Method for producing high-purity Si02 from silicate solutions The present invention relates to a novel
method for the production of high purity Si02 from silicate solutions, to 5 a novel high purity Si02 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 some 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 Sietief&atetiod devedpednyeh bolyerny dgy. Rithis irthod silitoatsfirstly reacted with
gaseous hydreger ehlgride 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 pregence of hydrogen by reyersal of the abgve repction qn beated superpure silicon rods

at 1000-1200C. In the process, the elemental silicon grows onto the rods and the liberated hydrogen

chloride is 25 YeGrEtRa Shiton tétradhisrde afsés a5 By Srodtiee His EitheF ety cdiverted into
trichlorosilanezamd vetliriecto theprosessior combuistecsinean. Gxygenflame tte yietd pyfogenic silica.
A chlorine-freg,altefnativeto the abaye 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 surfacgs or ]g_;p( E%%,_sgggghr fgﬂg}szgg bgd reactors. Examples t reoé may_be found in WO
2005118474 Al. 2 Thepol crystaﬁingbgbsnicon (pofysﬁi%pﬁ?o fainec %t‘ﬁ%xvga%%l é}sc%bed above is

suitable for thefodu SFpdidts RRBThEEL BURE) GFBvel 9905vhy HEWRVER tRe
above-descrilved:methdds drendrg:complex andenesgy:<d inténsive, istichdhbatthere isseensjderable

need fof @ cheaper; mare gfficignt mgthod-of praducing salarsilicon, Sinegsgilicate solutions are
available in ve I%r e g%antities sla vte:g/ gexger&swe &aw rréatel[llal, there has been no shortage in the
past of attemB 195 pr8 GEEgigELs e 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 years 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 silicon grows
onto the rods and the liberated hydrogen chloride is

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

vield pyrogenic silica.

A chlorine-free alternative to the above method is the

30  decomposition of monosilane, which may likewise bhe 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.



10 from silicate solutions and convert 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 a 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 20 disadvantage that they involve a
very complex working up procedure. It has additionally been found that the precipitates obtained after
precipitation aféén part diffipglt td filteve Finally cadditiondh.cosis. amincoired fortheichetating reagent

and separationdheregt rom the25 silicen dioxidg. W1 2007/106860 Al prapases;a method in which
first of all phoséj% orus andle oron ”BPHQE&E% areurgmovedffrom wact;%g SS ar;{d an acid by jon exchange
columns, after w ich the water gi%tss and acid are réacted o’ 3e/|“el i02” This 8162756 ts thef reacted
with carbon ta¥ielecelefertalafieone Fhrcmethod as thecdisadvihtage tisatgtimarily only boron and
phosphorus imptirties: are, elimisateg-omdhe watek glass siaerder te-obtaim sufficiently pure solar
silicon, howev, lic impurit] e icylar-alse to be 35 separated out, WO
2007/106860/&%11 %%?%és in?his‘%%?&%ﬁ?é%cﬁﬁﬁgf Fg% eg&l(t:) ange c%lusfﬁ?\isal"n t%%%‘r%%élss.
However, 3 thjs results in.a very co glex, expensive proces with a low space-time yield. There is
thus still a ne&d 6t an-&fficieht and i )Fp]e%%%/eaﬁ%thaooaé%l%aﬁcihﬁ RiGH Burify Sfcon dioxide which
may 5 be usedérthepregdustor o satdr silicsmatwasaccerdinglyemniotject:dfthe gresent invention
to provide a newebmethagkfor the;productinn of high puritysilisen:dioxdeyhieh, tacks gt Jeast some of
the d|said(z/)ant@gcgj%noggL 1 c%ve-stai%dcmethods ar %Xhlblts ;:helniw: 10 oncl)y to. a Jlnesser}glegree. It was

also an object to provide novel hisg% purjl't?/% icon dioxide wWhich is ﬁélrﬁculsaﬁy well suited to the

production of 6Bt SititBh - FERFer S5EERRhicHAFE AoE ekpisiy st darcreeardisy tHe overall
context of thedfoRGWwingédescriptibn céxamples andi Eaataimss T hese @bjects atesackieved by the

method descgpediinthe, i aulant at a low pH value of the reaction

solution to yield $i0,. This Si0; was then filtered, washed

15  with water, resuspended in a mixture of acid, water and a
chelating reagent, repeatedly filtered and washed. JPD2-
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 hasg 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 therecof from the

25 silicon dioxide.

WO 2007/106860 Al proposes a method in which first of all
phosphorus and boron impurities are removed from water
glass and an acid by ion exchange columns, after which the
water glass and acid are reacted to yield $i0,. This Si0,
30  is then reacted with carbon to vield 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 also to be
35 separated out. WO 2007/106860A1 proposes in this respect to

use further ion exchange columns in the process. However,



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 control, without a plurality of additional purification steps, for example, calcining or
chelating, and without special apparatus. A significantfeature 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 free, negatively charged SiO groups are present on the
silicon 30 dioxidel surfaca:dihte which troutiesorme hvetal iers enay became attached tAt a very low pH

value the surfacgis-evanpaesitively charged, such that metal cations are repelled by the silica surface.
Providing the pH value is very low, it is possible to prevent these metal ions, if they are then 4 washed

out, from bec%@gealtgaschgggg tg% J%l_f@‘age Ség}f %I(ge(‘fr?rééio%(p@i%%c%%mg I} the invention, If the silica

. = =3 2 inexpe 1ve
surface is a positively charged, silica particles are o prevented from ecomlr% attached to one

another and SBS oIy cRRRES iwHichimpuRties EBufiibe Beposifet: THe mgtdd &eording to the
inventionomayithus heccatred guewithodtusingchelatingireagentsiordan exchange columns. Calcining
steps may also be dispensed with. The present method is thus substantially simpler and less 10
expensive thanwpries arkmethets: A further adyantageofthe method accerding, to: the ipvention is that
it can be performed. in_conventional apparatus. _The present invention accordingly provides a method
for the 15 progl?(}:)tﬁ)%ggf rﬁ'gﬁ%‘ﬂﬁ% gﬁ%%r? %io]?(?q%, %%éﬁarfs?n%uﬁ%lf%ﬂovﬁiggs]tg%s é£ﬁ%ot&ﬁcing an initial
charge of an &CidGISAT o =PraciGuisht Gith WetEe with 4 prPralaero? 1S thaa 2, preferably less than
1.5, particulartyi2@preferablydess thathk, ery-partictdardyiprefenablizless tham 015 b spremiging a

silicate selution,with aviscosity.of.2 19:10.000 poise, £, adding.the silicate splusion from step b. to the
25initial char%e fro? step a. in sych aﬁv;]/%that the pH value of the resultant precipitation suspension
remains at all tiiY&s at’a YRIVEGFIEYs 5 Breferabies<Hame 55 pQﬂP&EF&fHﬂIiﬁE?éfably less than

1 and very particklarppieferably felss production of sclar silicon. Further
objects which are not explicitly stated are revealed by the

overall context of the following description, examples and

15 claims.

These objects are achileved 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 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 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 is even
positively charged, such that metal cations are repelled by
the silica surface. Providing the pH value is very low, it

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



30than 0.5 d. separating and washing the resultant silicon dioxide, the washing medium having a pH
value of less than 2, preferably less than 1.5, particularly 5 preferably less than 1 and very particularly
- preferably less than 0.5 e. drying the resultant silicon dioxide  The present invention additionally
provides a silicon 5 dioxide, characterized in that it hag a content of a. aluminum of less than 1 ppm b.
boron of less than 0.1 ppm c. calcium of less than or equal to 0.3 ppm d. iron of less than
or equal to 0.6 ppm 10e. nickel of less than or equal to 0.5 ppm f. phosphorus of less than 0.1 ppm g.
titanium of less than or equal to 1 ppm h. zinc of less than or equal to 0.3 ppm  and in that the total
of the abovementiondd impuritiesplusets sodigmearne: potassium ahmounts fa:lessdlian bppm. Finally,

the present inyention-prayides;use afthesilicon digxides acgoding to,thefnvention.for the production
of solar silicons as.a high.purity raw ,rgateri | for ther%ro uction of high Fur,lt silica glass for optical 20
waveguides of glasswaré for laboratories ard Céf?e%:f Rics, 28 ]alﬁ?p&)? fot Chfaiy&is BndEa starting
material for thelgredgewsreaiisigh pusity @iﬁ@@@@t@@foﬁE@Fﬁﬁﬁ@gisli@esmﬁwigh%higrsi{im fwafers).
The methind aecerding ta-theiipventionfosihe pradustion:of 25 high naritesilieen dioxide comprises
theﬂﬂbmmKJ%ﬁBSmethod according to the invention may thus be carried
out without using chelating reagents or ion exchange
coclumns. 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 ig that it can be performed in conventional

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 lessg than
2, preferably less than 1.5, particularly
20 preferably less than 1, very particularly
preferably less than 0.3

b. providing a silicate solution with a viscosity of
2 to 10,000 poise

c. adding the gilicate solution from step b. to the
25 initial charge from step a. in such a way that the
pH value of the resultant 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 particularly preferably less
30 than 0.5

d. separating and washing the resultant silicon
dioxide, the washing medium having a pH value of

less than 2, preferably less than 1.5, particularly



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 6 preferably less than 1, very particularly preferably less than 0.5
~ b. providing a silicate solution with a viscosity of 2 to 10,000 poise c. adding the silicate solution from
step b. to the initial charge from step a, in such a way&hat the pH 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 10and very particularly preferably less than 0.5 d. separating and washing the resultant silicon
dioxide, the washing medium having a pH value of less than 2, preferably less than 1.5, particularly
preferably less than 1 andsefygpakticylarscispreferablydass than,0.52e tdryinigtheyresultant silicon

dioxide In step a) an initigd- ametiat of an asidulant-or@nsacidulant and water is produced in the
precipitation vessel. The water used for the purposes of the present 20 invention is preferably distilled

or deionized water. JThe @cii%gllqgt %e@égglyggg@c&uﬁ@ Ovylhiari\ gg{%%g used in step d) for washing

the filter cake. The acidulant may be hydrochloric acid, phosphoric acid, nitric acid, sulfuric acid,
chlorosulfoniCﬂ%d, sulfugl tc::hloride or.perchlggc 25 ac%ﬁf in concentrated or dilute form or mixtures of
the above-stated acids. 1n particuiar. hydrochiotic-adid 49’ b&TRE4 “Fretérably 2 §%4 N, particularly
preferably 2 toii2\L Yery phakcaiarsprefetably 2tr10 N; especially préferebly 2 to 7 N and very
especially preferably 3 to 6 30 N, phosphoric acid, preferably 2 to 59 N, particularly preferably 2 to 50
N, very particularly preferably 8rtord4 0N, éspeciallyapretfenably 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 7

preferably 1 to 15 N, espesiady preferakly 2-t9-10 N, sulfuric acid, preferably 1 to 37 N, particularly
preferably 1 to 30 N, very particularly preferably 2 to 20 N, especially preferably 2 to 10 N. Sulfuric acid

is very particularly preferably-used. ¢ 1ess than or equal to 0.3 ppm

d. iron of less than or egqual to 0.6 ppm
10 e. nickel of less than or egual to 0.5 ppm

f. phosphorus of less than 0.1 ppm

g. titenium of less than or equal to 1 ppm

h. =zinc of less than or egual to 0.3 ppm

and in that the total of the abovementioned impurities plus

15 sodium and potassium amounts to less than 5 ppm.

Finally, the present invention provides use of the silicon
dioxides according to the invention for the production of
solar silicon, as & high purity raw material for the
production of high purity silica glass for optical

20  waveguides or glassware for laboratories and electronics,
as a support for catalysts and as a starting material for
the production of high purity silica sols for polishing

slices of high purity silicon {(wafers).

The method according to the invention for the production of

25 high purity silicon dioxide comprises the following steps

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

2, preierably less than 1.5, particularly



In a preferred variant of the method according to the invention, a peroxide is added to the initial charge
in step a in addition to the acidulant, which peroxide brings about a yellow/orange coloration with
titanium(lV) ions 10 under acidic conditions. In this case, the peroxide is particularly preferably
hydrogen peroxide or potassium peroxydisulfate. As & result of the yellow/orange coloration of the
reaction solution, the degree of purification during washing step d) may be very closely 15 monitored.
It has in fact emerged that titanium in particular constitutes a very tenacious contaminant, which
becomes readily attached to the silicon dioxide at pH values of over 2. The inventors have found that
disappearance of the yelloWw/oraifgel toldestiontinstep d) 28 mormally hedrmscthat the desired purity of
the silicon dioxide has beenr reachet and-the silicen dioxide may be washed from this point with
distilled or deionized water until a preferably neutral pH value is achieved for the silicon dioxide. In
order to achieve this indicator 28 fyction. of the peroxide, it is also:passible to add the pgroxide not in
step a) but rather to the water glass in step b) or as a third material stream in step c).”In principle it is
possible to add the pero>t(f81e]o[ﬁ1)pgﬂep§’té§@c) and before step d) or during step d). The present 30
inventions provide all the above-stated variants and mixed forms thereof. However, preferred variants
are those’in which the péfeiidedis derledin step-6) 6P b): sirite iAAB cHsedt Ban exeldise a further
function in addition to theidicator finctign. Witheut being:tied: to any-particulay 36Hheoryy, the
inventors are of the opingn izl same in-partglar carhan-eanfaing Impuiities a1 oxidized by 8

reaction with peroxide and removed from the reaction solution. Other impurities are converted by

oxidation into a more re&dily $oiflI5E f&im AwHithtanthelétdre b&washed®ir FréRisthod according
to the invention thereforé ¢as S theradvahtagethat molcaldining:stéphas 1g begerfarmed, although

this is of gourse a possiblg optian.Insstep H)-asilicate,splutionwith,a viscosity, of 240:0,000 poise,
preferably of 3 to 5000 poise, particularly of 4 to 1000 poise, especially preferably of 4 to 10 800 poise,

very especially preferably of 4 to 100 poi d particularly preferably of 5 t0.50 poise is provided. One
example of a highly éonceé%{?zitect{ W;%{er?i ggas%sggvﬁ%lélévﬁe% vrlsecsi)hﬁt%gl’é1 %a%érlélg%l 58/60 with a
density of 1.690- 1.710, &°&i&FcorftBfit RS 37W W AR NATVddHteAt F1527 82184 wt.% and a
viscosity at 20C of appréx600cpaise 2as descrivedtihytiimann's ey clopediszaf:Ghemistryy 4th

revised and expanded egjtion. volyme 21-\erag Chemig SmbH, D;6940 Weinheim, 1982, page 411.

Genera] instructions _
%HP preferably less than 0.5,

e. Jdrying the resgsultant silicoen dioxide

In step a) an initial amount of an acidulant or an
acidulant and water is produced in the precipitation
vessel. The water used for the purposes of the present

20  invention is preferably distilled or deicnized water. The
acidulant is preferably the acidulant which is also usad in
step d) for washing the filter cake. The acidulant may be
hydreochloric acid, phosphoric acid, nitric acid, sulfuric
acid, chlorosulfonic acid, sulfuryl chloride or perchloric

25 acid in concentrated or dilute form or mixtures of the
above-gtated acids. In particular, hydrochloric acid may be
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 &

30 N, phosphoric acid, preferably 2 to 59 N, particularly
preferably 2 to 50 N, very particularly preferably 3 to 40
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



for producing high-viscosity water glasses may also be 20 found therein. A further example is a water
glass from VAN BAERLE CHEMISCHE FABRIK, Gernsheim, Germany, with a viscosity of 500 poise,
~ relative density of 58-60, density of 1.67-1.71, Na20 content of 18%, SiO2 content of 37.0%, water
content of approx. 45.0%, weight ratio of Si02:NaO 257approx. 2.05, molar ratio of Si02:NaO approx.
2.1. PQ Corporation offers water glasses for sale with viscosities of for example 15 and 21 poise. A
person skilled in the art is aware that he/she can produce highly concentrated silicate solutions by
concentrating lower viscosity 30 silicate solutions or by dissolving solid silicates in water. An example
of a water glass'Fa\irgalvisdosity of S M6 peisesis disclosad mithedmientivetexahipl¥s. Without being

tied to any pargiculas theory-the, invenrtpes-arel of theapinipnithatthe high, viseosity of the silicate 35
solution, together with t% Hand t nner of adding.the silicate solution, is responsible for the fact
thata 2 9 rea %/a ﬁ?gr% ?e}p rech?tgz]?ﬁbr%%ﬁyaf%?géﬁ B)fgr]f 3élsliﬁrt‘tmiter;te 5?‘11%{\%3% mif 69 impurities
if any are incotporat@ifirriterialisids spthersificdrPdibXidé-partiels rsifice the high viseosity causes

the droplét 5 shapeiafihe silicate-edlutien beingsadtled dropwise to be substantially retained and the

droplet is not finely divided before the gelation/crystallization starts at the surface of the droplet. An

alkali metal angd{oralkaline eadth metatk silicate solyfionmay he used.as the,silicate 10 solution, an
alkali metal sili%ate sgl.lucgiltl)n preferabl;g.bginq_ use(gi, doa%{tigula{:l% grefer,ably odjum silicate (water glass)
& Ftaratity of dificaté’sblutiohs THAY fso'Be used. Alkali

lave a.pe
and/or potassium Siicate Solltidn. Mixtures of a P
metal silicate §5l8%ofs havedive hdvantage that theaikalpts metaliiohs eanyeadity be separated by
washing. The agilicate solttionouseskiarsiep b) preferably: exhibits a:meadulus, €. weightratio of metal
oxide to;sjlicon digxide, af 1.5 ta gﬁ%ipggf(%%bly of 171042, ggrtict%ttllaerly prgég{rfgg/ qfsz to 4.0. The
viscosity may be 20 established, for example, by evaporating co’n_ventloﬁael commercial silicate
solutions or by AiSsRHNG e sHEREE TRt T SRPEE) GTEROTHER0 BRI i6he invention, the
silicate solutioreis added<tollhe iritial’change-andthe 26 siliconydidXide s thusyprecipitated out. The

silicate solutiniig.ia 4his Sase added sush thatineH yalus of the eaglignsolytion is always less than

2, preferably | nl rticularly preferably | han 1, ver rticularly preferably | han 0.5
, prete ab.y eﬁ%:&%ca’tsi r?t iyr%“}/gpv?aesg? geg%épad}’ m%;;yr pbaet %%%yy gl%gealbyy ess tha

and espeuall)]}‘)

15

monitored. It has in fact emerged that titanium in
particular constitutes a very tenacious contaminant, which
becomes readily attached to the silicon dioxide at pH
values of over 2. The inventors have found that
disappearance of the yellow/orange coloration in step d)

20  normally means that the desired purity of the silicon
dioxide has been reached and the silicon dioxide may be
washed from this point with distilled or deionized water
until a preferably neutral pH value is achieved for the
silicon dioxide. In order to achieve this indicator

25 function of the peroxide, it ig also possible to add the
peroxide not in step a) but rather to the water glass in
step b) or as a third material stream in step c¢}. In
principle it is possible to add the peroxide only after
step ¢) and before step d) or during step d). The present

30 inventions provide all the above-stated variants and mixed
forms thereof. However, preferred variants are those in
which the peroxide is added in step a) or b}, since in this
case i1t can exercise a further function in addition to the
indicator function. Without being tied to any particular

35 theory, the inventors are of the opinion that some, in

particular carbon-containing, impurities are oxidized by



30 preferably 0.001 to 0.5. If necessary, further acidulant may be added. The temperature of the
reaction solution is maintained during the addition of the silicate solution by heating or cooling the

- precipitation vessel to 20 to 95C, preferably 30 to 90C, particularly preferably 40 to 80C. 35 The
inventors have found that particularly effectively filterable precipitates are obtained if the silicate 10
solution enters the initial charge and/or precipitation suspension as drops. In a preferred embodiment
of the present invention, care is therefore taken to ensure that the silicate solution enters the initial
charge and/or 5 precipitation suspension as drops. This may be achieved, for example, by dropwise
addition of the silicate. solution fo tive-mitial €harge. fidreodisperising: uniteusedamay de arranged outside

the initial charge/precipitationsuspension.and/arbe immersed in the initial, 10 gharge/precipitation
suspension. Examples of Sé.lg[ii le uniLILs; own to the skilled worker are spraying units, droplet

generators and piilling plates: The $ilicon dioxids obtdifed AcE6ring fo Steps i& Searatedtin step d)
from the remaifitig cORStitEE O tie 25 précipitationt Sespension: Depetting: bn ke fikerability of the
precipitatg, thismaypreceeddy eonventionalfiltatiommetheds, farexample filier presses or rotary

filters, known to,a person sclﬁjllulf._ed in thg art. In the case of %%:ipétaéesc\ivhich are difficult to filter,

separation 20 may als proceesd 539/3 centrﬁl?élartfb% Andlor y decanﬁ)ng off the liquid constituents of the

precipitation suspension. C?nce the supernatant has been separated off, the precipitate is washed, it
being necessary t& &f5urd’ by'a StitabR Washing méuii-that the'pisl SRR 8f ke washing 25 medium
during washing @ndhus aistethar oetirersilidon dibxitletis 16sEthapd, preferably dess. thahyl .5,

particularly preferaply lessihands vegy, paitisularly prefesably O.5:9nd espegially preferably 0.01 to 0.5.
The waihﬂng @Bgium used is referabII}/ the aﬁ'dulant %sed '@130 s?p ag anldO%Q or mixtures éhereof in
da

dilute or undiluted form. 1t is optionally possible, “albeit not necessary, fo a poise an

particularly preferably of 5 to 50 poise is provided. One
example of a highly concentrated water glass with elevated
viscosity is water glass 58/60 with a density of 1.690-
1.710, an Si0; content of 36-37 wt.%, an Na,0 content of

15 17.8-18.4 wt.% and a vigcosity at 20°C of approx. 600
poise, as described in Ullmann's Encyclopedia of Chemistry,
4th revised and expanded edition, volume 21, Verlag Chemie
CGmbH, D-6%240 Weinheim, 1982, page 411. General instructions
for producing high-viscosity water glasses may also be

20  found therein. A further example is a water glass from VAN
BAERLE CHEMISCHE FABRIK, Gernsheim, Germany, with a
viscosity of 500 poise, relative density of 58~60, density
of 1.67-1.71, Nay0 content of 18%, $i0, content of 37.0%,
water content of approx. 45.0%, weight ratio of 810;:Na0

25 appreox. 2.05, molar ratio of Si0;:Na0 approx. 2.1. PQ
Corporaticn offers water glasses for sale with viscosities
of for example 15 and 21 poise. A person skilled in the art
is aware that he/she can produce highly concentrated
silicate sclutions by concentrating lower viscosity

30 silicate solutionsg or by dissolving solid silicates in
water. An example of a water glass having a viscosity of 5
- 6 poise ig disclosed in the inventive examples. Without
being tied to any particular theory, the inventors are of
the opiniocn that the high visgcogity of the silicate

35 solution, together with the pH and the manner of adding the

silicate scolution, ig responsible for the fact that a



chelating reagent to the washing medium or to stir the precipitated silicon dioxide in a washing medium
~ containing 35 a chelating reagent with a corresponding pH value of less 11 than 2, preferably of less
than 1.5, particularly preferably of less than 1, very particularly preferably of 0.5 and especially

preferably of 0.01 to 0.5. Preferably, however, washing with the acidic washing medium proceeds 5
immediately after separation of the silicon dioxide precipitate without further steps being performed.
Washing is preferably continued until the washing suspension consisting of silicon dioxide according to
step c) and the washing medium no longer has a visible 10 yellow/orange coloration. If the method
according to theinVehtion iS perfemed in-steps ) da d) withtwt-addition ofa perexide whigh forms a

yellow/orange,galored;compound with Tifly).ions; a small sample qfhe washing suspension must be

taken during each washin%tstep, and combined with an 15 aga;fopnate, peroxide. This procedure is
continued untit & S&RpRE-aken ho BhGEFAas EisiieYellohforahbt Cdforatisr sfer addition of the
peroxide. It mustiere esensured¢hatthelphyvaluesof thé washing ereditim ahdahiistalso that of the

silicon digxide:up fo-thisr peint insime20-is Igss than-2, preferablydess;than, 1.5 particylarly preferably
less than 1, ver]}{ﬂ)satrEﬂjiltl:ltélg::}gll)i1;L)referatbl¥L O.Sdand ﬁsg%cialc%gr ferably 0.01 to 0.5. The silicon dioxide
washed in thi§ anRer is preferably further wastied With dighist- whter 6t defoniZed water in 25 an

intermediate stépy Hfieie Hsdtwerntdtep @ dat i) nuntintié pH alae of the siicon didxidéebtained is 4
to 7,5 and/or wnti the eonduetivity of dhe washing suspensiondsdessthan-or equal tg 8.S/cm,

preferably lesg than or equ; Itg.51§/cc .T@i £nsures that any acid residues, 30 adhering to the silicon
dioxide have been sutticiently rémové%feln t%e%%lé%nof%a}gci%%at%ssew ich a%%ifﬁéu toiter, it may be

advantageous fo-péricim wiishig By ba8§ihg the ivashRfgEmeaiunt HB UK $he prédipitate from below
in a 35 close-beshed pesfdrated-baskel.arly preferably sodium silicate (water

glass) and/or potassium silicate solution. Mixtures of a
plurality of silicate golutions may also be used. Alkali
metal silicate solutions have the advantage that the alkali
15 metal ions can readily be geparated by washing. The
silicate solution used in step b) preferably exhibits a
modulus, i.e. weight ratio of metal oxide to gilicon
dioxide, of 1.5 to 4.5, preferably of 1.7 to 4.2,
particularly preferably of 2 to 4.0. The viscosity may be
20 established, for example, by evapcrating conventional
commercial silicate solutions or by dissolving the

silicates in water.

In step ¢} of the method according to the invention, the
silicate solution is added to the initial charge and the

25 silicon dicoxide is thus precipitated out. The silicate
solution is in this case added such that the pH value of
the reaction sclution is always less than 2, preferably
less than 1,5, particularly preferably less than 1, very
particularly preferably less than 0.5 and especially

30 preferably 0.001 to 0.5. If necessary, further acidulant
may be added. The temperature of the reaction solution is
maintained during the addition of the silicate solution by
heating or cooling the precipitation vessel to 20 to 95°C,

preferably 30 to S0°C, particularly preferably 40 to 80°C.

35 The inventors have found that particularly effectively

filterable precipitates are obtained if the silicate



12 All of the washing steps may preferably be performed at temperatures of 15 to 10000. In order to
~ guarantee the indicator effect of the peroxide (yellow/orange coloration), it may be advisable to add 5
further peroxide together with the washing medium until no yellow/orange coloration is any longer
discernible and only then to continue washing with waghing medium without peroxide. The resultant
high purity silicon dioxide can be dried and 10 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. It is advisable to grind the dried silicon dioxide in order to obtain an optimum particle size range for
further 15 prod&ssitlg & sdtartsilicor: Thelmethots fekaptienalgtiteingotthersiliconidioxide according
to the invention:ase &newno=a:persop:skilled ia the artand:-may.be; lopked wip, forigxample, in
Ullmann, 5th %@%%@@’_Ei%%n@'%%ir_‘gc%r gerg%l_y i%ggg}%j %uttig flg}ildi%%d_ bgggo 0 oged-jet mills in
order to minimize or avoid contamination of the |gtf1 purity Silicon dioxide With metal abraded from the

walls of the mifiP & rifding Faranicte s ard séteded subhahatthe radu s pErticias have an average
particle size d50 of 1140 100i4m, preferatbdyi oh3 4a:38:mp25 pariicslash, preterably-efibto, 15 m. The

siicon dioxideg accarding 10 theJlpvanion,aee. charagterizeddn thatihelr epnient of & lumium
amounts to less thﬂFr‘] 1§pm, preferably between 0.001 ppm and 1 ppm, particularly 8pre?erably 0.01
ppm to 0.8 pphY. veRFp ﬁijcﬁlja?% frdBly 0°02 1668 BLEpELRIy prérerasiy 065 165 and very
especially preferably e to05:ppm, ti®@ initial charge/precipitation
suspension and/or be immersed in the initial
10 charge/precipitation suspension. Examples of suitable units
known to the skilled worker are spraying units, droplet

generators and prilling plates.

The silicon dioxide cbtained according to step ¢) is
separated in step d) from the remaining constituents of the
15 precipitation suspension. Depending on the filterability of
the precipitate, this may proceed by conventional
filtration methods, for example filter presses or rotary
fiilters, known to a person skilled in the art. In the case
of precipitates which are difficult to filter, separatiocn
20 may also proceed by centrifugation and/or by decanting off

the liguid constituents of the precipitation suspension.

Once the supernatant has been separated off, the
precipitate is washed, it being necessary to ensure by a
suitable washing medium that the pH value of the washing

25  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 0.01 to 0.5. The
washing medium used ig preferably the acidulant used in

30 steps a) and ¢) or mixtures thereof in dilute or undiluted

form.

It i1s optionally possible, albeit not necessary, to add a
chelating reagent to the washing medium or to stir the
precipitated silicon dioxide in a washing medium containing

35 & chelating reagent with a corresponding pHE value of less



b. boron amounts to less than 0.1 ppm, preferably 0.001 ppm to 0.099 ppm, particularly preferably
0.001 ppm to 0.09 ppm and very particularly preferably 0.01 ppm to 0.08 ppm 5c. calcium amounts to
less than or equal to 0.3 ppm, 0.001 ppm to 0.3 ppm, particularly preferably 0.01 ppm to 0.3 ppm and
very particularly preferably 0.05 ppm to 0.2 ppm d. irbm amounts to less than or equal to 0.6 ppm,
100.001 ppm to 0.6 ppm, particularly preferably 0.05 ppm to 0.5 ppm and very particularly preferably
0.01 to 0.4 ppm and especially preferably 0.05 ppm to 0.3 ppm e. nickel amounts to less than or equal
to 0.5 ppm, 150.001 ppm to 0.5 ppm, particularly preferably 0.01 ppm to 0.5 ppm and very particularly
preferably 0.06%3pm #o 0k ppanfaphospiiorus senaunts td léss tham Ol tppay; referably 0.001 ppm to

0.099 ppm, p@fﬂ@@l@ﬂamgfembm@QQ-Qgéaapm,toxﬁé?% pfﬁk%@@bﬁ{g%:@%f%ty@éuﬂgﬂa@% 0-%1rlppm
to 0.08 ppm g. titanium amounts tq less than or alto.1 ppm, O. ppm to 0.8 ppm, particularly
preferably 0.0 'p%?arﬁr%rc?o%s Bgr%lé?r?d{ yel%rgagrﬁgl%qﬁy pchéffe a’byOTng m t%lifg A hYzinc amounts

to less than oFeY&A1%5 0. ¥ PP 00T pPM-HeR0. B3 5H Cpartietiany prefélably 00t pprhsto 0.2 ppm
and very particutashipreterably £:05- ppenter8.2ippm SO andkindthat the tatal of the.abovementioned

impurities plus sadium and paiassium ameynts do less.tham5 ppm. preferably less than 4 ppm,
particularly preferably less than 3 ppm,
Washing is preferably continued until the washing
suspension consisting of silicon dioxide according to step
¢} and the washing medium no longer hags a visible
10 vyellow/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
with Ti(IV} ions, a small sample of the washing suspension
must be taken during each washing step and combined with an
15  appropriate peroxide. This procedure is continued until rthe
sample taken no longer has a visible vellow/orange
coloration after addition of the peroxide. It must here be
ensured that the pH value of the washing medium and thus
also that of the silicon dioxide up to this point in time
20 ig less than 2, preferably less than 1.5, particularly
preferably less than 1, very particularly preferably 0.5
and especially preferably 0.01 to 0.5.

The silicon dioxide washed in this manner is preferably
further washed with distilled water or deionized water in

25 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 until the conductivity of the washing suspension
is less than or equal to 9 uS/cm, preferably less than or
equal to 5 uS/cm. This ensures that any acid residues

30 adhering to the silicon dioxide have been sufficiently

removed.

In the case of precipitates which are difficult to filter,
it may be advantageous to perform washing by passing the
washing medium through the precipitate from below in a

35 close-meshed perforated bhasket.



14 very particularly preferably 0.5 to 3 ppm and especially preferably 1 ppm to 3 ppm. In contrast to
prior art silicon dioxides, such as for example from WO 2007/106860 Al, the method according to the

~ invention results in silicon 5 dioxides which exhibit very high purity with regard to a wide range of
impurities. The high purity silicon dioxides according1a the invention may be further processed to yield
high purity silicon for the solar industry. To this end, the silicon dioxides 10 according to the invention
may be reacted with high purity carbon or high purity sugars. Appropriate methods are known to a
person skilled in the art for example from WO 2007/106860 Al. The high purity silicon dioxide may also
serve as a highl1s pdrityrawwaateria forthe produyctionedienigh purityesiticar §lass<ar eptical

waveguides or. glassware far dabarateries,and glectronics, as catalyst supports and as a starting
material for the production of high purity silica sols for polishing slices of high purity silicon (wafers). 20

I adition. the high puity slicon.dloxide caphe sed [o produge -glass blanks, for.example "boules

glass moldlngs for example "overcladding tubes" or "core rods", or as "inner cad%llng matetial” in light

25waveguides yé%%é?ﬁ’a(t@ﬁ&ﬁﬁ%l&%%&&é@ﬂdes ey cﬁfc@i@gléﬁt}@aﬁ |érise3&hd prisms and
photomasks furtdiffraction griddselecticahdhermaland:magastic 30insutatars vessels and

apparatuses forthe,chespicalPhasmaz 245 seutical and segyicendugtarindysicy and sglarindustry
then to continue washing with washing medium without

peroxide.

The resultant high purity silicon dioxide can be dried and
10 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.

It is advisable to grind the dried silicon dioxide in order
to obtain an optimum particle size range for further

15 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
up, for example, in Ullmann, 5th edition, B2, 5-20.
Grinding preferably is carried out in fluidized bed

20 oppesed-jet mills in order to minimize or aveid
contamination of the high purity silicon dioxide with metal
abraded from the walls of the mill. Grinding parameters are
selected such that the resultant particles have an average
particie size dsp of 1 to 100 um, preferably of 3 to 30 um,

25 particularly preferably of 5 to 15 um.

The silicon dioxides according to the invention are

characterized in that their content of

a. aluminum amounts to less than 1 ppm, preferably
between 0.001 pprm and 1 ppm, particularly
30 preferably 0.01 pom to 0.8 ppm, very particularly
preferably 0.02 to 0.6, especially preferably 0.05
to 0.5 and very especially preferably 0.1 to
0.% ppm,



glass rods and glass tubes or for coating of metals, plastic, ceramic or glass 5 as a filler in
metals, glasses, polymers, elastomers and coatings as a polishing agent for semiconductor material
and electrical circuits lamps 10carrier material in the production of solar cells. Measuring methods:
Determination of the pH value of the precipitation suspension 15 The method, based on DIN EN ISO
787-9, serves to determine the pH value of an aqueous suspension of silicon dioxide or the pH value
of a largely SiO2-free washing fluid. Prior to carrying out the pH measurement, the pH-measuring
instrument (Knick, type: 766 pH meter Calimatic with 20 temperature sensor) and the pH electrode
(combination electrode rhadebySthottt: typgeoN7686) havetothé. caliratetkasing 4hd puffer solutions at

20C. The calibrating funetiamsheuig beselected %ﬁm,th@t&gpgitwglmg@ sggg@@§aq§§g include the
expected pH value of th%s(? le Zg(bégfeé s%ﬂionl% withde 4.00 and 7,00, pH 7.00 and pH 9.00 and
optionally pH 7.00 and 12. &?P I gteps a) and d)%ﬁe p?—?valﬁ%@’ d%fierrﬁﬁ“r%l& at %5C. In step c)
measurement proceeds B¥ fHetedpettive femperatire 1608 ppm

5 ¢. calcium amounts to less than or egual to 0.3 ppm,
0.001 ppm to 0.3 ppm, particularly preferably 0.01
ppm to 0.3 ppm and very particularly preferably
0.05 ppm to 0.2 ppm

d. diron amounts to less than or egual to 0.6 ppm,
10 0.001 ppm to 0.6 ppm, particularly preferably
0.05 ppm to 0.5 ppm and very particularly
preferably 0.01 to 0.4 ppm and especially
preferably 0.05 ppm to 0.3 ppm

e. nickel amounts to less than or equal to 0.5 ppm,
15 0.001 ppm to 0.5 ppm, particularly preferably 0.01
ppm to 0.5 ppm and very particularly preferably
0.0% ppm to 0.4 ppm

f. phosphorus amounts to less than 0.1 ppm, preferably
0.001 ppm to 0.098 ppm, particularly preferably
20 0.001 ppm to 0.09 ppm and very particulariy
preferably 0.0l ppm to 0.08 ppm

g. titanium amounts to less than or egual to 1 ppm,
0.001 ppm to 0.8 ppm, particularly preferably 0.01
ppm to 0.6 ppm and very particularly preferably 0.1
25 ppm to 0.5 ppm

h. zinc amounts to less than or egual to 0.3 ppm,
0.001 ppm to 0.3 ppm, particularly preferably 0.01
ppm to 0.2 ppm and very particularly preferably
0.05 ppm to 0.2 ppm

30  and in that the total of the abovementioned impurities plus
sodium and potassium amounts to less than 5 ppm, preferably

less than 4 ppm, particularly preferably less than 3 ppm,



of the reaction solution. To measure the pH value, the electrode is firstly rinsed off with deionized
water, then with some of the suspension and is then immersed in the suspension. If the pH meter

- displays a constant value, the 5 pH value is read off from the display. Determination of average
particle size d50 of high purity silicon dioxides for parti¢le sizes smaller than 70 m with Coulter LS 230
laser diffraction instrument 10 Description: The application of laser diffraction according to the
Fraunhofer model for determining particle sizes is based on the phenomenon that particles scatter
monochromatic light in all directions with a varying intensity pattern. This 15 scattering is dependent on
particle size. Thersmatertheplarticles rthe fargeb the Scatteringzangle. Rrotedsre:cQrce switched on,

the Coulter LS:230 lasgr diffractigninsyumentneeds te warmuup fard.5 19 2,0 hoursdoehtain 20
constant mea%l.re%\é%uses. gg&sagplﬁgas e}}g: bpg \i[eery ell shaken %o c?ri r to rgeasurement. First of
all the "Coulter L X program is Startéd by Joublé-c igﬁ%mh%% d Pf§ ﬁ%g care'shotifd be taken

to ensure that™&seUpticaFbanthtds hetivated Brdens displaye sn the Coultek 25dnstrument displays
"Speed off". PrassdhesDraint duttenandikeepsitpressed yntikthe waterin the measurergent cell has

run away, thegipaeessrtg@ég)rg'@%ggﬁ%%@]_ee@uid Transfer Pump and again keep it pressed until the
water runs into the instrument overfow. Carry out this process 30 twice in total. Then press the "Fill"

%yitself and remaves any air bubbles from the system, the speed being

button. 'I_'he program starts uten,b | :
automatically inéreaset aRd ther’ d&creaSed agafi The p FHiFInG CHpacity stletted 67 ite O
measurementitistise S8t Tosstarthe awsstiirament, sefect IMeasurements tMeasoridgpeycle”.
MeaSL:jremehntﬂM&l%&ﬂ@&%&’ﬁ?ﬂﬂ%@ﬁ?@”@ﬂi @Hﬂ@gam%u?é; f@i@%%@#f&%m%@ilﬁng t(;me 0
seconds.~ Then mputational model forming the basis of the laser diffractian js selected. In
principlg A ba%é%%o%%ﬂpr%eaggu%rﬁenﬁg %gr[%:leo oﬁ{%aa}ﬁt%r%aﬁ%glfykﬁrgorv”ft%teﬁ\/(aﬁ?lﬁ ﬁ!ﬁnea%ﬁéﬁgnt. After
thebachyouﬁfﬁ@%@uﬂﬁn@ﬁﬁ%epurity sugars. Appropriate methods are known

to a person skilled in the art for example from WO

20077106860 AL.

The high purity silicon dioxide may also serve as a high
15 purity raw material for the production of high purity
silica glass for optical waveguides or glassware for
iaboratories and electronics, as catalyst supports and as a
starting material for the production of high purity silica
sols for polishing slices of high purity silicon {wafers).
20  In addition, the high purity silicon dioxide can be used to

produce
» glass blanks, for example “bouleg”

= glass moldings, for example “overcladding tubes” or
“core rods”, or as “inner cladding material” in light

25 waveguides
« core material in planar waveguides
« melting crucibles
o optical lenses and prisms and photomasks

» diffraction grids, electrical, thermal and magnetic

30 insulators

°» vesgsels and apparatuses for the chemical, pharma-



10 sample must be introduced into the measurement cell, until 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 necessary steps itself and, after measurement, generates a 15 particle
size distribution for the sample investigated. Determination of dynamic viscosity of water glass using
falling ball viscosimeter  The dynamic viscosity of water glass is determined using a 20 falling ball
viscosimeter (Hppler Viscosimeter, Thermo Haake). Procedure The water glass (approx. 45 cm3) is
charged bubble-free into the fall tube of the falling ball viscosimeter (Thermo 25 Haake, falling ball
viscosimeter C) to be&léwithe adberAdarmitherbiliqThermodHaskey batt Settyper800:0182 xhall 3,
density 5K = 8.116 g/cm3, diameter dK = 15.599 mm, ball-specific constant K = 0.09010
mPa*s*cma3/qg) is theplintteducet: Thedenipetature béthe viscosimeter is 30 accurately adjusted to
200.03C by means of a circulating thermostat (Jalubo 4). Prior to measurement the ball runs through
the tube oncedgn order thoroughly to mix the water 18 glass. After an interval of 15 minutes the first
measurement begins. The measuring part engages in a defined manner in the 10 position at the
nsirument foot. By tufnjng, e measigng, 5 part, frgugl, 180 the gl s broygh infg the starting
position for measurement. The falling time t through the measuring section -Bis determined by
means otga manual stopwa%ch The measuren&ent time begins when the lower ball periphery touches
the intended top annutarmark A which 1t7H8s o a8 othe Bb5EREr as £HAE FATehasurement
time ends when the fWerdsaitgeripghery 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 into the starting
position. After an-<intesvakofd3 1Sminutesyarsecdnd measurement:takesnpace-as teseribed.
Repeatability is ensyred if-the-peasured values differ from one another by no more than 0.5%.

e lamps

10 « carrier material in the production of solar cells.

Measuring methods:

Determination of the pH value of the precipitation

suspension

15 The method, based on DIN EN IS0 787-~8, serves to determine
the pH value of an aqueousg susgpension of silicon dioxide or

the pH value of a largely Si0O;-free washing fluid.

Prior to carrying out the pH measurement, the pH-measuring
instrument (Knick, type: 766 pH meter Calimatic with

20 temperature sgensor) and the pH electrode (combination
electrode made by Schott, type N7680) have to be calibrated
ugsing the buffer sclutions at 20°C. The calibrating
function should be selected such that the two buffer
solutions used include the expected pH value of the sample

25 {buffer solutions with pH 4.00 and 7.00, pH 7.00 and pH
9.00 and optionally pH 7.00 and 12.00).

In steps a) and d) the pH value is determined at 20°C. In

step ¢) measurement proceeds at the respective temperature



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

~ value 20 equation = K*(5K-51acL) *t Ball constant: K = 0.09010 mPa*s*cm3/g Ball density: 6K =

~ 8.116g/cm3 Water glass density: owm, in g/cm3 25t = time of descent of ball in s with an
accuracy of one decimal place. 100 mPa*s corresporigto 1 poise. Determination of conductivity of
washing medium 30 The electrical conductivity of an aqueous silica suspension, or the electrical
conductivity of a largely 19 Si02-free washing fluid, is determined at room temperature on the basis of
DIN EN ISO 787-14. Determination of content of impurities: 5 Description of method for determining
trace element$ i silica by atdansiofitighrésolutite intkictively couplatiplasimaemass spectrometry
(HR-ICPMS) (as @@tmeéeﬁ@rt 69189@@37;5@;}115&9 etsample.material are wejghed outinto.a PFA
beaker 10 to an.accurac 51 r&n glof mannitol s n]gtlon (approx. 1%) and §5 -30 g of hydrofluoric
acid (approx. 50% %lare agde #er Brietswirling, the PFATheaker is H8ated 16 110 M% heating
block, such th&ttHessiifchricontainedsn e Bainple SloAly- avaperateyas haxafiuorosiliciciaeid, 15 the
excess hydroftoriezecid-alse stewly evaporating. thihe @siduesis dissolved with 0.5 ml of nitric acid
(approx. 65%) and a few drops of hydrogen peroxide solution (approx. 30%) for roughly 1 hour and
made up to 10 g with ultrapure water. 20 To determine the trace elements, 0.05 ml or 0.1 ml are taken
from the digestion solutions, in each case transferred into a polypropylene sample tube, combined with

0.1 ml of indi 1 mgll) as.internal _ Wlth dllute nitric
%‘ééa QH Em d@ g parsc s pof hig] .

acid 25(approx produ 0 WO-Sampre-sottio frerentaitiions serves for
InKHnalquam§lllc°n ﬁlox1des for partlcle sizes smaller than 70 um with

Coulter L8 230 laser diffraction instrument

10 Degecription:

The application of laser diffraction according to the
Fraunhofer model for determining particle sizes is based on
the phenomenon that particles scatter monochromatic light
in all directions with a varying intensity pattern. This

15 scattering is dependent on particle size. The smaller the

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

20 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 double-~clicking. When doing
this, care should be taken to ensure that "Use optical
bench® is activated and the display on the Coulter

25  instrument displays "Speed off¥. Press the "Drain" button
and keep it pressed 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
rung into the instrument overflow. Carry out this process

30 twice in total. Then press the "Fill® button. The program
starts up by itself and removes any air bubbles from the
system, the speed being automatically increased and then

decreased again. The pumping capacity selected for the



assurance, i.e. verifying whether errors have been made during measurement or sample preparation.
~ In principle, it is also possible to work with just one sample solution. 30Four calibration solutions (c =
0.1; 0.5; 1.0; 5.0 g/l) are produced from multielement stock solutions (c = 10 mg/1) containing all the
elements to be analyzed apart from indium, again wit¥the addition of 0.1 ml of indium 20 solution (c =
0.1 mg/1) to make up to a final volume of 10 ml. In addition, blank solutions are produced with 0.1 ml
of indium solution (c = 0.1 mg/1) to make up to a final volume of 10 ml. 5 The element contents in the
blank, calibration and sample solutions are quantified using High-Resolution Inductively Coupled Mass
Spectrometry {HRSICPMISY andiexterhal éalibration. Measurement proceeds with a mass resolution
(m/Am) of at least 4000 or 10000 for the elements 10 potassium, arsenic and selenium. The following
examples areatended to Hlustrat=therpresent, invedtiar:inrgleaterdatah tut noétostimit ioin any
manner. 15 Campggative example 1 On the basis of example 1 of WO 2007/106860 Al 397.6 g of
water glass (27.2 wt.% Si02 and 8.0 wt.% Na20) were mixed with 2542.4 g of deionized water. The
diluted water 9}83% was thQ pasgﬁg throjyggg column with an internal diameter 20 of 41 mm and a
length of 540 mm, filled Wwith 700 i (‘360 g dry weight) of Amberlite IRA 743 in water. After 13.5 min a
pH value of greater than 10 was measured at the column outlet, meaning that at this point the first
water glags has faSSEFthr60GH the- ¢BIGnH A Edriple totdling So8 G of 25 surifidd Water glass, taken
between the 50thvand 7tk snidetesTivas used fortheifurther tests niblie andlyticaldata fer the water

glass before andsafterqpurification may be found-in:tahle; 1 bg@ﬂ\gc%égabﬁlbrinciple, a
background measurement is carried out automatically prior
Lo every measurement. After the bhackground measurement the
10 sample must be introduced into the measurement cell, until
a concentration of 8 to 12% is reached. This is indicated
by the program, by "OX" appearing at the top. To finish
click on "Ready". The program then carries out all the

necessayy steps itself and, after measurement, generates a

[
o1

particle size distribution for the sample investigated.

Determination of dynamic viscosity of water glass using

falling ball viscosimeter

The dynamic viscosity of water glass is determined using a
20  falling ball viscosimeter (Héppler Viscosimeter, Thermo
Hazake) .

Procedure

The water glass {approx. 45 com’) is charged bubble-free
into the fall tube of the falling ball viscosimeter {(Thermo

25 Haake, falling ball viscosimeter C} to below the tube end
and the ball {(Thermo Haake, ball set type 800-0182, bhall 3,
density 3z = 8.116 g/cm’, diameter dx = 15.599 mm, ball-
specific constant XK = 0.09010 mPa*s*cm®/g) is then
introduced. The temperature of the viscosimeter is

30 accurateiy adjusted to 20x0.03°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



Impurity Content in Water glass upstream of ion exchanger Water glass downstream of ion exchanger
Aluminum ppm 31 31 Boron ppm <1 <1 Calcium ppm
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glass. After an interval c¢f 15 minufes the first

meagsurement begins.

The measuring part engages in a defined manner in the 10°
position at the instrument foot. By turning the measuring

5 part through 180° the ball is brought into the starting
position for measurement. The falling time t 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

1¢ has 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 into the starting position. After an interval of

15 15 minutes a second measurement takes place as described.
Repeatability is ensured if the measured values differ from

one another by no more than 0.5%.

The dynamic viscosity of the water glass {(nwe) is

calculated in mPa*s according to the numerical value

20 egquation
Nuar, = K¥ (Og~OygL) *LC

Ball constant: K = 0.09010 mPa*s*cm’/g
Ball density: 8¢ = 8.1l6g/cm’
Water glass density: 8yg in g/cm’

25 t = time of descent of ball in s

with an accuracy of one decimal place.

100 mPa*g correspond to 1 poise.

Determination of conductivity of washing medium

30 The electrical conductivity of an aqueous silica

suspension, or the electrical conductivity of a largely



3 3 Iron PPm 8 7 Nickel ppm <0.3 <0.3 Phosphorus PPm < 10 < 10 Titanium ppm 8 2 Zinc
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Si0;~-free washing fluid, is determined at room temperature

on the basig of DIN EN ISO 787-14.

Determination of content of impurities:

Description of method for determining trace elements in
silica by means of high-resolution inductively coupled
plasma mass spectrometry (HR-ICPMS) (as per test report
ADBOOCTYEB0)

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 25-30 g of hydreoflucoric acid (approx. 50%) are
added. After brief swirling, the PFA beaker ig heated to
110°C in a heating block, such that the silicon contained
in the sample slowly evaporates as hexafluorcsilicic acid,
the excess hydrofluoric acid alsc slowly evapeorating. The
residue is dissolved with 0.5 ml of nitric acid (approx.
65%) and a few drops of hydrogen peroxide solution (approx.
30%) for roughly 1 hour and made up to 10 g with ultrapure

water.

To determine the trace elementsg, 0.05 ml or 0.1 ml are
taken from the digestion solutions, in each case
transferred into a polypropylene sample tube, combined with
0.1 ml of indium soluticn (¢ = 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 solutions
in different dilutions serves for internal quality
assurance, i.e. verifying whether errors have been made
during measurement or sample preparation. In principle, it

is also possible to work with just one sample solution.

Four calibration solutions (¢ = 0.1; 0.5; 1.0; 5.0 ug/1)
are produced from multielement stock soluticns {(c = 10
mg/l) containing all the elements to be analyzed apart from

indium, again with the addition of 0.1 ml of indium



ppm <1 <1 Total on the basis of all measured elements PPm 66 57.5 The data from table 1 show that
the step described as essential in WO 2007/106860 Al of purifying the water glass 5 over Amberlite
 IRA 743 does not have any great purifying effect with conventional commercial water glass and merely
brings about a slight improvement in titanium conten @ he purified water glass was further processed
as per example 5 of WO 2007/106860 Al to yield Si02. To this end, 10 700 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 point was reached at pH 7.62 and 22 100
g of deionized3WwateF wete &ldedbsolasiy fe-establistrstirrability of thie sadpensiomeAfter the addition

of a total of 13319 of suliuric acigna pbh value £f 6.9 wasseached apd stiwing,was carried,qut for 10

minutes at thi%f} pil—rllgglue. Tgfr%aﬁgrrl filtering W%g%e%rfértglned using{a 150 mm diagmeter Bchner funnel.

The product was very difficilt to filter. Aftér washin mé&S With in é4eh ¢ase 506 Rl of deionized

water, conducfivityWasCi4d- 8/dta.- The resultant filter cake was dried for 2.5 days at 105C in a 10
circulating air drying cabinet, it being possible to obtain 25.4 g of dry product. The analytical results
may be foundingalslés2tent contents in the blank, calibration and sample

solutions are quantified using High-Resolution Inductively
Coupled Mass Spectrometry (HR-ICPMS) and external
calibration. Measurement proceeds with a mass resoclution
(m/Am} of at least 4000 or 10000 for the elements

10 potassium, arsenic and selenium.

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

any manner.

15 Comparative example 1

On the basis 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
with 2542.4 g of deionized water. The diluted water glass
was then passed through a column with an internal diameter
20 of 41 mm and a length of 540 mm, filled with 700 ml (500 g
dry weight) of Amberlite IRA 743 in water. After 13.5 min a
pH value of greater than 10 was measured at the column
outlet, meaning that at this point the first water glass
has passed through the celumn. A sample totaling 981 g of
25 purified water glass, taken between the 50th and 74th

minuteg, was used for the further tests.

The analytical data for the water glass before and after

purification may be found in table 1 below:



Example 1 (according to the invention) 151808 g water glass (27.2 wt.% 5i02 and 7.97 wt.% Na20)
~and 20.1 g of 50% sodium hydroxide solution were put in a 4000-ml quartz-glass round-bottom flask
with two-neck adapter, ball condenser, Liebig condenser (each made of borosilicate glass) and 500 ml
graduated cylinder - for 20 collecting the distillate. TheLsodium hydroxide solution was added to give
an increased Na20 content in the concentrated water glass. The solution was covered with nitrogen to
prevent reaction with carbon dioxide from the air and was then heated to boiling using a heating
mantle. 25 After 256 ml water had been distilled off, the Liebig condenser was replaced with a stopper
and boiling wasEdritinbied under reflux for a further 100 min. Then the concentrated water glass was
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The data from table 1 ghow that the step described as

essential in WO 2007/106860 Al of purifying the water glass

over Amberlite IRA 743 does not have any great purifying

effect with conventiconal commercial water glass and merely

brings about a slight improvement in titanium content.

The purified water glass was further processed as per

example 5 of WO 2007/106860 A1l to yield Si0,.
700 g of the water glass were acidified with 10%

acid in a 2000 mi round-bottomed flask with stirring.

To this end,
sulfuric
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analytical data for the product obtained are shown in table 2 below: 24 Table 2 Impurity Content in
~ Si02 as per comparative example 1 Si02(inventive) example 1 Aluminum ppm 720 0.5 Boron ppm 1

22

100 g cf deionized water were added so as to re-establish
stirrability of the suspension. After the addition of a
total of 113 g of gulfuric acid, a pH value of 6.9 was
reached and stirring was carried out for 10 minutes at this
5 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

10 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)

15 1808 g water glass {(27.2 wt.% Si0; and 7.97 wt.% Na,0) and
20.1 g of 50% sgodium hydroxide solution were put in a
4000-ml quartz-glass round-bottom flask with two-neck
adapter, ball condenser, Liebig condenser (each made of
borosilicate glass) and 500 ml graduated cylinder - for

20  cellecting the digtillate. The sodium hydroxide solution
was added to give an increased Na,0 content in the
concentrated water glass. The solution was covered with
nitrogen to prevent reaction with carbon dioxide from the
air and was then heated to boiling using a heating mantle.

25  After 256 ml water had been distilled off, the Liebig
condenser was replaced with a stopper and boiling was
continued under reflux for a further 100 min. Then the
concentrated water glass was cooled under a nitrogen
atmosphere to room temperature and left to stand overnight.

30 1569 g of concentrated water glass with a viscosity of

537 mPa*s (i1.e. 5.37 poise) was obtained.

2513 g of 16.3% sulfuric acid and 16.1 g of 35% hydrogen
peroxide were put at room temperature in a 4000-ml quartz-

35 glass two-necked flask with precision glassg stirrer and



<0.1 Calcium ppm 42 0.1 Iron ppm 170 0.2 Nickel ppm <0.3 0.3 Phosphorus ppm < 10 <0.1 Titanium
~ ppm :
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dropping funnel (each made of borosilicate glass). Within 3
min, 1000 ml of the previously prepared concentrated water
glass (9.8 wt.% Nay0, 30.9 wt.% 510y, density 1.429 g/ml)
was added dropwise, so that the pH value remained bhelow 1.
5 The temperature of the reaction mixture rose to 50°C and it
turned a deep orange. The suspension was gtirred for a
further 20 min and then the solid obtained was left to

saettle.

10 It was processed by decanting coff the supernatant solubtion
and adding a mixture of 500 ml deionirzed water and 50 ml of
96% sulfuric acid to the residue. While stirring, the
suspension was heated to boiling, the solid was left to
settle and the supernatant was again decanted. This washing

15 process was repeated until the supernatant only had an
extremely slight yellow coloration. Then it was washed with
500 ml deicnized water each time, until a pE value of the
wash suspension of 5.5 was reached. The conductivity of the
wash suspension was now 3 uS/cm. The supernatant was

20 decanted off and the product obtained was dried overnight
at 105°C in a circulating-air drying cabinet. The
analytical data for the product obtained are shown in table
2 below:



57°0.4 Zinc ppm < 3 0.1 Sodium ppm 6800 0.5 Potassium ppm 34 0.3 Total on the basis of all
measured elements ppm <7837.3 <2.6

24
Table 2
Impurity Content 510, as per S$i0; (inventive)
in comparative example 1
example 1
Aluminum ppm 720 0.5
Boron ppm 1 < 0.1
Calcolum ppm 42 .1
Iron Ppm 170 0.2
Nickel nem < 0.3 0.3
Fhosphorus ppm < 10 < 0.1
Titanium DI 57 0.4
Zinc ppm < 3 0.1
Sodium Ppm 6800 0.5
Potassium ppm 34 0.3
Total on the
basis of all
neasured Dpm < 7837.3 < 2.6
elements

The results from table 2 show that, although the silicon
dioxide obtained in the comparative example has a low boron

5 and phosphorus content, as disclosed in WO 2007/106860 Al,
the content of other impurities is so high that the silicon
dioxide is not suitable as a starting material for

producing solar silicon.



The results from table 2 show that, although the silicon dioxide obtained in the comparative example
has a low boron 5 and phosphorus content, as disclosed in WO 2007/106860 Al, the content of other
impurities is so high that the silicon dioxide is not suitable as a starting material for producing solar
silicon. 25 The silicon dioxide produced by the meth®a8 according to the invention has a total impurities
content of only 2.6 ppm on the basis of all measured elements. Table 2 also indicates that the impurity
levels of elements which are critical in 5 the production of solar silicon are also within an acceptable
range. It is thus clear that, contrary to the teaching of the prior art, it is possible by the method
according to tA&mvEhtibaCHitHegEd ERelating reagentor Usingivhtexéhange cdiurons,do preduce
from conventianalct(-cemmerciahcenrgentrateghuater: glass-and £gnventional commercial sylfuric acid
a silicon dioxi ich.is_highly suitable as a starting material for solar silicon thanks, to its impurities
profile. 26 Clgi?rln%rl]\*ﬁ%ehtshlosd' o@r tﬁe [iarén UCtion © h?g%gﬁnﬁﬁ%/ssilicrgang iGxi e%%?ﬁprf‘srilr%“ e flowing
steps a. prodUdifg ahifitiaFeiErde of afvatidulant, Bf Sarrderd WaMORitR veater; Withcg pHivalue of less
than 2, pfeferably lesssthamtd.5nparficulatlypreterablyless-thanilk e paiticuarly preferably less
than 0.5 b. praviding.a silicate.splutionith 2 yiscasity-of 102.19.10,000 poise adding the silicate
solution from step b) to the jnitial charge from step a) in such a way that the pl—%’value o}f?he
precipitation SUSPENSTOR rBMmamEaPAll fihed %t a vdiué of %%%Stﬁgi%, o5 pRfefabiyeds than 1.5,
particularly preferablyiless ttranchandveey: pariculartypreferablydess tham@.Sreagent or

using ion exchange columns, to produce from conventional

10  commercial concentrated water glass and conventional
commercial sulfuric acid a silicon dioxide which is highly
suitable ag a starting material for solar silicon thanks to

its impurities profile.



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 less than 0.5. e. drying the resultant silicon dioxide. 2. Method according to Claim 1,
characterized in that, in 25addition to the acidulant, tBé initial charge in step a) also contains a
peroxide, which under acidic conditions combines with titanium(IV) ions to form a yellow/orange
compound. 3. Method according to Claim 1 or 2, characterized in 30that the addition of the silicate
solution in step c) proceeds in that the silicate solution enters the initial charge and/or precipitation
suspension asc}ﬁlé%%ps, it preferably proceeds in that the silicate solution is added to the initial
charge/precipitation suspension using a suitable dispensing unit, wherein the addition is particularly
preferably carded outlby5meadnsrofdispensinganitemauntéd gutside-thevinitial thatge/precipitation
suspension and/or b)ﬂﬂ&%@f@e‘)fc@iﬁ@%@l&g”i&%@@@li%iﬂ{geé%iEBEChaVQE/ precipitation
suspension. 4. Method according to one of Claims 1 to 3, 10characterized in that separation of the
silicon dioxide s carried outoy, means pf filtration qnd/or gentifugation and/or.by decanting off the
liquid constituents of precipitation suspension.

5 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 2 to 10,000 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
remains 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
20 less than 2, preferably less than 1.5,
particularly preferably less than 1 and very
particularly preferably less than 0.5.

e. drying the resultant silicon dioxide.
2. Method according to Claim 1, characterized in that, in
25 addition to the acidulant, the initial charge in step

a} also contains a peroxide, which under acidic
conditions combines with titanium(IV) ions tc form a

vellow/orange compound.

3. Method according to Claim 1 or 2, characterized in
30 that the addition of the gilicate solution in step ¢}
proceeds in that the gilicate solution enters the

initial charge and/or precipitation suspension as



5. Method according to one of Claims 1 to 4, 15characterized 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, particularly preferably less than 0.5. 20 6Method according to
one of Claims 1 to 5, characterized in that washing with a washing medium with 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 is continued 25until the suspension obtained according to step c) together with the washing
medium no longer has a visible yellow coloration. 7. Method according to one of Claims 1 to 6,
characterized in that H&@Washiry MEBIMT Ebhsisirefa 30diltad Brandiliedsddidglantor of a mixture
of two or more diluted @hgfdrasndilutechaeidulants: 18 Methed accerding to pre of Claimsi bto 7,

characterized in thatsﬁfg e‘{’{@ﬁ@ﬂg\y\étﬁn%we?s?g‘&%? 'éuna :\L/\éithe% anvaI%% o@ !es tggg 21’1 preferably
less 28 than 1.5, particularly preferably less than 1 and very p’grtlcu ar pre%erabY{/ ess than 0.5,
additional washing tdié® pﬁ/ itArdistieetiatet Uit thie BERGE B the“rostitant silicorPuioxide is

4 to 7.5 5and/or the cerductivify df theewashingsuspension:is tesschas of €qtlaktoi 9 St preferably
|eSSthanOrequwtoéh§é§%/precipitation suspensiocn and/or by means of
dispensing units immersed in the initial

charge/precipitation suspension.

4. Method accorxding to one of Claims 1 to 3,
10 characterized in that separation of the silicon
dioxide is carried out by means of filtration and/or
centrifugation and/or by decanting off the liguid

constituents of precipitation suspension.

5. Method according to one of Claims 1 to 4,

15 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, particularly
preferably less than 0.5.

20 6. Method according to one of Claims 1 to 5,
characterized in that washing with a washing medium
with 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 is continued

25 until the suspension cobtained according to step <)
together with the washing medium no longer has a

visible yellow coloration.

7. Method according to one of Claims 1 to 6,
characterized in that the washing medium consistg of a
30 diluted or undiluted acidulant or of a mixture of two

or more diluted and/or undiluted acidulants.

8. Method according to one of Claims 1 to 7,
characterized in that, after washing with a washing

medium with a pH value of less than 2, preferably less



9. Method according to one of Claims 1 to 8, characterized in that the method does not
comprise a 10calcining step. 10. Method according to one of Claims 1 to 9, characterized in that the

- acidulant comprises hydrochloric acid, phosphoric acid, nitric acid, sulfuric acid, chlorosulfonic acid,
sulfuryl chloride, 15perchloric acid in concentrated oradilute form or comprises mixtures of the stated
acids. 11. Silicon dioxide, characterized in that the content of aaluminum is less than 1 ppm b.boron is
less than 0.1 ppm 20c.calcium is less than or equal to 0.3 ppm d. iron is less than or equal to 0.6 ppm
e. nickel is less than or equal to 0.5 ppm f. phosphorus is less than 0.1 ppm g. titanium is less than or
equal to 1 ppm 25h.ziHes IésStharrorequal 2o 0:3 ppraf thestotal df¢he abovementioded émpurities

and sodium and potagsiiai aouAting e dessthenp PR®s 2%han 6.5, additional

10

15

20

25

10.

1i.

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
less than or egqual to 9 uS/cm, preferably less than or

egual to 5 uS/cm.

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

calecining step.

Mathod according to one of Claims 1 o 9,
characterized in that the acidulant comprises
hydrochloric acid, phosphoric acid, nitric acid,
gulfuric acid, chlorosulfonic acid, sulfuryl chloride,
perchloric acid in concentrated or dilute form or

comprises mixtures of the stated acids.

Silicon dioxide, characterized in that the content of

a. aluminum is less than 1 ppm

jolt boron is less than 0.1 ppm

. calcium is less than or equal to 0.3 ppm
d. iron is less than cor egqual to 0.6 ppm

a. nickel is less than or egual to 0.5 ppm

£. phosphorus is less than 0.1 ppm

g. titanium is less.thaﬂ or equal to 1 ppm

h. zinc is less than or equal to 0.3 ppm,

the total of the abovementioned impurities and sodium

and potassium amounting to less than 5 ppm.



11: Silicon dioxide obtainable using a method according to one of Claims 1 to 10. 12Use of the silicon
dioxide according to one of Claims 10 or 11 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, as a catalyst support ora% a starting material for the production of high
purity silica sols for polishing 10slices of high purity silicon (wafers) or for production of glass 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 15production of core material in planar
waveguides of-for prédddtiorofmetingcraibiesrerfop protiuction ofoptical lensesca@nd:prisms and

photomasks or for preductich oft diffraction:gratings, electrical, thermal and magnetic insulators, or for
production of 20vessels and apparatuses for the chemical, pharmaceutical and semiconductor industry

and solar indusry, orfgk praduation.of-giass rads. and-glass tuhes; ar for.coating of metals, plastic,

ceramic or glass, or asa fiIIeEi{'u ?etals lasses, polymers, 25elastomers and coatings, or as a
polishing agent for semiconducto Phatenisl £ eleChrieh chiduits: BrEOBrodtictiorr BFafp<Sér as a
carrier material in thexpfodietion of svlaraellsaterial for the production of high

purity silica glass for optical waveguides or
glassware for laboratories and electronics, as a
catalyst support or as a starting material for the
production of high purity silica sols for polishing
10 slices of high purity silicon (wafers) or for
production of glass 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
15 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
20 vessels and apparatuses for the chemical,
pharmaceutical and semiconductor industry and solar
industry, or for production of glass rods and glass
tubes, or for coating of metals, plastic, ceramic or
glass, or as a filler in metals, glasses, polymers,
25 elastomers and coatings, or as a polishing agent for
semiconductor material and electrical circuits, or for
production of lamps or as a carrier material in the

production of solar cells.



