WO 01/ 36327 PCT/ SEQCQ 02137 1. A nethod for manufacturing of silica sots
The presenygly |p/g¢%?/%| on relates to a nethod for manufacturing (g_;ﬁﬂﬂ]
R . . PCT/SEQ0 81)3%

silica 5 sot re specifically, the invention relates to

manuf acturing of high purity silica sotsyinvolving use of phosphonic
aci d- based conpl exi ng agents. Background of the Invention Silica sots have
been known for decades and is nowadays used in a great 10 variety of
applications such as in the paper production, coatings, catalysts,

anti-skid products, poli shiA1 1o %PmL Lﬂfac\,’tﬁrri. Ksitla %% tries including the
el ectronic industry, especi?ﬁ}-y—'ﬁoﬁvaﬁermﬁs-m—n'g—-%n many applications,
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interfere vdiloarsolsaawvxng)usmof;bbospborimadd@sed templesing agemtsesence of e.g.
contam nating netals like alkali netals such as Na, K, alkaline earth
netals like Ca and My, transition netals such-as Fe, Cu, M, N, Zn and the

like are harnful when present iBacky #dundoﬁthbﬂnvdﬁageci ally, alumniumis
known to cause- ﬁvere robl.enms when goreien in the silica sol. .20 It has

thus been el abor &1 &G VAP iTBYE FREMHEIAWR des a§P| Ip Jiowagays usediing oAt

cont ent $0 ofvatilly ofeapplmaimhscwﬁ}ﬁﬂs riatthélgnaﬂei pl’cﬁ!ucﬁi‘frevdo@ﬂﬁgsm:fdm}f&is t@ntpél@diuce

silica sots&fgg l}_&/edt'ﬁ nt_ of S.I %&C aci ” % ons, .derived

from al kal iPTREtCAT BRS04t 89S 'BPUS JnFYRiies yg@g B9 Snﬁ‘lesfi?% 'aﬁ%ﬁ{iys

3 uch aE ED'Bépeu:iallyoﬁoalwaﬁerapnh%mg) lhedmaeapdﬂleamigt ﬂTHiSse)bf $ilea wﬁ\centﬁﬁmatwed
i st urbing 5 cat .0Nns P- - 464 28 I scl os a_ neth
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silicate scbdaueloﬁﬁem caused groblemst e’ﬂeimemterof thes neatglesalotin @ngll aMdAnts,

cation enmov,e sqdi um| froma sodiumsilicate solution

ch
thus fo Ng %feé'Y 5 @Fﬁgﬁ | RPOLIY PEHOIEHNG §f ?ﬁn?qlﬁ'l oxalic acid-is added. The
oxalic acid is b@résned ofeg‘ @bhtafithating @rﬁét@isdmérphceﬁmetéﬂs@bcﬁrak Na KD akkaline

especially I|ICI aci d sol can be

r enoved fr(?ﬁ{tg %8?‘5& ¢8 gﬁ%&ﬁ? o7 Mg 'saﬂfc r?sg'?& &E’ g{,%{?ﬂi 7'5 #8her

cationi ¢ ehatmfubeheh enresent re Geificaesbld. CEspeoialhe aleminium g kiewal tocedusensevbredm

the soluti ?ngh% % | cec 'a%E siol u ion is then subjected to

pol yner i saff4 }u T P i Regegy e si %“The nethod accordi ng to EP-Bl-464 289

yi el ds Zone r edutithasrthus been alaboetted various methods to prepare silica sols, having low
contents of the mentioned contaminating metals.

Previous methods to produce silica sols have involved treatment of silicic acid
solutions, derived from alkali metal silicates by use of various types of complexing agents
such as EDTA and oxalic acid to reduce the contents of the above-mentioned disturbing

25 metal cations.

EP- B1-464 289 discloses a method for preparation of a purified silica sol. In this
method, an alkali metal silicate solution is first diluted in water, then exposéd to a strong
cation exchange resin to remove sodium ions from a sodium silicate solution thus forming
a silicic acid solution to which oxalic acid is added. The oxalic acid is believed to form

30 anionic complexes with metal ions, especially iron ions in the silicic acid solution. These
complexes can be removed from the solution by means of an anion exchange step. Yet
apother cationic exchange step is required to remove remaining metal cations from the
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-

484 289 is that a strong anionic resin must be used to separate the oxalate metal

b4



35 e.g. in the silicic acid solution. One drawback with the nmethod

At . Fe,
accor di ng WO BBSBH 464 289 is that a strong ani onic resin MEESEWO2133ed to
separate the oxalate netal WO 01/36327 PCITf SEQ0/ 02137 2 conpl exes. This
will require reﬁgner Lon.of the anion.exc @g_e.resin before it can be
i
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way to producg ., high purity silica. Description of the Invention 1
Accor di nggt owg'ﬁg"?ﬁq@stg?if’rqdﬁg&'?tvﬁﬁ'rﬁ"pﬁnﬂ% net hod for manufacturing of high

purity silica sot sTheprezeftinvinbyh geflided g drenexinbivg ah \eHbMRe WdyeR! droducd
silicic acid-, contaiang sol ution by addi ng a phosphoni c aci d- base

conpl exi-ng JYEMPUEY SGR- sol ution, forming a precipitate of conpl exes of
phosphoni ¢ aci d- based conpl exi ng agent and netal cations, renoving said

conpl exes whereafter the silicic SCid can Ze sub@ected to 15
pol ymerisation. The invention is ! f the appended cl ai ns.
More spegpfical |y, Aédordin@ltd e brRisehtRvemion] achdw indhdd fdM BBnuthétining of higha
sots from a SI|I%IC aC|d-conta|n|@%gs§Eu I on conprises the follow ng
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steps: (a) oRHIh§Isa SRlssproAeen REV & NeWnmEder Havolyrsnireating: » silisic| a¢ig-c

acid- contai w'nmmﬁ% IsEfution by addihd 8 phespNoRicaRridbdsed BRkplexiatdgenttothe $8fition, N
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pol ymerising the sili C|_Ir§hea0| d.in, t@'ﬁr soltythn to obtaipn a silica sol. 25
The si | i &5 ¢ RRYMPENSaHPR Thedgvestion sifiyines feftied i the)appraded glaimso2- concent rat i on
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phosphonic acld-based complexing agent and metal cations;

(c) removing the precipitation from the solution; and,

(d) polymerising the silicic acid in the solution to obtain a silica sol.

25 The silicic acid-confaining solution of step (a), have a SiO,-concentration of from
about 1 to about 20%, preferably containing from about 4 to about 10 weight% SiO,, most
preferably from about 5 to about 7 weight% SiO, and having a pH of from about 1 to
about 4.5, preferably from about 1.5 to about 4, most preferably from about 2 to about 3,
can be prepared in any known way from any alkali metal silicate including potassium

30 silicate, sodium silicate, and lithium silicate or mixtures thereof. The alkali metal silicates
are well known in the art of silica sol manufacturing and are available in various grades.
Preferably, the alkali metal silicate used for production of silica sol will be sodium silicate
which will be further described herebelow. In case other alkali. metal silicates will be used,
the same processing steps will be applicabie.

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
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n-oktyliminobis(methylene phosphonic acid), cyclohexane-1,2-diaminetetrakis(methylene

phosphonic acid), cyclohexane,1,2-diaminetetrakis(methylene  phosphonic . acid),

25 pentaethylenehexamineoctakis(methylene phosphonic acid), N,N-bis(3-

. aminopropyl)amine hexakis(methylene phosphonic acid), glycine-N,N-di(methylene

phosphonic acid), N-(2-hydroxyethyl)-N,N-di(methylene phosphonic acid), aminotris
(methylene phosphonic acid), and acetodiphosphonic acid, and salts thereof. _

Preferably, 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 éaded to the silicic acid-containing solution.

it has been found that the formation of complexés and precipitation according to

step (b) normally is optimal at a pH from about 1.2 to about 2.2, preferably from about 1.6

35 to about 2, rﬁost preferably from about 1.7 to about 1.9. Normally, the suitable pH value

can be obtained by addition of an appropriate amount of phosphonic acid-based

complexing agents, but if necessary the pH value can also be adjusted by addition of any
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sol ution. ual,

betor e the  aRRAocEre eRutng P i ek aee s el BRon & aci d-baseq:
conpl exi ng agent's fegdnsl of tremovait off theapieoipitatiunl in stepe(d)l mey indude anp known
o e hehebhtereretod S B S, Bhiadh. o SAERGBHG, 4 Sobbinbdn
t oget her Wi t {hetddf, Hubakpvther comentiorizh sephratiomphethodmfonpemvingdotrhedpreipitationi ng
Sol ut on. | WeBTRMTR iR ey ol HESBRaci pi tation in step (o) may inelude any
known Preferably, at least a portion of the cations remaining in the silicic acid-containing
solution after step {(c) is removed e.g. by means of ion exchange, suitably by means of a
25 strong cation exchange resin.
It may also be desirable to remove at least a portion of the phosphonic acid-
based complexing agents. This can be effected e.g. by means of ion exchange, suitably
by means of a strong anion exchange resin after step (c) by means of an anion exchange
resin, preferably a strong anion exchange resin. This removal step may also be omitted to
30 retain more phosphonic acid-based complexing agents in the silica sol.
The optional cation and anion exchange steps may be carried out in any order.
The cation and anion exchange step may even be integrated and carried out
simultaneously by use of a prepared column containing both 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.
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si mul tan@'&ﬁ%’f%lmw?%?é‘ %°%Mﬁ°%?@nﬁreéﬂﬂﬁgibﬁm"g%g ROWSt i on and ani on
exchange resi Throggh the inventiud @tisipessible t6 tpegduce dighlg pury siliczs6iBl Inya loom
about 5 to, t 40C,  preferghly from.about t o abouyt 30C. WD 01/36327
PCT! 4RO BIoRY SiQ: ssbitheBPmest i e BRI PeibeEs ief. Jrex! preterably bRiowad;
et o B e o 1 e e ges
T4 176, 7O TORGPIRTRDY bAioRY TOURPTE, 16 ErEISaRl Beleby T pBIT. InsstRrerareRl e
sol ut i onpeléw! 10 phin, T preferablyp belolv 15 pprmlmest prefetabiy delovi 10 gpm eandndre of
such a 5 thod .1 s discl osed in U 440, 1 ere incorporated b
refer enc%".r;?el%gy ﬁﬂ? f i@n"?@' Mo Png%r%blyé)g{og\éﬁop:{'pé#.e&ggp(}lef JQ%r 33 Apat é?' ure
f r ommgbowkighOatd caw be idefdbinedbyshdudtive teupldd plasmar(iGR)oirt mdke tencehtvated100C,
to start the l.ynerisation.,6 The L vner i sat i r Ss_nay. take to
wbout - 100 SCH 1S T et ot ip {iRiek WL A8 by RBS8S BraftionafiGte e
I nvent i 08i0,idontemt.possi bl e to produce highly pure silica sols. In a 10 10
wei ght % Si 02 sal , .the.copten [ Sipe %ﬁ] ) .
preferably bel WE"BMU%SF 5&{9 @lrsa%)%y/@%gpgév é'yspt) Lto'\rér{ig‘)‘gt °’ge? %ﬁg{“ﬁ bel ow
10 ppm  atid-baséd: canphexinglagent, sGiCabiypim amarnsoun frohe abduty! Obtel aboutl 600 ppmFe
pref grab el ow 15 r T bel ow
s pal e orr B Bon SpE, sdl Befrabl teomh S0 120 15 3Bbu HocRE e otk " 01
pr ef er abpreférably frotrDalpguhn 1080 to abdul FO00 ppryr The ppesenes 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. Conceming 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 cbvious that the same may be
varied in many ways.' Such variations are not to be regarded as a departure from the gist
and 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 exarﬁples here below provide more specific details of the reactions, the following general
principles may here be disclosed. The following example will further illustrate how the

described invention may be performed without fimiting the scope of it.
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alkalise the solution throughout the polymerisation process. The temperature was kept at
95-88°C. The pH was kept at 8-8.5. The obtained silica sol had a pH of 8, a concentration
of 10 weight%. The average particle size was 34 nm, based on surface area
measurments as described in The Chemistry of Silica, ller, R. 1979 pages 465-466 and
25 the particle size distribution was 15-100 nm, determined by dynamic light scattering, DLS.
The obtained product was then concentrated to 30 weight%.

30 Example 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
ammeonium 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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aci d- baseg—amons. The second cati on 35 exchange step turther reduced the
contents of netal cations. The polynerisation was perfornmed as in exanple
1. The obtai ned product was stabilised by ammonia to a pH of WD 01/ 36327 °
PCT/ SEO0/ 02137 7 9.5 and concentrated by neans of ultrafiltration to 50
weight % A high purity silica sol was produced. The table bel ow shows the
degree of purity in the prepared high purity silica sols of 5 exanples 1-2
conpared to a standard silica sol. As can be seen, the method according to
t he exanpl es -provides for exquisite purity of the silica soI content (ppm
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the preceding clains c aracteri sed iInthat the formation of
t he preci p| taed&aseﬁcemelsx'os)agmtaeamqt@&atms by ageing the solution. 4. A

met hod ag ?dra@fﬁomngwpre&p&dﬁen%mﬁ@ga%&t ahgs char acterised
i n that the ageing 1s carried out for at | east about 5 minutes. 5. A method
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precedi ng cl asifdaseqd complexing aset't igat lepstong of am‘ﬂottq‘?'a(tmqﬂﬂéemﬂﬂsl)h?féc §F'm & c
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4. A method as claimed in any of the preceding clams characterised

éexes

in that the ageing is carried out for at least about 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 about 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 about 1.2 to about 2.2.

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

30 exchange. .

9. A method as claimed in any of the preceding claims characterised
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 ch 5 racterised inthatthe temperature during step (b} is from about 5 to about

40°C.
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