably 0.05 ppm to 0.4 ppm

20 £. phosphorus amounts to less than 10 ppm, preferably
less than 5, particularly preferably less than 1,
very particularly preferably 0.001 ppm to
0.099 ppm, especially preferably 0.001 ppm to
0.09 ppm and very especially preferably 0.01 rpm to

25 0.08 ppm

g. titanium amounts to less than or equal to 1 oom,
preferably 0.001 ppm to 0.8 ppm, particularly
preferably 0.0l ppm to 0.6 ppm and very
particularly preferably 0.1 ppm to 0.5 ppm

30 h. =zinc amounts to less than or equal toc 1 popm,
preferably 0.001 ppm to 0.8 ppm, particularly
preferably C.C1 ppm to 0.5 ppm and very



25 silicon dioxides for particle sizes smaller than 70 im with Coulter LS 230 laser diffraction instrument
Description: The&apgSlicatidonof ¢d&ser diffraction according to the Fraunhafer pxetet for detergining

- particle sizes is based on 30 the phenomenon that particles scatter monochromatic light in all
directions with a varying intensity pattern. This scattefifig is dependent on particle size. The smaller
the 19 particles, the larger the scattering angle. Procedure: Once switched on, the Coulter LS 230
laser diffraction instrument needs to warm up for 1.5 to 2.0 hours to obtain constant measured values.
The sample has to be very well shaken up prior to measurement. First of all the "Coulter LS 230"
program is started by douisieiclieking - Wheprdoing s ycdre Shoutdrbe takenitopgnsure that "Use
optical 10 bench" is activated and the display on the Coulter instrument displays "Speed off". Press the
"Drain" button and kieeptihpressed untitthe watet ir:the-measurementccellhasunaway, thes press

the "On" button.oathe FHuid ianster Ruma.and.a0ain kegp. L pregsed ynfil the water 15 1uns into the
' 'F

instrument overflow. Carry out this process twice in total. Then press the ‘Button. The program

starts up by itSETFArt fEmevesSasy A BubbleSHomtAs sySiehn the speed Beriy autbhmtically
increased>andithen décreasedvagain Ehe pumpingl sapacitissiéected farthe 203measurenaent must be

set. To tat thepeasurenertyselecibeasur gt Measying Gyci’, Measurementwiiout P0S
The measurement time amounts to 60 seconds, the waiting 25 time 0 seconds. Then the
computational médel forming the SHSECST the 15Ser it HioR 76 CBIEEtet #phiRciple, a background

measurement4$’ Bdrriedcsiit utdmatiballymicras evespnidbisgrement Aftenttrebackground
measurementthe sample must bedatioduceeh intasthenmeasusement cell cuntih 30,8 cgneentration of 8

to 12% @ofea%hfghTP@gE%’&d'%%teQ wide range of impurities.

The high purity silicon dioxides according to the invention
may be present in the above-described forms, i.e. as
"donut"-ghaped particles or as "mushroom head"-shaped
particles or in conventional particle form. However, they

15 may also be press-molded into granules or briguets using
methods known to & person skilled in the art. If the
particles are ground, i.e. are present in conventional
particle form, they may preferably have an average particle
size dsp of 1 to 100 um, particularly preferably 3 to 30 um

20 and very particularly preferably 5 to 15 upm. The "donut”-
or "mushroom head"-shaped particles are preferably present
in an average particle size dsy of 0.1 to 10 mm,
particularly preferably 0.3 to 9 mm and very particularly
preferably 2 to 8 mm.

25 The high purity silicon dioxides according to the invention
may be further processed to yield high purity silicon for
the sclar industry. To this end, the silicon dicxides
according to the inventiocn may be reacted with high purity
carbon or high purity sugars. Appropriate methods are known

30 to a person skilled in the art for example from WO
20077106860 AL,

The high purity silicon dioxide may also serve as a high
purity raw material for the production of high purity

silica glass for optical waveguides or glassware for



by the program, by "OK" appearing at the top. To finish click on "Ready". The program then carries out
all the necessarp stEIDitSEl7aMd; after measurement, generates a 20 particie sizedistsibutien for the

- sample investigated. Determination of average patrticle size d50 of "donut"- shaped or "mushroom
head"-shaped products 5 100 representative particles7are selected and the diameter of each particle
is determined under a light microscope. Since the particles may have an uneven shape, the diameter
at the point of largest diameter is determined. The average value of all the particle diameters
determined corresponds 10to the d50 value. Determination of dynamic viscosity of water glass using
falling ball viscbaléteEor The dyndnmié 9iscosint ofwatet glassis determined wsingra 45 falling ball

viscosimeter (Happley Viscosiseter.sThermo Haake), Rroeadsie Thewater glass.(approx, 45 cm3) is

charged bubbl E)fﬂee %génto the g%lﬁybe f.the falling ball viscosimeter (Thermo Haake, falling ball

viscosimeter C) to below the tube end and the %aﬁfTﬁér%lo FiARkEYbll ettype 8600182 ball 3,
density 6,K= 811 & gfchis; Yiambetst dideh 5599, Pallisperifidiconstantdea 0:090kEmMPa¥s*cm3/g)
is then 25sintreduggdc&he temperature of the viscosimeter is accurately adjusted to 200.03C by
means of a circulating thermostat (Jalubo 4). Prior to measurement the ball runs through the tube once

in order thoroughly tq;mix the,water glass, After apinterval of 15 minutes the first 30 measurement
begins. 21 The measuring part engages in a defined manner in the 10 position at the instrument foot.

By turning the meas Endgsgarrwlr Egh 180fthe ball is brought into the starting position for
measurement. The falling time t tﬁgo%%’theogm%}é%r&ﬁ% segffqer]f Eﬁ‘%%re}%rrgﬁge%sby fifeans of a

manual stopwatch. Theth8adiefent tiné Begins Wierfthadewes bask periphery tbuchesithe intended
top annular mark A, whichchasiesappear to the observer as a line. The measurement time ends when

the lower ball periphery reaches the lower 10 annular mark B, which has likewise to appear as a line.

By turning the measwing:=paid baek shrough 180, the hal-falls hack into the starting position. After an
interval of 15 minutes a second measurement takes place as described. Repeatability is ensured if the

measured values diffet from g crucipies

e optical lenses and prisms and photomasks

- diffraction grids, electrical, thermal and magnetic

insulators

15 « vessels and apparatuses for the chemical, pharma-~

ceutical and semiconductor industry and solar industry
« glass rods and glass tubes
or
* for coating of metals, plastic, ceramic or glass

20 » as a filler in metals, glasses, polymers, elastomers

and coatings

* ag a polishing agent for semiconductor material and

electrical circuits
« lamps

Z5 « carrier material in the production of solar cells.



15 -one another by no more than 0.5%. The dynamic viscosity of the water glass (1-1m11,) is
calculated in M@a*sCadeo6fding @6 the numerical value equation riwct, =KitaK S o 208adlepnstant:
- K =0.09010 mPa*s*cm3/g Ball density: OK = 8.116g/cm3 Water glass density: km. in g/cm3 t = time of
descent of ballins  with an accuracy of one decimagplace. 25 100 mPa*s correspond to 1 poise.
Determination of conductivity of washing medium The electrical conductivity of an aqueous suspension
of silicon dioxide, or the electrical conductivity of a 30 largely Si02-free washing fluid, is determined at
room temperature on the basis of DIN EN ISO 787-14. 22 Determination of flow velocity Flow velocity
is determined ¥§#neanisnet thetandiretric flow meter P-670-M with water flow probe from PCE Group.
The probe is positioned in an area of the reactor which is 5 defined widthwise by half the reactor radius
5 cm and heightwiserfiiona thieosurddce-bethstnitial amount/ presipitadionsuspensian to 10 cm below the
surface of the injtial.amount/precipitation suspension. The instructions for the meter should be
observed. 10 Determination of content of impurities: Description of method for determining trace
elements in silica by means of. high-tesolution inductively coupled plasma mass spectrometry
(HR-ICPMS) (Ha%%exr‘?é’z"f‘?Ce?poﬂ?ﬂ%i\%s%o%%@ 1SUT787=3, 'serves to determine

5 the pH value of an aqueous suspension of silicon dioxide or

the pH value of a largely SiO;~free washing fluid.

Prior to carrying out the pH measurement, the pH-measuring
instrument (Knick, type: 766 pH meter Calimatic with
temperature sensor) and the pH electrode (combination

10 electrode made by Schott, type N7680) have to be calibrated
using the buffer solutions at 20°C. The calibrating
function should be selected such that the two buffer
solutions used include the expected pH value of the sample
(buffer solutions with pH 4.00 and 7.00, pH 7.00 and pH

15 9.00 and opticnally pH 7.00 and 12.00).

In steps a) and d} the pH value ig determined at 20°C. In
step ¢} measurement proceeds at the respective temperéture
of the reaction solution. To measure the pH value, the
electrode is firstly rinsed off with deicnized water, then
20 with scme of the suspension and is then immersed in the
suspension. If the pH meter displays a constant value, the

pH value is read off from the display.

Petermination of average particle size ds, of high purity

25 silicon dioxides for particle sizes smaller than 70 um with

Coulter L8 230 laser diffraction instrument

Description:

The application of laser diffraction according to the
Fraunhofer mecdel for determining particle sizes is based on

30  the phenomenon that particles scatter monochromatic light
in all directions with a varying intenglity pattern. This

scattering is dependent on particle size. The smaller the



1-5 g of sample material are weighed out into a PFA beaker to an accuracy of 1 mg. 1 g of mannitol
solution (appré 2%)anes25:86 g of hydrofluoric acid (approx. 50%) areadded oAierdrief gvirling,

~ the PFA beaker is heated to 20 110C in a heating block, such that the silicon contained in the sample
slowly evaporates as hexafluorosilicic acid, the exced® hydrofluoric acid also slowly evaporating. The
residue is dissolved with 0.5 ml of nitric acid (approx. 65%) and a few drops of hydrogen peroxide
solution (approx. 25 30%) for roughly 1 hour and made up to 10 g with ultrapure water. To determine
the trace elements, 0.05 ml or 0.1 ml are taken from the digestion solutions, in each case transferred
into a polypropylenée safiple tibe, tentsimed With=30:0 Nemlotindiumi solution (c = 0.1 mg/1) as internal
standard and made up to 10 ml with dilute nitric acid (approx. 3%). The production of these two
sample solutions in different dilutions serves for internal quality 23 assurance, i.e. verifying whether
errors have been made during measurement or sample preparation. In principle, it is also possible to
work with justsnecsaraple ;solution. Four calibration solutions (¢ = 0.1; 0.5; 1.0; 5.0 4g/1) are produced
from multielement stock solutions (c = 10 mg/1) containing all the elements to be analyzed apart from

indium, again with.the, addition;of 0.1 mj of |@ ' ggluﬁi n{¢ ~ 0.1 mg/1) to make up to a final volume
of 10 ml. In addition, blank solutions are prod%% with g.1%%P1%%?ﬁ%it%rjﬁ%s%ﬁ%%l@n: 0.1 mg/1) to

make up 1o a FRENVOITIFR O 1FME TiR dRRRertRonfsntd inftheDlank, diBratiorcarrdsarnple
solutions are quasstified-using HigleResolution IndhetivelynCouplegMass Spectienetiy (HR-ICPMS)

and external 15 galibration Measurement proceeds with a.mass fesolution ¢m/Am) of at least 4000 or

10000 for theféergglatls potassium, arsenic and selenium. _ The following examples are intended to

illustrate the présént invertiof in gréstet detaif butHot t it itin 20 ariFmafier: chiiparative
example 1 Ori-theShasis B eranpledl lbf W00 7HH06860uA1397H6 g Sisaterptaissy(27.2 Wt.% Si02

and 8.01vt.% azéd)were mixeth2a with22042:-4 8 of detonizedwatele The diluied water glass was
then passed t it infernal diameter of 41 mm and g, length of 540 mm, filled with
700 ml (500 g%%%eﬁ%ﬁﬁ%ﬁlm gﬁ%leé;%ggin cr\%v%er'. A %&Fiiga?n?n ai.% nglueg&tg?ggter than 10

was measurefl tﬁ@%@hﬁﬁnpreSSed until the water in the measurement cell

has run away, then press the "On" button on the Fluid
Transfer Pump and again keep it pressed until the water

18  runs into the instrument overflow. Carry out this process
twice in total. Then press the "Fill" button. The program
starts up by itself and removes any alr bubbles from the
system, the speed being automatically increased and then
decreased again. The pumping capacity selected for the

20 measurement must be set.

To start the measurement, select “Measurement® "Measuring

cycle®,
Meagurement without PIDS

The measurement time amounts to 60 seconds, the waiting

25 time 0 seconds. Then the computational model forming the
basig of the laser diffraction is selected. In principle, a
background measurement is carried out automatically prior
to every measurement. After the background measurement the
sample must be introduced into the measurement cell, until

3C a concentration of 8 to 12% is reached. This is indicated
by the program, by "OK" appearing at the top. To finish
click on "Ready™. The program then carries out all the

necesgary steps itself and, after measurement, generates a



30-outlet, meaning that at this point the first water glass has passed through the column. A sample
totaling 981 g efcpurifietiAvater giass, taken between the 50th and 74th piRyteswas Kged fgrgthe

- further tests. WO 2010/037705PCT/EP2009/062508 24 The analytical data for the water glass before
and after purification may be found in table 1 below: Zable 1: Impurity Content in Water glass
upstream of ion exchanger Water glass downstream of ion exchanger Aluminum ppm 31 31 Boron

particle size distribution for the sample investigated.

Determination of average particle size ds, of "donut"-

shaped or "mushroom head"-shaped products

5 100 representative particles are selected and the diameter
of each particle is determined under a light microscope.
Since the particles may have an uneven shape, the diameter
at the point of largest diameter is determined. The average
value of all the particle diameters determined corresponds

10 to the dsy value.

Determination of dynamic viscosity of water glass uging

falling ball viscosimeter

The dynamic vigecosity of water glass is determined using a
15 felling ball viscosimeter (Hoppler Viscosimeter, Thermo
Haake) .

Procedure

The water glass (approx. 45 cm’) is charged bubble-free

20 into the fall tube of the falling ball viscosimeter {Thermo
Haake, falling ball viscogsimeter C) to below the tube end
and the ball (Thermo Haake, ball set type 800-0182, ball 3,
density &k = B.116 g/cm’, diameter dy = 15.599 mm, ball-
specific constant K = 0.09010 mPa*s*cm’/g) is then

25 introduced. The temperature of the viscosimeter is
accurately adjusted to 20%0.03°C by means of a circulating
thermostat (Jalubo 4). Prior to measurement the ball runs
through the tube once in order thoroughly to mix the water
glass. After an interval of 15 minutes the first

30 meagsurement begins.



ppm < 1 < 1 Calcium ppm 3 Iron ppm 8 7 Nickel ppm <0.3 <0.3 Phosphorus ppm < 10 < 10 Titanium
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25

30
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The measuring part engages in a defined manner in the 10°
position at the instrument foot. By turning the measuring
part through 180° the ball is brought into the starting
position for measurement. The falling time £ through the
measuring section A-B is determined by means of a manual
stopwatch. The measurement time begins when the lower ball
periphery touches the intended top annular mark A, which
hag to appear to the observer as a line. The measurement
time ends when the lower ball periphery reaches the lower
annular mark B, which has likewise to appear as a line. By
turning the measuring part back through 180°, the ball
falls back inte the starting position. After an interval of
15 minutes a second measurement takes place as described.
Repeatability is ensured if the measured values differ from

one another by no more than (.5%.

The dynamic viscosity of the water glass (fNug) is
calculated in mPa*s according to the numerical value

egquation
Nwar, = K* {&x—-Cyer) *t

Ball constant: K = 0.09010 mPa*s*cm’/g
Ball density: 3¢ = 8.116g/cn’

Water glass density: Syen in g/com’

t = time of descent of ball in s

with an accuracy of one decimal place.

100 mPa*s correspond to 1 poise.

Determination of conductivity of washing medium

The electrical conductivity of an aguecus suspension of
silicon dioxide, or the electrical conductivity of a
largely S1i0;-free washing fluid, is determined at room
temperature on the basis of DIN EN IS0 787-14.



ppm 8 2 Zinc ppm <1 <1 5 The data from table 1 show that the step described as essential in WO
2007/106860 Adaof porifying tirswater glass over Amberlite IRA 743 doesRotavedVogreas purifying
- effect with conventional commercial water glass and merely brings about a slight improvement in
titanium content. 10 The purified water glass was further processed as per example 5 of WO
2007/106860 Al to yield Si02. To this end, 700 g of the water glass were acidified with 10% sulfuric
acid in a 2000 ml round-bottomed flask with stirring. The initial pH value was 11.26. After the addition
of 110 g of 15 sulfuric acid, the gelling point was reached at pH 7.62 and 100 g of deionized water
were added s@P&s s re-pstablish sfirrébitity ofthesiispension. After the addition of a 25 total of 113 g
of sulfuric acid, a pH value of 6.9 was reached and stirring was carried out for 10 minutes at this pH

value. Thereafterdilteriagarvas perfermed using-#:450 mmdiameter Bychner, funnel. The pradyct was

very difficult to 5 filter. After washing five times with in each case 500 ml of deionized water,
conductivity was 140 S/ctrﬁ? b?ﬁg r‘gé%u%arﬁ?fﬁt%?(\:lg e ‘\“/Tva%rétr]ﬁa% for 9% d4ys 8F T85C i A%irculating air
drying cabinetP% Pefhg! Fossisietd Gbeain 25,479 GHary préducteT e analyticallrestits may be found 10
in table 25Exafeléd=@cearting tosthedpveatian) 2500:¢ 9F:16.3% sulfuric acid ang 16,9 of 35% H202

were introducedd o, 3000 L beaker(diameter 152ma, height 15 210 mm) and 750 g of water

glass (8.05% Na20, 26.7% . ' .
amount/precipitation guspension to 10 cm below the surface

of the initial amount/precipitation suspension. The

instructions for the meter shcould be observed.
10

Determination of content of impurities:

Degcription of method for determining trace elements in

silica by means of high-resclution inductively coupled

plasma mass spectrometry (HR-ICPMS) (as per test report
15 AQB0007580)

1-5 g of sample material are weighed out into a PFA beaker
to an accuracy of * 1 mg. 1 g of mannitol solution {approx.
1%) and Z5-30 g of hydrofluoric acid (approx. 50%) are
added. After brief swirling, the PFA beaker is heated to
20 11C6°C in a heating block, such that the silicon contained
in the sample slowly evaporates as hexafluorosilicic acid,
the excess hydrofluoric acid also slowly evaporating. The
residue is dissolved with 0.5 ml of nitric acid (approx,
65%) and a few drops of hydrogen peroxide solution {(approx.
25 30%) for roughly 1 hour and made up to 10 g with ultrapure

water.

To determine the trace elements, 0.05 ml or 0.1 ml are
taken from the digestion solutions, in each cace
transferred into a polypropylene sample tube, combined with
20 0.1 ml of indium solution (¢ = 0.1 mg/l) as internal
standard and made up to 10 ml with dilute nitric acid
{approx. 3%). The production of these two sample golutions

in different dilutionsg serves for internal quality



density 1.3505 g/ml, viscosity 0.582 poise) were added dropwise with slow stirring. The stirrer speed
was 50 rpm. Deking drdpwise7addition, gelled particles formed immediatety jeirecshapesofsmashroom
~ heads (jellyfish 20 shape) and fell to the bottom. The structures are thin-walled and sedimented very
well. The supernatant solution developed a yellow caiér and does not exhibit any cloudiness. After
completion of water glass addition, stirring was continued for 20 minutes at 50 rpm. 25 The suspension
was worked up by decanting the supernatant solution. A mixture of 1000 ml of deionized water and 50
ml of 96% sulfuric acid was added to the solid material and heated to over 70-80C in a heating bath.
After the suspéfisibhdaeiccooled dowrrsorréwhaty tive BOsupermatant sohatidrewas:decanted again.
This procedurewasiepeated.tesn-dimes. cthengdilutionwas perormed with i?ﬁﬁ?@i?ﬁ@,lqoé) ml
Portions of deijpsni%eldggategsaglng%catnct)in%ovgas \%grg rmed 26 until a %H value of 5.5 was reached.
Then further washing wa$ performed Until a conductivity'of 1S/ém ®a8Rstabi8REd Al product was

dried overnight in a porcelain dish at 5 105C in a circulating air drying cabinet. 193 g of dried product

were obtained. CafreSpondihg 1o Xy i S oEa%:. Sonte bf the shrfipleivds séntforaralysis. Table 2
Impurity €ontentinibi0Zas gér ComparativeieXampletl stock solutions (¢ = 10

mg/L) containing all the elements to be analyzed apart from

indium, again with the addition of 0.1 ml of indium

solution (¢ = 0.1 mg/l) to meke up to a final volume of 10

ml. In addition, blank solutions are produced with 0.1 ml
10 of indium solution (¢ = 0.1 mg/l) to make up to a final

volume of 10 ml.

The element contents in the blank, calibration and sample
solutions are guantified using High-Resolution Inductively
Coupled Mass Spectrometry {HR-ICPMS) and external

15 calibration. Measurement proceeds with a mass resolution
(m/Am} of at least 4000 or 10000 for the elements

potassium, arsenic and selenium.

The following examples are intended to illustrate the
present invention in greater detail, but not to limit it in

20 any manner.

Comparative example 1

On the basig of example 1 of WO 2007/106860 Al 397.6 g of
water glass (27.2 wt.% 510, and 8.0 wt.% Na,0) were mixed

25  with 2542.4 g of deionized water. The diluted water glass
wag then passed through a column with an internal diameter
of 41 mm and a length of 540 mm, filled with 700 ml (500 o1
dry weight) of Amberlite IRA 743 in water. After 13.5 min a
pi value of greater than 10 was measured at the columm

30  outlet, meaning that at this point the first water glass
has passed through the column. A sample totaling 981 g of
purified water glass, taken between the 50th and 74th

minutes, was used for the further tests.



Si02 according to the invention as per example 1 Aluminum ppm 720 < 5 Boron ppm 1 < 1 Calcium
ppm 42 < 1 IrodpEadTOaB 7705

16

15

24

PCT/EP2009/062508

The analytical data for the water glass before and after

purification may be found in table 1 below:

Table 1:

Impurity Content Water glass Water glass
in upstream of ion downstream of

exchangexr ion exchanger

Aluminum Dpm 31 31

Boron ppm < 1 < 1

Calcium opm 3 3

Iron pom 8 7

Nickel pPRm < 0.3 < 0.3

Phosphorus npm < 10 < 10

Titanium pRm 8 2

Zinc ppm < 1 < 1

The data from table 1 show that the step described as

egsential in WO 2007/106860 Al of purifving the water glass

over Amberlite IRA 743 does not have any great purifying

effect with conventional commercial water glass and merely

brings about a glight improvement in titanium content.

The purified water glass was further processed as per
example 5 of WO 2007/106860 Al to yield S8i0,. To this end,

700 g of the water glass were acidified with 10% sulfuric

acid in a 2000 ml round-bottomed flask with stirring. The

initial pH value was 11.26. After the addition of 110 g of

sulfuric acid, the gelling peint was reached at pH 7.62 and

100 ¢ of deionized water were added so ag to re-establish

stirrability of the suspersion. After the addition of a



Nickel ppm <0.3 0.8 Phosphorus ppm < 10 < 10 Titanium ppm 57 <0.5 Zinc ppm <3 <1 Sodium ppm

6800 < 10

10
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20

25
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total of 113 g of sulfuric acid, a pH value of 6.9 wag
reached and stirring was carried out for 10 minutes at this
pH value. Thereafter filtering was performed using a 150 mm
diameter Blichner funnel. The product was very difficult to
filter. After washing five times with in each case 500 ml
of deionized water, conductivity was 140 uS/cm. The
resultant filter cake was dried for 2.5 days at 105°C in a
circulating air drying cabinet, it being possible to obtain
25.4 g of dry product. The analytical results may be found
in table 2.

Example 1 (according to the invention)

2500 g of 16.3% sulfuric acid and 16 ¢ of 35% H.0, were
introduced into a 3000 ml beaker (diameter 152 mm, height
210 mm) and 750 g of water glass (8.05% Nay0, 26.7% Si0,
density 1.3505 g/ml, viscosity 0.582 poise) were added
dropwise with slow stirring. The stirrer speed was 50 rpm.
During dropwise addition, gelled particles formed
immediately in the shape of mushroom heads (jellyfish
shape) and fell to the bottom. The structures are thin-
walled and sedimented very well. The supernatant solution
developed a yellow color and does not exhibit any
cloudiness. After completion of water glass addition,

stirring was continued for 20 minutes at 50 rpm.

The suspension was worked up by decanting the supernatant
solution. A mixture of 1000 ml of deionized water and 50 ml
of 96% sulfuric acid was added to the solid material and

heated to over 70-80°C in a heating bath.

After the suspension had coocled down somewhat, the
supernatant solution was decanted again. This procedure was

repeated ten times.

Then dilution was performed with in each case 1000 ml

portions of deionized water and decanting was performed



Potassium ppm 34 < 10 10 The results from table 2 show that, although the silicon dioxide obtained in
the comparativéedrhpledsss’a ow boron and phosphorus content, as disglasegdn $YQ203074106860
- Al, the content of other impurities is so high that the silicon 27 dioxide is not suitable as a starting
material for producing solar silicon. The silicon dioxidesproduced by the method according to the
invention has an impurities content of less than 10 ppm on 5 the basis of the polyvalent elements iron,
titanium and aluminum, which are the most difficult to remove. Table 2 also indicates that the impurity
levels of elements which are critical in the production of solar silicon are also within an acceptable
range. It is thugrelédr thaboneran10 fo the teachingpefthe prioFlast;: it is possiblesaysthiermethod
according to the: vestioawithoutra-chelating reagent-er ¥singson gxehangg columns, to produce
from conventiqnal co lmlgg:éal water glass and conventional commercial sulfuric acid a silicon dioxide
which is highly 15 suitable as a starting material for solar silicon thanks to its impurities profile. 28

Claims 1.Methqﬁ:l for the, production of high purity silicon dioxide comprising the following steps a.
mnducMgEM1%'Eﬂ%ﬁgﬁﬁ§gf§W§Cﬁﬁﬁﬁﬁ;&Nernlght in a porcelain dish at
5

105°C in a circulating air drying cabinet. 193 g of dried
product were obtained, corresponding to a vield of 96.4%.

Some of the sample was sent for analysis.

Table 2

Impurity Content 310; as per 810, according to
in comparative the invention as

example 1 per
examples 1

Aluminum ppm 720 < B

Boron pom 1 < 1

Calcium ppm 42 < 1

Iron pem 170 2

Nickel Dpm < 0.3 0.8

Phosphorus pom < 10 < 10

Titanium pPm 57 < 0.5

Zinc ppm < 3 < 1

Sodium pom 5800 < 10

Potassium DR 7 34 < 10

10 The results from table 2 show that, although the silicon
dioxide obtained in the comparative example has a low boron
and phosphorus content, as disclosed in WO 2007/106860 Al,

the content of other impurities is so high that the silicon



5an acidulant with water, with a pH value of less than 2, preferably less than 1.5, particularly preferably
less than 1, vefp paftictldrB/7greferably less than 0.5 b. providing a silicatersatetiamwith @ dseosity of

~ 100.2 to 2 poise c. adding the silicate solution from step b) to the initial charge from step a) in such a
way that the pH value of the precipitation suspensior2femains at all times at a value of less than 2, 15
preferably less than 1.5, particularly preferably less than 1 and very particularly preferably less than
0.5 d. separating and washing the resultant silicon dioxide, the washing medium having a pH value of
20less than 2, preferably less than 1.5, particularly preferably less than 1 and very particularly
preferably les$'#HaRi0'8. eésdfyirg thelrestanesilicorsdioxideng. Mettrod adcarding to Claim 1,

characterized jn-that the @ 5SHow aelagity «of dhe initial charge or of the precipitation suspension in the
reactor amounts to 0.001 to 10 m/s. 3. Method according to Claim 1 or Claim 2, characterized in that,

in addition to theacidulapt, theinitial s30 amount insstep a);alsQ contains a peroxide, which under
acidic conditions combines with titanium(lV) ions to tg)lr’;m a yellow Eﬁgr%g%gr%rp%(ﬁﬁg.vé@ 2El]\ﬁethod

according to one of Claits 115 FehaPkiterzedm thatteraddifon - 6Fthe Sifeaté SokEdN I step c)
proceedsiin thaiethésiicatecsoliiion enteys thesinitiad Thargeand/ephprecipitation:suspension as
drops, preferablyiinisuch, a waythakihe silicate selutiends applied into the inifial charge usjng a

suitable dispensing unit, particularly preferably,in such a way that the application is carried out b
means ofdin%j?l%#lgmdfcaées b{lgt 2 ylmpumty Lvels of pe?lements which Y

are critical in the production of solar silicon are also
within an acceptable range. It ig thus clear that, contrary
10  to the teaching of the prior art, it is possible by the
method according to the invention, without a chelating
reagent or using ion exchange columns, to produce from
conventional commercial water glass and conventional
commercial sulfuric acid a silicon dioxide which is highly
15  suitable as a starting material for solar silicon thanks to

its impurities profile.



10units mounted outside the initial charge/precipitation suspension and/or by means of dispensing
units immersetidn Bt iitied tharge/precipitation suspension. 5. Methodesaeeording do ppe pfgdaims 1

- to 4, 15characterized in that the silicon dioxide particles obtained after step c) are ring-shaped or take
the form of a mushroom head, i.e. a ring-shaped baskgstructure whose internal hole is covered by a
layer of silicon dioxide curved to one side. 20 6.Method according to one of Claims 1 to 5,
characterized in that no further steps are carried out between step c), separation of the silicon dioxide
and washing with a washing medium with a pH value of less than 2, preferably less than 1.5,
particularly 25pfefersbly less than 1 and very particularly preferably less then 0.5. 7Method according
to one of Claims 1 to 6, characterized in that, after washing with a washing medium with a pH value of
less than 2, preferably-dess 30than Lhepatticalarly:preferablyless than:kand very-particularly
preferably less than Q.f itio ing takes.p ith. distilled water, until the pH value of the
resultant silicon dioxi%goig%gt% ;]?na%%%r%%é c%%%uggc?v%ltly\% gf‘Jiﬁg V\/S:Es%?nsg suspension is 35less than or
equal to 9 4S/cm, preferabl }%55 than or 30 equal.to,5 gS/cm. 8.Method according to one of Claims 1

to 7, chagacterized i that tRe adidutat comprides RydrocRIBAE atid, PRo&FHETE &8, nififc acid,

an acidulant with water, with a pH value of less
than 2, preferably less than 1.5, particularly
preferably less than 1, very particularly
preferably less than 0.5

b. providing a silicate solution with a viscosity of
10 0.2 to 2 poise
c. adding the silicate solution from step b) to the

initial charge from step a) in such a way that
the pH value of the precipitation suspension
remaing at all times at a value of lessg than 2,

15 preferably less than 1.5, particularly preferably
less than 1 and very particularly preferably less
than 0.5

d. separating and washing the resultant silicon
dioxide, the washing medium having a pH value of
20 less than 2, preferably less than 1.5,
particularly preferably less than 1 and very
particularly preferably less than 0.5.

. drying the resultant silicon dioxide.
2. Method according to Claim 1, characterized in that the
25 flow velocity of the initial charge or of the

precipitation suspension in the reactor amounts *to
0.001 to 10 m/s.

3. Method according to Claim 1 or Claim 2, characterized
in that, in addition to the acidulant, the initial
30 amount in step a) also contains a peroxide, which
under acidic conditions combines with titanium(IV)

ions to ferm a yellow/orange compound.



5sulfuric acid, chlorosulfonic acid, sulfuryl chloride or perchloric acid in concentrated or dilute form or
comprises mixtired ®f e aBdvé-stated acids. 9Method according to oneraf/Gleims d 04508

" characterized in that the method does not comprise a 10calcining step. 10. Silicon dioxide,
characterized in that it is ring-shaped in form. 11. Siligén dioxide, characterized in that it takes the form
of a mushroom head, i.e. a ring-shaped basic 15structure whose internal hole is covered by a layer of
silicon dioxide curved to one side. 12. Silicon dioxide, preferably according to either of Claims 10 and
11, characterized in that the content of a.aluminum is between 0.01 and 5 ppm 20b.boron is less than
1 ppm calciuntis les3&drror equst 1 irpprie. iroa is fessithamoer equal t,5 ppm e. nickel is less than

or equal to 1 ppm f. phespherus-isless than-khppm-25g Litanium is,less than of equal.to 5 ppm h.zinc is
less than or equal to (ﬁ and in thatthe tostal of th (E)ovemenltqoned impurjties plus sodium and

potassmm amounts to less %han i_61 ne swlicate
solution @nters the initial charge and/or

5 precipitation suspension as drops, vreferably in such
a way that the silicate solution is applied into the
initial charge using a suitable dispensing unit,
particularly preferably in such a way that the
application is carried out by means of dispensing

i0 units mounted outside the initial charge/precipitatcion
suspension and/or by means of dispensing units

immersed in the initial charge/precipitation

suspension.
5. Method according to one of Claims 1 to 4,
15 characterized in that the silicon dioxide particles

obtained after step c¢) are ring-shaped or take the
form of a mushroom head, i.e. a ring-shaped basic
structure whose internal hole ig covered by a layer of

gilicon dioxide curved to one sgide.

20 6. Method according to one of Claims 1 to 5,
characterized in that no further steps are carried out
between step c), separation of the silicon dioxide and
washing with a washing medium with a pH value of less
than 2, preferably less than 1.5, particularly

25 preferably less than 1 and very particularly
preferably less then (0.5.

7. Method according to one of Claims 1 to 6,
characterized in that, after washing with a washing
medium with a pH value of less than 2, preferably less

390 than 1.5, particularly preferably less than 1 and very
particularly preferably less than 0.5, additional
washing takes place with distilled water, until the pH
value of the resultant silicon dioxide is 4 to 7.5
and/or the conductivity of the washing suspension is

35 less than or equal to 9 pS/cm, preferably less than or



31 13. Silicon dioxide according to one of Claims 10 to 12, characterized in that it has an average
particle size d3@oROAMOOEF M.  14. Silicon dioxide obtainable usingceemeshod ageqrditgsto 5one

"~ of Claims 1 to 9. 15. Use of the silicon dioxide according to one of Claims 10 to 14 for the production of
elemental silicon or as a high purity raw material for the production of high purity silica glass for optical
waveguides or 10glassware for laboratories and electronics or as a starting material for the production
of high purity silica sols for polishing slices of high purity silicon (wafers) or for production of glass
blanks, for example "boules" or for production of glass 15moldings, for example "overcladding tubes"
or "core rods", or as ‘§ARéricladdinguhdierial” in light waveguides or for production of core material in
planar waveguides or for production of melting crucibles or for production of optical lenses and

20prisms and photorasksoar for peadiiction:af diffractién gratings, eleetsical, thermal and magnetic
insulators, or for production of vessels and %@%agat&ggsaiggm?lc?%gnig%h Ig%armaceutical and
of g S

. . : 1LsSes
semiconductor industry and saolar industry, or for production ass ro and glass tubes, or for

coating of metals, plASfeT CEFAMIEOF Ji4S<! or BRAERIEHin Métalsdglasses isolgmiers, elastomers and
coatings,or as a polishinfuagent for. semicohducter hiaterial and: electicakcirstitsevr farpreduction of

lamps or as a carrier30material in.the preduction ofsplarcells. o or dilute form or

comprises mixtures of the above-stated acids.

9. Method according to one of Claims 1 to 8,
characterized in that the method does not comprise a

10 calcining step.

10. Silicon dioxide, characterized in that it is ring-

shaped in form.

11. Silicon dioxide, characterized in that it takes the
form of a mushroom head, i.e. a ring-shaped basic
15 structure whose internal hole ig covered by a laver of

gilicon dioxide curved to one side.

12. ©Silicon dioxide, preferably according to either of

Claims 10 and 11, characterized in that the content of

a. aluminum is between 0.01 and 5 ppm

20 h. boron is less than 1 ppm
c. calcium is less than or equal to 1 ppm
d. iron is less than or equal to 5 ppm
a. nickel is less than or equal to 1 ppm
f. rhosphorus is less than 1 ppm

25 g. titanium is less than or egual te 5 ppm
h. zinc is less than or egual to 1 ppm

and in that the total of the abovementioned impurities

plus sodium and potassium amounts to less than 10 Dpm,
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13.

14.

15.

31

Silicon dioxide according to one of Claims 10 to 12,
characterized in that it has an average particle size

d50 cof 0.1 to L0 mm.

Silicon dioxide obtainable using a method according to

one of Claims 1 to 9.

Use of the silicon dioxide according to one of Claime
10 to 14 for the production of elemental silicon or as
a high purity raw material for the production of high
purity silica glass for optical waveguides or
glassware for laboratories and electronics or as a
starting material for the production of high purity
silica sols for pclishing slices of high purity
silicon {waferg) or for production of glagss blanks,
for example “boules” or for production of glass
moldings, for example “overcladding tubes” or “core
rods”, or as “inner cladding material” in light
waveguides or for production of core material in
planar waveguides or for production of melting
crucibles or for production of optical lenses and
prisms and photomasks or for production of diffraction
gratings, electrical, thermal and magnetic insulators,
or for production of vessels and apparatuses for the
chemical, pharmaceutical and semiconductor industry
and solar industry, or for production of glags rods
and glass tubes, or for coating of metalsg, plastic,
ceramic or glass, or as a filler in metals, glagsses,
polymers, elastomers and coatings, or as a polighing
agent for semiconductor material and electrical
circuits, or for production of lamps or as a carrier

material in the production of solar cells.



