; Z[ e3eQN, HGNT26" A nmet hod for manufacturing of silica sots The present
invention relates to a nethod for manufacturing of high purity silica 5
sols. More specifically) the invention relates to a nmethod of nanufacturing
of high purity silj “\mm\ ol ving use of phosphonic aci d- ba@&dMAY 20°
conpl exi ng agents. mﬁmﬂ\ f the Invenfion Silica sots have been known
for decades and is nowggays used in a great 10 variety of applications such
as in the paper production, coatings, catalysts, anti-skid products)
pol i shing agents for various |ndustr|es |nclud|ng the el ectronic industry,
especially for wafer polishinfg Ay gica sofse use of silica

sol s contam nat ed C 1,510 a | kal i

earth netals, al urr.mﬁ Err%géﬁt ﬁ\?%n?'gptrélg{é%e{ée 'ﬁ {ﬂgéﬁé{?ﬁ%@%g&l’h M'& 'éty ica
presence of ddisesl\&omrestpab&alm e invergwalrelatasttarst siethbs afnﬂmufmlmngmfdhgih eary
to poorly perfor ng&@ lca sp ese m nating

| ke al k| Ve &R 3PbRsseabiE RbeShs EnfrsfREOfhRe o mmme

transition rretals such as Fe, Cu, Mn, N ) Zn and the like are ha

present in silica sols. Especiall al um niym rs known to cause Severgooon
probl ens when present in the sil |é§—@é§——§éﬁ§-ﬁé§—w Lind In hus been el abor at ed
various nethods t oSipzpokehsiel b&en xAdWn fdsrauemebcnmdcgnﬁmcfay@fusbban a great

menti oned cont.am n ting nmetals Previ o s net hods roduce silica sols have
ool vod 181 oD GPPARPES CUgh 28 BoNEt RARE PoRE OB acTa BRs.aFAa SIS @Dl

silicates byprggectdf pwsm@%gtsvs@e%robaﬁmmr@mmgs aigentimgs tHeh efstrBRE Airdidstry,
oxalic acid to reduce the contents of the above-nenti oned disturbing 25

metal rati orfSPeiplly o waiar pRiohings i B@BY 2RPHRAIARY thoMSH A SQF%ISP'BrF%fa’%'”ated

purified siliigpraeds bMransironrabiaed alkaﬂ aab keildiingRaah redthis Calumirieth WridOfhe! ke
firs'. diluted in water, then exp ast{m_I ratjon exchange resinto

renove sodi UHVEOPEN Fakses er@éalemﬁ ’3 E@F%”%eol:’ f DRGES faéﬁc’rﬁ”n@mé AMeunts,

aci d sol i %te?@ré’%hn@ﬁlé@é@'tb?ow ﬁérfo?’mﬁh@%ﬂléa sble oxalic acid is believed to
form 30 ani onic conpl exes w metal jons) especially iron ions in the

silicic acid sol utPr@ﬁen%@sfegc@@&r@ﬁé@%@ﬁt%"hemgae@fwcmﬁé Na| Kt alkalingy
means of an apjHReRIGRETGLasd MB; traRitiANAsER suERRS *F@' ueMeRINgs aﬁB%{u& are
required to renove remaining métal rations fromthe solution. The silicic
aci d sol uti drrméultwesn @(ﬁﬁe@ttreaﬂ% spls| JRTBREIAE ABITIDIYTT By kAVS e caeses BYeFhe
met hod accor t i¥behbds sone reduction in netal rations,

35 e.g. A, %b&g ’Eg é@l ct%gc%lx dbgo lution. One drawback with the net hod
accor di n@Ot o EP- Blmsas 2'39; peent ¢laborgtest vasRys Aftrfscicrrigpaieilise I9is, hasugtiow
separate the, %Eﬁhg‘?ﬁéﬂtsone oSht %}qagp&@\e?a@orrpl exes. This will require
regenerati on ot t ani on exchange resih before it can be reused.
Furthernore, multifyewosssnethegs &t @9§U¢mélh%§@5tﬂﬁé“ imvolvegftraghnerindimsitaoasid
Manuf act uri o L1 t.al
Manutact ur | gL fon! Gy B ol aIRA MER SRtales b HRoAL 168 o Eoribit ELgRaBRS
highly priceslichaw ERTARNdIgaE ahd d:chramlzetheheorm'ﬁ@l@ttheoabwemyeréwpemshsuenmghe
present Lav vides for an inexpensive and effective way to produce
hi gh purl ?ye@%’{alpgbe{‘%%eascri ption of the Invention 10 According to the
present invention,ER Biedbsdtbddckoss ammmmatftoup'ramg ayonof glpuplied sijcassdli loanis
sots has been vj d el | € S|

aci dcont ai ni ngtp'sgllﬁ ?Ig%h H‘%?algg ﬂt SO] %n 'pﬁgn%{@ﬁaé:{nd@%gggr&&co qséé?%a szié)é"ﬁt
to the sol utgdation ekdtamagean[tnmmqwtsaﬁmnolbnsﬁml eseguisipaesiohonn thus forming

aci d- based co AEXI n met a &ovin sald_conpl exes.
whereafter thé SFIE\CHQ ig}gtéqrht o Wil &8l é aa? 3 p%la\g?rﬁ‘ﬂd 'ﬁtcnl HEYEJI'Wefo'm
i erﬁnéI i ?Boi Sahrfcu'ﬁct b@r:chpldﬁés wétH nhéftai?] nbﬁs,&rspwd@drcﬂil idhsrin tHMEil&lcS@d@ lsbh?@ﬁ.!'&hesé he
met ho ortemanuacturln of _hi puri t S||cas froma sificic
aci d- cont ai MOTP'SESHENRE %ﬁ%ﬁpg@é‘gfkh?esqhﬂﬂ RN P & p%n 302N eXHRATG Her- Vet
phosphoni ¢ %o%é?%%ﬂém@%ﬁ@e%e@@emqum teensdviel ehimed eeeatatithd fom the
solution formng conpl exes with netal canons present in the solution;
solution. The silicic acid solution is then subjected to polymerisation to form a silica sol.
The method according to EP-B1-464 289 yields some reduction in metal cations,
35 e.g. Al Fe, in the silicic acid solution. One drawback with the method according to EP-B1-

464 289 is that a strong anionic resin must be used to separate the oxalate metal



20 (b)y formng in said silicic acid-containing solution a precipitation
cont ai ni ng phcsphoni ¢ aci d- based conpl exi ng anent and netal cations; (0)
renoving the precipitation fromthe solution; and, (d;, pol ynezgsm/&\gm@e
silicic acid in the solution to obtain a silica soi. 25 The silicic

aci G- containing solution of step (a), have 4 Si 02-concentration of from
about 1 to abompQEwR Thisewilrrapuite mﬁﬂaraﬁomm@f theoanian @¥ehangeoreaipobsaforeit can be
wer ght % Si QZ, I i nd
naving & pH ST, FREEMaR fulipREERmYy tedindpait ik 4R o brklrihiof"S

about 4, nost pref d‘ﬂamfyctﬂrlogno&b@btpuzm glicgbenis fram fuses sliea pr @;hacmechatai narmjﬁo
known way fr \ i i]i4C i n . i ilicate
sodiumsilica (ej%H 0 ?%?bh?%@%”'cﬁcgadtdeﬁgr%n np&%’ﬁésﬁ?ﬁ%reg?ﬁé%g& 24 mafﬁg?gl
si | i cat es @r avhieh imaka dvenpioduttios \ary expfensivei ca sol manufacturing and are

ilable i [ P bl -al kal i. t
T onott g8 BN SRS f DS A Eb TRIEh it S e
descri bed hergreparity sllivacase other al kali nmetal silicates will be used) the

sanme processing steps will be applicable. 35 Suitably, sodiumsilicates
have a Si 02: Na20 nolar ratio of fromabout 1 to about 5, preferably from
about 3 to about 4. The silicic acDds@mibmohinednmkighi on can be obtai ned by

i ncreasin the Si 02: Na2 ratio of the silicate saolution. . This cap be
per f or ned > o AR Do 30 Jhe e sssAt Syehtionych nd LR Bbaaviagiung. of hdh

Chemi stry of porityl Sifica IsbRyr haabeé@wo\p@aﬁsrha%eva&%th@d ehvanabl tediyig PRIkt AdidH
a sodium silicate-contai.ni ngépal ution with a %?é catj on exchange resin

to yield a si®en@ningepitien ind ¢ ResabeBRHacibased craplexingjagenitoghe salwian.

to conprise 3pmaAY e redsitaid iPreopipi@iee & pisRpRbEL abid-basedf céhb@kmg%dérm@@
together. 5 Before the cation exchange step is perforped, the sodium

silicate sol UpeBhCFIONSUIGMHING 8RIF AO 'exﬁér"ﬂ’ﬁr? er e SUGE A e3n Ra riybiestashto
will diluje thgndration. ”meﬁhvéﬁtnbhwuﬂhér(ﬁéﬁhé@ih theabBeRdedciigiser can be

added durl ng the cation exchange treatment thus yielding a |ower

Si 02- concent r at i on.MeeERsRBEAlY. e methad & tﬁ%m”éﬂ%‘”a RIgE PadityetiliGansals &pm
(a) refer to PORSPEQHIENtkhi ﬁ&bdﬁtn&%ﬁﬁkéﬂﬁeﬁ%fmﬁg stBQ phosphori ¢

aci d-based conpl exi ng agents are capabl form ng conpl exes with harnful
metal cations, e.g.(aaaddng acphogrhonig; acngTbagqacés@ﬂp@gng A9EPY P e piligipeacid-
silicic aci dc%ﬁf%ﬁrﬁh%h&gtnfﬂdﬂﬁﬂn@rbonﬂﬁkegmﬁméﬂc?atnéﬁé sreb,aﬁﬁﬁitweoémm L ng
agents solubl'e in the silicic acid containing solution can be used as a
conpl exi ndP agent . Ib) famEN®HE RIS riilicIca @Fid-eaREINE Gptien r h Pragipiatioragonseaining
added to the ] n i form as a salt, or
a mxture of @SF%?rﬁ Q%%%Q 5g?'ﬂhlsglpg%uﬁoag‘ehrgér}fgﬁggr% based conpl exi ng
agents include et hwpbﬁe@qymﬁhn@recmrqat@n ﬁ@ttg?ﬁ@ﬁ@omﬁﬁéphorl c acid),

hexanet hyl ene di am ge i Yoene trianrne
pent a( et hyl ene phogpﬂg&r}%ﬁéb wgllﬁaﬁggnﬁgﬁgg%t an 5%3'5(3 sﬁatcﬁcsar boxylic
acrd, pr opyI ene di am ne tetra nethyl ene phosphoric

aC|d)(N N -t et¥ra( or - |§?r@r D o

2- hydroxy)e:t hyI rmr;!g: EH[SL?('SF %gﬁé O%%%gfaiog f@é@%% @2%"“3""” gf from
s( et nyl ene ralbostphm amow 0, ,prmembtndomamra:g)frsmmw-i tnabqh 08 p&m):rht% &Grzdjwst
cycl ohexane-1 net et r (et nyJ S8k i.d . ‘

cyci ohexane, f% g?ﬁrﬁ@t %??Lgkj gﬂ ﬁ%?unyl 'ghb}h]ggﬁ%ﬁégag% pH %f from about 1 10
pent aet hyl ene:lbeutaﬂﬁnamtérahlys‘(mhbquterﬂatopd{m:phomce‘ prefedably from about 2 to about 3,

S ver hel NN RR BT HABTRE S8R SRV b 5B SRR A B8 ruius posassiom
m-t Pyé en?mhﬁmpﬂ@r 's@dxami ducat@rﬁrﬂqnntimm simsatemg rRixeured trispdutr Tite ta[kali diet?l?’llﬁ:ates
acet odr 0S onrc_acr S er eo reterao am, notr.l s(ne ene
hosphor 1. agHRIEAHIPN A s, ot SUC B T RIS pe i PEIESIB B UGS Frades.
acid)} and (@G@k%lphﬁé@%ﬁlm‘eta@mm fbxabr@auétm samaxdrwmmti&rmn silicate

1, 1- di phosphoni c aci d) m xtures of these hosPhorl c .aci d- bas
which will be further described herebelow. In case other alkali metal snhcates will be used,

the same processing steps will be applicable. .

35 Suitably, sodium silicates have a SiO,:Na,O molar ratio of from about 1 to about
5, preferably from about 3 to about 4. The silicic acid-containing solution can be obtained
by increasing the SiO,:Na,O molar ratio of the silicate solution. This can be performed by



conpl exi ng agents are added to the silicic acid-containing soiution. It has
been found that the formation of conplexes and precipitation according to
step (b) normally is optinmal at a pH fromabout 1.2 to about 2223 MAY 2003
preferably fromabout 1.6 35 to about 2, m):zt preferably fromabout 1.7 to

about 1.9. Nornall t he suitable pH vaI ue tan bt ai ned by addition of
an appropri atcét'%ﬁg%ﬂar@ﬁ BR&Epteddn dOrd-hpusly ¢ ﬁ@%%ﬁ% R alfeif Rages 333-834,

necessary t heygfer eaftadtirg0 ab8oditinUshieste RYntaMHG! isBItioH A a stroR
208 4 acid g)r baés?gJ ht%t di stur@gl ng the process, sugh as phosphori coagc:\% ‘on

di phosphor i c eXEPaNge FEsPhiesyielerd 'é'“%l@ paid- Cﬁﬁ%’ﬂ%ﬁ‘i’iét'%ﬁﬂe Sdicﬁh%%ﬂﬁohre@um% to
PhoSPRON! ¢ acifh#d A(a¥GEoBRSRGY e BRSEkATHS o S1(o8) Aikad | B8R

conpl exes of nmetal cations and phosphoni c aci d- based Xi'ng agents
can thus He for med.Befeiet Bl §ation [rxcheagpattears cﬂerfpffﬁ@q@rt%.sswﬁt Elbq:ate rsodttiop 1s

(b) is carri %@utﬁw @Mte@gwo%aﬂ Qh?%‘ah’ér{ QRcH¥RGE %té‘;ﬁ%hl“@mé‘%é)%%faﬁrnﬁ%gﬁ Qlﬁcaltﬁ

vakue mai ntai ne format | conpl exes starts
si licic acid-setitioaifurtneg assvaierican beiaddedcrieg ing catien exahshge tibatarsnt ShLafybeE}dmg

the addition based conpl exi ng agents. Usually, the
initiation ofaqé\?’gglg%%%{ﬁ}:%?\tﬁag%ﬂ be observed after a few m nutes The 10

process can be per fRirosponinatit-baked pepieying agewn added inestem (3 péfentocphosphonic

Chont 5 G PERRPHEL Fans AR PO pROCENBRB R b Y Lot BE PR cpERE o1
preci pit ati orfiorrreng @nmpEXefsrmth hhenfabmetal cnatnomjsmag | &, GanlGr, Fe3 ThoRr présent as
enough but mﬂ{wﬁuﬁtl SIP& L&g\ |ét§g1e®e§oqm% the renoval of the forned

conpl exes of osp oni ¢ aci coanneX| ng agents and 15 the netal
canons w || take plAnyephesmhoniep atid-tesedit cabipléving sagentsneolabieWrethd hsiticic  acid-

precipitation_is. lete the turbid turn clear.

Precipitati Oﬁogémgr?%golﬁtﬁc?d?_a@ edésegbag azggr{]@é)gﬁﬂe&éw th the phosphonic

aci d- basetb conpl ex ﬂmeagmspaom bbxddxasad cdmplemggtd@enta@ey rtog Fidedas shd eifitit tacig
rn a purified silicic tion a[gﬁg&s renoval of the

preci pi t ati off® Pﬁa&'%s?ﬁ}or‘n’ﬂf“‘l ama'ﬁr%m"%' ation nethod such
als silt L anon, decarﬁxah'ilpm osteﬁﬁWbsﬁmﬁa&é adidhrbasyd mirbexi@g amsﬁm.r@éthvlbué
al so ot her conventlona rati net hods n

ot 0 i tat i oRAHBRASA (RENGFES (RSB o ReihePRiE Y ks BTG telipmelens,
portion of tbﬁo@@mtﬁ éexerpl r‘dlé@ylleﬁethﬁarﬁinbl cn,e:ntamemmm apfisypBioiel Wddn 2-
, er step; IS renove 51 $/ ? i cn |§x aa&g EUItab%a by nmeans of
a 25 strorfb (PQH’E)?P%’?EH‘&H PERFRDOHY cPﬁ’Qyp%ﬂ% ng JiguRs teta,nethyienecphasahanic
| east a poi Ta*‘@W\Off\ N lnatézkmmiypﬁbﬁoraethmh@a@admampé@aqpmgmgent D-hyldtb sy Bl
oe effected e % k/ reans i on _exc ang Ul t §?% ans of a strong
ani on exchand"" PaSImeRYeR? pfs"t'%?f’o(‘tc)aw Hﬁ’é’" 6Y 'QH‘O FUBRINERER AROEPTIAE BCI),

prefer ably a-sdyieNGoRErAnE¢Eh hb&i8 | did), Thicfohefsrav ab- diérﬁlﬂ ER¥kidlIrB&nP8 e
omtted to 30 retain nore phosphanic acjd- based conpi exi ng agents in the

silica sot. “Pﬁ@s%’ﬁ’t”ifoné'lc‘déat |°b?i°'éﬁﬁ”§ﬁr‘o?l‘a@i(l?l’ﬁ'ﬁé@(@?téﬁ@”%ayp POBMIE| eBCdut

in any orgler pedBigtHyRifeRe s Qs MehladiEe St eghodBiorfiyen bgciit egrawdb@@d
carried out sinultaneously by use of a prepared colum contai ni ng bot h

cation and aRMYIPRERRAEAYRE r B8¥aKiS(TSINYICPRe FERENE UFED), | Alysineps NG@jmetbyleags e
normal I'y fromhahoiihic> 4cR)abeys-ndHoxydth - RINAB MethyieRz 2BRAEphdmict 3-RAPOWiddfs
(methylene phesohonic acid), and acetodiphzcspnonic acid, and salts thereof.
Preferanly, aminotris(methylene phosphonic acid)(ATMP) (also named
30 nitrilotris(methylene phosphonic acid)) and (acetodiphosphonic acid(ADPA) (also named
1-hydroxyethane 1,1-diphosphonic acid) or mixtures of these phosphonic acid-based
complexing agents are added to the silicic acid-containing soiution.
it has been found that the formation of complexes and precipitation according to
step (b) normalily is optimal at a pH from about 1.2 to about 2.2, preferably from about 1.6
35 to about 2, most preferably from about 1.7 to about 1.9. Normally, the suftable pH value
can be obtained by addition of an appropriate amount of phosphonic acid-based
compiexing agents, but if necessary the pH value can also be adjusted by addition of any



~'t) MAY QLO3 5 Polymerisation of the silicic acid in the solution in step
(d) can then be perfornmed according to a conventional polynerisation

met hod, e.g. as described in The Chemistry of Silica, Iler, R 29MAYpaees
174-176, conprising addition of the silicicgacid solution to an al kaline
sol ution, sui I [ i tid o/ ggog&% ; - AN f.
such a 5 net h%)%@idsl %?scﬁ%s@gglmﬁ%é 39453%%0 her gby T‘%%%%’B’é’f gt“%@gg@&% i,
ref erence. Thigipsedpiorion acid, sphespbbpichaaideddippessheniabl phasphanit empielr aang eother
from about 80 fiﬂ% ﬂgr%ﬂgb Qgé:aciq%St preferably from about 95 to about 100C,
to start the % ﬁrrerlsa I on. e polynerisation process nmay take up to
about 10 hours or nBregjpitptiaf esfalcbmpleaeseen Metsl ltetiors. afkr phgbptidméc  acid-based

. on. it i El . he _ .
ol et or & 8 chFoBRRE wBhs b AU BBl a el Fo Uiy BB et Bt S
preferably befbpw Srippout Baapeied dreabdiytidneliils Hbirgpie prefetrepipef ediad mamehew

10 ppm Na preferably bel ow 700 p st, .preferably bel ow 100 m Fe
preferably beﬁﬁ/\{"i@a #%‘e’iﬁse#%}sa Wsﬁ&"ﬁﬂ%{ Y-p'é'fﬁ sihgic 3?’8'1‘85‘%51'% BRAVERR
15 ppm nost PR efoehaly) jurbeldw difdiprateathd additpnedferabbhoriebeigibbde d REIMpEXFHg

preferably bel ow 1 | val ues refer to by 15 ight and can be

det er m ned byaQ’H’l’EﬁJgfﬁ{%E}'éﬁlﬁb’P'lé%'oﬁl ojs‘?rrﬁc'?'[aéﬁﬁ' .CQF$E & ge tF %ﬁ"éﬂ‘”ﬁ’rtes The
di | uted sithi cgros8dss cah hise | ykmed uritpUhé tpresipidtioh bhétiegm@sBiorie oR@siéxes is
proportionally tao thg_ Si 02 contept. The inventi OP f rfher oncerns a silica
sol conprisi fPTRetredde Bﬂ%”%hﬁg{]ﬁ‘uﬁﬁw ds 4aH9a 88y °6o’il‘:‘p eai ﬁ%"ﬁfg nfINKes. t BBBY

in an anmount 5@@@@%%%;&5@ doeuBl Heurd B8R BRNTodded reshittlion id GemBia t¥m the
silica sol) preferably from about 10Q to about 10000 nost preferabl ?/h
e

from about  10%RiHtoR. sHaly. AeG025peUrT iR epPeeiddmpie ﬁﬂ'ﬁgg‘rﬁn?%lz’? deqidired befory

conpl exi ng ag@moval & HEYSMAROERHSIekes 6ths BhBsiHRRlc! £-baiEY cotnBlexMzBknts and
polishing. The silica sol containing phosphoric acid-based conpl eXin

agents caf5behpreptal RIBYs (Wil tKe RieCa st BesBr ioh8BOEH &Y dlousHtorWmERe. When the
phosphori ¢ a%r@'ﬁiﬁﬁé&% i€ eBRIpfXe e AHERIBILAS WAPRITEIBS. PRediditisR olk IO &d 8%
separation of the precipitation. The phosphoric acid-based conplexing
agents are noandZniegeireowithitbe BAPSPHORICIICF-PaseE\FOmPIGXHIR 29rats Wil eqcon durimgthe
content of i Mlid bi8SeddvebDfing S BOYILGIRR! Aasesnifg dhlGi.Ng
agent-containing silica sol 1S preferably | ow as desCribed above.

Concer ni ng ot her suiieans of asmopakepbithe drecritatiergn ottep HE) Mav delugisl any ugtovwas
choi ce of ,pho j chl-b I Q- M-S, ol Q desqkinRsd RN
of the. mefhod A s el B8 aS bR, REARENE o D AR b o
be obvi ous t itaersphéusalse oty coavaniiohaldeparatiemmeitmgs forgamiovingformadopreciitation
not to be regar > t fromthe scope of the present invention,
and all suchq{rarhg ?‘gf'ﬁ't?%ﬂ%?}? évj?r/éﬁ‘d%F%é obvious to one skilled in the art
are intended to be FPnaidrablgdatugashiarmortios of tepestiofs temeaiwh@imihe sigid acid-hentdbing
exanpl es here_bel ow.provi [ ifi [ of, react. :

foll ow ng genseolrﬂg'logp“r"l'?\g}eﬁﬂgg%@oﬁgfg gbiéflgﬂe%%?g%sgo&-xrh%?greo%?g%})ﬁ?&aaﬁgloéa
will furtBh®r sttdngsehart exdmange nesimlescri bed i nvention nmay be pertorned

W thout limting t 0 folde. ~ MAY, par and el
per cent ages refer Dgn%grggg%d éﬂoées‘r"gglﬁtzt °bryM§ér§a2?%S?F Aﬂﬁgor{'grgto L?ﬁﬁg“és'g&oé‘{ce&’d
Exampl e 1 A didsetl eoMpissing agdres.Siolisitaron: elisciedide. by irmepnaadfeon kashamgeasuitably
conductivity of 20-40 5 nflcm. The Si Oz content n\/\ﬁs g>.fi‘= el ght%.TheD -

sol ution was PSR P'HF HYW X197 PEHGPRIT BT SR gLy DSPRS 8F @4 ANiBRG¥abane
type.h OA Zi l)izqieﬁinaﬁrieﬁbrsﬂwza&gﬂmhg%nmlellxthm'@evmsigoﬁiifiiematgt@b&nhﬂ mlgo agwité@ to
wei ght % Si The pH was 2.2. The silicic acid solutign s supplied under
m xi ng wi &% FLETRaAT BRISEROBIC a&?ﬁ"?ﬂ?ﬁ?icemegt‘ma@ﬁ@%%ﬁ?pﬂwa loor d) (ATM P)
yielding a pH of 1.fhe btidnRl SatRrPeHd asH gxchag?é@te@é miayMbE vagied iR th bRy drdedl
of 5.5 weight%silicic acid. After addition of the ATMP, the solution was
left for agei T§ £BUPHOMT IR RLAFHBNIETHEER NRY | YRNt BEnbtedratedi @andi eamiad 3out

mnutes and afihGkanousl dy (RUS pRplftidl i ebithihRb%oth cation and anion exchange
resin. ,
35 "“The temperatures in steps (a)-(c) are normally from about 5 to about 40°C,
preferably from about 15 to about 30°C.



could be observed on the bottom of a beaker and a cl ear phase above it. The
content of the beaker was slightly agitated and passed through abpin

fitter 15 to separate the precipitate fromthe cl ear phase. tng 3
stage, the netal contents of the siJicic acid solution was con b?@

reduced. The obtained clear filtrate was passed through a colum with a
strong cationic reS|r of suI honat e %Fg to further reduce the netal

contani nation. T he ﬁ'&’?‘?’fsiatéﬂ‘ feisiigiga eSgltian i perid) canian hepsdormed
pol yneri sat i omctwdihgtoa ginbverdienaPfohaerisgtion ihetbbd 8.9 a5 debaibpd ie Jae Chemiftry of

phosphoni ¢ aCIsianaﬁe%dRam@r.sa esKPlrl1 50 lobth remg\é@at.dfnsoeqqetsﬁhc.elaaa'se:ﬁnom& 50' ution
t hr oughout t he sat | r.oces n}:) ture was kept at 05-98-~.
O R LGl UkeB St S PR ey 0BT GaPotiAfs AR SHAl ctsachs
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20 based on a 10 weight% silica sol, preferably from about 100 to about 10000 ppm, most
preferably from about 1000 to about 7000 ppm. The presence of phosphonic acid-based
complexing agents is advantageous in certain applications, e.g. wafer polishing. The
silica sol containing phosphonic acid-based complexing agents can be prepared by the
method as described above, but with phosphonic acid-based complexing agents
25 remaining in the solution after separation of the precipitation. The phosphonic acid-based
complexing agents are not removed or are only partly removed from the solution. The
content of impurities in the phosphonic acid-based complexing agent-containing silica sol
is preferably low as described above. Concerning other suitable and preferred features of
the silica sol, such as choice of phosphonic acid-based complexing agents, the above
30 description of the method is referred to.
The invention being thus described, it will be obvious that the same may be
varied in many ways. Such variations are not to be regarded as a departure fram the
scope of the present invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the scope of the claims. While the
35 examples here below provide more specific details of the reactions, the following general
principles may here be disclosed. The following example will further iflustrate how the
described invention may be performed without limiting the scope of it.



| 2 9 -MAY 2003 8 Clainms 1. A nethod for the manufacturing of high purity
silica sol froman aqueous silicic acid-containing solution, c gbghﬁmf‘z(ﬁat
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in the solution to og_}ai nasilicasol. 2. Anmethod as clained in claiml
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conpl exi ng agent based on a 10 weight%silica sol. 13._H gh purity silica

sol accor di ngkebsecing spiuupp throgghoyt the polymgnsatipn procegs. the REPSfHweW2s kept bl
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conpl exi ng agent based on_a 10 weight%silica sol. 14. Hi ghbfgurl ty silica
ase

sol accordi n§ft® cvaightge 1The 3averpos FaFie =% was X% ™ P Phat a¢he area
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based on % 18ham3ryHe 2sidistoautiop was, 1o- KePynmn; ogEIMAed by dynamic ight scattering, DLS
The obiainac product was then concentrated to 32 weight%.

30 Exampie 2
Example 2 was conducted as example 1 except that the cation exchange step was
followed by an anion exchange step and a second cation exchange step. The anion
exchange step was performed by means of a strong anion exchange resin of quaternary
ammonium type to remove remaining phosphonic acid-based anions. The second cation
35 exchange step further reduced the contents of metal cations. The polymerisation was
performed as in example 1. The obtained product was stabilised by ammonia to a pH of
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(d) polymerising the silicic acid in the solution to obtain a silica sol.

2. Amethod as claimedin claim1,characterised inthat phosphonic
acid-based complexing agent is at least one of aminotris (methylene phosphonic acid) or
1-hydroxyethane 1,1-diphosphonic acid or salts thereof.

15 3. A method as claimed in any of the preceding claimscharacterised
in that the formation of the precipitation in step (b) is carried out by ageing the solution.

4. A method as claimed in claim 3 characterised
in that the ageing is carried out for at least 5 minutes.

5. A method as claimed in claim 4 characterised in that the

20 precipitation in step (b) of claim 1 is carried out by ageing the solution for at least 2
hours.

6. A method as claimed in any one of the preceding claims,
characterised inthatthe pH of the silicic acid-containing solution during step
(b) is maintained at from 1.2 to 2.2,

25 7. A method as claimed in any of the preceding claimscharacterised
in that the pH of the silicic acid-containing solution during step (b) is from 1.7 to
1.9.

8. A method as claimed in any of the preceding claimscharacterised

in that after step (c) at least a portion of the remaining cations Is removed by lon
30 exchange.

9. A method as claimed in any of the preceding claimscharacterised
in that after step (c) at least a portion of the remaining phosphonic acid-based complexing
agents is removed by ion exchange.

10. A method as claimed in any one of the preceding claims,

35 characterised inthatthe temperature during step (b) is from 5°C to
40°C .
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