NODULAR SI LI CA SOL AND METHOD OF PRODUCI NG THE SAME FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates to a nethod of producing a nodul ar
silica so[ which is a preferable polishing material. BACKGROUND OF THE

| NVENTI ON [ 0002] In production of substrates each with a sem conductor
integrated circuit thereon, irregularities or steps are generated when a
circuit is formed on a silicon wafer w th netal such as copper, and
therefore metal ReHIARSSIPICA BBLCANS WETHIE OF SREDBTING THE SAREDVEd by
polishing to renove the 1rregularities or steps 1n a surface. Furthernore,
irregularities are generated when alumnumw ring is provided on a silicon
wafer and an oxide filmof silica or the like as an insulating filmis
provi ded, it jties are averaged by polishing the oxide film
In the prgggggégﬁ}%gpﬁgﬁhﬂgha substrate as described above, it is

general ly ired that the polished surface does not include any step nor
irregularpﬁﬁggnd is flat and snooth without any mcro blem sh or the |ike,
and that the pglishing speed is high. [0003] Recently, in association with
the needs for sf'ieepFeéGU’&ﬂriVSHt'%‘hde'ﬁTejh’%’ra BeihPe rtarreducire @) @%C{U? rcsiligagsol

el ectronic products, a degree of integrated in sem conductor devices has
been becow*ﬁb'ﬁﬁéﬁﬁ@@bﬁg#ﬁSMﬂ@ﬁ@P¥mbut, for instance, when there remain
inmpurities such as Na or Kin a separating |layer of a transistor, the
desired performance may not be realized or sone failures nmay occur.
Especially, when Na is 1 deposited on a surface of a polished

sen conduBASKGERGRINDG @fFelhd: INVEMIHODKI de film Na having high dispersibility
may be trapped in defects of the oxide filmor the like. In this case,
even when[0802] rcuit is formed on the sem conductor substrate, sonetines an
insulation failure or a short circuit may occur, and furthernore the

di el ectri c conshaptoduction of substrates each with a semiconductor integrated circuit

thereon, irregularities or steps are generated when a circuit is formed on a silicon wafer
with metal such as copper, and therefore metal portions of the circuit are preferentially
removed by polishing to remove the irregularities or steps in a surface. Furthermore,
irregularities are generated when aluminum wiring is provided on a silicon wafer and an
oxide film of silica or thé like as an insulating film is provided, and the irregularifi'gs are
averaged by polishing the oxide film. In the process of polishing a substrate as
described above, it is generally required that the polished surface does not include any
step nor irregularity and is flat and smooth without any micro blemish or the like, and
that the polishing speed is high.

[0003]

Recently, in association with the needs for size reduction and higher
performance of electric and electronic products, a degree of integrated in.
semiconductor devices has been becoming increasingly higher, but, for instance, when
there remain impurities such as Na or K in a separating layer .of a transistor, the desired

performance may not be realized or some failures may occur. Especially, when Na is



may drop. Because of the tendency, under sonme conditions for use of the
sem conductor substrate, or when the sem conductor substrate is used for a
long tinme, the failures as described above nay occur, so that there is a
strong need for devel opnent of a polishing material containing little
inmpurities such as Na or K As particles for polishing, such materials as a
silica sol, funed silica, and funed alumna are generally used. [0004] A
pol i shi ng i i t i e j eg.cal
Part cl oa dPasREl th 4 36ac ol Sk Db e BB o B e BB ot
a net al xi.de .such as.silica or alum.n an oxidi zi reagent. for, r.ai sing
an oper at [A/TA MEN SRR SPMt 1D F trapasd i e fagtaf e PP Tl ngedhecilp ol s,
and additive such as an ora ni § acid;ej, a,ch sol vent, such as dei onj.zed wat er.
Si nce t heP&%rfE®S €S 1i9"F @df‘ PiPGeey L EEICHYIUGor (UBRER e p SPTEY ST 6P
wiring fornmed . on_the base insulating filmon surface of a polished

mat eri al , "MSHEUQY fAilkreeor & ShOr SR BEMICEY ﬁﬂﬁmﬁmﬁrepr%@elﬁyﬂwmﬂ%ant
renmovi ng the convex portions to provide a flat polished surface. Wth the
spheri cal M3%r 81981 esBagausgestrihBedendsace, urtaievene aprditienspden iush abole t he
common plane is polished, the netal for a circuit within a wiring trench
under - conggieordictdrobsirale. dr shev e agroisarductorbrubstyptesisated domha langatimevel
under the comon plane, and the problemis generally referred to as

di shing. Weefieilules di stésvgibé¢exabessi wey paicus hsmghatigheres o iabstronpoveed decur s,
t here occur such problens as that a thickness of the wiring di mnishes and
the wiri deyetapsicnt aha polisbirgmestetialr@atainiog littldtnpudiiesf duahredMa efK.an
insulating filmformed on the 2 polished surface becones | ower, so that

t here is the nekdpimiclesUpppelbinggsichenstesbis 2g.a sili@008] fukd silirapaid Rikiedg
material containing a group of nodular particles is used for polishing a
subst r at ealn@iHange kogerhiiy @@dl ari ties as descri bed above, concave portions on
a surface of the substrate are prevented from being polished until upper
end faces[gabgt he convex portions are polished to the sane | evel as bottom
faces of the concave portions.

A polishing material used in the CMP technique generally includes spherical
particles for polishing with the average diameter of around 200 nm made of a metal
oxide such as silica or alumina, an oxidizing reagent for raising an operational speed in
polishing metal material for wiring or circuits, and additive such as an organ_ic acid, and
solvent such as deionized water. Since there are steps (irregularities) caused by a
trench pattern for wiring formed on the base insulating film on a éurface of a polished
material, the surface is polished down to the common plane by mainly removing the
convex portions to provide a flat polished surface. With the spherical particles as
described above, however, when a portion above the common plane is polished, the
metal for a circuit within a wiring trench under concave sections may disadvantageously
be polished down to a level under the comhon plane, and the problem is generally
referred to as dishing. When the dishing (excessive polishing) as described above
occurs, there occur such problems as that a thickness of the wiring diminishes and the

wiring resistance becomes larger, or that the flathess of an insulating film formed on the



After the upper end faces of the convex portions are polished down to the

sane |level as the bottomfaces of the concave portions, both the convex

portions and the concave portions can be polished at the sane polishing

speed, the dishing (excessive polishing) never occurs, and the polished

surface has no irregularities and is excellent in the flatness as well

known. Since the dishing never occurs in a polishing process perforned,

for i nsta senj c ctor_ jnte t ed CIrCUI ncrease of
cirou ?8'%883.9?? B e o S R b R B B b e B S

and t he pﬁt gr surface is excellent in the fl atness, so that a | ani nat ed

i ntegrate 8 cuit can eff|C|entIy be forned. Appllcatlons of the

pol i shing mater contai nin nodular particl descri bed a

expect edl'y incl Wﬁsﬂ abﬁ‘t’l'sh'dg "lq? e?.Prtt?J”'ngar &URe h‘i“?tﬁ??é RFFUleum Hf:ﬁFF Wi ring
on a aluntnuntdlsk (alum nymor a netal skin over the substratr% or on a
sem conduB?!sPingA %'-Ibls‘ét’ﬁ‘@r kRying e dgeslsties asedesarivadaanove anseav eOrtighs g a

opti cal dISk or netic disk, a glass substrate for a liquid ctystal

di spl ay, &uripcgsef t@etﬁslgﬁitéﬂté #re Preyeptast om el polishedourti Lpegrzans faeeseef the

[ 0006] As a nethod of producing a silica sol containing nodul ar particles,
for i nst anewex pdrjpmsese pPiahedtto Lt shn@ptenelRasihattam fames Mb theHEdncédve 8F8ibRs.
(Patent docunent 1) discloses the method in which a silicic acid solution
i s added A&eatheauppeoesd Swlewtof tre adnves pariionk laed polisbédbowsn ko teet sanve lebeltdae
concentration in the range fromO0.05 to 5.0 weight % when cal cul ated as

Si 2 so t tet bdthan Fadsd/ MM t@micave pattlons, hdthride coWlélepottiess and ah&k @bhcavieet al
or quarternary ammonium in the m xture solutionis in the range from30 to

60, and pérEiBnOREN B JONEIEITRL e SOANPPLIRARz DLEE 108 didhp (cREeBRUlishing)
consisting of Ca, My, A In, Ti, Zr, Sn, Si, Sb, Fe, Cu and rare earth

Metal s arRedsldRsbute) dnaetHal KSIpEd SOHHSE PBs r(obﬁtéyuan%s HAl 1 18 %exXchferRl iACERS Of
adding the silicic acid solution), the resultant mxture solution is

mai nt ai negaiRbsA dsCHRET RMWHE O$in8OGhRT dldRKE Ak gr Bodoiafd ah Na NEISAR: QJro{:és'é‘E

and furthernore a silicic acid solution s ded to the m xture sol ution
so that Sbé??drh%@ for instance, when forming a semiconductor integrated circuit, increase of a

circuit resistance in the obtained integrated circuit does not occur, and the polished
surface is excellent in the flatness, so that a laminated integrated circuit can efﬁciently.
be formed.

Applications of the polishing material containing the nodular particles as
described above expectedly inciude, but not limited to mirror machining of aluminum
wiring on a aluminum disk (aluminum or a metal skin over the substrate) or on a
semiconductor multilayered wiring substrate, a glass substrate for an optical disk or a
magnetic disk, a glass substrate for a liquid crystal display, a glass substrate for a photo
mask, and other glass materials.

[0006]

As a method of producing a silica sol containing nodular particles, for instance,

Japanese Patent Laid-Open Publication No. HElI 4-187512 (Patent document 1)

discloses the method in which a silicic acid solution is added to an aquecus solution of



(nmolar ratio) is in the range from60 to 100 to obtain a sol in which
nodul ar silica particles are substantially dispersed. [0007] Japanese

Pat ent Lai d- Open Publication No. HEl 7-118008 (Patent docunent 2)

di scl oses a nethod of producing a silica sol of particles having a sl ender
formin which water-soluble calciumsalt, nmagnesiumsalt, or an aqueous
solution of the conpounds is added to a colloidal solution of active

ilici i | kal.i b i dded. h I .
o oS A R RLOR RPN M 1 .
bt ai heal |1 qujd, . i.ni t] t mxture | .
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solution is condensed to the S Q2 congentration jn the range from6 to 30
wei ght % B'g?t“’gxf’éﬁé‘ﬁgﬂ’r}?@’ mwu&ﬁw fige MREUEEIERIHEPD [SriBdie $args BT aithtad4 | i ca
sol having a slender form [0008] Japanese Patent Lai d-Open Publication No.
2001- 11438 thenere Adeqrfreritalnomnguads spleated fromt Wsdrenr epnsisting gt Sal MafAl,
particles having a beads-like formin which an aqueous sol ution contai ning
ei t her onb di: Hoth. & Fn RkaCer angbraip|earthi wetan ereapdied: tor thel mixturgesclitiosal t s
is added to a colloidal solution of active silicic acid including the 4
active si{hefareby duribgitbe bBoasss giitaddingshe aflicid atie doltiodi O vésuhantheixpiteof 2
to 6 so that a nolar ration of the metal conpound (expressed as MOin a
case of asditial iemiaimeinat as altempamnaturasf KBTS or mare dasecataiaptesd af Bné, amet al
salt, wherein Mdenotes a bivalent or tervalent netal atom and O denotes
a oxygen Alrgwymagas BHicicShéR dolutibhds cabéditdahe reigtund isoltioh sbhgab iy ™,0
silicic acid is inthe range from1l to 10 weight % the resultant m xture

sol uti on (nsolaveldtiongs tiatthel rafgeOlomi B0 oMU 6 bsah W keNin( Which aibdakl dilkaand
spherical silica sol wth the average dianmeter in the range from10 to 120

nm and pHhirclebard anEeanthllPikgerk&d.6 is added to the m xture solution (1) so
that  a ratio (weight base) of a content (A) of silica originated fromthe

aci dic spfggpyral silica sol against a content (B) of silica originated
fromthe mxture solutionis in the range fromb5 to 100 and at the

Japanese Patent Laid—Open Publication No. HEl 7-118008 (Patent document 2)
| discloses a method of producing a silica sol of particles having a slender form in which
water—soluble calcium salt, magnesium salt, or an aqueous solution of the compounds is
added to a colloidal solution of active silicic acid, an alkali substance is added to the
resultant aqueous solution, a portion of the obtained mixture is heated to 60°C or more
to obtain a heal liquid, a remaining portion of the mixture is used as a feed liquid, the
feed liquid is added to the heal liquid, and the mixture solution is condensed to the SiO,
concentration in the range from 6 to 30 weight % by evaporating water during the adding
process to obtain a silica sol h.aving a slender form.
[0008]

Japanese Patent Laid-Open Pﬁblication No. 2001-11433 (Patent document 3}
discloses a method of a silica sol of particles having a beads-like form in which an
aqueous solution containing either one or both of an water—soluble bivalent and

tervalent metal salts is added to a colloidal solution of active silicic acid including the



sane time so that a total silica content (A+B) as calculated as the SiQ2
concentration in a mxture solution (2) obtained by m xing the acidic
spherical silica sol with the m xture solution (1) is in the range fromb5
to 40 weight % an alkali netal hydrate or the like is added to the

m xture solution (2) to adjust the pHto 7 to 11, and a resultant m xture
solution (3) is heated at a tenperature in the range from 100 to 200C for 5
to 50 hou , a L d-Qnea~Pulli.cat i 01-48520
(Patent asaiveatifesdy oA BARTRaLRE ELbcRe{se B RO R nPY 2%, 038 e
silicate with the silica.,concentration in,th range froml to, 8 | /]iter,
The aci d EBIREERITLT R "weiok FEVPARGLORreises 20013 it 6 casa 8% KBelent fiefd <3l

wat er conceptration in the range from?2 to 30 npl/liter, is hydrolyzed with
aci d cat aFREs Vi B BaSE 9ot AETAGH Weteh Ak Bheisy Mhaendine S beleat o
concentration is in the range from0.2 to 1.5 | /1iter, and then alkal
catal yst tevalgleetad atA®. @Ml UP elProbtue BYYEED atael (#&eintthSIPuin dhey cglioidyr e,
the solution is heated to advance polynerization of the silicic acid to
obtai n a 8¢lviienok#e petivghsititic sicidnigen therrange Feml | itad Osyvpighta hpkhet festlbant
having the average dianeter in the sideward direction in the range from5
to 100 nnmixheretsedtionris walltagiatiedrigi abali mainixtlire ssotution (1) an laeidicasngbsithedeal 1. 5
to 50 tines of the sideward direction above when observed with an el ectron
m cr oscopsiicr sol dvithpbesedragn didmestén guihd rdngepfeorsi 1@goe W0emeanhd pHO0 164 radmpanese
Pat ent Lai d- Open Publication No. 2001-150334 (Patent docunent 5) discloses
a met hod fbmp2 adugiingddeditd itba rsivfur@fsolitioh A} ed thar i ties(weiphtttiaed) af aal t

of an alkali earth nmetal such as Ca, My, Ba is added in an acidi c agueous
sol ution @dntad (A F siichictighate@l flornithd abliR SiHKicsladiatss! bBaikdten camgat (B)om 2
to 6 weight % obtai ned by subjecting an aqueous solution of an al kal

metal silbCalich sHghatad M e B8R sQUtidILisPhORBSaNROfHbAI5 16 ADVANAGatCRkI ON
at the weight ration of the salt as cal cul ated as an oxi de thereon agai nst

SIQ2 in thgnaGhdis thhd & €6t81 SfdatodnieritMB+BRRAYEAIENIHTILAQNE &id PEh BRI tion in
furthernore the alkali naterial is added to this solution so that the

S 02/ MZOa er)'(tﬁFe Eé}ﬁﬂ.i&] ém%fa%é?:l M mixing the acidic spherical silica sol with the mixture

solution (1) is in the range from 5 to 40 weight %, an alkali metal hydrate or the like is
added to the mixture solution (2) to adjust the pH to 7 to 11, and a resultant mixture
solution (3) is heated at a temperature in the range from 100 to 200°C for 5 to 50 hours.
[o009]

Japanese Patent Laid-Open Publication No. 2001-48520 (Patent document 4)
discloses a method of silica sol in which alkyl silicate with the silica concentration in the
range from 1 to 8 mol/liter, the acid concentration in the range from 0.0018 to 0.18
mol/liter, and water concentration in the range from 2 to 30 mol/liter is hydrolyzed witH
acid catalyst, the product is diluted with water so that the silica concentration is in the
range from 0.2 to 1.5 mol/liter, and then alkali catalyst is added to the diluted solution to
adjust the pH to 7 or more, the solution is heated to advance polymerization of the
silicic acid to obtain a silica sol in which slender non—crystalline silica particles having

the average diameter in the sideward direction in the range from 5 to 100 nm and that in



denotes an al kali netal atom NH4, or a quarternary ammoni umgroup) is in
the range from20 to 150 to obtain an initial heal |iquid, an agueous
solution of active silicic acid obtained in the sane way as that descri bed
above and having the S 02 concentration in the range from2 to 6 weight %
and the Si 2/ MO nolar ratio (Mdenotes an alkali netal atonm) in the range
from20 to 150 is used as a charge liquid, and the charge liquid is added
to the in I t N, 150C
ot o rar oo RnpaaHe B B i P BRGS0V h of HOSCELA Bherh B 07,
the initi I r.in the range f eva oratlng
(or not e\%%%ﬁg%nn&%%\v%fjeﬁﬁ{ ?%%’é 8" RGN " S&ﬁfsﬁdﬁnﬁﬁ%g?u"gfi'sa? St"6rt ed
particles, Ihﬁ@%l] Japanese Pat ent Lald Qpen Publication No. HElI 8-279480
(Pat ent d8 t 6) describes that, in the colloidal silica agueous

sol ution @#ﬁafrEd by the nethod (1) in which an al kali aqueous sol ution of
silicic a S neutralized with a mneral acid, then an 6 al kal

substance is added to the neutralized aqueous solution, and the m xed
solution is hestRegesoPategt Agid-Bpeq ﬁé“f?@i'ﬂ'&&‘o( %901.-65%ﬁ4c(ﬁawta#okmnt 5)
substance js added to active silicic acid obtained by subjecting an
aqueous s8BHEPYNA tretherbotaadepingactitasgeo! of d(ﬁé@’é‘i’d@arélﬁés in tydhighi & tsalt of an
solution is heated for aging, by the nmethod (3) in which al koxy silane such
as et hyl alsali pergh enatal sweliras| Gadde.abal it hededbin sannetidiacoueeusssdlitncofaadtivei s
heated for aging, or by the nmethod (4) in which fine powder of silica is
directly dligpersedth thedfiOadersiysn tiediramge frogehés Glwejcht &l dobaided by slibjesting
particles having the dianmeter in the range from4 to 1,000 nm

(nanomet ears pquenind soidtien pf an aflabmetainsiidaee s@igss Waiemglast Ao 308 protessite for

di spersed in an aqueous nedium and that the concentration of SIQ2 is in

t he rangerdnicdifgOcdtidnOatbbhe WRighbtrablorand ther &apaefRicalityd ia8 Ahexidangerdohom
0.5 to 30 weight % The docunent furthernore describes that fornms of the

si lica pasddifsk @50 iRGhs deiicasiifi 86l Gathe RSB 8 100MtbeBAb¥bnd AlrfRerAode @k
form a plate-like form a slender form and a textile-like form Also in

the case gkaif Rtetal iCRIRA! toCOHRY BbIHHISD sb hlﬁatn%u%l@f/ MRO! hblaf Fais (\gﬁe?@lﬁ' I‘ﬁed

above, a high purity silica sol containing suc drities as

little asynResd Bh&ilaf metal atom, NH,, or a quarternary ammonium group) is in the range
from 20 to 150 to obtain an initial heal liquid, an aqueous solution of active silicic acid
obtained in the same way as that described above and having the SiO, concentration in
the range from 2 to 6 weight % and the Si0,/M,0 molar ratio (M denotes an alkali metal
atom) in the range from 20 to 150 is used as a charge liquid, and the charge liquid is
added to the initial heal liquid at the temperature in the range from 60 to 150°C at a
rate expressed as a weight ratio of SiO, in the charge liquid/SiO, in the initial heal liquid
per hour in the range from 0.05 to 1.0 evaporating (or not evaporating)} water from the
solution to obtain a sol of distorted particies.
[0011]

Japanese Patent Laid—-Open Publication No. HEI 8-279480 (Patent document 6)

describes that, in the colloidal silica aqueous solution prepared by the method (1) in

which an alkali agueous solution of silicic acid is neutralized with a mineral acid, then an




required. [0012] As a nethod of producing an aqueous silica sol with high
purity, there is known a nethod using al koxy silane containing few
inpurities as a starting material, and Japanese Patent Lai d-Qpen
Publ i cati on No. HElI 6-316407 (Patent docunent 7) discloses a nethod in
which al kyl silicate is hydrolyzed in the presence of alkali and generated
siticic acid is polynerized to obtain an aqueous silica sol. Al so Japanese

Pat ent Lajg: l.] ' . - . dg . . ot.her
document o o SRR BBledth M nttaded ieeblid bl AR TG i, R 5
aci dic solvent.and.th obt ai.n silicic acid. mynoner .is lyner.ized in a
basi o sol DR f8 RSP e Bt 67 o e Skt RefRERds ARl Slvibeg
above, ther, e the several problens, for instance, 7 that stabjlity of
the obt ai FEf Oghafrée&[hv SYVPEREIA WPV IR ?Qheo?attoﬁa&xcawgamza&%fsaswﬂ (OR
group) renains, the density of obtained particl s low, and therefore a
suffi ci _en’g;'ila rAsture BPINEOR freadtedfor Rgine Wstrmth@fa? whichealkaxy ispapesyichiag used
as a polishing material. [0013] In the nethoq_qsing_mater | ass obt ai ned
by di ssol &imgSitaate & hydselyzetbandihesehitaingd actiyeasilicie apid isvheatedionpdging. ior by
water as a starting material, an aqueous silica sol can be obtained, for

i nst ance, theymetbad k4l intvihinh firecpanedes of gilieasts diredtip cispaesed 21 ag atkrus mesiume d
silicic acid solution (containing silicic acid nonomers nuch) in a basic
sol vent . #enweallgroollsidalcslicrapartitlepdeaviol thetd@nstsuphthasradle from 4 Fe, 1,089, nrand Ca
are contained as inpurities in the glass sand, alkali netals (represented
by Na) remahomenecd), anchmiohe pedfeablycid thguengisfreal Tt G00i in prodizptised it anan
anount of the netal ions, so that the aqueous solution is not suited for

use as a pglebadingiiumtid tHat fthe Ansertr-aRACEID, isSHbgkrahgs fircio.ones abs as
Al and Na can be reduced to sone extend by processing the aqueous solution

Wi th an agéightoh dhdCheleabldigraBYER! thebidhgd MM OE ty 30Swaight BUf fACBAimaR a

polishing material for a sem conductor substrate. Al so high purity silica

powder i Sf$8fhnore describes that forms of the silica particles includes a spherical form, an
irregular form, a flat form, a plate—like form, a slender form, and a textile-like form.

Also in the case of the silica sol containing the nodular particles as described
above, a high purity silica sol containing such impurities as Na or K as little as possible is
required.

[0012]

As a method of producing an aqueous silica sol with high purity, there is known
a method using alkoxy silane containing few impurities as a starting material, and
Japanese Patent Laid—Open Publication No. HEI 6-316407 (Patent document 7)
discloses a method in which alkyl silicate is hydrolyzed in the presence of alkali and
generated silicic .acid is polymerized to obtain an aqueous silica sol. Also Japanese
Patent Laid~Open Publication No. 2001-2411 (Patent document 8) and other documents
disclose a method in which alkoxy silane is hydrolyzed in an acidic solvent and the

obtained silicic acid monomer is polymerized in a basic solvent to obtain an aqueous

silica sol. In the methods described above, there are the several problems, for instance,




in place of the glass sand, but the high purity silica is expensive, and it
take disadvantageously long tinme in solving the high purity silica with an
al kali. [0014] Japanese Patent Lai d-Qpen Publication No. SHO 61-158810
(Patent docunment 9) discloses a nethod in which an aqueous sol ution of

al kaline silicate having a prespecified concentration is contacted to a
strong acidic cation exchanger, then an acid is added, the mxture

| uti t
ani on - exc aﬁéﬁﬂfﬂ"‘?ﬁ% Slintd Bl e A asr#f@min‘*rwﬁﬁﬁﬁémﬁ%ﬁﬂ@ﬂ 0o
dded th t I Pat ent
Publ i cat i B R omE S BEYY Fa naﬁra%ca i 15) %\‘?vd.aﬁe?tﬁs@e % ae?»ﬁfﬂcaersf

d I t th . t
Product 10, ARaguseP Pl '°o}a%f“eawﬂe%i¥hw RO T
aqueous ﬁ@gilon of active silicic acid, (2) processing the solution of

active si acid with a strong acid, (3) deionizing the aqueous
solution of active silicic acid having been processed with the strong acid
to obtain a solBtthemeihodeging watsy glags ebt@med by digsohvingreyiel phtpined by solyingi ng
an alkali to the aqueous solution to obtain a stabilized aqueous sol ution
of activ&asi band withaindalkglen watgpdsaa istaytiom chateiad cars paupouhisticapob cars be
solution to grow particles and obtain a silica sol of the particles with
t he aver agktajpadt forliestdhcardtvededliylating thengater fatasm difdl payBérizing Hred of@)ned
contacting this silica sol to ion exchange resin to obtain an aqueous

si |l i ca sosilicit hidrbEobhiopcarttyining Bilitiei sidmbhadersinmuih) irt 4 Bssiaselvenoved
(leaching) by adding a strong acid in the stage of active silicic acid,
but there is a lpsvedleensiaonarinyi Bpes Séfahietdld ush dshal aTit iFee My, | dndi Ca agried
after | eaching, which easily causes gelatination of the sol. [0016]

Japanese Eatgintd bairmbyRRE iPuY kst iR, MRali ﬂﬁgﬂa@&&&é%téa’eym9 rélRgGiHWRIRh 11)

di scl oses a nethod of producing a silica sol with hi gh purity conpri sing
t he stepsinthe obtained agueous solution in proportion to an amount of the metal ions, so that

the aqueous solution is not suited for use as a polishing material for a semiconductor
substrate.

Such metals as Al and Na can be reduced to some extend by processing the
aqueous solution with an acid or a chelating agent, but the purity is not sufficient as a
polishing material for a semiconductor substrate. Also high purity silica powder is used
in place of the glass sand, but the high purity silica is expensive, and it take
disadvantageously long time in solving the high purity silica with an alkali.

[0014]

Japanese Patent Laid—Open Publication No. SHO 61-158810 (Patent document
9) discloses a method in which an aqueous solution of alkaline silicate having a
prespecified concentration is contacted to a strong acidic cation exchanger, th‘en an
acid is added, the mixture solution is subjected to ultrafiltration and is furthermore
contacted to a anion exchanger as well as to a cation exchange, and then ammonium is

added therein to grow particles.



adding a strong acid or a salt of a strong acid to alkali netal silicate or
to an aqueous solution of active silicic acid to obtain a m xture
solution, processing the mxture solution with ion exchange resin, adding
the solution obtained in the process described above to the solution
obt ai ned by neans of ion exchanging to prepare a silica sol, processing
the obtained silica sol with ion exchange resin, and adding ammbnia to the
obt ai ned gijisfa sol. Also in this nethod, there are the same problens |ike
those recognized in the invention disclosed in the Japanese Patent
Lai d- Open Publication No. HEL 5-85718.. 00 | met hod di scl ased
in Japanese Pate"E3 %g@%ﬁa'ﬁl%?%é? I'S‘ﬁt"f\rlbh%%%%s- Sgéﬁ%%%c&ﬁt‘m%tcment

12), a chel ate type ion exchange resin and chel ating agent are, used as
et Al i ondEaIBERR FHBChER AT PrORYFE PR anHeAus: SO With NG BITTEY ecomPrRINESEet o
contact an agg?gfg solution of alkali silicate to strong acidic ion
exchange F¥8p AT b I9o8HBVFAG 2 dyied saunpusaiolition af yeaten glagsitogbtsip an @apepus
prepare an aqueous solution of active silicic acid fromthe aqueous

sol ution &Plulgrkaf iactyq sdigiceacidirid) prasessiog cbntsalution o8 astivertsilsic aeidcwith at e
resin to renoving nultivalent netal ions. Nanely in this invention, ion
exchange pisongacidor(dk deichizinggthemahudqus esautigrs of saptivh atilididheacist didviog i len
efficiency is disadvantageously low 1In addition, the chelate type ion
exchange pwsessedagtistheosigprealcattd shithip & soltidorvell @nive silisiesacidiwithibighi murity,
difficult to reuse the resin repeatedly, and when it is tried to reuse the
chel at e t {(edding axahanye the squeoud solutige tanaaih DEtablicédbauidous aghnioni &

di sadvant ageously required. Wien a chelating agent is used to capture

netal i onsctivetsilicic A9 E55@Fapotaling @REabndeblsP@thid Giguédu’ sdlutioh tafgrdw baticris fil m
for renoving the remaining chelating agent and the chelating agent having

capt ure ngicRbbta@ng silie® sohaf thdparticRIUGE] it 8ldrhsd BAGK el §amhaleheh thOWangeand
even when cleaning is repeated, it is difficult to conpletely renove the

chel ati nGfoRORNMo 3674, the (BLEBtREMME Hheliild BY RBU8A lexBRhgH IS B LBAIN &n
effects to the polishing perfornmance.

aqueous silica sol with high purity. In this methqd, impurities are removed (leaching) ‘by
adding a strong acid in the stage of active silicic acid, but there is a problem concerning .
stability of the active silicic acid after leaching, which easily causes gelatination of the
sol.

[0016]

Japanese Patent Laid—Open Publication No. HEI 6~16414 (Patent document 11)
discloses a method of producing a silica sol with high purity comprising the steps of:
adding a strong acid or a salt of a strong acid to alkali metal silicate or to an aqueous
solution of active silicic acid to obtain a mixture solution, processing the mixture
solution with ion exchange resin, adding the solution obtained in the process described
above to the solution obtained by means of ion exchanging to prepare a silica sol,
processing the obtgined silica sol with ion exchange resin, and adding ammonia to the
obtained silica sol. Also in this nﬁethod, there are the same problgms like those

- recognized in the invention disclosed in the Japanese Patent Laid—Open Publication No.




[00181 Patent document 1l: Japanese Patent Laid-Open Publication No. HE
4-187512 Patent docunent 2: Japanese Patent Laid-Open Publication No. HE
7-118008 Patent docunent 3: Japanese Patent Lai d-COpen Publication No.

2001- 11433 Patent docunent 4: Japanese Patent Lai d-Open Publication No.
2001- 48520 10 Patent docunent 5: Japanese Patent Lai d-Open Publication No.
2001- 150334 Patent docunment 6: Japanese Patent Lai d-Open Publication No.
HEI 8-279ﬁ§gs_ tgnt document 7: Japanese Patent Laid-Open Publication No.
HEl 6-3164 at ent docunent 8: Japanese Patent Lai d-Open Publication No.
2001-2411Uxﬁqient docunent 9: Japanese Patent Lai d-Open Publication No. SHO
61- 158810 at ent docunent 10: Japanese Patent Lai d-Qpen Publication No.

HEl 5-85718 Pajient docunept  11: .Japanese Patent .lald- ., Publ [ catiqn No.
'E o 10414 Palcle TORUARCIESd i) SBanse arantataercudniosisl Neatd B No
2003- 8978 | SCLOSURE OF THE | NVENTI ON [ 0019] The present invention
rel at es tggﬁn@’\?&?"tﬁwapt %5 Rcelelte tupm neerchanagstesiisand a phefaling agent
material for polishinﬁﬁ for instance, CMP, a silicon substrate, an alum num
subst r at earegused|asdaetaling CpBiUENE A89hEs-al In Shis devestion it itreguiksr atdirgh tpseontact
substrate. [0020] The present invention also related to a nmethod of
pr oduci nga® ageeRysagolutian efaalkdi silicate gp estrdngradidie iers exchaokd sedim donmesreaviral f or
polishing, for instance, CMP, a silicon substrate, an alum num substrate,
or a gl asskslubstalatre the alkehisdicatet troprepsid aciaquamisdsoltmnt afi awtyei silicie scldi ci ¢
acid solution as a feed is polynerized to a preferable |level of viscosity
and i s hefatedtheraqubeuspsdsbonce’ dkaliadilicalte,, anantien 3o fcontabe D saution td chiate
Alternatively salts are renoved froma silica hydrogel obtained by
neutral i zredth t e rerboding aluitivalehh nislalaiohsl, Ndigkly e rhiaNnadnkiah iohsexadsla® 1s0 t he
silica hydrogel to adjust a molar ratio of SiG2/MO (M Na, K NH3), then
the m xt up&@forineld @RiREN nfultil & BRHS, s thabWhd Brddlcton efficiency is disadvantageously
low. In addition, the chelate type ion exchange resin has strong selectivity to tervalent
ions, and it is difficult to reuse the resin repeatedly, and when it is tried to reuse the
chelate type ion exchange resin, a large amount of reclaiming agent is disédvantageously
required.

When a chelating agent is used to capture metal ions, it is necessary to repeat
cleaning with a ultrafiltration film for removing the remaining chelating agent and the
chelating agent having_capture metal ions, so that the production efficiency is rather low,
and even when cleaning is repeated, it is difficult to completely remove the chelating
agent, and the remaining chelating agent may give negétive effects to the polishing
performance.

[0018] .

Patent document 1: Japanese Patent Laid-Open Publication No. HEI 4-187512
Patent document 2: Japanese Patent Laid—Open Publication No. HEI 7-118008
Patent document 3: Japanese Patent Laid—Open Publication No. 2001-11433

Patent document 4: Japanese Patent LLaid—Open Publication No. 2001-48520
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seed sol in the alkali zone. An object of the present inventionis to
enabl e production of a nodular silica sol 11 with high purity extrenely
little containing inpurities such as Na, K, C, Cu, N, and Fe by
conbining a step of producing the nodular silica so[ with a step of
inmproving purity of the silica sol. [0021] The nodul ar silica sol
according to the present invention is a nodular silica sol having aratio

of an avepgge, Bﬁé%rhﬁt%zdhgyg%ﬁegég P%née%nﬁgtgh\%bpgﬁjPLE\fc%HQr?NQEfo%gr—?%@E by means

of the dynam<c Ti scat ersus a particle diameter (r')

converted o, t.hat of .an equivalent .sphere ¢ uted fro 1 ge
specific spﬁéef’gggc%we 5 6 @S@iﬂﬁsﬁbsge”ﬁisﬂsbm” ﬂ@'c ﬁ?? gﬁeﬁégﬁggyﬁ(ﬁon net hod
(r/r* , referred to _"association. .ratio”)_in a.range to 10, the
b £ of o B ARR ey | Hosnean Bt bACs00N BRI N HEL B EF £ ¢
surface area in a range from 13 to 550 nR/g, .in which noduyl ar silica
parti cl es” RS H&C"r‘i'éei”é%bgéﬁ%ﬁée PéF%ié}déoa?% eblicaton N°a20§’ar%ﬂt . Contents
of Ca and_ My contained in the nodul ar silica particles, when cal cul ated as
those of PREbIpeHsrent & o Japrsese, et LajnPaermPualication Moy 34198810, The
nodul ar silica particles do not contain carbon. [0022] In the nodul ar
silica soPatestdpelinmyttl8: t Herapees Batent heidn@pemPuldieaiembadds o858 K,  Cu,
Ni, and Fe contained in the highly purified nodular silica sol against Si Q2
are 10 ppRateot dbainant 110 Pgamanese Beleoh] 2i800pepBulbicatiai Nw, HEW 141 or bel ow,
and 150 ppm or below respectively. [0023] In a nethod of producing nodul ar
si |l i ca soPamotdocimgnt i@ aJdpanste Pateat Ladn®paof Pulllicetigpr Hs.2003+80780t i on, a
silicic acid solution with pHin a range from1.0 to 7.0 and silica
concentration in a range from0.05 to 3.0 wight %is aged at a tenperature
inarange from1l to 98C to prepare a polynerized silicic acid solution
Wi th vi scDEGLOSUHRES OF THE INGENITION

[0019]

The present invention relates to a novel nodular silica sol adapted to use as a
polishing material for polishing, for instance, CMP, a silicon substrate, an aluminum
substrate, a silica substrate, a metal oxide substrate, or a glass substrate.

[0020]

The present invention also related to a method of producing a nodular silica sol
adapted for use as a polishing material for polishing, for instance, CMP, a silicon
substrate, an aluminum substrate, or a glass substrate. In this method, silicic acid
contained in a silicic acid solution as a feed is polymerized to alpreferable level of
viscosity and is heated in the presence of alkali, and is furthermore built up.
Alternatively salts are removed from a silica -hydrogel obtained by neutralizing the

'silicate with an acid, and then an alkali is added to the silica hydrogel to adjust a molar
ratio of Si0,/M,0 {M: Na, K, NH,), then the mixture is heated to prepare and build up a
seed sol in the alkali zone.

An object of the present invention is to enable production of a nodular silica sol

11



12 in a range formO0.9 to 100 nPas, and then an alkali is added to the
pol yneri zed silicic acid solution, the mxture solution is heated to
prepare a seed liquid, and then the obtained seed liquid is built up.
[0024] Alternatively, in the nmethod for producing nodular silica sol
according to the first enbodinment of the present invention, a silicic acid
solution with pHin arange from 1.0 to 7.0 and silica concentration in a
range T omifl-Hieh ity ohr-tREGTH US04 ANE dmBlrithhs SERBSIAL KT €1 100 Ry LAREE byl Om 1
pol ynme W cosity a

to 98C to prepare a fized silicrc acid solutron VIS of

silicic agjd - 0, 100Q..nPas, and then..an al kali. is. added
to the popibhfed GE8ForeRlehR e AR B ALY SOt AP i dict B PES a
range froan L9 12.5, the mxture solution is heated at a tenperature in a
range from'50°to 150C to prepare a seed liquid, an alkali is added to the
obt ai ned Bﬁﬁ? | iquid according to the necessity so that the pHis adjusted
to a rang %n19 to 12.5, and then a silicic acid solution or a highly
purified silicif aci%JsoLution is continuously or intermttently dropped
into the seed [iy0PEHaoFlIGLTY dicRgrdng teaihei Repeant invsntian ispp erdvlabFijcafol

al kali or an acid is added to the silicic acid solution so that the pH is
adj ust ed h@aving paiale 9fr mayve@ee partidde diaestar gl sptained fthreyein soraAsaremsnt ibya sof
is preferably produced by the nmethod of producing a nodular silica sol
descri bedmaposef therdynamic leht scatserjingamétingtl Iverspara sartideglidmetiec (r’ Acpuivesiedut i on
prepared by separately contacting a strong acidic cation exchanger and a
strong ba®d dhatnbbranerglivsiger splere sirhputed feah dars @alvertagonspiesifias eutfdcer area
built-up. Preferably the highly purified nodular silica sol is obtained by
further coetacéd hgmeahe ohtrghlitrogair afspiptigntrigho (it alrefeided @a as Ofasgycbidhed by
the production nethod to a cation exchanger and then to an anion

exchanger ratib3) [0 P4lge from 1.2 to 10, the particle diameter {r’ ) in a range from 5 to 200 nm,

and the specific surface area in a rahée from 13 to 550 m®/g, in which nodular silica
particles having heterogeneous forms are dispersed in a solvent. Contents of Ca and
Mg contained in the nodular silica particles, when calculated as those of the oxides, are
below 1000 ppm against SiO, respectively.

The nodular silica particles do not contain carbon.
[0022]

In the nodular silica sol according to the present invention, percentages of Na, K,
Cu, Ni, and Fe contained in the highly purified nodular silica sol against SiOQ, are 10 ppm
or below, 10 ppm or below, 500 ppb or below, 300 ppb or below, and 150 ppm or below
respectively.
[0023]

In a method of producing ndduiar silica sol according to a first embodiment of
the present invention, a silicic acid solution with pH in a range from 1.0 to 7.0 and silica
concentration in a range from 0.05 to 3.0 weight % is aged at a temperature in a range

from 1 to 98°C to prepare a polymerized silicic acid solution with viscosity of silicic acid

12




The nodul ar silica sol according to the present invention has an average
particle dianeter (r) neasured by the dynamic light scattering nethod in a
range from 10 to 200 nm a specific surface area in a range from 30 to 300
n2/ g, and an association ratio in a range from1l1l.2 to |less than 2.7, and
is adapted for use as a silica sol for polishing. O the nodular silica
sols according to the present invention, especially preferable are those

in which gjli i S inng. t - i.atj.on ti,0 Lr/ri) in .range
rom 1 2 Tot SleRaih o & 00HEA0s 8 8T 8T Al & <48 S prdpsfe sutR
dynam c |ight cattering nmeth in range from10 to 150.nm are di spersed
and-an. apegheAtGR o SPRuE sppfien dn Qe Rt Btk 2 peCiid B hep B ang
at pH9 is_in g ran e.er?Ll to 9 mv. [0027] A nethod of producing a
nodul ar sPPRRSISERY AU shUiUP0 a second embodi nent of the present
inventiong#% Ludes the steps (1) and (2) described below. (step 1): A
silica hy é | obtained by neutralizing a silicate wwth an acid is

cl eaned to renove salts, an alkali is added so that nolar ratio of Si 02/ MO
(M Na, K NH3Mtergativghydn dhe traethod dargerddueing 3oduler 50i02 sehacedrding tthethe

m xture is heated at a tenperature in a range from60 to 200C to obtain a
silica sofirst esbegdingnt offthe prieketanwaitiodes sificib edidagnteoni withipddn agasestren sol ,
and an alkali- is added to the seed sol according to the necessity. Then a
silicic atPdosdluanidosilidas corpentratieroirs kyraoge ifmotre 0100t toed 0| weighddeds bged he a

m xture at pHin a range from9 to 12.5 and at a tenperature in a range
from 60 ttenRodurd BO28hed hensi td 88102 td prepaas £palbhyriseal €idiedcill sohtian githup
consisting of sodiumsilicate, potassiumsilicate, and amoniumsilicate.

The seed @ieosithy df hesiliefcid &) a kéngIfein® 03lxbYI 08 rofd - s| BndMhed Pinsdlitali GRadtbdttoC] es
having an 14 average dianeter in a range from5 to 80 nm when neasured by

t he ‘dynante ddhahdrize8 Gaklcesdid SolBtSNEH 17k ehdbRRE h&Bsked tHQ Bhid fb® P& 2.5,
solution in the step (2) is preferably an acidic silicic acid solution
the mixture solution is heated at a temperature in a range from 50 to 150°C to prepare
a seed liquid, an alkali is added to the obtained seed liquid according to the necessity so
that the pH is adjusted to a range from 9 to 12.5, and then a silicic acid solution or a
highly purified silicic acid solution is continuously or intermittently dropped into the seed-
liguid for building up particles.
[0025]
Preferably an alkali or an acid is added to the silicic acid solution so that the pH
is adjusted‘to a range from 1.0 t0 7.0.
The highly purified nodular silica sol is preferably produced by the method of
producing a nodular silica sol described above, and in that case, a highly purified silicic
acid solution prepared by separately contacting a strong acidic cation exchanger and a
strong basic anion exchanger to a silicic acid solution is used for built—up.
Preferably the highly purified nodular silica sol is obtained by further contacting

the highly purifying the nodular silica sol prepared by the production method to a cation

exchanger and then to an anion exchanger.
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obt ai ned by deal kyl ating an alkali silicate. [0029] In the production

net hod according to the second enbodi nent, preferably the silicic acid
solution is highly purified. The nodular silica sol obtained by the
production nmethod according to the second enbodinent is preferably to be
further purified. The nodular silica sol can be used as a conmponent of a
polishing material. [0030] Wth the production nethod according to the

pr esent pxﬁ ?lon, now it is . possible to easily obtain a nodular silica
sol of particlies having heterogeneous forms. Wen the nodular silica sol

as descri bed abgye | d as ol.i s materi.al , .an _excel | ent | j shing
per f or mance | S E‘P Sob Bt Tiarpr B RErns W%Pfamtwna%amﬂ BHerarRpgale
according t esent nvention, 053|bl to obtain a hl
puri i ed 9RBY v RR e bbie évnﬁa’ﬁ e 2 avrgrfaeﬁ“@f*ém Bdé'i'Fé’ou%mgQ 00
containinﬁ onlg @%extrenel . snall amount of inpurities. Wth the method
of produclfg? SPeSERIPYTacs; ared ip & sanegrasp dPrig 308 e'he apfeseassociatipneratiodh a | t
is possible to produce a nodular silica sol capable of achieving excellent
pol i shi ngrw?fmﬁée legsdnam Bl anss edantef ifehiseqs asiticadsdl ferrrafishifg.om t he
conventional technique, addition of a calciumsalt or a magnesiumsalt is
not required, s@ftihat nodipar sticonsols crccoestng itngticherestde dnymtioni alssecaly not
necessary, and a nodul ar silica sol can be obtained nore easily as
conpar ed preferhble caravisnse amalhidhesilicd gaeieies]bavingBEET ad4obBELIEORAGARRY!I NG GUT
THE 1 NVENTI ON [0031] Nodular Silica Sol The nodular silica sol according
to the presegatfrormV.2nbiddnarthsn bearged yartitle didnodtbold Agasumed be abaidasamialghtt he
features are provided by the nmethods of producing the

scattering method in a range from 10 to 150 nm are dispersed and an absolute value of

a difference between zeta potentials at pH 5 and at pH 9 is in a range from 1 to 9 mV.

[0027]

A method of producing a nodular silica sol according to a second embodiment of

the present invention includes the steps (1) and (2) described below.

(step 1) A silica hydrogel obtained by neutralizing a silicate with an acid is

cleaned to remove salts, an alkali is added so that molar ratio of Si0,/M,0 (M: Na, K,

NH,) is adjusted to a range from 30 to 500, and then the mixture is heated at a

temperature in a range from 60 to 200°C to obtain a silica sol.

{Step 2): The silica sol described above is used as a seed sol, and an alkali is

added to the seed sol according to the necessity. Then a silicic acid solution is

continuously or intermittently added to the mixture at pH in a range from 9 to 12.5 and

at a temperature in a range from 60 to 200°C.

[0028]

The silicate is preferably selected from a group consisting of sodium silicate,

potassium sificate, and ammonium silicate.

The seed sol in the step (2) is preferably a sol in which silica particles having an

14




nodul ar silica sol. In the nodular silica sol according to the present
invention, fornms of the silica particles dispersed in the solvent is not
honogeneous, and nodul ar silica particles having heterogeneous forns are
di spersed in the solvent, which is a first feature of the present

i nvention. The nodular silica particles according to the present invention
have various fornms including a colum form an egg-like form a branched
form an i The il § C t ckj ve
have a rati e g CEiBterRCa MR Borfs! B0 3 WIBh) hEfRed by FRroaRt At

nmeasur ene atpéﬁn Ro Lretﬁ%eg%er&amc light scattering method versus a
particle dianmetér (r converted to that of an equivalent sphere conputed

from an average,.spegi.fic. surface are rir., referred t . "associ ation
ot on) (ot na TEBSEe pEieblaBE e Ty Reniss hisraebcnaion Sheie 6 Les
than 1.2, the rtjcles have tremely spheric forns, and when the
particlesogﬁgeﬁgédk?%Yh“ﬁ%?q%ﬁéhﬁ?“@%netines a sufficient polishing rate
can not bgﬁﬁgtained. On the other hand, when the association ratio is over
10, the p ing performance may drop. [0032] The average particle
diameter (r) by nmeans of a dynamc |ight scattering nmethod is usually
measur ed by parlnitbeeredusiion enethpd eecdrdingda the ssoenchgmbedingels perferaglydpran ¢
| ight scattering nmethod. The average particle dianmeter (r') calculated from
a speci fi gligeptidce/udiceds highlasuritet. by means of the BET method is obtained as
described below. At first silica 16 sol is dried with a freeze-drying
machi ne, and t hBre nhdulgasiite sob obitdied &y thé QEofwrtiohbmetimdr sccohdihertotthe
specific surface area is neasured, the average particle dianmeter is

measur ed sécohd anmbpdiaieht & afetahetabefurtieapurfigty devi ce (produced by Yuasa
lonics Corp., Miultisorp 12) by means of the nitrogen absorption method

(BET net hod) . AThespftiah isflics 4bif @mebeliRa dsS torhponeht o HpélishingmdtBgalanount  of
absorbed nitrogen neasured by the BET nmethod, and then r' is cal cul ated

t hrough t[pesgquation of particle dianeter (r') = 6000 / (SA x Density),
when it supposes that the density of silica equals to 2. 2.

With the production method according to the present invention, now it is.
possible to easily obtain a nodular silica sol of particles having heterogeneous forms.
When the nodular silica sol as described above is used as a polishing material, an
excellent polishing performance is provided. Furthermore, with another production
method according to the present invention, it i§ possible to obtain a highly purified
nodular silica sol of particles having heterogeneous forms containing only an extremely
small amount of impurities.

With the method of producing a nodular silica sol according to the present
invention, it is.. possible to produce a nodular silica sol capable of achieving excellent
polishing performance when applied to polishing, and different from the conventional
technique, addition of a calcium salt or a magnesium salt is not required, so that
operations for removing the added materials are not necessary, and a nodular silica sol

can be obtained more easily as compared to the conventional techniques.
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[ 0033] A second feature of the nodular silica particles is that a content
of Ca or My contained in the nodular silica sol (based on an oxide
thereof) is 1000 ppm or below against SiQ2, nanely that there is
substantially no carbon atom contai ned therein. The content of Ca or My
agai nst Si2 (based on an oxide thereof) is preferably 500 ppmor bel ow

[ 0034] The particle dianmeter (r') converted to that of an equival ent sphere

conput ed Biﬁgqrm@ng egﬁRﬁ(g@??Li-ﬁgﬁgrlﬁggﬁTﬁﬁa measured by the nitrogen

absor pti on nethod "accordi resent Tnvention is preferably in the
range frogﬁoo'%io 200 nm The specific surface area (neasured by the
nitrogen sorption nethod) is preferably in a range from 13 to 550 nR/g.

When t he ﬁvgalargg!.gaét!i cle diameter is less than 5 nm even if the particles

are used ng material, sonmetimes a sufficient polishing speed
can not be obtained. A On the other hand, when the av,er%g,e particle dianeter
is nore than 200MhMedugersiice erleacenrdngsteg therenent i ipY@diopolass farayY i thet he
state of silica sol, sonetines an anount of _ polishing particles per unit
vol ume maiPllBwing twarfertsresa@nd dhel featares e incovidad bothes rethpds i raredusingcidenay
not be obtained. The average particle diameter is nore preferably in 17
t he rangenequtan silFatsel. 190 thennodilgngihia sbdaterdingitbitbe psedenhinyahtjorp forimsi afd
advant ageously be used as the he nodular silica sol according to the
present i theenllicomartithes disghtsgd porthki sdvembdslrant isirhégeacasl aas nodekcrsillbad
above satisfies the requirenment for the nodular silica sol as described
above, apatticlescdiimgchareraededus fdnat, aragdispstedSiid 2he aobent, enliiclofis Mafirss 10
ppm or below, K 10 ppm. or below, Cu 500 ppb or below, Ni 300 ppb or bel ow,
Fe 150 ppfaature lafltbavprdsent 0entigin Toe redli@wsilica particles according to the present

invention have various forms including a column form, an egg—like form, a branched form,

and th‘e like.

The nodular silica sol particles as described above have a ratio of a average
particle diameter (r) obtained through measurement by means of the dynamic light
scattering method versus a particle diameter (r') converted to that of an equivalent
sphere computed from an average specific surface area (r/r’, referred to as
“association ratio”) in the range from 1.2 to 10. When the association ratio is less
than 1.2, the particles have extremely spheric forms, and when the particles are used for
polishing, sometimes a sufficient polishing rate can not be obtained. On the other hand,
when the association ratio is over 10, the polishing performance may drop.
f0032]

The average particle diameter (r} by means of a dynamic light scattering method
is usually measured by particle diameter distribution measuring devices using dynamic
light scattering method.

The average particle diameter (r’) calculated from a specific surface area

measured by means of the BET method is obtained as described below. At first silica
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[0036] First Method of Producing Nodular Silica Sol Concerning a first

nmet hod of producing the nodular silica so[ according to the present A
invention, a step of preparing a silicic acid solution as a feed, a step of
aging the silicic acid solution, a step of preparing a seed liquid, a
built-up step, and a step of highly purifying are described below in the
order described above. [0037] (1) Step of Preparing a Silicic Acid

Sol ution gg ié‘tdﬁgt?q\rit-ﬁhz?f%béé—%ﬁngaﬁh%irgé?la'r'nﬁ'tﬂ@n URELarfile & BRGHal 1dBor 16

production nmethod according to t resent 1nvention neans a solution of

| ow pol ynggizedasil i,Ci 4 d [ By __Drocessi an_al kali siljcate
sol uti onn}v?él'fr%' aAﬁgét :tlgéng%%g#hcaﬁg%c%e%i%% '? om?ée)srlfge\?g%ﬁ‘% %g‘la’ria.Ele Rgllstg?}]e ng("ﬁﬁr 1S
silicate, for instance, each of a sodiumsilicate, tagssiugsiljcate, a
7 th um sPERRe D AT SoendiRioriing EffoRFmror PulpoBrafisgd b e
preferably, the sodi ilicate or the potassiumsilica mrer ci,al Ly
vai | abl eCBP-t HEBEE SAaPY Ghear of theumlfeRer ARsqrmter mitbisc (BET RAher. t to

wat er gIass,Ta-gnger thr§ water glass or the |like are selected. The

al kal i si PRESTE SHETape5PR P Ohisottanerbiropy theyaIPaiing A e sebRg dftesps apagured
organi ¢ conpound_such as a tetra-ethyl-ortho-silicate (TEGCS) using an
excessi vebY e BRdunethed. addbenr’ ihealtylatedithroyek he peyasionif wartigodegpterhe
met hod of producin% the alkali silicate is not limted to that described
above an@’ anyoRRKI(SAIXxDameiwn when oskpbesespibht twbleasitnof silea pauatiuiotd.dn

met hod descri bed above, for instance, Japanese Patent Laid-Open

Publ i cati B93BEI No. 9-110416 discloses a method of producing the alkal
silicate solution in which an alkali silicate glass cullet is dissolved in
wat er at the présencel tfataressfatie atoystalsilion gartfcleanis &hatah ciortans idf iGzabie Mgo
obtain a alkali silicate aqueous solution, and then the alkali silicate
agueous sedrtsined in she siutiiectiich t6 foabdd ahimnotide aldrabM ianoad kphi osbblbwat e

aqueous sol ution. Al so Japanese Patent Laid-Open Publication HEl No.
6- 171924 ghiastst G385 namBptthadtRie Rf QBYENREIIV BE carbon atom contained therein. The
content of Ca or Mg against SiO, (based on an oxide thereof) is preferably 500 ppm or
below.
[0034]

The particle diameter (r’) converted to that of an equivalent sphere computed
from an average specific surface area measured by the nitrogen absorption method
according to the present invention is preferably in the range from 5 to 200 nm. The
specific surface area (measured by the nitrogen absorption method) is preferably in a
range from 13 to 550 m%*/g.

When the average particle diameter is less than 5 nm, even if the particles are
used as a polishing material, sometimes a sufficient polishing speled can not be obtained.
On the other hand, when the average particle diameter is more than 200 nm, even if the
particles are used for polishing in the state of silica sol, sometimes an amount of
polishing particles per unit volume may be insufﬁcieﬁt, and the sufficient polishing

performance may not be obtained. The average particle diameter is more preferably in
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al kali silicate solution in which an al kali hydroxi de aqueous sol ution
(ACH, A: alkali netal) 1is added to soft silica to dissolve the silicate
contents in the soft silica for producing an alkali silicate aqueous
solution having the conposition of A20nSi 2, and in this step, hydrogen
peroxide is added to the agueous solution to oxidize reduction products
derived fromthe soft silicate. [0039] It is preferable to use a refined
al kali siljc i nown nmethod is applicable for refining the
al kal i sik%%%%géﬁﬁgpﬁﬁg}ﬁgﬁﬂgd avai l abl e for achieving the object of the
pr esent igﬁﬁg#ion, for instance, Japanese Patent Laid-Open Publication
2001- 2944 scloses a nethod in which viscosity of the alkali silicate
solution is preglimnaril djusted to,1-50 nPa - s, and then the sql|ution
i's passed thr ouéﬂd o Slicer s P it pevamiageprely he e 8t theahe m@?ftsﬂtcat of f
of not nore than 15,000 to obtain the alkali silicate solution. In the

al kal i si FPlcageerdgeddudhes dreenbrinvtianned ey highly prstiisddnodiascpilis dohifsve, a
content of Cu per silica is not nore than 200 ppb and a particle with the
di amet er 8¢scribpdhabevenpatisiio e rrauirempri fos ihe naditlarasiiop. sohlps Wgs¢riipdogbons, a
met hod of preparing an acid silicic acid solution available for achieving
the obj eetnd isfchatastenizedam thatnarairtst &), alventent of Nads 10 metragrdeslova K@ o i n
which an acidic silicic acid solution is prepared by contacting a strong
aci di ¢ cabr beloexChafgepb o belew, Ni RE0 ppb si belowt Be $60 ubmam baldwn Gl HE0B ppinca
concentration of 1-10 weight % by diluting the alkali silicate with water
as a preferbdbe nmet hod of producing the silicic acid solution used as a
feed. The nethod of producing the silicic acid solution used as a feed in
the prodigpsgpbn met hod according to the present invention is as described
above, but preferably the silicic acid solution produced by the nethod is

cont act edFikr& Methibd 8N ProdieindiNodGRE SAida ®schanger or a strong basic anion
exchanger for purification. Tn th's case,

GConcerning a first method of producing the nodular silica sol according to the

present invention, a step of preparing a silicic acid solution as a feed, a step of aging the
silicic acid solution, a step of preparing a seed liquid, a built—up step,‘ and a step of highly
purifying are described below in the order described above.
[0037]
{1) Step of Preparing a Silicic Acid Solution as a Feed

The silicic acid solution used as a feed in the production method according to
the present invention means a solution of low—polymerized silicic acid obtained by
processing an alkali silicate solution with a cation exchange resin to remove alkali.

As an alkali silicate, for instance, each of a sodium silicate, a potassium silicate,
a lithium silicate and a quaternary ammonium silicate is available, and preferably, the
sodium silicate or the potassium silicate commercially available by the designation of a
number one water glass, a number two water glass, a number three water glass or the
like are selected. The alkali silicic acid solution obtained by hydrolyzing a hydrolyzable

organic compound such as a tetra—ethyl-ortho-silicate (TEOS) using an excessive
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the silicic acid solution is preferably contacted with the strong acidic
cation exchanger and then the strong basic ani on exchanger, but the
silicic acid solution can be contacted wth the strong basic anion
exchanger and then the strong acidic cation exchanger, if required. [0041]
The silicic acid solution may iteratively be contacted with the ion
exchangers according to the necessity and the contact tinme may be

adj ust ed. o fBEaleh@IdH 57 tHeORE §s alSObHIFLABIMRY [ teratively be contacted with
the strong acidic cation exchanger to prepare the acid silicic acid

sol ution then contacted with the strong basic anion exchanger to be
highly purified. [0042] In particular, the silicic acid solution is

contacted with the strang acjdic.catjon ..exchanger .t o .adjust th

preferably to nt}%e Wﬁﬁhéjgt(ﬂé’ﬁo c'é'ﬁ&ﬁ? ﬁ'gﬁ" Wll'?%eé? P%‘ﬁ@“’%&sﬁog‘hata&‘f%ﬁggi%%{ﬁger
to adjust the pH preferably t at less . than 9,. and the eluted ippurity 20
ions are ?%%UE&”BH%%PWPCWE&Q&'a %pé?ﬁ?ﬁqs%n Afaje 8" ﬁP%t”éﬁﬁ%’t ¢rthedi on
exchangers, f r,instanSe, by passing a_aqueous silica sol through a colum
Fi1led w BIPventer instanss. JeaeRsmbeiest bildr peenRpdive et HERYerS 1104 FrdossF | ca
concentration of the silicic acid solution can be adjusted by adding

dei oni zed2 wgteed plepreducing Hieaalkglinglicatr selption incwhieh an alkeli stlicals siassreulletels
strong basic ani on exchanger and the strong acidic cation exchanger.

[0043] Anfissaheshinswvatengt ﬁgsimewb@mfe@(eMth% unHdeafsora shyalciory bilisate dng
basi c anion exchange resin, a C type anion exchange resin or the |like may
be used i ebteinea plkek eititatei anueots eslutiod, sod ahgn kiroakals tilicatg amobaliscsaaidnoin
exchanger such as a hydric-type strong acidic cation exchange resin, a

st yrene ssibjarted tacfiltatigpaora@sain ar atkali| silideed aguédus shivtiony | sz ehpanede
phenol sulfonic acid type resin cross-linked with fornmal dehyde or the I|ike
may be usRateht LuideOpere Pablicatioh MBI Id). 6-A7 NI SiPEI6bS84Sa tiydiBod @8 ipfodiRgh®eused.

The aqueous silica sol is usually contacted with the ion exchanger at the
space vel gkdiit dlicate solution in which an alkali hydroxide aqueous solution (AOH: A: alkali metal)
is added to soft silica to dissolve the silicate contents in the soft silica for producing an
alkali silicate aqueous solution having the composition of A,0+nSiO,, and in this step,
hydrogen peroxide is added to the aqueous solution to oxidize reduction products
derived from the soft silicate.
[0039]

It is preferable to use a refined alkali silicate. A publicly known method is
applicable for refining the alkali silicate. As the method available for achieving the
object of the present invention, for instance, Japanese Patent Laid~Open Publication
2001-294420 discloses a method in which viscosity of the alkali silicate solution is
preliminarily adjusted to 1-50 mPa-s, and then the solution is passed through a
ultrafiltration film with the molecular weight cutoff of not more than 15,00{) to obtain the
alkali silicate solution. En the alkali silicate agqueous solution obtained by the method

described above, a content of Cu per silica is not more than 200 ppb and a particle with

the diameter of 1 nm or more does not exist substantially.
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of 1-30h-'. [0044] (2) Step of Aging the Silicic Acid Solution Used in the
nmet hod of producing the nodular silica sol of the present invention is a
silicic acid solution with the pHin the range from1.0 to 7.0 and the
silica concentration in the range fromO0.05 to 3% by weight. The silicic
acid solution with the pHin the above range at the stage of preparing can
be applicable to the production mnethod according to the present invention
wi t hout pﬁ¥hhfularly adjusting the pH. On the other hand, when the pHis

| ess than-T. the silicic acid solution is applied to the production

met hod according to_ t esent. invent.i on after addin e alk

NG usti g the. php pgnithed BERGEFIGA 00 Tgiore s SVRIBRS HesaNPIE Wier

than 7.0, the I|ICIC acid solutlon can, be applied to the producgtign

met hod ac®¥PEHh ?i‘gt £ Preseat pveniion there is. docinstagse. é‘f’ﬁ‘%’ﬁméd@h“"ﬁ{j’haﬁﬁ‘ aqie) Spig

adj usting the H range as well. [0045] An alkali used for pH adjustnent of
the silicheidaRoiulionds Prersred By | apstacting i stiene aeifie; eationt exchanges|tp tjhetaéhaé such
as NaOH, KOH or the like, an alkali silicate, amonium water,

wat er - sol Gihitae spluties with tthe silickeconsestsatiom ofmbhiveishyal byegilubios shemiliatid t o
the silicic acid solution. An acid used for pH adjustnent of the silicic
aci d sol usiligate mith viader ana orefamibte methdd of parluting thpasiicc aciddoluied usad hsides,
but not limted to, a hydrochloric acid, a sulfuric acid, a nitric acid, a
sul fam c tedd, a formc acid or the like. [0046] Wen the pH of the silicic
acid solution is in the range from1.0 to 7.0 and other requirenents are
satisfied, a siTheCintethsd bf Spodtition thet dllidiheacd SeRsiohYudad as pd s ah fihed
range can be obtai ned wi thout causing gelation. Therefore the nodul ar

silica soprodastiddr &etibd @ctging! BSQRE PrB¥eMRt hGehtoANisb s OdsaHP&H aByve, but
subj ecting the polynerized silicic acid solution to the step of preparing

a seed |igldrta@pahd ré‘ﬂlcpzubl:g éb(lhtﬁ:tneﬂfﬂdt%éllcﬁy thE methdd & Eoﬁt%bﬁdsfy HtdtRihg
gel ates when the pHis less than 1.0 or nore than 7.0, the nodul ar

acidic cation exchanger or a strong basic anion exchanger for purification. In this case,
the silicic acid solution is preferably contacted with the strong acidic cation exchanger
and then the strong basic anion exchanger, but the silicic acid solution can be contacted
with the strong basic anion exchanger and then the strong acidic cation exchanger, if
required.

- [0041]

The silicic acid solution may iteratively be contacted with the ion exchangers
according to the necessity and the contact time may be adjusted. The alkali silicate
solution may iteratively be contacted with the strong acidic cation exchanger to prepare
the acid silicic acid solution and then contacted with the strong basic anion exchanger
to be highly purified.

[0042]

In particular, the silicic acid solution is contacted with the strong acidic cation

exchanger to adjust the pH preferably to not more than 6 and then with strong basic

anion exchanger to adjust the pH preferably to not less than 9, and the eluted impurity
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silica sol with the association ratio |less of than 2.7 and having excel | ent
adaptability to filtration and high polishing perfornmance is not obtained
even when applying the silicic acid solution to the seed |iquid
preparation step. [0047] The silicic acid solution with the silica
concentration fromO0.05 to 3% by weight is preferably used. Wen the
silica concentration exceeds 3% by weight, the silicic acid solution is
easily ge t h ildca con tign is.less t 0. 05 ight %
The | br oasipiine ksl (us'siofnci® BEERNL Y R i P vl o e BhETS: o
suited topractical, use.. In the present vention, the _silicic, acid.

sol ution it REPAES Y Pasiieng %WS?}HP S5°q Sog%o%ﬁ?da ?qqﬂn%iﬁﬁ?c{:év't@o%e?ﬁqfo&i on
of 0.05 to 3% by weight i.s aged at the tenperature of 1 to_98C 22 to.

pr epar e tﬁé&BB? et g@dag'f"i‘ieg‘icga%fsd agg) i’B'FFa\NF?'PFeﬁ"H’é‘t'% é’édgFt%}"cdﬁ atie
silicic acid.in thﬁ» %gn%e from0.9 to 100 nmPas. The silicic acid solution
is left afOllt cppbespitted byesgding deionjzed, water (hefargocHdentiveaivg Hisid acid
obtain the polynerized silicic acid solution with the viscosity range as
descr i bedSelBbrewith Hrusrong msicnien efchppgasant tbe atreegeridic gatien pxchangesl | i s
added to the polynerized silicic acid solution wwth the viscosity of
silicic a&qodcdjn the range fromO0.9 to 100 nPas and then the polynerized
silicic acid solution is heated. The alkali used in this step includes,
but not i mitedAnyt enovamsivengibasiovanien exclrdgeatieh-a0d tidrexdstmes badik sajont he
ammoni um gas may be supplied to the silicic acid solution. [0049] In

parti cul aexchahge ssséd al Cityipd aminnt @ichamgg tddid & theClikeSahy bs uebd & tedpleyer@ddi ng
the alkali to the polynerized silicic acid solution, adjusting the pH
pref er abl jnvétidd. t Alsb2ary Idddn stitodk labdid SRioRAxR@RIzZ 86khShd i Gl §ricaeipd Sdngt | on
for 10 mnutes to 5 hours at the tenperature of 50 to 150C, preferably 60

to 95C. V@dict bftidiHekshahes SebiRal SuyrdtRl YORSHiZ AciPRypd) rbdI® cross—linked with

divinylbenzene, a phenol sulfonic acid type resin cross—linked with formaldehyde or the
like may be used in the present invention. A macroporous type resin may be used.
The aqueous silica sol is usually contacted with the ion exchanger at the space velocity
of 1-30h™".
[0044]
(2} Step of Aging the Silicic Acid Solution

Used in the method of producing the nodular silica sol of the present invention
is a silicic acid solution with the pH in the range from 1.0 to 7.0 and the silica
concentration in the range from 0.05 to 3% by weight. The silicic acid solution with the
pH in the above range at the stage of preparing can be applicable to the production
method according to the bresent invention without particularly adjusting the pH. On
the other hand, when the pH is less than 1.0, the silicic acid solution is applied to the
production method according to the present invention after adding the alkali and
adjusting the pH to the range from 1.0 to 7.0. Also, when the pH.is more than 7.0, the

silicic acid solution can be applied to the production method according to the present
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pol ymeri zed silicic acid solution does not progress enough to obtain the

i ntended seed. Wen the pHis over 12.5, the seed sol dissolves and the

i ntended seed is not obtained. When the heating tenperature is |ess than
50C, a honopbgeneous silica sol is not always obtained. Wen the heating
tenperature is over 150C, distribution of particle dianmeters of the
obtained silica is apt to be heterogeneous The build-up step is executed
usi ng the.si a5 the Se 4 Build up Step The

al kal i |sm§1"lc1iLj FEQ’ FeESse cf’c' Lﬁi adJL%l%Wg#e%ﬁﬁ %F "t(s &%{dj ust the pHto the
range &%§T110 to 12. 5. V%en the pH of the seed liquid is in the range
from10 tg , the pH does not need adjustnent by adding the alkali. The
pH i s adj usted R% ﬂ?ﬂ the nluntma%er t.he wat er - sol ubl e am nes, the
al kali silicate™®r HEVP toggly © tﬁ%?ﬂcﬁrme%ﬁﬁmy?md“?h%saWﬁﬂ%? m
gas to the seed |i the sodiumsilicate, the potassium

si |i cat e, lfpied ItP’tﬁl“tc]'rﬁT@ﬁW éat*g astNrROH.gjis@Hepm ey liksi, [ancalkadi siligatecarmeriuas t he

al kali silicate, but the sodiumsilicate or the potassiumsilicate

conmer ci aleteravatierzselulengmingreordsi linat Alsa, asf ammeninurase mayrie swppbed togthess,
the nunber two water glass, the nunber three water glass or the like are
pr ef er abl yiligelagtt sdutioThe Aal deinl Uisesii for Bt asliistmenti afrthe tilisicnaid bylutigrdmaly bei ng a
hydrol yzabl e organi c conposition such as a tetra-ethyl-ortho-silicate
(TECS) wi & opganiexaoid oF @ incegapicndcid)fanblafadtudas, butendtilikitet So,a0d Bdrperdbrer adite.
When the pHis over 12.5, the gained nodular silica sol contains many

not - nodul asulfaid adid, esnitrizndtidMaesnifbfi 40, aSotreis Sicidhdrthd Oke. Nnew nucl ei are
generated and nodul ar particles do not grow sufficiently. [0051] Keeping

t he tenpefoaysr e of the seed liquid with the pH adjusted to the range from
10 to 12.5 at a range from20 to 98C, the silicic acid solution or the

highl'y purifiedahéi tHeCht$ oPrelsifdd HE:H%G[u‘t@n@Qe@letrgn%ehﬁorﬁqqmd 7 8Und other
continuously or intermttently to grow the lica Tine particles. The

silicic agdafire@biti 88 daRisRESTLERBLY adid &DiukiBn WALE ind TRUBLL) &5 a8r8specified

range can be obtained without causing gelation. Therefore the nodular silica sol
according to the present invention can be obtained by subjecting the polymerized silicic
acid solution to the step of preparing a seed liquid and the build-up step. Since the
silicic acid solution gelates when the pH is less than 1.0 or more than 7.0, the nodular
silica sol with the association ratio less of than 2.7 and having excellent adaptability to
filtration and high polishing performance is not obtained even when applying the silicic
acid solution to the seed liquid preparation step.
[0047]
The silicic acid solution with the silica concentration from 0.05 to 3% by weight
“is preferably used. When the silica concentration exceeds 3% by weight, the silicic acid
solution is easily gelated. When the silica concentration is less than 0.05 weight %, the
production efficiency drops, so that the silicic acid solution is not suited to practical use.
In the present invention, the silicic acid solution with the pH ranging from 1.0 to 7.0 and

the silica concentration of 0.05 to 3% by weight is aged at the temperature of 1 to 98°C
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removed by contacting the strong basic anion exchanger or the strong acidic
cation exchanger to the silicic acid solution prepared with the production
nmet hod descri bed above. The silicic acid solution may al so be used in
which the alkali is discharged from a surface as well as frominside of
the particles by adding an acid to the silicic acid solution according to
the necessity and heating the sane at the tenperature of 40 to 300C.

[ 0052] 24 h t . .the acid, th o-cal l.ed rong. aci.d. i s used
o al 1 ow Foprepls i pelerySs Clit aRiG ol Boran FRoReRE o roalei Fud n e
particles, Mre specifically, t I npr.gani cid aor_the organic acid is
pr ef er abl gfngggg{m @r’?&%l@@ﬁ% % ihﬁ‘ei §'ﬁ?’gc?8ﬁfr§?{'§éw Fgeﬁsaé rﬁﬁg/%ro?bot‘ﬁé fow
hydr ochl ori c ac%91qihe sul furic acid,.the nitric acid, the sulfam.c acid,
the form EMURT B T9hEOWS Y aeddgethteln thRPobimerizee shicicqrddspltion withuhel y i n
the formof the aqueou solution with the acid concentration of 1 to 20%
The acid YECoRfy<anEers riberealpMeof the silicic acid solution is
preferably in the range fromO to 3. [0053] The seed liquid is stored at

t he const E;L-}terrperature of over 20C, preferably in the range from20 to
98C to grow the silica fine particles in the seed liquid. Wen the

t enper at ut3 St¢p phireperint 4 Sqed biduil | ess than 20C, a rate of dissol ution of
the silicic acid solution in the added polynerized silicic acid solution
and a precipitatn alkali a¢ eddxd tohthe pdyrueizedi dilicaacd soheios edth tHeowscmim. ofl n
this case there is no way but to slow down an addition rate of the

pol yner i zsicisidcidcincthaciatigs dtant i0@Nto @O0 tnifea -@t &Rl tHeaNhe Polyrh&eedfsilidie acid
tenperature has the advantage of rising the dissolution rate and the

preci pi t a¢dl@iorr @tieateddUtThe ralkalliuse € &5 ehib tstdremenEss, But o€ Ufted @o,CaMEMIMt he
particle diameters, which is disadvantageous in achieving the objects of

t he preseitel,N¥RNWafft-sdI@IS Hmitdien Aaddithe dnftRortich| falsCma¢ibd s@lpdbd @B thkt 1S
essential that the silica in the polynerized silicic acid solution
preci pit ajjgsc bBHolfErseed in the seed liquid to prevent

[0049]

In particular, the seed liquid containing the silica sol is obtained by adding the
alkali to the polymerized silicic acid solution, adjusting the pH preferably to 9 to 12.5 and
storing the polymerized silicic acid solution for 10 minutes to 5 hours at the temperature
of 50 to 150°C, preferably 60 to 95°C. When the pH is less than 9, polymerization in the
polymerized silicic acid solution does not progress enough to obtain the intended seed.
When the pH is over 12.5, the seed sol dissolves and the intended seed is not obtained.
When the heating temperature is less than 50°C, a homogeneous silica sol is not always
obtained. When the heating temperature is over 150°C, distribution of particle
diameters of the obtained silica is apt to be heterogeneous. The build—up step is
executed using the silica sol as the seed liquid.

[0050]
(4) Build-up Step

The alkali is added to the seed liquid, if required, to adjust the pH to the range
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generati on of new seeds. Therefore,'the addition rate of the silicic acid
solution into the seed liquid has a great influence on the particle
dianeters, the particle size distribution and fornms of the silica fine
particles in the final product. In the production nethod according to the
present invention, the silicic acid solution is desired to be added
continuously or intermttently spending preferably 30 mnutes to 72 hours.
Wth 25 ' pgunail o h odul ar,. sil.ica,sol is.obtaine Lt is to
be under s{f@ggﬂfﬁ%ﬁ é'?’he\m;s"!"eneﬁ"el Flgl_(lqﬁf ec%er?%é@H&di'ﬁﬂ‘etqeoraB%e fram; @d&a&?’ﬁé‘e pF
tenperature of .20 to 98C for 0.5 tqQ, 12 hours after the silicic acid

sol uti on ﬁgaﬁwgéﬁeg8d“FH@yg§@&mgW53P%a%%&ording to the necessity. The nore
st abl e nodul ar z'liﬁa sol cap be  obtained by continuously heating the
silica sol. [00 h‘? P ('S)f"ﬁ'{*@t*"é‘?ﬂ1 BY aﬁﬁ"@ﬁrﬂ@e BIMan{inh yatereths WatercsombiedanBest i on
After the bui*d;ug step is finished, the strong basic anion exchanger is
cont act ed o2kl shigatyi Hdhe dikeitethecieed dionid) erssupphvingpthepzrameniam| gastte teor
more, and furthernmpre the strong acidic cation exchange is contacted to
the silicFeeditquir. sdinytefdhetsediugupilieatet the neitagsiust siliadtiey theolithivor sibiedtevihieor

t he purpose to renoved the eluted inpurity ions. The silicic acid solution
can be cofAuzematy sidicateemanibenusedcamlerlkbl spiast®i gt thérsodighn sihertaqueibes
silica sol through a colum with the ani on exchanger or the cation
exchanger pétaksiend dillveteicommierciglycasdalé by ihiel desnstidn of hiee siuinberaocne water
concentration may be adjusted by adding deionized water before the silica

so[ is copbactihd twnlidretved mene lgRsE Cctheanu@bere Xireangster Qfladsher Shé Gikg aei di
cation exchanger. [0056] Any known strong basic ani on exchanger may be

used, andpieferabipsieRiaeel Thy HIKAK sl BolGlisro DR8Iy Ar-OIP-ifX 6 hRaad A&BRi N or
Cl type anion exchange resin may be used for achieving the objects of the

present i onaRET @dmpdAlthd Sk EQOé/\ﬁieﬁé-‘ém;@l*o%—gili\%atféaﬁm)eM"chaélg%&cé@%ebe

used, and the strong acidic cation exchanger available for achieving the

obj ects Ofmbdif & iIesEHMor itAY NE 19 RishNrbisfifhie. PUndIOthe! bHiiL SFerdt P25 Nidr 2981

nodular silica sol contains many not—nodular particles, and when the pH is less than 10,
new nuclei are generated and nodular particies do not grow sufficiently.
[0051]

Keeping the temperature of the seed liquid with the pH adjusted to the range
from 10 to 12.5 at a range from 20 to 98°C, the silicic acid solution or the highly purified
silicic acid sofution is added to the seed liquid continuously or intermittently to grow the -
silica fine particles. The silicié acid solution is preferably used in which impurities are
removed by contacting the strong basic anion exchanger or the strong acidic cation
exchanger to the silicic acid solution prepared with the production method described
above. The silicic acid solution may also be used in which the alkali is discharged from
a surface as well as from inside of the particles by adding an acid to the silicic acid

solution according to the necessity and heating the same at the temperature of 40 to

300°C.

[0052]
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type strong acidic cation exchange resin, styrene-based sulfonic acid
resin, and fornmal dehyde-bridged sulfonic acid resin. Furthernore
macroporous resin may be used. Contact between the aqueous silica sol and
an ion exchanger is generally perforned at 26 the space velocity of 1 to
30 V. [0057] When the nodular silica sol is subjected to the processing
for purification, contents of inpurities remai ni ng in the silica particles

agai nst S'02 ar I o] m or_bel ow for 00, ppb or
bel ow f or ‘6% g e Y SP'dr\#‘e b ragig RS e b el 2 th€oo58]
The nodula bt aj ne produ tion,nmethod. .a ordln to the
present i ﬁ&%%t Bﬁ%@ Cﬁﬁo%s cF'E’tCB i RATERYSs orsyspgﬁvc%& YR8 such
as distill t|o under uced pr r , and ultrafiltration and by

repl aci ng? %at%rt §ré'§"'°o?%(gé‘5r %"effﬁa ane Esnei iy s rpeoramerAsdto UFﬁeanv
organi ¢ sol vent avallable for achleV|ng t he object of the present

i nvent i on°f Ha tigechlgrigy a¢igsthgrpdfuria agigh thesnitrig 9@164 the udfemic acid Kidedresic

ni trogen conpounds, and aromatic conpounds, and nore specifically it is
pref er abl aciflo Lheeacid inpddad to thel siisie asidcteliionnusuntinil thecformre|the pavgsol |

et hyl ene glycol, propylene glycol, glycerin, ethyleneglycol nononethyl

et her, pr @«piquwgh ybe)laclldmmnemﬂnqﬂon &t hés 20%cetlenagid nebdiddd st that thepbne,
dinethyl formam de, and N-nethyl-2-pyrrolidone. |In addition, it is also
possi bl e the silpic artiglsolptib:yimmreﬁemmhnmﬂs rangehfr@s Opwol3,et hyl ene gl ycol, or
silicone oil as the dispersion nmedium [0059] Furthernore, it is possible

t o produck083kol by processing surfaces of silica particles with any known
met hod and using a | ow polarity organic solvent such as xylene, toluene,

and di net hyl etTngseditRic 4 tarRl £ heawnERat 3gRrat¥iof 3hte20°C, bRSerabigp as
descri bed above includes, for instance, al coxide compounds such as

tetraet hoﬂﬁy‘thtﬁlrbﬁ’@e\‘romQ(ﬁtd 88TE EORRMW 13 S8&Mine FartibicaM™ W sdlduRy a@RAt
| ow nol ecul ar-wei ght or hi gh-
the temperature of the seed liquid is less than 20°C, a rate of dissolution of the silicic
acid solution in the added polymerized silicic acid solution and a precipitation rate of the
. solved silica on the seed slow down. In this case there is no way but to slow down an
addition rate of the polymerized silicic acid solution. On the other hand, a rise of the
temperature has the advantage of rising the dissolution rate and the precipitation rate,
but in this case it becomes difficult to control the particle diameters, which is
disadvantageous in achieving the objects of the present invention.
[0054]

When adding the silicic acid solution, it is essential that the silica in the
polymerized silicic acid solution precipitates into the seed in the seed liquid to prevent
generation of new seeds. Therefore, the addition rate of the silicic acid solution into
the seed liquid has a great influence on the particle diameters, the particle size
distribution and forms of the silica fine particles in the final product. In the production

method according to the present invention, the silicic acid solution is desired to be

added continuously or intermittently spending preferably 30 minutes to 72 hours. With
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nol ecul ar-wei ght surface surfactants, netallic salts of higher fatty acids,
or netallic 27 soap such as a netallic salt of naphthenic acid. [0060]
Furthernore it is possible to convert silica particles to a sol excellent
in dispersibility, light stability and in other properties by nodifying a
surface of the particle wth an inorganic conpound such as silica or

al um na, 'and any known nethod may be enployed for the processing. It is

al so possi oY, ot . i in Japanese Patent Laid-Open
Publicatiyﬁg%g%&ﬁgﬁﬂbi%T§E§EEF%W§%Sﬂ§§§1§§%gésent applicant. In the

met hod, a pol yngr.i ‘S oynd is, added to an al kaline alumna so
prepared by di ggé%?%e lé%‘%’/eg%gf)ﬁiq% %heusr’ﬁeeﬁjaﬁ%' cff’fl%lcggt"i]% g‘b‘f’%rh.ea%f;o%ll “tis
especi al | y desi rabl as l,i.shi ng.materi.al., the nodular silica
cole” obt SRR pf2d B SR oS B iUk BrPaic s el SPBSRIS Bedhdierton
and having the  characteristics as described bel ow, Nanely the nodul ar
silica soﬁ"%@%"ldl Iy apeprdigg e é@? RGeessHrE: oﬁ‘?eeﬁpr%ﬁtqbf?e”g‘ﬁ‘é%eﬁﬂ'tcai &AL ibsn
shoul d have a ratio of an average particle dianmeter (r) obtained through
measur eneRPtagpd Ry pestiprouslyenegiinditiecsiicagi- scattering method versus a
particle g%% ter (r') converted to that- of an equival ent sphere conputed
from an ge specific surface area (r/r' , referred to as "association
ratio") of 1.2 or nore and less than 2.7, the average particle dianeter

- cal cul at etP)byStemef tighnPwrifyingbhe SiticiatAcid Bolgtioet hod (r) in the range from 10
to 200 nm (or in the range from9 to 90 nmas the equival ent

spher e- conver t eéiftparthe chb@lddimnae@ris (finidhesial thal atredk fozsin tihien asxathagesr is
specific surface area neasured by the nitrogen absorption nethod), and the
speci fi c ceunétadetoatten obtairtedesiicangd o adusdO tiio pBOPrefdhbly tbhe dropdterandi | i ca
sol having the association ratio of less than 2.7 is excellent in the
filteringfupthepRérieythe afitbng 3Pl cdtlolt eixBhdrize iPabrtatieddoRRE bBEITRIRREsolibeh, tof OF

i nstance, an anount of the so] passing through a flat filter with 0.45 u m
mesh is 38djgdtaume M pFaTERblyA3 6 or below for the purpose to removed the eluted impurity
ions. The silicic acid solution can be contacted to the anion exchanger by passing
through the aqueous silica sol through a column with the anion exchanger or the cation
exchanger filled therein. In a case of a silica sol, the silica concentration may be
adjusted by adding deionized water before the silica sol is contacted to the strong basic
anion exchanger or the strong acidic cation exchanger.
[0056]

Any known strong basic anion exchanger may be used, and for instance,
hydroxy group strong basic anion exchange resin or Cl type anion exchange resin may
be used for achieving the objects of the present invention. Also any known strong
acidic cation exchanger may be used, and the strong acidic cation exchanger available
for achieving the objects of the present invention include, but not limited to, hydrogen
type strong acidic cation exchange resin, styrene—based suifonic acid resin, and

formaldehyde-bridged sulfonic acid resin. Furthermore macroporous resin may be used.

Contact between the agueous silica sol and an ion exchanger is generally performed at
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for a sheet of the filter. The polishing rate is nore excell ent as conpared
to a polishing material containing a conventional type of spheric silica
sol, and al so generation of |large problensone scratches can be suppressed.
[0062] In the first production nethod according to the present invention,
materials used as a feed for production of a silica sol of slender
particles such as cal ci um oxi des, magnesi um oxi des, and al kyl silicate are

not used, i0Epdcs VaREHY GRY @5i38lS avai l able for production of a silica sol
of egg-like or pod-liie particles such as nethyl silicate at all. Because

of the fepjgsip, in the nodular silica particles obtained by the production
nmet hod according to the present invention, contents of Ca and My agai nst

Si2 are 1000 p Othe  noe e\ 0%3 .Anot her ., Aspect of Ebdul ?ilica
Sol Of the nodquE?f5 & Fi%ogurs%glsgwgc%%r' i %liébJ?Goe% E@ Hiee RERGESTR 4Tt PEIcaFigp
i nst ance, 0sge 4.n whi.ch silica particles havin .tg .assocj ation tio
(71 neb R ot e b e G g NGR Sl SR, i S i Ear Aren” 1)
by the dypamnc hi ht scatteri thod in the range . frgm 10 _tq 150nm are
di sper sed P { @PELY, ﬁf%%ﬁ%@ggf’gtoﬁee'awﬁﬁepen@ PR QUeREIPY Fs Ni Al 50
potentials at pH 5 ng at pH9 is the range from1l to 9 nV has an especially
excel | ent PHBIY SRioMGfor E&t ure as a polishing material. Wen the val ue of the
associatipn ratio is less than 1.2, a formof the particle has small
ef fect onld%98! nodul ar silica sol and the polishing speed is slow. Wen the
val ue of the association ratio is in the range from1l.2 to 4.0, especially,
t he nodul ar si | Tlesa nodgpr isdichanoll obtaimed, &y athii priedvétimogiethedaackarding dasthea
clogging in a polishing pad, or a scratch even at a high polishing speed.
When t he presedti mveohipr adn dei soroeded 400zn suganosol Heatykeows rséthgdhtsugh as
| ower ed, but can be substantially used without any problemuntil the 29
associ at i distiltzioh ourcterere dticedo erekBure, [d6d]rafiltration and by replacing water as a
dispersion medium with an organic solvent. The organic solvent available for achieving
the object of the present invention includes, for instance, alcohols, glycols, esters,
ketones, nitrogen compounds, and aromatic compounds, and more specifically it is
preferable to use an organic solvent such as methanol, ethanol, propanol, ethylene glycol,
propylene glycol, glycerin, ethyleneglycol monomethy! ether, propyleneglycol monomethyl
ether, acetone, methyl ethyl ketone, dimethyl formamide, and N-methyl-2-pyrrolidone.
In addition, it is also possible to use high polymer compounds such as polyethylene
glycol, or silicone oil as the dispersion medium.
[0059]

Furthermore, it is possible to produce a sol by processing surfaces of silica
particles with any known method and using a low polarity organic solvent such as xylene,
toluene, and dimethyl ethane. The surface processing agent available in the step as
described above includes, for instance, alcoxide compounds such as tetraethoxy silane,

a silane coupling agent, a titanium coupling agent, low-molecular-weight or high—

molecular-weight surface surfactants, metallic salts of higher fatty acids, or metallic
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When the average particle dianmeter (r) by the dynamc |ight scattering
nmethod is less than 10 nm the polishing speed is slow and, over 150 nm
there is the tendency that a nunber of particles in the sane concentration
extrenely decrease and the polishing speed is not gained. It is to be
understood that the average particle dianeter until 200 nm can be
substantially used. Wen the absolute value of the difference of the zeta
pot ent i al soant sysH % ametadlic safilefdapkthbissicidhan 1 nV, silica particles are
sonetimes easy to agglutinate and, over 9 nV, silica particles cross-react
wi th ot het0OGB81i oni c ion and becone easy to agglutinate. Therefore, it is
especially preferable that the absolute value of the difference of the zeta
potential s at pFurbhandratit pHplssiblei to ichevaabaizanpaticlenew bagesiceli@ndar to
prevent silica particles fromagglutinating. [0065] Concerning the zeta
pot ent i al gispérsibaingllightéthbilitynghdsihldteer Frop&EBE batmddifying aZsurfaBé @RERE Birticle
diluting the silica sol with distilled water is neasured with an ultrasonic

styl e  powRAtdndinoRRAI UddnitbuaE \SLEE ab MAlc8 CorCALMRE kM Bny kB Rthod Ry 2Rt a
potentials at pH5 and at pH 9 are neasured and a diluted nitric acid

sol uti on bu%p!é?@@' fwtr?edb.tb%gs@#é \ﬁh?snautsbepo@eml ?Jemplo'ytcﬁ\esﬂle 5@9%&%#@0&0 the

present invention is used for polishing particles, I"ar a so

can be cog géérgs%g@ Wmsumfega&fN@%ﬁﬁlshgssmgfgémevpre%r&%gﬁ&%at' on

met hod |nc or evaporat | noi sture w nmet’hod

th t h tr f t h
25119 ey ig ybidd b T el 1 LR S
S'02 0066 F th th d | di to th t
3 02 O A ARG BB g 0rOL 00 0 e precent

organic sgk%ir The organic solvent used for the solvent replacenent

i ncl udes cohol group such as a nethanol, an ethanol, a propanol a

but anol, a di acetone al cohol, a furfuryl aIcohoI a tetra-h

furfuryl - al coholf s §aPesially| desisatie Je dise. as ﬁe@&bﬁ@%"&rv@bﬁhernwk&'@r isilig solsin

ester group such as :
obtained by the production method according to the present invention and having the

characteristics as described below. Namely the nodular silica sol available for achieving
the object of the present invention should have a ratio of an average particle diameter
(r) obtained through measurement by means of the dynamic light scattering method
versus a particle diameter (r’ ) converted to that of an equivalent sphere computed from
an average specific surface area (r/r’, referred to as “association ratio”) of 1.2 or more
and less than 2.7, the average particle diameter calculated by the dynamic light
scattering method (r) in the range from 10 to 200 nm (or in the range from 9 to 90 nm as
the equivalent sphere—converted particle diameter (') calculated from the average
specific surface area measured by the nitrogen absorption method), and the specific
surface area in the range from 30 to 300 m%/¢.

The nodular silica sol having the association ratio of less than 2.7 is excellent in
the filtering property, and especially in the polishing performance, and, for instance, an

amount of the sol passing through a flat filter with 0.45 ' m mesh is 30 grams or more
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a nethyl acetate ester, an ethyl acetate ester or the |like, an ether group
such as a diethyl-ether, an ethyl ene-glycol -nono-nethyl -ether, an
et hyl ene- gl ycol - nono- et hyl - ether, an ethyl ene-gl ycol - nono-butyl -ether, a
di et hyl ene- gl ycol - nono- net hyl -ether, a diethyl ene-gl ycol - nobno- et hyl - et her
or the like, a ketone group such as an acetone, a nethyl-ethyl-ketone, an
acetyl acetone, an acetoacetic acid ester or the |ike, and an am de group
such as a S o\Y i o di - - 1 de | | The
Porld SREEUF AR | O Goicflinl 2 X0E ke Iﬁggeeggﬁr? O%n?cﬁ'rq)}aatrgftoé sibR®.

above-nment1 oned organi c sol ve use of  nor
i t b 1 xed. 067]. The.nodul i]i I di t
Phaor ese B R by ERhe doeyaRlonal M o PREr L ATt 1.0 4 B e i HE'EY) e

coupl i ng agent and addi a hydrophobi ¢ nature, or after renoving the

al kal i inp&ﬁgmﬁqnﬁﬁyékﬁggfﬂép%?ﬂﬁ#ﬁﬁeéxchange resin or the like according
to the neﬁﬁ%gjty. [0068] Second Method of Producing a Nodular Silica Sol A
second ne of producing a nodular silica so[ according to the present
invention is described below.  [0069] Step (1) Preferably one or nore
silicates sel echether fish rraduciioB upsiheAsacsording & the lpaesent imeation mptesialss,
ammonium silicates, and silicates of organic bases are used as a feed for
31 the prbeRscas aifeadefonordaction daf agilice sphef siersloe narticlasesuch @s. calduraexidekal |
netal silicate, sodiumsilicate (wager glass) or a potassiumsilicate is
pr ef er abl agrssiim Agidas andgalkylcsilidsés @re inbt iusegrrefrgs alskd matetide axaijablef for

guat ernary ammoni um salts such as a tetraethyl ammonium salt and am nes
such as npmdettitanod a aiitaeol ofi edghliteobr pod-tiles pirticket anblas rasthplesilichse atall.
anmonium silicate or a silicate of organic base, it is possible to use an
al kal i ne Betdiist ofi thy fepturedn e addlilncsilaAides btdinad beth@ bibdabtidingtRod

hydr oxi de, or an

according to the present invention, contents of Ca and Mg against SiO, are 1000 ppm or
below.
[0063]

Another Aspect of Nodular Silica Sol

Of the nodular silica sols according to the present invention, for instanbe, those
in which silica particles having the association ratio (r/r’) in the range from 1.2 to 4.0
and the average particle diameter (r) by the dynamic light scattering method in the range
from 10 to 150nm are dispersed and the absolute value of the difference between the
zeta potentials at pH 5 and at pH9 is the range from 1 to 9 mV has an especially
excellent polishing feature as a polishing material.

When the value of the association ratio is less than 1.2, a form of the particle
has small effect on the nodular silica sol and the polishing speed is slow. When the
value of the association ratio is in the range from 1.2 to 4.0, especially, the nodular silica
sol is hard to have a high viscosity and to cause a cloggingrin a polishing pad, or a
scratch even at a high polishing speed. When the association ratio is over 4.0, such a

feature is slightly lowered, but can be substantially used without any problem until the
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am ne conpound. [0070] In the step (1), at first an aqueous solution of the
silicate(s) is prepared. Then the aqueous solution of the silicate is
neutralized with a acid to prepare a hydrogel. A concentration of the
silicate aqueous solution (a content of S 02) is in the range from1l to
10% by wei ght, and nore preferably in the range from2 to 8% by weight. The
tenperature should be kept at the roomtenperature (normally in the range

from 15 tgssf%ﬁ%t} mg%jcérp%%{%l—heamer neutralization is preferably in the
o /. en

range from e concentration calculated as a content of S 02
is 1% by[(yi.%iﬂrjght or below, the silicic acid is not gelated sufficiently,
and it is not  easy to obtain a hydrogel under the practical conditions. On

t he ot her hand, en the concentrat.ion calculated as.a,. content of Si is
over 10% by wei ‘Hﬁ?” QI?%@"WB%B@'H'@[?U@E"HEW ?Qlctiyz%tei %ﬁ'ag‘l'fd“%fsf:?”&?ré?ﬁ me&@r%ti on
of the silicic acid can not be perfornmed, and size_di spersion becones

| arger in'S ERetRgqR AP Ye Rqlishid Fpead g s Qv gl AvARd%0 pmothere ks fendensm
after neutralization is in the range from3 to 7, it is easy t obtain a
honogeneotl@t 3 drEger of priticiaern tthe sane soneandratinn rextrenehe dagreperyeand the
structure is fragile, and silica easily elute fromthe woven textile. Wen
t he pH i sprelishingpeed isoadreainedupltintp be vodarstopdrthitatheyaveragd pddidle diemetari on
can hardly be performed. Any of hydrochloric acid, 32 sulfuric acid, and
nitric ackutii@@) nbecarsleslshbstarttiably neagt r al i zati on. [ 0072] The silica hydrogel
obt ai ned by neutralization is cleaned mainly for renmoving the salts

gener at ed by t h&heretier @lsold¢ ivalne oOtld differdriye tdfi@hs zEtiaqaoténtthioglepH i5sanal #aned
with deionized water or anmonia water by sing a filtering nachi ne such as

the O ivepHfd istless tizar 1 inm\§tsiitaepartiidien afosbmistires badyerd sgeli@mataabed] ovar 9
concentration of the sodium sulfate after cleaning is preferably 0.05% or

bel ow agaimWstiliea paftickbsdraéeréct HithlothanBatidnitBionRdWectfe faky dehbacEsat i on
beconmes shorter. Wien a concentration of the salt is high,
Therefore, it is especially preferable that the absolute value of the difference of the zeta
potentials at pH 5 and at pH 9 is in the above—mentioned range in order to prevent silica
particles from agglutinating.
[0065]

Concerning the zeta potentials, a sample with the silica concentration of 2
weighth by diluting the silica sol with distilled water is measured with an ultrasonic style
potential measuring device (Matec Corporation, ESA-800). The zeta potentials at pH 5
and.'at pH 9 are measured and a diluted nitric acid solution is used to 'adjust pH.

When the Inodular silica sol according to the present invention is used for
polishing particles, the nodular silica sol can be concentrated or diluted according to the
necessity. A concentration method includes a method for evaporating moisture with
heating, a method using the ultra filtration film or the like. The concentration of the
silica sol is adjusted to the range from 10 to 50 weight% in the form of SiO,.

[0066]

Furthermore, the nodular silica sol according to the present invention can be
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even if defloccul ation occurs, a negative charge in the sol particles is
smal |, and aggregates are not easily generated, which nakes it difficult
to obtain a stable sol. [0073] An alkali is added to the silica hydrogel

j ust having been subjected to a cleaning process to deflocculate the
silica hydrosol. Odinarily, water is added to the silica sol to obtain a
slurry-state silica hydrosol dispersion having fluidity with a strong

G0t | atoni Sha Ao~ PBEEn AP s BciRL KoLddn? MITEH oh Bl ol HrRP SFRd BOiah

defl occul ate the si g concentration ica Ry roge

di spersi on cul gteed, as S content . is referably in the range fromO0.5
Lo 200t by AL Rosell el s ARt iRl S ARl ol S5 8 Iash e
When the congentration is |less than 0.5% b i . a percentage of

di ssol vodaa Frg! iarR{P%%{E?Zsa, b@ﬁ'&“'va?n%%@&@@)(‘iﬁﬁghg%#“f& blopbdli a ety
particl es_ bec S mal ler, a particle growth speed in building-up in the
step (2) fﬁ@%?@@é@oﬁgvle%ﬁ‘g??éa%ﬁw\é?fm'VWQhfh%%%aﬂ@éwrgaqucasas
calculated as, SiQ2 content is over 10% by meighp an average di aneter of
the silica Pyl eretateontiar madethy! aratrtscestenor he vike. arbethereroureseghoaeBeous.
Because of the feature, distribution of Earticles of nodul ar silica sol
parti cl esdigBiviictieas, pn athderselycgl2nongregihylrethbe cnmethivienersyohemne -etBgl-
[0074] As an alkali, an alkali netal hydroxide such as KOH, NaOH or the

li ke, annkheran bileorighecol-uronanbutyretes, = dietitlar-gfcanmomomeghiestised. An
anount of alkali used in the process as calculated as a ratio of a nunber
of ol esdiethykin€Pglyevltrhencsiethytatiey dirodel likdj s petsieoroandueh aurdbescetdneal es
of the alkali in the silica hydrogel (Si02/ M0) is preferably in the range

30 to 500methyt-eninyi-ckepsraf anaddleyl iadetdnBar AB@RatETEA dster20theVHiRn ahdieinnol ar
ratio (Si2/ MO is less than 30, a percentage of dissolved silica

| ncr easesamiad thrbig@ldhyadds® b fietYi-poFrbiiddngNs Wi-plethifl Sfornathidé e thamiil athe
silica sol drops. Wien the nolar ratio (S 02/ MO is nore than 500, the

def Loccul ﬂidg@nmiaﬁtiddéﬁtﬁrfgérﬁé 8Hlentadth K Stdd RbhHARly BRI EkRsh Rfo 8idahicd sol
use asS Ssee

solvents can be mixed.
[0067]

The nodular silica sol according to the present invention can be used after
treating a surface with the silane coupling agent and adding a hydrophobic nature, or
after removing the alkali in the silica sol with the ion exchange resin or the like
according to the necessity.

[0068]

Second Method of Producing a Nodular Silica Sol

A second method of producing a nodular silica sol according to the present
invention is described below.
[0069]
Step (1)

Preferably one or more silicates selected from the group consisting of alkali

metal silicates, ammonium silicates, and silicates of organic bases are used as a feed for
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particles for building up in the step (2) beconmes heterogeneous, so that

al so distribution of dianmeters of nodular silica sol particles finally
obt ai ned becones broad. [0075] Wen deflocculation is to be performed, the
pH is preferably in the range from5 to 11. Wien the pHis |ess than 5,

t he di spersion has high viscosity, which makes it difficult to obtain a
stable silica sol. Wien the pHis over 11, silica easily dissolves and

b |4 i TH - , e th il hyd | i
ecomes upst %%.dgm%;r @F%!r%ggﬁeo;?g%&#{gfwa{heapr%ég i ve%rélgh.t oﬁiglﬁ élk%ﬁrméﬁ{)gg&te,l S

defl occul ate e ran roni

preferably i.n the range from70 to , 170C. .Wen, the_t erature is |l ess than
B0c, somerrailn el i EED e PRTHEN ST St B Cort | Aot pyFane
honogeneopsl y., When_the tenperature is over 200C, a form of obtai ned
silica soFa%ﬁ lscPfééer?@eatBt U%eoaweegﬁﬁa@m?éxliaemqmt[r@@?%f suegh &5 @ telspsigylt he
silica sol obtaineq at the step (1) described above as a seed sol, 34
silicic adPEosyMuesbndsamnge FUcBms masasihaner aninecdisthanghemne; driethandli | j ca
sol at the tenperature in the range 60 to 200C to prepare a nodular silica
sol . |If raqifer els aprenmeniuy silisiaty ar disiligrtad ofvprgania diasni iz étl pogsitde to gise an
alkali or a silicate is added to the seed sol to adjust a concentration of
sol i d phasglkalisie| sobdion prenesed hvgdding emnioniag a &k tesnane aghoniandhydrekide or ke
range from9 to.12.5. Wen the pHis less than 9, a potential in the
particl esamipecompoamdkl | er and the particles aggregate with the distribution
of particle dianeters extended. Wien the pHis over 12.5, solubility of
the parti[@0&6] goes high, and particle growh becones difficult. [0077]
There is no specific restriction over types of the alkali available in this
process. |t i slhphefsespall) exttfdstustaqueoas kalltionref ele diudesly) derepkebd.asTHspH or

NaOH, ammoni um hydroxi de, an aqueous sol ution of am ne, ammonia water or
the |ike. tdl spebles@utich 8the silicate is neutralized with a acid to prepare a hydrogel. A
concentration of the silicate aqueous solution (a content of Si0,) is in the range from 1
to 10% by weight, and more preferably in the range from 2 to 8% by weight. The
temperature should be kept at the room temperature (normally in the range from 15 to
35°C), and the pH after neutralization is preferably in the range from 3 to 7.
When the concentration calculated as a content of Si0,is 1% by weight or below,
the silicic acid is not gelated sufficiently, and it is not easy to obtain a hydrogel under
the practical conditions. On the other hand, when the concentration calcuiated as a
content of SiO, is over 10% by weight, the h&mogeneous neutralization and sufficient
gelation of the silicic acid can not be performed, and size dispersion becomes larger in
the nodular silica sol finally obtained.
[0071]
When the pH after neutralization is in the range from 3 to 7, it is easy t obtain a
homogeneous hydrogel, and when the pH is less than 3, the hydrogel structure is fragile,

and silica easily elute from the woven textile. When the pH is over 7, siloxane coupling

occurs partially, and deflocculation can hardly be performed. Any of hydrochloric acid,
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specific restriction for the silicate available in this process, and the
silicate as described in relation to the step (1) may be used. It is
especially preferable to use sodiumsilicate, potassiumsilicate, and the
i ke. Next silica particles are grown by continuously or intermttently
adding a silicic acid solution keeping a tenperature of the seed sol in
the range from 60 to 200C. An anount of added silicic acid is adjusted
accordi ng L Ol an rajgle i.p the nodular silica sol.

[ 0078] Ins%lﬁjerﬁs#ﬁ?%g@g%ﬁé g@tﬁgﬁ%/e%?S%%tfh'lemgt%ﬁtﬂf%atu\?ﬁi ch is used as a seed
sol, the hfige particle dianmeter neasured by the dynam c |ight
scatteringﬁﬁe hod is preferably in the range from5 to 80 nm Wen the

silica sol wtheparticles havi the aver . di.,ameter, in the range

descri bed aboveTLP%S'h%aeﬁy f’i%ge -OEQaglfdggl ne fﬁﬁ%\?é#ﬁ@”@aﬁ%ﬂ 'E"'P’(E'lye%ﬁf%fﬁ‘@’?@rth(ar)
measured by, the dyngmc |ight scattering.nethod is generally in the range
from 10 t 8 lts?,ge’l%%teanl?y the meyirplization.¢ h(g'g diftar 'FVCH‘GSS;G%BWQT%SH I5; gleapesy wWithy ™ nay
be procesaed.mﬂih a centrifugal separator for screening. It is preferable
to use a SPPTIRTLWALEr r agmeniaotrtenburinead fitkprioe merlinasyelyaatheaglines fier.
solution of the alkali silicate with a cation exchanger. The silicic acid
sol ution avai | abfrenstance. nhenpiodivas sulfate is geneanatedna ebneentahionsf doesediumei ght
pol ymer of the silicic acid solution obtained by processing an aqueous

sol uti on &flfaimatipieleaning isi rrafesably 0195% or delopragaest haolie statawd Sidyearsd tiinei ¢
acid solution is generally referred to as an acidic silicic acid solution.
CGener al | yreauised fari deflaceudateml hadoowrs wihbttet. haVISn0R comcenhratiomné ehd satrislhiglo 10%
by weight is used. [0079] Any of sodiumsilicate, potassiumsilicate,

| i t hi um sevenc &t deflomndatjorardcenrsaray negativencherzsiih i hat ol Npartibles Us eshals dnbie

al kali silicate, and preferably sodiumsilicate or potassiumsilicate is

sel ect ed. agehepan®t #eirdt ehslys@heratdd, WhRhRdeetit aFflclititbobidirdatdbdgs. of Water
d ass No. 1, Water A ass No. 2, Water dass No. 3 or the like. Furthernore

it [0073]
An alkali is added to the silica hydrogel just having been subjected to a cleaning
_process to deflocculate the silica hydrosol. Ordinarily, water is added to the silica sol
to obtain a slurry-state silica hydrosol dispersion having fluidity with a strong agitator,
and a proper amount of alkali is added to the disper_sion to deflocculate the silica
hydrogel.

A concentration of the silica hydrogel dispersion calculated as Si0, content is
preferably in the range from 0.5 to 10% by weight, and more preferably in the range from
3 to 7% by weight. When the concentration is less than 0.5% by weight, a percentage of
dissolved silica increases, and an average d.iameter of obtained silica particles becomes
smaller, a particle growth speed in building—up in the step (2) is apt to become
remarkably slow. When the concentration as calculated as SiO, content is over 10% by
weight, an average diameter of the silica particles obtained by deflocculation will become
heterogeneous. Because of the feature, distribution of particies of nodular silica sol

particles obtained in the step (2) is apt to become heterogeneous.
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is also preferable to use an aqueous solution of the alkali silicate
obt ai ned by hydrolyzing a hydrol ysable organi c conpound such as tetraethyl
olthosilicate (TEOCS) by using, for instance, an excessive anount of NaOH.
[ 0080] There is no specific restriction over a nethod of producing the

al kali silicate described above, and any known nethod may be enpl oyed in
this y y process. As the production nethod as described above, for

i nst ance, [%gaznese Pat ent Lai d-Open Publication No. HEl 9-110416 a nethod
of produci n aqueous solution of alkali silicate in which aIkaI
silicate cullet  is di ved mate int resence, of rysta
made of alkali &FI%t zi‘l”cial:h% tB°t8h ﬂ”‘é{iirr?xgﬁ g @ﬁsKggl ﬁ"‘l ‘Uf "éﬁ Ilz
silicate, and , then the alkali silicate agueous solution is subjected to
filtrati oAMMeRiRYTRHEs: o 98 apueras sRkdien pgﬁ@me may be BpRgh Publ i cation No.

HElI 6-171924 discloses a nethod in which, when an agueous sol ution of

al kali silicat eAngmongt ehalkelowisssh the arasesaapcaleiat asa rificoefue eambsr efddi ng
an aqueous solution of alkali hydroxide (ACH A Alkali netal) in soft
silica tomelagtaed ISP} incteesdlicarhydirgekiispearsion lapd royerrepef oxledeofitbe atkdiedh the t he
aqueous solution to oxide reduction products originated fromthe soft
silica. [6084hydroge!Si®éMRisdRdierably srethehmngt 138l o 500, iaodneraprefardby in
preferably highly refined. Any known nethod may be used for refining the
al kal i si thecasrge Bom d0 tch@00et Whds thavmicladatioi (SiD)Y8,0OF esdads itharer30j @n i s
a nmet hod di scl osed in Japanese Patent Laid-Open Publication No.

2001- 2944 gérceatiagde ioh disBbisedrellibp theradse s amldifihaly ptdHacBbk kicienty bE glefi 8OtHROUS
solution is adjusted to the range from1 to 50 nPas and t he aqueous

sol ution mediiasseida doNIRUE avked kRs fhdidr Adtio00SiDLNNOM ik hmbihe thEpl 800! Be
wei ght out off of 15,000 or below to prepare an aqueous sol ution of alkal i

silicate Héﬂd@ahlﬁaorﬁ)% LhGhRIeM LRy td@%@bo@&* SRR of §.i||l:é GRI 2ke@QQ aRYy or

bel ow and the size of 1 nmis substantially not present
particles for building up in the step (2) becomes heterogeneous, so that also distribution

of diameters of nodular silica sol particles finally obtained becomes broad.
[0075]

When deflocculation is to be performed, the pH is preferably in the range from 5
to 11. When the pH is less than 5, the dispersion has high viscosity, which makes it
difficult to obtain a stable silica sol. When the pH is over 11, silica easily dissolves and
becomes unstable.

The temperature at a step where the silica hydrogel is deflocculated is
preferably in the range from 60 to 200°C, and more preferably in the range from 70 to
170°C. When the temperature is less than 60°C, sometimes the silica gel may no be
deflocculated sufficiently homogeneously. When the temperature is over 200°C, a form
of obtained silica sol particles is apt to become spherical.

[0076]

Step 2

Using the silica sol obtained at the step (1) described above as a seed_ sol,
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It is desirable to use the silicic acid solution in which inpurities are
renmoved by contacting the silicic acid solution to a strong basic anion
exchanger or a strong acidic cation exchanger. Furthernore, if required,
an acid may be added to the silicic acid solution, and the m xture
solution is heated at a tenperature in the range from40C to 300C to have
the alkali released in a surface or an inside of the particles. [0082] As

f t of th i.d used in the. ... Ihe. so-called st. id i
used bocslige € Phn Rl eoFeloRE Y riebii i Bk SFEreu ¥ e ©
sed_becdlis® &SPy e erre VI |

nor gan cSHEERG AT ey P B0 SO Gita PPRIE AP Arcled S o SrBRg el o as

hydrochl ori c, acid,. sulfuric acid, nitric acid, sulfam c acid, formc acid
is used. FPRhSehifihGedinitadeignized materser arplkalhen 3 sligatads addeddn theisged sof
solution with 1-20% concentration is generally used, and an anount of added
acid is Eoadivsla eencestetien obspligirhene siica iteitle saried from Attp J%iby vrighisnedd t o
the range fromO0.1 to 1.0. [0083] When growing silica particles in a seed
sol , a tenidpdberangsfiram@ ted@d. sNhehghr@pitis l¢as thhe 9r angkentialdmtse padicke0C.
When the tenperature of the seed sol is less than 60C, a rate of

di ssol ut i beconfe amslidri aridcthaciadticles wheresate dvitio thandistribubien sif |pacticte aGintkters
solution added therein and a rate of segregation of the silicic acid in

t he seed sxikndreloifthesltbagH isGvert1ideé, ablabiityhafnthe prdcics lzeed bighesral pareiclef t he
seed solution is higher than 200C, the rate of dissolution of a silicic
acid in t hewsebecands diifichbltt he silicic acid solution added therein and a
rate of segregation of the silicic acid in the seed sol becones higher,

whi ch i s [oadyant ageous, but it becones difficult to control a dianeter and
a formof the particles, so that the cost performance of the process

becomes hi gher, Tt Gnd $pcliif@rbsanitRMeRes ypdiest 1AL Ik atuilblelif s PPdLdss.
solution, it is necessary to prevent generation of new seeds. A rate of

addi tion gfig apr@felrélgé GoAGdedars Qi | Akl @ly@f&ﬂﬁgssdcin%gsg%%?ﬁ\lm | QS onium

i nfluences over a dianeter of silica partic ution of particle
glr ggﬁzﬂ ii’rl]y%g%% %rng%lgr%? %g\ﬁ?grﬁﬁ]é%ﬁ)n%z Sa@hotnﬂ\ewgtiep%lr tRL ?lgéj.CtAlsé @hér@qs no
specific restriétion for the silicate available in this process, énd the silicate as described
in relation to the step (1) may be used. It is especially preferable to use sodium silicate,
potassium silicate, and the like.
Next silica particles are grown by continuously or intermittently adding a silicic
acid solution keeping a temperature of the seed sol in the range from 60 to 200°C.
An amount of added silicic acid is adjusted according to a desired diameter of particles
in the nodular silica sol.
[0078]
In the silica sol obtained in the step (1) which is used as a seed sol, the average
particle diameter measured by the dynamic light scattering method is preferably in the
range from 5 to 80 nm. When the silica sol with particles having the average diameter

in the range described above is used as a seed sol, the average particle diameter (r)

measured by the dynamic light scattering method is generally in the range from 10 to
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invention, it is desirable to add a silicic acid solution for 30 m nutes to
72 hours continuously or intermttently. Wth this operation, it is
possible to obtain a nodular silica sol. [0084] Also in the second
production nmethod according to the present invention, a calcium oxide,
magnesi um oxi de, al kyl silicate and the |ike which are used as a feed for
preparing a sol of slender silica particles are not used, nor is used such

materi al s met.hyl siljcate.whic re. used as ol of egg-like a

pod-1 i ke 4T meh e vpadieds (Bt SukR SO Fepd it Kotk Pach iiocssrd o o
particl es ohtained by tqg groduction met hod according to 38 the present
i'nvention®® ”ﬁ@?%ﬁﬁ?éﬁ@'Bf ¢%°0PEMy against SiO2 is 1000 ppm or bel ow, and
also G is substantially not contained in the particles. [0085] Also in the
second product i b H@f‘h’éé%&é’é? di SWyiq acd ﬁe'UB%ggwneieré#ﬂaikaHPng fn jagueous
possible to use the highly purified silicic acid solution as a silicic acid
sol uti on &_leken of th@r?&«agr%@a ih aprasies exchanger. i Thetsdiciq acid spluen evailghle
method. Also it is possible to rePare a highly purified nodular silica
sol Dby hi hitKis pueddsg inga t9edutivodefl ar lowi-molsguleuiweighbt rlyresr bfy thésilisic anid
production nmethod like in the first production nethod. The nodul ar silica
sol accor sélvtiprt obimed fayeprentssingyamtaiyoevuis ssobftfoacdfi are bikalagiicdtablith aasatian
polishing material, and the polishing material containing the nodul ar

si |l i ca sokxchaogor siichthet silidibacl ed@idn isnpeastallprefeandlio dssadaddicasiliid kil ng
material for a hard disk, for a wafer, or for a Cu-CWP. [ Exanple 1]

[0086] Psaatist. | GenefalNadsllicid adidl dofirionOkithl tHe SKY,08 U6 ir@MeOfrod Bid 10% Gyaci d
solution 7,000 grans of sodiumsilicate with the concentration of 7% (water
gl ass No. washt Wagegassed through a ultra-filtration nodule (produced by
Asahi kasei Corporation: SlP-

[0079]

Any of sodium silicate, potassium silicate, lithium silicate, and quarternary
ammonium silicate may be used as the alkali silicate, and preferably sodium silicate or
potassium silicate is selected. The material is sold in the market with the trade names
of Water Glass No. 1, Water Glass No. 2, Water Glass No. 3 or the like. Furthermore it
is also preferable to use an aqueous solution of the alkali silicate obtained by hydrolyzing
a hydrolysable organic compound such as tetraethy! olthosilicate (TEQOS) by using, for
instance, an excessive amount of NaOH.

[0080]

There is no specific restriction over a method of producing the alkali silicate
described above, and any known method may be employed in this process. As the
production method as described above, for instance, Japanese Patent Laid—Open
Publication No. HEI 9-110416 a method of producing an aqueous solution of alkali
silicate in which alkali silicate cullet is dissolved in water in therpresence of a seed
crystal made of alkali silicate calcium to obtain an aqueous solution of alkali silicate, and

then the alkali silicate aqueous solution is subjected to filtration.  Furthermore,
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1013) and the filtered water was recovered to obtain purified water glass.
Then deionized water was added to the purified water glass to adjust the
silica content to 5% Then 6,500 granms of water glass with the silica
content of 5% was passed through 2.2 Ilitters of the strong acidic cation
exchange resin SK1 BH (produced by M tsubishi Chem cals Corporation) by at
the space velocity of 3.1 to obtain 6,650 grans of silicic acid solution.
The silicg ' j SN Cl Cj |t | %
[0087] 108 Bre el Lot oBeh PuBfiensh Not bt 8°1 102 dtbloRs Hfediod il 60
grans of silLCi cl | ution. was_ agai n passed through 0,4 |itters of
E\}Hgnalcrja 55’113%{19 SOﬂJt%R c'i!ft aiﬂg'll, \é\@llcﬁtes Vi ?Izeprc(g@ag%’gorgffm\g)SGgI%hF

the strong acidic'cation exchange

our 11 e EIRERECLer el antadie SRER" Fhakel Maegxes AQHAGHKE Refanpn dor

checking inpurities in.the gbtalne ilicic acid olution, ultra pure

wat er was S'QE%%HG{PBQ f"h%atg? M glecg]éF@i' g@’&ﬁ%ﬂ PYRXIHS I afdpsitorthe ackeRHSeIRF RN on
to 10% by wei.ght. Then contents, of the conpounds of alkali netals such as
sodi um ( NE§ ©Af%IrssEEes PiastietR)origingteddrem dhrisofefilipal ogen el ements such as
chl orine Cli1 contained as inpurities in the silicic acid solution were
nmeasur ed ER(PSﬂ e atom c absorption nethod (AAS nethod) with the polarized
Zeeman atom c absorption photoneter (produced by Hitachi Co.: Z-5300) and
al so with the ilns ¢cteommersgdapohuse( theoalkadiesilidaie KyhathoisBbretaralgnihighindidised.y :
AT-610) respectively. The contents were 50 ppb or below for Na, 50 ppb or
bel ow f or Aky kaman Ingipod araybied owed dor €fining B8 &lkali 1sild)ateaH (el uf tine ntetiardd
aging of a silicic acid solution 545.5 granms of deionized water was added
to 454.5 gvalattle i thdpresbht Diventini i a methsdi distic¥etiah Napandde tlefr 0@ peabove
to adjust a concentration of silica to 2% and the m xture solution was

agitated PatilicdQorNBULE ~284420arid IBGhRtm&thol| WBbosh @f B YRS Slidhte aghddls 0. 4
grans of anmonia water with the concentration of 1% was added to the

;nlo)c()ﬁnur e S&dltidroB abiisBd téSthe triferbh Q ¢h-50 APY- VAT #RRIquEAls Loldtis padseihe
through a ultra—filtration film with the molecular weight cut off of 15,000 or below to
prepare an aqueous solution of alkali silicate in which particles with the Cu content per
silica of 200 ppb or below and the size of 1 nm is substantially not present.

It is desirable to use the silicic acid solution in which impurities are removed by
contacting the silicic acid solution to a strong basic anion exchanger or a strong acidic
cation exchanger. Furthermore, if required, an acid may be added to the silicic acid
solution, and the mixture solution is heated at a temperature in the range from 40°C to
300°C to have the alkali released in a surface or an inside of the particles.

[0082]

As for a type of the acid used in the process, the so—called strong acid is used
because a strong acid is effective in having cations eluted from silica particles. More
specifically, an organic strong acid or an inorganic strong acid may be used, and

ordinarily such as a strong acid as hydrochloric acid, sulfuric acid, nitric acid, sulfamic

acid, formic acid is used. When adding an acid to the silicic acid solution, an acid
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tenperature for aging to obtain 1,000 grans of polynerized silicic acid
solution. Viscosity of the polynerized solution was neasured with the Type
B viscosity nmeter to find that the viscosity was 1.3 nPa s. In all of the
exanpl es and conparative exanples described below, the neter was used for
measur enent of viscosity. 40 [0089] 1-4) Production of a seed liquid 61.2
grans of ammonia water with the concentration of 15% was added to 1, 000
ici.c acid solutio adj ust o 10. 4.

grans of the.polymerized sil to h H

Tt empen it PHfiat % iyt §HGult' Sl elsf o 37 AR upb A e AeBhs hour
at the tenperatur a en.was cooled tp the roomtenperature to, gbtain
a transpaf® °|§Hc§;°etb?atl ‘g'qé’%p".e Sfirie 5‘583?'%8‘" ?o"}‘j}%é%‘?ﬁb%lf P %‘f/mtol'ﬂetodirﬁ'an‘i c

| i ght scahg%ring nmethod to find that the average particle dianmeter was 20
nm and t Si1ica concentration was 1.9% For nmeasurenent of the average
particle dianmeter by the dynamc¢ |ight scattering nethod, the particle

di anet er di st ri When srewig sbca parbeles Bop Beedaob adeMBeEattveoei the sepd sol iphgaty | | )
was used. In the exanmpl es and conparative exanpl es described bel ow, this
devi ce wa#! thsgangeoirom®8sarZOfent Wient the tawperatiwe phthe sdes <l intessethapP0iGie
dynami c light scattering nethod. [0090] 1-5) Build-up 79.68 grans of
anmoni a watrete i dissduimncafna eifitic stcicoin the skBdoswhwithdbedilitio ackBdolTtigr addedof
the sol obtained by heating as described above to adjust the pHto 11.4,
~and t he ntherein @andasrahe af eckregatB®8 Gf ahe silieis deapin the debé sblemgremat disvesrf 0030

m nutes. 2,954.3 grans of highly purified acidic silicic acid solution with

t he concettier @heoRandpivhén 406 tapepitafRadfate B¥ed SelutdridUtidhep Ehamed00tT! tHesstel bed
in 1-1) and 1-2) above, and 38 grams of sulfuric acid with the

concent r abf @Bsdiitioh’eMRsilicid 4Rl inaRd sbud khiekitdl B8 @8 Geided RlonViRiBle ddRtGEint 0
the m xture to obtain 4,333 grans of highly purified silicic acid solution
with the goneentd 3t s8freitich/bPbheV8ii@ acid in the seed sol becomes higher, which is
advantageous, but it becomes difficuit to control a diameter and a form of the particles,
so that the cost performance of the process becomes higher, which is disadvantageous.

When adding a silicic acid solution, it is necessary to prevent generation of new
seeds. A rate of addition of a silicic acid solution to a seed liquid gives serious
influences over a diameter of silica particles, distribution of particle diameters, and forms
of the particles in the final product. In the-production method according to the present
invention, it is desirable to add a silicic acid solution for 30 minutes to 72 hours
continuously or intermittently. With this operation, it is possible to obtain a nodular
silica sol.

[0084]

Also in the second production method according to the present invention, a
calcium oxide, magnesium oxide, alky! silicate and the like which are used as a feed for
preparing a sol of slender silica particles are not used, nor is used such materials as
methyl silicate which are used as a sol of egg-like or pod-like silica particles at al-i.

Therefore, in the nodular silica particles obtained by the production method according to
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4,333 grans of the highly purified silicic acid solution was added to the
heated sol over 18 hours. After addition of the silicic acid solution, the
m xture was kept for 41 one hour at 83C and then cooled to the room
tenperature. Conditions for preparation of the silica sol are shown in
Table 1. [0091] 1-6) Utra condensation The sol having been subjected to
bui | di ng-up process was condensed to the concentration of 10% with a

ultra-filgration f.ilm(produced b ahi Kasai. poratj.an, SIP-1013).
lo005] 148 bieSraudlioB S RreRmiast of LRy iasepnator Sxie Dd o Eiciited o
t he concen&r i on of 16?6mﬁth t he e,vanratoLfﬁe [0093] 1-8) Measurenent of
physi cal B Bgléﬁ substanfialy ety coptaingd inithe gadiclaset er (r) of Examples 1 to 12
and Conpa %%%Ye Exanples 1 to 5 neasured by nmeans of the dynam c |ight
scattering] hod is neasured by the particle dianmeter distribution
measuring device (produced by Osuka Electronics Co.: LP-510 PAR-111)
using a laser bélkminthe sacasdayeduitiprenethod @pcertingdetthe Ipsesenh inveatiap|it is
obt ai ned as descri bed above was neasured by the dynamc |ight scattering
met hod t op¢ssitde thaise tthe hishbr prgdiedi silivist ecid\eabitioB Zsrnsilihexcihedutidre usadr hace
area was 118n2/g, and the particle diameter (r') calculated as that of an
equi val entheparaductien Ipaseds diket inetlep ficitl prodsctidnaoettadea Alss 28 posgible to
Therefore, the association ratio (r/r') was 1.6. For measurenent of the
speci fic puphace higlde, pudied mmislaaddled §@ BO highlyopurifhieg thel nédulaadgilitst sélhe pH
to 3.5. Then 40 m of n-propane was added to the m xture and was dried for
20 hours abtatriaé blyarpeeedndipodictiba Glethed R iaithe FiRe psadtietien mdtisqaeci fic
surface area of the sanple was neasured with a specific surface area neter

(produced The nodular silica sol according to the present invention is effectively available
as a polishing material, and the polishing material containing the nodular silica sol
according to the present invention can be used as a polishing material for a hard disk,

for a wafer, or for a Cu—-CMP.

[Example 1]
[0086]

Production of Nodular Silica Sol

1-1) Production of a silicic acid solution

7,000 grams éf sodium silicate with the concentration of 7% (water glass No. 3)
was passed through a ultra—filtration module {produced by Asahi kasei Corporation: SIP—
1013) and the filtered water was recovered to obtain purified water glass. Then
" deionized water was added to the purified water glass to adjust the silica content to 5%. -
Then 6,500 grams of water glass with the silica content of 5% was passed through 2.2.
litters of the strong acidic cation exchange resin SK1BH (produced by Mitsubishi
Chemicals Corporation) by at the space velocity of 3.1 to obtain 6,650 grams of silicic

acid solution. The silica content in the obtained silicic acid solution was 4.7%.
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42 by Yuasa lonics Co.: Miltisorp 12) and by the nitrogen absorption method
(BET nethod). A result of the neasurenent is shown in Table 2. In all of
t he exanples and conparative exanpl es described bel ow, this device was
used for neasurenent of a specific surface area. [0094] 1-9) Measurenent
of inpurities Utra pure water was added to the sol obtained as descri bed
above to adjust the concentration to 10% by wei ght, and contents of
i mpuriti eﬁodsl}lfl, K) in the aqueous solution were neasured by the atomc

met hod (

absorptio AAS nmethod) with the atom c absorption photoneter
(produced p% I t achi fCor.g.I: Z-.@BO?}J L A co.gt ent, of chlorine (CO was neasured
by the ioh oHrSRerEg aphells PYdmES Sisc RG8EPRct r oni ¢ | ndustry: AT- 610) .

Cont ents of Ca, and Fe were neasured, with the indyction coupling

pl asma eni ssi onﬁgg%éff%n%ﬂ%&e f"ﬁ%aa@eﬁfﬁﬁvng&%ﬁa'@w Shrogsh & ﬁt.teredﬁt ents
of Cu and NI were nmepasured with the atom ¢c_absorption photoneter Z-8200
( pr oducedty stippg@gidiccsation exphangat sty SK1BH( QCﬁ@ﬁai ki MitseighiyChemigalsnh
EM A- 320V _(produced by HORI BA qup.f). [0095] Contents of inpurities in
nodul ar p&etackation) ah theapassavalenitysef] 3.t 4o sbtaimbthighhedurified slésie aridesdlutivoy e
were as follows: 1 ppmor below for Na, 1 ppmor below for K, 300 ppb or
bel ow f or with, thg 0fliqapbordentbef dvi% oFoNichedlink Hooyidieson thel ohtained siisic Whidn
converted to the oxides, the contents were 100 ppm or bel ow for My, and
100 ppm osoli@drovulfrer pGa. wakerr waer addead, tb hthec gilicentasidwepletid® fpradpst bibkow
for C, and 1 ppmor below for . A result of measurenent is shown in
Tabl e 2. téncghtratidn thelieampichs ahdnCoREatabi e Ertph@sSoligidirmbrld aehow,

the device was used for nmeasurenent of inpurities. 43 Aresult of analysis
i n Exanpl &s s@ditird (Ra) sndspaussiin (KedtEcempdinde sfihilogdn @BRAkNE! Sich as chlorine
(Cl) contained as impurities in the silicic acid solution were measured by the atomic
absorption method (AAS method) with the polarized Zeeman atomic absorption
photometer {produced by Hitachi Co.. Z-5300) and also with the ion chromatograph
(produced by Kyoto Electronic Industry: AT~610) respectively. The contents were 50
ppb or below for Na, 50 ppb or below for k, and 1 ppm or below for Cl.
[0088]
1-3) pH adjustment and aging of a silicic acid solution
5455 grams of deionized water was added to 454.5 grams of the silicic acid
solution obtained in the process above to adjust a concentration of silica to 2%, and the
mixture solution was agitated for 10 minutes. At this point of time, the pH was 3.8.
Then, 0.4 grams of ammonia water with the concentration of 1% was added to the
mixture solution to adjust the pH to 4.5 and was kept for 2 hours at the room
temperature for aging to obtain 1,000 grams of poiyme.rized silicic acid solution.
Viscosity of the polymerized solution was measured with the Type B viscosity meter to

find that the viscosity was 1.3 mPa-s. In all of the examples and comparative examples

described below, the meter was used for measurement of viscosity.
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in Exanples 13 to 23 is shown in Table 4. [Exanple 2] [0096] Deionized
wat er was added to the highly purified silicic acid solution obtained as
described in the processes 1-1) and 1-2) in Exanple 1 to adjust the silica
concentration to 2% and the m xture solution was agitated for 10 m nutes
wi t hout adding ammonia water with the concentration of 1%to keep the pH
at 3.8. The m xture solution was kept at the roomtenperature for 2 hours
for agingnkggfbtain 6, 650 grans of polynerized silicic acid solution.
Viscosity o he silicic acid in the polynerized silicic acid solution was
1.1 nPas.1_ r_nia ma&grsygtm H e concentration of 15% was added to 1, 000
grans of th 8%ﬁ§ﬁ@rl e giﬂ? ic acid solution to adjust the pHto 10. 4.
Then the m xtur olution was heated,tq 95C and kept t he er re
for one hour ,  ants EHETF GLamBEDR AACT O He SRR EHTLTal T ees e e
transparent and_pale sol. An average. diapeter of  particles in the t ai ned
sol was n&R8\r &f @5‘; PANMEYIRRt HidG Gisld SEMEieBr fhgdist i b 11 Hﬁﬁ-t hgf?et he

average dianmeter was 16 nm and the silica content was 1.9% [0097] 9.68

0,

grams of IRMRSAFEraasr raigednta B8 ok e Mixtgre ofas1batod o gaedoup aghe7
grans of the heated sol to adjust the pHto 11.4, and the m xture was

heat ed t ot@B@ratarg akdphemwas lgeoled hp dheatanne tdnaner@orarim oltein. a Maespagerd3ddgr ans
of the highly purified silicic acid solution (with the silica

concent r apalesolof TBewbiaivei gyhtvps wessaddds tbe dyndb8c ligituseatterike methdixtarfinde 1.
After addition was finished, the m xture was kept at 83C for one hour and
then was tabltbe averaghearidendiamgier aksrdd. nddaddee siiea Roxtanteatiso|wesi bB%was
condensed by neans of ultra-condensation and by using a rotary evaporat or
i ke in tRer plcac@amest bf Gheaikrdgel haititlcdEdRmi& by thBddyramic pBMS is€4ttering
properties were neasured. The average dianeter (r) of particles in the sol

; i,g?;l xe/ ORlefode the\p&tidl2 HitnetthalistABGidn Mebdd (bABCAd 87 OREkal Bi6dtrofics tdW
° PAR-III) was used. In the examples and comparative examples described below, this
device was used for measurement of the average particle diameter by the dynamic light
scattering method.
[0090]
1-5) Build—up
79.68 grams of ammonia water with the concentration of 15% was added to
284.7 grams of the sol obtained by heating as described above to adjust the pH to 11.4,
and the mixture was heated to 83°C and was kept at the temperature for 30 minutes.
2,954.3 grams of highly purified acidic silicic acid solution with the concentration
of 4.4% was prepared by the production method described in 1-1) and 1-2) above, and
- 38 grams of sulfuric acid with the concentration of 1% was added, and further deionized
water was added to the mixture to obtain 4,333 grams of highly purified silicic acid
solution with the concentration of 3% by weight.

4,333 grams 6f the highly purified silicic acid solution was added to the heated

sol over 18 hours. After addition of the silicic acid solution, the mixture was kept for
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particle dianmeter (r') calculated as that of an equivalent particle based
on the specific surface area was 19.9 nm and the association ration
(r/r") was 1.61. [Exanple 3] [0098] Deionized water was added to the
highly purified silicic acid solution obtained Iike in the process 1-1) and
1-2) in Exanple 1 to adjust the silica content to 2% and the solution was
agitated for 10 mnutes. Then 0.4 grans of amonia water with the
concentratiop of 19 ) ded to adjust the pHto 4.5 and the m xture
ot 1o SRERoR s BEE FraRFEfatite Bite s mdsePriatFare hour tor agi ng 1o
obtain 6,650 grans, .of ol ymerized, sili.cic acid solutiop. Viscosity of the
Silicic hcid | nCPREdens Sretpseionief s ticasd arasian Bl st 1 3 nPas.

Anmoni a Wﬁﬁ%r with the concentration of 15% was added to 1,000 grans of the
pol yneri z dllicic acid solution to adjust the pHto 10.4. Then the
silicic acid solution was heated to 95C, and was kept at the tenperature
for one héth) Ulagondnsatiers cooled to the roomtenperature to obtain a
transparent and pale sol. An average dianeter of particles in the sol

obt ai ned as desthé lseldhawyes, besmasudectasm tatuiildingzupu pragedy wahecondsgnsattite theght
scattering nmethod, and a concentration of solid phase was 1.9% [0099]

79. 68 gr arenaghtratioroni d O%etidr a wiltrar-filthasionofi medproducied royohsahb Havwi Cadoration,o
284.7 grans of the sol obtained by heating as described above to adjust the
pH to 11. 8lP-1amd}. the m xture solution was heated to 83C and was kept at the
tenperature for 30 45 mnutes. Then 4,333 grans of the highly purified
silicic afpog2kolution (with the silica content of 3% by weight) was added
over 18 hours like in Exanple 1. After addition was conpleted, the mxture

was furt heredkeitioatwithnerdtaiyReepérdtse of 83C for one hour, and then was
cooled to the roomtenperature. The m xture sol ution was condensed by

ul t ra- condensat TNs@RhshibndSisaE 15 UeAbinceRMERT 8F P8k hitl ehd &vaboltorand 1-7) in
Exanpl e 1, and the physical properties were
[0093] '
1-8) Measurement of physical properties
The average particle diameter (r) of Examples 1 to 12 and Comparative
Examples T to & measured by means of the dynamic light scattering method is measured
by the particle diameter distribution measuring device {produced by Otsuka Electronics
Go.: LP-510 PAR-II} using a laser beam.
The average diameter (r) of particles in the sol obtained as described above was
measured by the dynamic light scattering method to find that the averagé diameter was
37 nm. The specific surface area was 118m’/g, and the particle diameter (r’)
calculated as that of an equivalent particle based on the specific surface area was 23.1
nm. Therefore, the association ratio {r/r’ ) was 1.8.
For measurement of the specific surface area, HNO, was added to 50 ml of the
sol to adjust the pH to 3.5. Then 40 ml of n—propane was added to the mixture and was

dried for 20 hours at the temperature of 110°C to obtain the sample. A specific

surface area of the sample was measured with a specific surface area meter (produced

42



measured. The average dianmeter (r) of particles in the sol finally obtained
was 62 nm The specific surface area was 102 n2/g, the average particle
dianeter (r') calculated as that of an equival ent sphere based on the
specific surface area was 26.7 nm and the association ratio (r/r') was
2.32. [Exanple 4] [0100] Deionized water was added to the highly purified
silicic acid solution obtained like in the processes 1-1) and 1-2) in

Exanple 1,1t¢q adjust the,si).ica ncentrati.on to 2% .. and . th ixt ur.e

Soiuti on udvaH PRbe e O R AOPEEE) BENGRaie oo R MR ¢ e
concentration of 1% was added to, the m xt soj utjon t dj ust the to
205 “and A FEuRealithame e SoPaRmbt Wi Rept e Aty T19 EXTHIER Ak or
aging to obtain 6,650 grams of polynerized silicic acid solution.

Vi scosi t y OPIARVE ierereples geserihed ?ﬂ%W'le'ﬁ/ﬁéY'Pﬁéﬁas ¥pgd fgremagsirewsturt 8n was
1.1 mPars. Ammonia water with the concentration of 15% was added to 1, 000
grans of PPﬂQﬁﬁﬁMd?ﬁéﬁW%%d silicic acid solution to adjust the pHto 10. 4.
The m xture solution was heated to 95C, and was kept at the tenperature
for one hB®%4] and was then cooled to the roomtenperature to obtain a
transparent and pale sol. An average dianeter of particles in the obtained
so[ was 12-hrivsdserermmasiinediribigst he dynamic |ight scattering method, and a
concentration of the solid phase was 1.9% Eg 46 [0101] 79.68 grans of
amoni a wat er Wktta pidre weainc emt raatiedno ahe EbPobaedddedkstobed 8dove gr adjsstof
the sol obtained by heating as described above to adjust the pHto 11.4,

and the stieutdéranwasornent 8%l bl aveddt, amil comentsesr impuritide (N£ R ah ahelraquédus 30
m nutes. Then, like in Exanple 1, 4,333 grans of the highly purified

silicic asdlgticiOlerel Reasldd By tHCatomid AR RRAGREthE@IARS ni2khctfionith theiBbth: was
added to the m xture solution over 18 hours. After addition was conpleted,
the sol ut hidrpish pRBSméter §36ddcRE LYMitdiAtCorpa2d5 e, t hen
A content 6f chlorine (Cl) was measured by the ion chromatdgraph (produced
by Kyoto Electronic Industry: AT-610). Contents of Ca, Mg, and Fe were measured
with the induction coupling plasma emission spectrometer (produced by Seiko
Electronics Co.). Contents of Cu and Ni were measured with the atomic absorption
photometer Z—8200 (produced by Hitachi Corp.). A content qf C (carbon) was
measured with EMIA-320V (produced by HORIBA Corp.).
[0095]
Contents of impurities in nodular particles in the nodular silica sol obtained as
described above were as follows: 1 ppm or below for Na, 1 ppm or below for K, 300 ppb
or below for Cu, 100 ppb or below for Ni, and 50 ppm or below for Fe. When converted
to the oxides, the contents were 100 ppm or below for Mg, and 100 ppm or below for Ca.
Furthermore, the contents were 10 ppm or below for G, and 1 ppm or below for Cl. A
result of measurement is shown in Table 2.

In all of the examples and comparative examples described below, the device

was used for measurement of impurities.
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cooled to the roomtenperature. The m xture sol ution was condensed by

ul tra-condensation and by using rotary evaporator like in 1-6) and 1-7) in
Exanpl e 1, and the physical properties were neasured. The average di aneter
(r) of particles in the sol finally obtained was 27 nm The specific
surface area was 157 n2/g, the average particle diameter (r') calcul ated as
that of an equival ent sphere based on the specific surface area was 17.4
nm and the asgociation rati.o(r/r' 1. 55, e 5] 0102], .

Dol oni zed vat or AERTSHRRIRY F RS RPIGh AR IR P IHiERe AershCEi e
obtained like in the processes 1- nd 1-2) in Exanple 1 to adjust the
silica cpoéWWHﬁﬁihﬁ%i?@@%oWBHHT? % xture solution was agitated for 10
m nutes. Ammonia water with the concentration of 1% was added to the

m xture solution to adjust the pHto 6.5, and the resultant m xture
solution was kept. at the roomtenperature for two hours for aging to

obt ain 6,5@@”@khﬁh of polynerized silicic acid solution. Viscosity of the
silicic acid in the polynerized silicic acid solution was 1.3 nPas.
Anmoni a WHl®B]l with the concentration of 15% was added to 1,000 grans of the
pol ynerized silicic acid solution to adjust the pHto 10.4. The m xture

sol ution was A4DPeiheatddaten v85@ddedito Vimshiftéy burdfied dilzid ecipeplation ebfaoredase
hour, and was then cooled to the roomtenperature to obtain a transparent
and pal e dedcribédhiratherppgessdeanetleindof-2) peBtanple$ o adubetiebiilidanatcadtativas 13
nm when nmeasured by the dynamc |ight scattering nethod, and a

concent ratd @n, id the mbalied sFInasE wie Sagha¥ fol ODORINUTS: GRtheNitBEdikY aAdRRAI a
water with the concentration of 15% was added to 284.7 grans of the sol

obt ai ned ytdnadtH B asncdagatioPee 1abgviRebahadiHiat stghe TRE rhiQuukd sBlutioRNhst he
solution was heated to 83C and was kept at the tenperature for 30 m nutes.

Then, i kﬁedtrhtEK%?HF@ténpe‘ﬂ'at%l%gfd}rzaﬁ%rgffort%g%%lté?n BW50 Tk 8t pifrh&riAe! d

solution (with t
silicic acid solution. Viscosity of the silicic acid in the polymerized silicic acid solution

was 1.1 mPa*s.

Ammonia water with the concentration of 15% was added to 1,000 grams of the
polymerized silicic acid solution to adjust the pH to 10.4. Then the mixture solution
was heated to 95°C and kept at the temperature for one hour, and then was cooled to
the room temperature to obtain a transparent and pale sol. An average diameter of
particles in the obtained sol was measured by the dynamic light scattering method to
find that the average diameter was 16 nm, and the silica content was 1.9%.

[0097]

9.68 grams of ammonia water with the concentration of 15% was added to 284.7
grams of the heated sol to adjust the pH to 11.4, and the mixture was heated to 83°C
and kept at the temperature for 30 minutes. Then 4,333 grams of the highly purified
silicic acid solution (with the silica concentration of 3% by weight) was added over 18
hours like in Example 1. After addition was finished, the mixture was kept at 83°C for

one hour and then was cooled to the room temperature.
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silica concentration of 3% by weight) was added to the m xture sol ution
over 18 hours. After addition was conpleted, the solution was kept at 83C
for one hour, and was then cooled to the roomtenperature. The m xture

sol uti on was condensed by ultra-condensation and by using rotary
evaporator like in 1-6) and 1-7) in Exanple 1, and the physical properties
were neasured. The average dianeter (r) of particles in the sol finally
obt ai ned was 32 T ecific surface area was 13 /[ he ,aver age
par i1 che d amet SPohe MGG T4 EBo R R, R8s ATy fonds e BRERRES o
the specific surface area was 19..6 and th assaqcLation ratio r')
wns 1765, oy el 8y PERatT Rt of e atoor 0203 dqdbl Prba el e b

t he highlﬁhpurified silicic acid aol tion obtglned Iiie in tge processes
1-1) and PPYSCHl Predesiied were Meagwetist Thhaveres digmetetra i Partides fothasoland
the m xture solution was agitated for 10 mnutes. Sulfuric,acid wth the
concent r af Py ehtansses Sddea- « d he hepesifier srréacsoripai Was 1 1B 7aG{Rishe tauerags t o
2.0, and the resultant mxture solution was kept at the roomtenperature
for two hagtisler dameteg (Hdjspirulased s dhat o Beauiratant peftigle bysask orythe srecifisi ¢
acid solution. Viscosity of the silicic acid in the polynerized silicic
aci d sol usurdacewrsa vag 18@aum, aachtbn assonitien ratiani(ritie wesriddnt rati on of 15% was
added to 1,000 grans of the polynerized silicic acid solution to adjust
the pH t o[B@mple Ine mi xture solution was heated to 95C, and was kept at
the tenperature for one hour, and was then cooled to the roomtenperature
t o obt ai n[GD98} ansparent and pal e sol. An average dianeter of particles in
t he obtai ned sol was 18 nm when neasured by the dynamic |ight scattering

nethod, and a cDeieRiBEd Mat@weS a8d GOtHedhiBHATRIriNES silicR196id OILES] oBikd
grans of ammonia water with the concentration of 15% was added to 284.7

%rlazs of TikeingRE prdtieds Neth MY PRI Peandte 188 GHUBEtheAIRAC:IrPerRb WS! addi@ePH tO

solution was agitated for 10 minutes. Then 0.4 grams of ammonia water with the
concentration of 1% was added to adjust the pH to 4.5, and the mixture solution was
kept at the temperature of 80°C for one hour for .aging to obtain 6,600 grams of
polymerized silicic acid solution. Viscosity of the silicic acid in the polymerized silicic
acid solution was 1.3 mPa-s.

Ammonia water with the concentration of 15% was added to 1,000 grams of the
polymerized silicic acid solution to adjust the pH to 10.4. Then the silicic acid solution
was heated to 95°C, and was kept at the temperature for one hour, and then was cooted
to the room temperature to obtain a transparent and pale sol. An average diameter of
particles in the sol obtained as described above was 33 nm when me‘asured by the
dynamic light scattering method, and a concentration of solid phase was 1.9%.

[0099]

79.68 grams of ammonia water with the concentration of 15% was added to

284.7 grams of the sol obtained by heating as described above to adjust the pH to 11.4,

and the mixture solution was heated to 83°C and was kept at the temperature for 30
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and the solution was heated to 83C and was kept at the tenperature for 30

m nutes. Then, like in Exanple 1, 4,333 grans of the highly purified
silicic acid solution (with the silica concentration of 3% by wei ght) was
added to the m xture solution over 18 hours. After addition was conpleted,
the solution was kept at 83C for one hour, and was then cooled to the room
tenperature. The m xture solution was condensed by ultra-condensati on and

by using rotar vap or i in.1-6) and,1-7) in Exanmpl nd.t he
ohysrcal BIBEY RERDESE Slanis o i nafE mPlBPa g%l aflesBe Youdp BRIE! e
in the sol final obt ai pned was, .34 nm_._  The specific sufface area was 128
10 gt necaEPae Y wREnE s oo 18 Moy Bl Geamele |- idrer eoBiqh was

equi val ent sghere based on thf specific surface area was_21.3 nm and the
associ at i 6AMPIEGdo the mpyre pas Hirdgrmerekerh Ak the tenreraere obed Gnfy qnekaver was
added in Exanple 1 to the highly purified silicic acid 49 solution obtained
li ke in tAed Bracassesler tpytha repm tempsratursanpl e 1 to adjust the silica
concentration to 2% and the m xture solution was agitated for 10 m nutes.
Sulfuric acid Whe mixthe sditconvasacosienedd bvaliscentigashtion anddynisinairagary
solution to adjust the pHto 3.0, and the resultant m xture solution was
kept at t Beaporsian tlisepier tllr end dr-77 In Howneld dr andgtheg physicddt moperBie§ 50ergr ans
of polynerized silicic acid solution. Viscosity of the silicic acid in the
pol yner i zedasirkd.ci Theagiedageodiaméi@n (nadf paBtictRam. thangod finallywatitainedvinial 62hem.
concentration of 15% was added to 1,000 grans of the polynerized silicic

aci d sol uThespddifiasiriie dréewpi10D mils, 4he IRags pdrucie dddhdibi ON) velsulatedalsed to
95C, and was kept at the tenperature for one hour, and was then cooled to

t he room #RERE At dHu aledt @BhéHe haded loANMBALBBic HFFablafoaSRhs 267 @Y S4rdthe
di anmeter of particles in the obtained sol was 60.4 nm when neasured by the

dynam c | hghtizssqtdt®y irN9) wiklyed, and a concentration of the solid phase
was 1.89% [01071

[Example 4]

[0100]

Deionized water was added to the highly purified silicic acid solution obtained
.Iike in the processes 1-1) and 1-2) in Exampie 1 to adjust the silica concentration to 2%,
and the mixture solution was agitated for 10 minutes. 0.4 grams of ammonia water with
the concentration of 1% was added to the mixture solution to adjust the pH to 4.5, and
the resultant mixture solution was kept at 5°C for two hours for aging to obtain 6,650
grams of polymerized silicic acid solution. Viscosity of the silicic acid in the polymerized
silicic acid solution was 1.1 mPa-+s.

Ammonia water with the concentration of 15% was added to 1,000 grams of the
polymerized silicic acid solution to adjust the pH to 10.4. The mixture solution was
heated to 95°C, and was kept at the temperature for one hour, and was then cooled to
the room temperature to obtain a transparent and pale sol. An average diameter of

particles in the obtained sol was 12 nm when measured by the dynamic light scattering

method, and a concentration of the solid phase was 1.9%.
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79.68 grans of anmmonia water with the concentration of 15% was added to
284.7 grans of the sol obtained by heating as descri bed above to adjust the
pHto 11.4, and the solution was heated to 83C and was kept at the
tenperature for 30 mnutes. Then, like in Exanple 1, 4,333 grans of the
highly purified silicic acid solution (wwth the silica concentration of 3%
by weight) was added to the m xture solution over 18 hours. After addition
was conpl e i the solution was kept at 83C for one hour, and was then
cooled to the roomtenperature. The m xture solution was condensed by

| tra- condensat i and b sing.rotary . orator |ike | -6) apd,1-7) in
lI;xarrpl e 1, and ?ﬁ@a SRS %5%”&? P"’tafé'leé’gwﬁﬁ\r/tgg ??E&%'E}Faéclt?.” ﬁghgsl%;\y‘?%saﬂgieﬂi]}ﬁnzet er
r) of pargtjcles in the sol finally obtained wa 0O nm The. s ific
guz f acepa&@{j%"%@f trntr‘ﬁlsg‘j’,? °|!Ptﬁé"eg é{r'{f‘é‘E"%QF tdieﬁcfr@eaiag%% 1558 afJ\"St)thégi?'@Eﬂ L‘(-‘éd as
I 1 that of an equival ent sphere_based on the sRecific surface area was

30. 6 nm anditheeolstirrawas bpaierda 835 #nd(was keptyatsthe termperatyrg fpf PR nENUtE® 1081

Dei oni zed_water was added to the silicic acid solution with the silica
concent r afhe/h like imErameiptiatdéd srame of the hishlp mudted silicie )acjchsahtigrpiwithitheo
adjust the silica concentration to 2% The m xture solution was agitated
for 10 mi piliceesoncenttationmohiB¥ bywaeight) wias raddbe te dlme eituret saukiaf oviey, Walsoursided
to the m xture solution to adjust the pH to 4.5. The resultant m xture

sol uti on Her kéditioratvas hempleta trengpdutitnuwas kept at \B6°Chdor sne haurplridaivas the650
granms of polynerized silicic acid solution. Viscosity of the polynerized
silicic acodedstd thiciroomwasipdraBurgPas. Anmonia water with the concentration of
15% was added to 1,000 grans of the polynerized silicic acid solution to

adj ust the pH tDhel RixdureTSRULBNL4Y Eoriehséd BNuNAScoriRAs RNt Md AR usiiNbtiRS
kept at the tenperature for one hour, and was then cooled to the room
t enper at ug@pbratODTiRE Nnailis)asneaParentn a@mpPfRl 9, SAH- thaN pRYSERUS oféRBB L BLreOf
measured. The average diameter (r) of particles in the sol finally obtained was 27 nm.
The specific surface area was 157 m?/g, the average particle diameter {r’ ) calculated as
that of an equivalent sphere based on the specific surface area was 17.4 nm, and the
association ratio (r/r’) was 1,55,
[Example 5]
[0102]
Deionized water was added to the highly purified silicic acid solution obtained
like in the processes 1-1) and 1-2) in Example 1 to adjust the silica concentration to 2%,
and t_he mixture solution .was- agitated for 10 minutes. Ammonia water with the
concentration of 1% was added to the mixture solution to adjust the pH to 6.5, and the
resultant mixture solution was kept at the room temperature for two .hours for aging to
obtain 6,650 grams of polymerized silicic acid solution. Viscosity of the silicic acid in the
polymerized silicic acid solution was 1.3 mPa-s.

Ammonia water with the concentration of 15% was added to 1,000 grams of the

polymerized silicic acid solution to adjust the pH to 10.4. The mixture solution was
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particles in the obtained sol was 27 nm when neasured by the dynam c |ight
scattering nethod, and a concentration of the solid phase was 1.9% [01091
20.81 grans of water glass No. 3 with the silica concentration of 24.25%
was added to 284.7 granms of the sol obtained by heating as described above
to adjust the pH to 11.2. The m xture solution was heated to 83C and kept
at the tenperature for 30 mnutes. Deionized water was added to the
silicic agi bon (with the sjilica concentration of, 4. 7% by i,qht)

ot oduced: TRERES SPIE et el B 30 bR RR AR ey ag HepbechRed.) o
to adj ust IIlhe silica concentration to 3% .,and 4.333 grans of the sjlicic
aci d sol ubi%RPRASCIRRIRN? d° 9phainia FrapPaLNt ANAoRPRIE S8k r e BVetpRsy Bapgts” Ifg
hours. After., additi og was c?gpl e%;ed, v\&“ge resul tant m xture sol ution was
kept at gBEUFlsE ke ppiamedsel wWag T8HEM wher me3stred otherynamishieht spattetingr e.
The m xture solution was condensed by ul tra-condensati on and by using
rotary el$PMdatst a cpneentrgtion of the splid phasq wask8%pl e 1, and the physi cal
properti eﬁlwere nmeasured. The average dianmeter (r) of particles in the sol
finally of8hed was 53 nm The specific surface area was 112 n®/g, the
.average particle dianeter (r') calculated as that of an equival ent sphere
based on the sp&:§d igransuof aoenana svateswitid . tBe muncaridationeof 48% o@saddded toat i o
(r/r") was 2.18. [Exanple 9] [0110] Deionized water was added to the

hi ghl y pul#4.7 edansi ¢fi thie sohobtadiredlbyt heatingvat lesdribed iabbeate adicgtnthe aH @nibd, 4. 7%
obtained like in the process 1-1) in Exanple 1 to adjust the silica
concent r abmdthet eol@9%0n whe heabtet ub B350 | AHdi Wit Nes AGht ab@fedaire ¥0r 8D mit@ss, and
amoni a water with the concentration of 1% was added to the m xture

sol ution Theradkel st Exdritde 1HAB03 4rdms Shend BIghIL thaAtiedThikid rRid SbIutidrofvithagek ept
at the roomtenperature for two hours to obtain 6,650 grans of polynerized

silicic agiich lcdhtrafion ¥ 9% BF Wigth waB@ddePky BRE hh&reSidiliisdrCoRs 1@ Rakriit i on
was 1.3 nPas.
After addition was completed, the solution was kept at 83°C for one hour, and was then
cooled to the room temperature.

The mixture solution was condensed by ultra—condensation and by using rotary
evaporator like in 1-6) and 1-7) in Example 1, and the physical properties were
measured. The average diameter (r) of particles in the sol finally obtained was 32 nm.
The specific surface area was 139 m?/g, the average particle diameter (r' ) calculated as
that of an equivalent sphere based on the specific surface area was 19.6 nm, and the
association ratio (r/r’ ) was 1.63.

[Example 6]
[0104]

Deionized water was added in Example 1 to the highly purified silicic acid
solution obtained like in the processes 1-1) and 1-2) in Example 1 to adjust the silica
concentration to 2%, and the mixture solutioﬁ was agitated for 10 minutes. Sulfuric acid

with the concentration of 1% was added to the mixture solution to adjust the pH to 2.0,

and the resultant mixture solution was kept at the room temperature for two hours for
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Ammoni a water with the concentration of 15% was added to 1,000 grans of the
pol yneri zed silicic acid solution to adjust the pHto 10.4. The m xture
solution was heated to 95C, and was kept at the tenperature for one hour,
and was then cooled to the roomtenperature to obtain a transparent and
pal e sol. An average dianmeter of particles in the obtained sol was 27 nm
when neasured by the dynamc |light scattering nethod, and a concentration

of the sol 24. rans._. of ter,,.ql ass 3.,.wth
Che i1} caég%ﬁ%ﬁ?aﬁﬁ’? B3h s " DhineEiced sbR P BT MiehaRRE Bfns ALt

obt ai ned b%/ e ting as. dﬁ ribed a ove to ?g t the 52 pHto 10.9. The

mi xture s8Fde e e A %ith‘ﬁ‘ ¥a&ht ~df 2 Re tenperature for 30

m nut es. Dei onléed Water was tgded to the silicic acid solution (wth th
silica concentfRMoGR Witey with, 9%?%@'0[3@5&%@@3@6“?4’1%0 6109911%3(’?90?1 et hod
as that descrlbed in.1-1) in anple 1 to adjust the silica concentration
to 3% anBolMmenzedssifigig Al 180'91‘4@,“ t%ﬁdn@téhmfht%dpﬂu dhe wpixtuse selytion wase

m xture soI ution described above over 14 hours. After addition was

conpl et edheatad tp 88§F.tandtwas kaptieé tho ternpesatusm forkanst hawr, Briovdtheomeoledder and
t hen was cool ed to the roomtenperature. The m xture solution was condensed
by ul t r a- Senthems &ernieeratune tbyobtain rytransmrgnt @apoe abbr An keerage diafptand 1- 7)
in Exanple 1, and the physical properties were neasured. The average '
di anmet er (Jar)ictefs ipéhe bkfag®di ol whe 180im whealmeasodetidivnibd dyasmizSlightscatldring
specific surface area was 195 n/g, the average particle dianeter (r')

cal cul at efheti®d, &rithd coficenbraditinlbf Blecdtlid pphey wadagexl on the specific surface
area was 14 nm and the association ratio (r/r') was 2.5. [Conparative
Exanpl e 1Jo106P112] Dei oni zed water was not added to the highly purified
silicic acid solution wwth the silica concentration of 4.4 obtained |ike

in the processemdg branddf hfdonid) WakAHHE the coNREMPILRNGE 5% Wa%ha&d'a@ to

concentration of 1% was added to the m xture solution to adjust
284.7 grams of the sol obtained by heating as described above to adjust the pH to 11.4,

and the solution was heated to 83°C and was kept at the temperature for 30 minutes.
Then, like in Example 1, 4,333 grams of the highly purified silicic acid solution (with the
silica concentration of 3% by weight) was added to the mixture solution over 18 hours.
After addition was completed, the solution was kept at 83°C for one hour, and was then
cooled to the room temperature.

The mixture solution was condensed by .uItra—condensation and by using rotary
evaporator like in 1-6) and 1-7) in Example 1, and the physical properties were
measured. The average diameter (r) of particles in the sol finally obtained was 34 nm.
The specific surface area was 128 m?/g, the average particle diameter (v’ ) calculated as
that of an equivalent sphere based on the specific surface area was 21.3 nm, and the
association ratio (r/r’ ) was 1.60.

[Example 7]
[0106]

Deionized water was added in Example 1 to the highly purified silicic acid
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the pHto 4.5. The m xture solution was kept at the roomtenperature for
two hours for aging, and the silicic acid solution gelated to an agar-I|ike
substance. 1,000 granms of the gel was agitated with a nedici ne spoon, 600
grans of deionized water was added to soften the gel, and furthernore
ammoni a water with the { concentration of 15% was added to adjust the pH
to 10.4. The m xture solution was heated to 95C, and was kept at the

tenperatu A [, s then gooled,to ~the rqomt erature to
obtain a %@F?‘%ﬁ%@e‘*@%& 'ﬁ?ﬁ%@ ecres%) ° :ga t"’inglefejg5 i'%Ef(?{répifﬁgtg’]l ﬁ‘ggp‘ %3 Sléllbﬁa was
53 nm when neasur.ed. by, th nanmi ¢ |light scatteri thod, a . . ‘
concent r afP'&iF" rf’{‘?'ﬁ&) g@)lﬁng "ﬁ%&%’g‘*’{ﬁa@'@!%%’aﬁ @i@%@@?@@'@%ﬁﬁs %%Q%?BH a
wat er vvith.LEE concentrati gqpof 15% was added to 284.7 grans of the sol
obt ai ned BYHBAECPATFEGUGROE s 2dssd do the bty sqlwiensiq adiust the PH o304 he
solution was heated to 83C and was kept at the tenperature for. 30 m nutes.
Then, |i k@”‘? gh b mixture polition avas g@?ptt‘ﬁethﬂi"@ﬁ'l“yteﬂlﬂ‘ﬁfaftﬁ"’@d‘c% i’2i haues i d
solution (with the silica concentration of 3% by weight) was added to the
m xture sB8%0E fdALEHIEP.59® eramsr of polyinerizedlisia peid saktor onyibeaséy of tthe siieicut i on
was kept at 83C for one hour, and was then cooled to the roomtenperature.
The ni xt upeld gothst palymetized sdingaavirbsblijorulvas 28 obadensat i on and by usi ng
rotary evaporator like in 1-6) and 1-7) in Exanple 1, and the physi cal
properties wer eAmmeasurddr wiktheéhavenagtratioanétl 8% wak)addéd pad 00C lzesnd of thee sol
finally obtained was 68 nm The specific surface area was 125 n2/g, the
aver age ppslyinetisddsibeietaeid ésludiorc 8 cdjuat @ble a8l td hey. ofhaémigtae waluteh wazher e
based on the specific surface area was 21.8 nm and the association ratio

(r/r") wabesled 2o 9T rHpdvalsi Rept BX Bt éinplratuldfokAdne IRiup NirndegasMHeR lc0BRY 130t
added to the highly purified silicic acid solution with the silica

ggﬁgrér athHeOrbof téngbtaRbd &b Behih iKBahdpaldiR MHdOSLS 65 KnldverRd diambtdrof

particles in the obtained sol was 60.4 nm when measured by the dynamic light scatt_ering
method, and a concentration of the solid phase was 1.89%.
[0107]

79.68 grams of ammonia water with the concentration of 15% was added to
284.7 grams of the sol obtained by heating as described above to adjust the pH to 11.4,
and the solution was heated to 83°C and was kept at the temperature for 30 minutes.
Then, like in Example 1, 4,333 grams of the highly purified silicic acid solution (with the
silica concentration of 3% by weight) was added to the mixture solution over 18 hours.
After addition was completed, the solution was kept at 83°C for one hour, and was then
cooled to the room temperature.

The mixture solution was condensed by ultra—condensation and by using rotary
evaporator like in 1-6) and 1-7) in Example 1, and the physical properties were
measured. The average diameter (r) of particles in the sol finally obtained was 80 nm.

The specific surface area was 89 m?/g, the average particle diameter (r’ ) calculated as

that of an equivalent sphere based on the specific surface area was 30.6 nm, and the
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1. Amonia water with the concentration of 1% was added to the m xture
solution to adjust the pHto 5.5. The m xture solution was kept at the
roomtenperature for two hours for aging, and the silicic acid solution
gelated to an agar-1like substance. 1,000 granms of the gel was agitated with
a nedi ci ne spoon, and anmonia water w th the concentration of 15% was
added to adjust the pHto 10.4 to soften the gel. 54 The m xture sol ution

was heat egsd'}o%ia%gﬁ’rat%n /'yy?%aléengi at the tenperature for one hour, and was
then cooled t0o the room tenpefature to obtain a sol. An average di aneter of

particlescin tre obt ai ned sol was 44 nm when neasured by the dynam c |ight
scatteri n&éx H](?eh%ld, and a concentration of the solid phase was 4.2% [0115]
79. 68 graﬁ@ogi anmonia water with the concentration of 15% was added to
284.7 gra t he sol obtained by heating as described above to adjust the
pH to 11.4, and the solution was heated to 83C and was kept at the

t enper at ure for PSONEEHUYEST Wahesfidedi k@ the msiligieplagidl solutign3wihatke oilicene
highly purified silicic acid solution (wWwth the silica concentration of 3%
by wei ght Forggstratiereaf #4% ohtaingddlikgrie tBepradess Tollen Exgmalsut &0 adipst e sitdi t i on
was conpleted, the solution was kept at 83C for one hour, and was then

cool ed t ocetrentrabien te@per dbeinéxturkneolplion wae agidétetifon 1Qasingtes dams ewmbyia

ul tra-condensati on and by using rotary evaporator like in 1-6) and 1-7) in
Exanpl e 1watendvitrhnepdopsectadtiqor ofp B tvae adueat & theeasture dolutioe tavaiisgehdpEnet er
(r) of particles in the sol finally obtained was 53 nm The specific
surface ateddwabe tebliitaR gixtideeschutdhages Repttdtahe robrareinperatlire)foc b€ Hb@ksed as
that of an equival ent sphere based on the specific surface area was 18.9

nm and tfeobtams®EItkrame dfalolyenelizbd 'skicivedtid sdutidrC0 R8Ity YE tHeXgdTRhéri-al
[0116] Deionized water was not added to the highly purified silicic acid

sol ution ¥idi® aciiRIsibh ivaa ICPRegd ration of 4. 7% obtained like in the
processes 1-1) in Exanple 1.

Ammonia water with the concentration of 15% was added to 1,000 grams of the
polymerized silicic acid solution to adjust the pH to 10.4. The mixture solution was
heated to 95°C, and was kept at the temperature for one hour, and was then cooled to
the room temperature to obtain a transparent and pale sol. An average diameter of
particles in the obtained sol was 27 nm when measured by the dynamic light scattering
method, and a concentration of the solid phase was 1.9%.

[0109]

20.81 grams of water glass No. 3 with the silica concentration of 24.25% was
added to 284.7 grams of the sol obtained by heating as described above to adjust the pH
to 11.2.  The mixture solution was heated to 83°C and kept at the temperature for 30
minutes. Deionized water waé added to the silicic acid solution (with the silica
concentration of 4.7% by weight) produced in the production method as that described in
1-1) in Example 1 to adjust the silica concentration to 3%, and 4.333 grams of the silicic

acid solution was added to the mixture solution described above over 18 hours. After

addition was completed, the resultant mixture solution was kept at 83°C for one hour
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Ammoni a water with the concentration of 1% was added to the m xture
solution to adjust the pHto 4.5. The m xture solution was kept at the
roomtenperature for two hours for aging, and the silicic acid solution
gel ated to an agar-1like substance. 55 1,000 grans of the gel was agitated
wi th a nedicine spoon, and anmonia water w th the concentration of 15% was
added to adjust the pHto 10.4 to soften the gel. The m xture solution was

heat ed toa%ﬁgwnq@g(%Qﬁmh%q%eggmﬁQQ“%ggaﬁéature for one hour, and was then
t 00 )

cooled to the roomtenperature arn a sol. An average dianeter of

particles in th .al.ned.sol was 56, nm wahen,. nmeasured by the dynam ¢ |ight
Doattering ot LA En HEP eteBRR Y PP B bt R oo 17
20.81 grans_of water glass No, 3_wi.th.the silic oncent.rati on of 24.25%
s adedverrasth 158 R0 BR 2710 et du £ AerngasPabeder btireanove
to adjust the pH to 11.2. The m xture solutjon was heated to 83C and kept
at the teﬁlﬁé?lﬁ?ﬁr feofvestse sipatesdr) naTRISelr et sl Al skiaend ¢S cagm
silicic acid solution (with the silica concentration of 4,7% produced in
the produdf? §ReGia pstrcaremues 4438t Habe pyerageipartiple diarasipr &' | caleulalgdest t he
silica concentration to 3% and 4.333 grans of the silicic acid solution
was addedthad of e eauialant spberet basad dasthei pedifiatroviace vesa wes REdrmm, axidt the
addi ti on was conpleted, the resultant m xture solution was kept at 83C for
one hour assediatihe rativels/Cdalaed- 1% the room tenperature. The mi xture sol ution
was condensed by ultra-condensation (with the silica concentration of 12%
and, by uBixagipreollary evaporator (with the silica concentration of 30.5%
like in 1-6) and 1-7) in Exanple 1, the physical properties were neasured.
The averfyaoHi aneter (r) of particles in the sol finally obtained was 65
nm The specific surface area was 124 nR/g, the average particle dianeter
(r') cal cul at edDégnitéhivatdr Was a@dbd MALHRNKigEP HRFAePaBERE Ad biltisPasth e

surface area was 22.0 nm and the association ratio (r/r') was 2.96.

[ Conpar at kiyen EXaRirstidd of 4.7% obtained like in the process 1-1) in Example 1 to adjust the
silica concentration to 2% The mixture solution was agitated for 10 minutes, and
ammonia water with the concentration of 1% was added to the mixture solution to adjust
the pH to 4.5. The resultant mixture solution was kept at the room temperature for
two hours to obtain 6,650 grams of polymerized silicic acid solution. Viscosity of the
polymerized silicic acid solution was 1.3 mPa-s.

Ammonia water with the concentration of 15% was added to 1,000 grams of the
polymerized silicic acid solution to adjust the pH to 10.4. The mixture solution was
heated to 95°C, and was kept at the temperature for one hour, and was then cooled to
the room temperature to obtain a transparent and pale sol. An average diameter of
particles in the obtained sol was 27 nm when measured by the dynamic light scattering
method, and a concentration of the solid phase was 1.9%. |
[0111]

24.2 grams of water glass No. 3 with the silica concentration of 24.28% was

added to 1353.7 grams of the sol obtained by heating as described above to adjust the
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[0118] 56 A spherical silica sol (produced by Catal ysts & Chem cals

I ndustries Co., Ltd., Cataloid 51-50, average particle dianmeter neasured
by dynamic |ight scattering nmethod: 38 nm silica concentration: 48%
association ratio: 1.5 was prepared. Utra pure water was added to the
spherical silica sol to adjust the silica concentration to 16% and then a
slurry was prepared for .use in the polishing performance test in Exanple

11. [Co t 119 I | duced_b

Gat al yst S8 iRy ca TiHEe cpEE s hepet to SRE, Seiea of T per g for
ticl t b | ht tt t hod; 05

111 ca cofanbPiEe: oneosesutes s sipbiidy e oicia 25 Selstpn s ol weer a

pure water was adde 42‘%5 he spherical silica sol to adjust the silica

concent r afPEHEIS Y Weiggly R{odyggdriy tb\%g""ﬁf’%ﬁb%ﬂ '@EthPSras GBat degctibrd in

pol i shing_ performance test in Exanple 12. Exanpl e 10] [0120] [Testing
for adapt &bl intExample il for adivgntheTeil aqumC@atrgb@rst@@%aia &4 3ezarms| &sthe to 9

and Conparative Exanples 1 to 3 and also the silica sol prepared in
Conpar at i §ciEegithsedtion was wdded tq theembdungi sdlutionOderBribed abonssornet 14 laaurpl at e
filter wth a dianeter of 47 mm and wei ghts of sols having passed through
the filteA&eneddtionrasarcaddplaed dbelresultfant nixtass sdstientvas sesthand3 TnfoFainee 2.
[ Exanpl e 11] [0121] [Testing of alum num substrate for polishing
per f or manbajr anBrtbpawas icosledto gemobyn tetbepaliteshi ng H202, HEDP
(1- hydroxyet hyl i dene- 1, 1- di phosphonic acid), and ultra-pure water were
added to the notThd mixtodel dohdiohOkss ¥éridenddieh s LikiacaoreASARN i BNy ARe/LY
wei ght 57
evaporator like in 1-6) and 1-7) in Example 1, and the physical properties were
measured. The average diameter (r) of particles in the sol finally obtained was 35 nm.
The specific surface area was 195 m%/g, the average particle diameter (r’ ) calculated as
that of an equivalent sphere based on the specific surface area was 14 nm, and the
association ratio (r/r’ ) was 2.5.
[Comparative Example 1]
[0112]
Deionized water was not added to the highly purified silicic acid solution with
the silica concentration of 4.4 obtained like in the processes 1-1) and 1-2) in Example 1.
Ammonia water with the concentration of 1% was added to the mixture solution to adjust
the pH to 4.5. The mixture solution was kept at the room temperature for two hours
for aging, and the silicic acid solution gelated to an agar-like substance.
1,000 grams of the gel was agitated with a medicine spoon, 600 grams of
deionized water was added to soften the gel, and furthermore ammonia water with the
concentration of 15% was added to adjust the pH to 10.4. The mixture solution was

heated to 95°C, and was kept at the temperature for one hour, and was then cooled to

the room temperature to obtain a sol. An average diameter of particles in the obtained
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obtained in Exanples 1 to 9 above to prepare a slurry for polishing
containing silica by 9% by weight, H2O2 by 0.5% by wei ght, and

1- hydr oxyet hyl i dene- 1, 1- di phosphoni ¢ acid by 0.5% by wei ght, and HNO3 was
added to the m xture, according to the necessity, to prepare a slurry for
polishing wwth the pH of 2.0. The silica sols obtained in Conparative
Exanples 1 to 3 and the spherical silica sol obtained in Conparative

Exanpl e 4 peocessed simlarly.to,obtain slurries for ol shi ng,
Co120n° pett eRetSE IRty Phord Moaslfes b0 U PhEnRL e nstatie FEMSL Y 4
substrate to bg gol if{hed. l‘ghLS subsé\;gte for an al um num di sk was prepared
by el ect r SPEETVFERHET t6i9" 0P 2% ¥¥ WFEh the thickness of 10 /1 m (hard Ni-P
pl ati ng ngl}ar with the Ni content of 88% and P content of 12% on an

al um num 'sqrate (95 MmO /25 MmO -1.27 mmt). This substrate was
prelimnarily poglished, and the surface roughness was at maxinum 0.17 a m
[01231 Pol i shi h$5% &amsrirE agmania megert with dhp Aansertitingsofs db% gresaadsistitoni ng
device (produced by Nano Factor Co.,: NF300), and was polished at the
subst r at e2Bbagrams of s sobabtaingdibatheating gs deswbed pbede bf adiostrihmpistoniyl 4,

"Apol on" produced by Rodeil Corp. as a polishing pad and feeding the
slurry foengpthd stlitian was hbateddoBE RQ ghsrkeptfairthd Gemperates . foA3S mzinges.

bet ween a wei ght of the substrate before polishing and that after

pol i shi ngThers lisbiraEradple dnd,38Barpod bf tanbighlp eadfivdsilicial azid adleibn ®athi e of
the polishing speeds in Exanples 1 to 9 and in Conparative Exanples 1 to 3
are shownsilita daideatratiorass 8%ibygnéifiad wabeadded its hhd ghigpeesblitiorCorgrarsakdure

Exanple 4 is 1. 58 [0124] The polished surfaces were observed and al so
snoot hnesaftef addigdh b¢ EaaFleWRASthe solution was kept at 83°C for one hour, and was then
cooled to the room temperature.

The mixture solution was condensed by ultra—condensation and by using rotary
evaporator like in 1-8) and 1-7) in Example 1, and the physical properties were
measured. The average diameter (r) of particles in the sol finally obtained was 68 nm.
The specific surface area was 125 m?/g, the average particle diameter (r’) calculated as
that of an equivalent sphere based on the specific surface area was 21.8 nm, and the
association ratio (r/r’ ) was 3.12,

[Comparative Example 2]
[0114]

Deionized water was hot added to the highly purified silicic acid solution with
the silica concentration of 4.4% obtained like in the processes 1~1) and 1-2) in Example
1. Ammonia water with the concentration of 1% was added to the mixture solution to
adjust the pH to 5.5. The mixture solution was kept at the room temperature for two
hours for aging, and the silicic acid solution gelated to an agar-like substance.

1,000 grams of the gel was agitated with a medicine spoon, and ammonia water

with the concentration of 15% was added to adjust the pH to 10.4 to soften the gel.
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visually checked with an optical mcroscope. Aresult of observation is
shown in Table 2. No scratches recognized : Small scratches recogni zed a
little : O Small scratches recognized in a wide area : A Large scratches
recogni zed at sone points: X [Exanple 12] [0125] [Testing for polishing
characteristics of glass substrate] Preparation of slurry for polishing An
aqueous sol ution of sodium hydroxide with the concentration of 5% and

ul tra-pur ter were.added t ge dul ar sjli.c ol s “ﬁtg;t e silica
concent r a PSRERr< EUGIRIHCnstd BEoRR0HNT ra® kot B Wimi oGt 5, e g
prepare slurries, for poljshing each w.th the silica cpncentration, of 9% by
e ont - anf HaS Hirofodds & Pelot oo dttiects it s | B eoriphs dergter of
Exanples 1 to 3 . and the spherical silica sol obtained jn Conparative
Exanpl e SPHEFES R ShecBiainedil pas A o WoBR Mersiwied byite qva?mﬁoll?% RFatEPring0126]
Pol i shed substrate A glass substrate for a hard di sk nade fromreinforced
gl ass wi t Methps. and 2 rerecestraen ghthepsotid phaseywesid 8% a substrate to be
polished. This glass substrate for a hard disk was prelimnarily polished,
and the slfflake roughness was at maxi mum 0.21 /1 m [0127] Polishing test
59 The substrate to be polished was set on a polishing device (produced by
Nano Factor K. 1.68 MRG0 agmwbnivasaparl wishetle atontéraratiobsefr %% waoadidedl t0. 18
MPa and table rotation speed of 30 rpmusing "Apol on" produced by Rodei
Corp. as a8Hbkrasis sfgthpa! olshathetl dgdicating he dsdaribey above frohdjsdti thg pht tot tied,r at e
of 20 g/mfor 10 m nutes.

and the solution was heated to 83°C and was kept at the temperature for 30 minutes.

Then, like in Example 1, 4,333 grams of the highly purified silicic acid solution {with the

silica concentration of 3% by weight) was added to the mixture solution over 18 hours.

After addition was completed, the solution was kept at 83°C for one hour, and was then

cooled to the room temperature,

The mixture solution was condensed by ultra~condensation and by using rotary
evaporator like in 1-6) and 1-7) in Example 1, and the physical properties were
measured. The average diameter {r) of particles in the sol finally obtained was 53 nm.

The specific surface area was 144 m?/g, the average particle diameter (¢’ } calculated as
that of an equivalent sphere based on the specific surface area was 18.9 nm, and the
association ratio (r/r’ ) was 2.8.

[Comparative Example 3]

[0116]

Deionized water was not added to the highly purified silicic acid solution with
the silica concentration of 4.7% obtained like in the processes 1-1) in Example 1.
Ammonia water with the concentration of 1% was added to the mixture solution to adjust

the pH to 4.5. The mixture solution was kept at the room temperature for two hours

for aging, and the silicic acid solution gelated to an agar-like substance.
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A change between a wei ght of the substrate before polishing and that after

~ polishing was obtained, and the polishing speed was cal cul ated. Ratios of
the polishing speeds in Exanples 1 to 9 and in Conparative Exanples 1 to 3

are shown in Table 2 assuming that the polishing speed in Conparative

Example 5 is 1. [0128] The polished surfaces were observed and al so

snoot hness of ‘each surface was visually checked with an opti cal

m croscope. A regy) g‘f?&lﬁ obsgr e?WaQ%Fiitasceﬁ AW, %dﬁﬂ{%{ \T?peooé,' ar@onaarﬁrﬁ&% Gnes,

recogni zed : (c)o scratches recogni zed & scratches
oS 22 BRSBTS PRI B IR S
V10 0 0 40 0 Bl e e Ao o Bl e i SO PO
MMMM gn(F w\a{s\gcvhgnocé/c\)/k\a,\cli ’m )c,\lfqeV\ﬁngmV\fcean/prgraTuren)coHobtain asol. An éverage diameter of
particles in the obtained sol was 56 nm when measured by the dynamic light scattering
method, and a concentration of the solid phase was 1.9%.
[0117]
20.81 grams of water glass No. 3 with the silica concentration of 24.25% was
added to 284.7 grams of the sol obtained by heating as described above to adjust the pH
to 11.2. The mixture solution was heated to 83°C and kept at the temperature for 30
minutes. Deionized water was added to the silicic acid solution {(with the silica
concentration of 4.7%) produced in the production method as that described in 1-1) in
Example 1 to adjust the silica concentration to 3%, and 4.333 grams of the silicic acid
solution was added to the mixture solution described above over 18 hours. After
addition was completed, the resultant mixture solution was kept at 83°C for one hour
and then was cooled to the room temperature.
The mixture solution was condensed by ultra—~condensation (with the silica
concentration of 12%) and, by using rotary evaporator (with the silica concentration of
30.5%) like in 1-6) and 1-7) in Example 1, the physical properties were measured. The
average diameter (r) of particles in the sol finally obtained was 65 nm. The specific
surface area was 124 m?/g, the average particle diameter (r’) calculated as that of an
equivalent sphere based on the specific surface area was 22.0 nm, and the association
ratio (r/r’ ) was 2.96.

[Comparative Example 4]

[0118]

56



oozgsw

NV~ VVYV 14 704 NVYV, N $a_ =Dbb zzzzzzzLLzzYI
(DQ2\ 1 InLniInLOIf) LniInj j InlIfJj COYNOEdOV/ MN
rin Me} <O aECNMONNNRNVnNn CadC) NOcc ONMOA) MNO
~0OCCTr NNNQ mCTCa QELNNNNNNNNNNN HEOEOO
OEOOHOOOOOOOVECTOOO Y+InORUO~nInoou0 In Lo u)
ateaVV. M<YVcoNMVVVI1) V Calo ba

A spherical silica sol {produced by Catalysts & Chemicals Industries Co., Ltd.,
Cataloid S1-50, average particle diameter measured by dynamic light scattering method:
38 nm, silica concentration: 48%, association ratio: 1.5) was prepared. Ultra pure water
was added to the spherical silica sol to adjust the silica concentration to 16%, and then a
slurry was prepared for use in the polishing performance test in Example 11.
[Comparative Example 5]

[0119]

A spherical silica sol (produced by Catalysts & Chemicals Industries Co., Ltd.,
Cataloid SI-80, average particle diameter measured by dynamic light scattering method:
105 nm, silica concen.tration: 40.5%, association ratio: 1.3) was prepared. Ultra pure
water was added to the spherical silica sol to adjust the silica concentration to 16%, and
then a slurry was prepared for use in the polishing performance test in Example 12.
[Example 10]

[0120]
[Testing for adaptability to filtration]

The silica sols obtained in Examples 1 to 9 and Comparative Examples 1 to 3
and also the silica sol prepared in Comparative Examples 4, 5 were filtered with a 0.45
u —meshed flat plate filter with a diameter of 47 mm, and weights of sols having passed
through the filters were measured. A result of the assessment is shown_ in Table 2.
[Example 11]

[0121]
[Testing of aluminum substrate for polishing performance]

Preparation of slurry for polishing

H,0,. HEDP (1—hydroxyethylidene—1,1—diphosphonic acid), and ultra—pure water

were added to the nodular silica sols with the silica concentration of 16% by weight
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Oog‘talin%dvivl \éxmnmey 1VtoN9 'gblove! to prepare a slurry for polishing containing silica by

9% by weight, H,0, by 0.5% by weight, and 1-hydroxyethylidene—1,1-diphosphonic acid by
0.5% by weight, and HNO, was added to the mixture, according to the necessity, to
prepare a slurry for polishing with the pH of 2.0.

The silica sols oBtained in Comparative Examples 1 to 3 and the spherical silica
sol obtained in Comparative Example 4 were processed similarly to obtain slurries for
polishing.

[0122]

Polished substrate

A substrate for an aluminum disk was uéed as a substrate to be polished.

This substrate for an aluminum disk was prepared by electroless deposition of
Ni-P with the thickness of 10 um (hard Ni-P plating layer with the Ni content of 88%
and P content of 12%) on an aluminum substrate (95 mm ¢ /25 mm ¢ -1.27 mm t). This
substrate was preliminarily polished, and the surface roughness was at maximum

017 um.

| [0123]

Polishing test

The substrate to be polished was set on a polishing device (produced by Nano
Factor Co.: NF300), and was polished at the substrate load of 0.05 MPa and table
rotation speed of 30 rpm using “Apolon” produced by Rodeil Corp. as a polishing pad
and feeding the slurry for polishing at the rate of 20 g/min for 10 minutes.

A change between a weight of the substrate before polishing and that after
polishing was obtained, and the polishing speed was calculated. Ratios of the polishing
speeds in Examples 1 to 9 and in Comparative Examples 1 to 3 are shown in Table 2

assuming that the polishing speed in Comparative Example 4 is 1.
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[0124]
The polished surfaces were observed and also smoothness of each surface was

visually checked with an optical microscope. A result of observation is shown in Table

2.
No scratches recognized : ©
Small scratches recognized a little O

Small scratches recognized in a wide area: A

Large scratches recognized at some points: X
[Example 12]

[0125]

[Testing for polishing characteristics of glass substrate]

Preparation of slurry for polishing

An aqueous solution of sodium hydroxide with the concentration of 5% and
ultra—pure water were added to the nodular silica sols with the silica concentration of
16% by weight obtained in Examples 1 to 9 above to prepare slurries for polishing each
with the silica concentration of 9% by weight and the pH of 10.5. 'i'h_e silica sols
obtained in Comparative Examples 1 to 3 and the spherical silica sol obtained in
Comparative Example 5 were processed similarly to obtain slurries for polishing.

[0126]

Polished substrate

A glass substrate for a hard disk made from reinforced glass with the thickness
of 65 mm @ as used as a substrate to be polished. This glass substrate for a hard disk

was preliminarily polished, and the surface roughness was at maximum 0.21 ¢ m.

[0127]

Polishing test
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rotation speed of 30 rpm using “Apolon” produced by Rodeil Corp. as a polishing pad
and feeding the slurry for polishing at the rate of 20 g/m for 10 minutes.

A change between a weight of the substrate before polishing and that after
polishing was obtained, and the polishing speed was calculated. Ratios of the polishing
speeds in Examples 1 to 9 and in Comparative Examples 1 to 3 are shown in Table 2
assuming that the polishing speed in Comparative Example 5 is 1.

[0128]
The polished surfaces were observed and also smoothness of each surface was
. visually checked with an optical microscope. A result of observation is shown in Table
1.
No scratches recognized - ©
Small scratches recognized a little O
Small scratches recognized in a wide area: A

Large scratches recognized at some points: X
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[ Exanpl e 13]

concentration of 24% by weight (nolar
diluted with ion-exchanged water to prepare

aqueous solution with the S 02 concentration of 5% by wei ght (pH

[0129] An aqueous solution of sodiumsilicate wwth the Si Q2

ration of SiQ2/Na2Q 3.1) was
1 kg of sodiumsilicate

11. 3).

This sodium silicate aqueous solution was neutralized with sulfuric acid to

adjust the gH {o 6 KEPL, [ah [ &1 odm fenper afjurg Tlor one hour to
prepare a il hr $—yd Ug% wds- o fr¢rant |y [cl eaned with
dei oni zed wdt e reqqi vatgnttg apo T20-timgs of the solid
phase Si Q2) |an Vel flib 18 1 8 rc,eE'gvems;a,ltﬁ gqgnt ai ned therein.
After cleanijng on| off spdifum syl f ft vay | esq than 0.01%
agai nst the |soli R sE et mgd— g sa gettwds di spersed in
dei oni zed wdt e i gag|chhegnEf atli o Df E8%|by | wdi ght) and was
agitated witlh Qggcbattaiaé ) qgel%dli spgrsion in the
slurry statg h "G |ab | &duepfd SHIRl 5o |of [NgOH with the
concentrati qr pf be | uaBd & b Fd I?Q'r % he |Si 2/[Na20 nol ar ratio
to 75 and W& L b DEy @R Eolablf «f|Qf || agi Y |The ,qondi ti ons for
preparation |ig | &6 R [$hofn T h=BI & |3. [ [ d130] 0.81 Kg of
sodium si |l i gat enfrdti pn[of [ 24% pnd 10. 93 Kg |of dei oni zed
wat er were add qf< 1 hq 6| kilcg| sql~ flesicx | bgd abdve to prepare -
13.83 Kg of|l s n—t|e| H -of —1£ PF.| A& [aveFdge| dijanet er of
particles in t wgds [L7 |nm when} ngasjir d by [t he dynam c |i ght
scattering nethod. | Measyrenertc pf jan| Tduel gdep ficdnef @rf of Qarticles in the
seed sol wag ppr£ofned 4 3%’ gﬁe%@ﬁe %ljoq-%n%sra i Ve exanpl es
descri bed belovv.;;éA result; z s wz{:nz'll § |4y &3 ANe, segd [sol was kept at
83C and 175/8 Kg of a silflst :3'§c§:3§c§34§§]311 V& ﬁtﬁn"a copcgntration of 3%
by wei ght desclibed bel dw wad —abdad io |theSd&et—dof | &ver | 14 hours.
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[Table 1]




[0131] After addition was conpl eted,

room

t enperat ur e,

ultra-filtration

the m xture solution was cooled to the

and t he obtai ned nodul ar
filmto the S 02 concentration of 20% by wei ght.

silica sol

was condensed with a
Usi ng

t he nodul an gi ki :anFﬁL ay a sagple oG [aver dge Pdl‘tIC e dianmeter (r) was
neasured by f{h& fyfapt ¢ |iGhT |Sqat 1 &fimg” fetjhod' and 'ah average particle
diameter (' [)_ fabcULaLgd Fromla FRECITIF Jurface farea measured by the BET
nmet hod. Al $o|t&e| zBt s | Fqten®i| & | ps |Feaslirdd [at {tHe pH 5 and pH 9. A
result of the MERSHTIEMENT oag' (?:I;l'ili IS fgr—preparation in the process
(2) are as|shogn|ig [labRq 2| SVEgRFEN@E b | |, 1 {'+,| @nd zeta potential was
perforned afso ih f b Y 317 b dnd| canpar fptiivel exanplies described bel ow.
[0132] Preparatich 0|3 |d| d SrEd=9a ptijon 0] 8 [Kgl of sodiumsilicate
(wat er gl a$ 3? b GRS C it fldtfi bh'af' 24% was passed
t hrough a f?f a=filtfa e ,rlxlrimucnéﬁnd byt Asahlii [Kasei Corp.: SIP1013),
and the filtqat® was|r r Q. phtaiin '(Iafilneld vt er gl ass. Deioni zed
wat er was ad&?eg t& |t h tal r efil ngd” pvat| er glags to adjust the silica
concentrat { ofr tor3: TSP0Tgrensofthe—diHutedywat er gl ass was passed
through 2.2 '%Ift%er% Lhe bt el s dije | ¢atijon ?clhange resin SK1BH
(produced by|™MZ pudbi Kagiaky) |at| t he |vel ogitly © 3L/ hour to obtain 6,650
grans of agt iié, tHHete—acte—sohutof—Hhp—g+H-ea—goencent rati on of the
obt ai ned s|!|ickc| agildy$ I#Oﬁi NV @/ %% A@s inithe [exanpl es and :
corrparativagaxﬁrrplo?ge 3@( |b(§j©td§?o B)tﬁ% i&lc@?:’eﬁ%d sol uti on obtai ned
by the projg:tﬁo W beras—adesgrHpef—aboyetwas—psed—after the 64
concentrat|ph wassadjssied, [ Al Lgsyl L |ef allysis|in Bxanples 13 to 23 is
shown in [rgblg U2 © ayerlage—paf t+¢che €] anetlef | () |of Exanples 13 to 23
and Conparpglve [&x eg 6 t 0 nmeasured by |meang df the dynam c |ight
scattering|ept hod §
2leg| & [lO|O|@|<|O|O|0|0@|0]|*%|x|x|0]:
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measured by the particle diameter distribution neasuring device (produced
by Particle Sizing Systens Corp., N COMWPP MODEL 380) using a | aser beam

[ Exanpl e 14] [0133] A nodular silica sol was prepared in the sane way |ike
that in Exanple 13 excluding the points that an anmoni a water aqueous
solution with the concentration of 28%was used in place of deionized

wat er for cleaning, that a m xture of an aqueous solution of NaOH with the
concentratéﬁmeIh§@6by wei ght and ammonia water with the concentration of
28% (1: 1) "was added to the silica hydrogel in place of the NaOH aqueous
sol ution ggkg the concentration of 5% by weight, that the tenperature was
set to 9 1 a build-up step, that the silica concentration of the added
solution was 4. 5% at .an anount . of added silicic acid solution

by wei ght, t ) ) .

was 117.2 Kg, aht aﬂHé?ust B ut'%a‘ih FOBHN sficatfewith |the i YOacprrestrtion 6h 2dady
performed over,h 10 hours. §§§anple 1?] [0134] A nodul ar silica sol was
prepared MaEhrhindamretinpf S04/ NaO: i3 ) magraiitedigth iopcershangsdiwateptsi prepansat
the tenperature was set to 88C in building up. [Exanple 16] [0135] A
nodul ar sil Ike®4 sedpmgilisats equeeesl selrtiemwitis s Sikhcoasenttationiof Sbaright {eH:
excluding the point that hydrochloric acid was used in place of sulfuric
acid for pt8paring 65 a silica hydrosol and the tenperature for building
up was set to 85C. [Exanple 17] [0136] A nodular silica sol was prepared
in the sane wayThkis dddaim isilicEbeamplenud 3sol@ia] wds neputtazqadiwith silifikict Aed Stol | ca
concentration of the added silicic acid solution was 4.5% by weight and an
anount of adibet thddgtitsi6lS endwas kedptsall thel @Bmnasnpkiatud #69.one hour to prepare a

silica hydrogel. ' This hydrogel was sufficiently cleaned with deionized water {at an

amount equivalent to about 120 times of the solid phase Si0O,) and using the Oliver filter

to remove salts contained therein. After cleaning, a concentration of sodium sulfate

was less than 0.01% against the solid phase of SiQ,.

The obtained silica gel was dispersed in deionized water (with the silica

concentration of 3% by weight) and was agitated with a strong agitator to obtain a

hydrogel dispersion in the slurry state having fluidity, and an aqueous solution of NaQH

with the concentration of 5% by weight was added to adjust the Si0,/Na,0 molar ratio to

75 and was heated at 160°C for one hour for aging. The conditions for preparation in

the process (1) are as shown in Table 3.

[0130]

0.81 Kg of sodium silicate with the concentration of 24% and 1093 Kg of

deionized water were added to 2.09 Kg of the silica sol described above to prepare 13.83

Kg of seed sol {with the pH of 11.2). The average diameter of particles in the seed sol

was 17 nm when measured by the dynamic light scattering method. Measurement of an

average diameter of particles in the seed sol was performed also in the examples and

comparative examples described below. A result is shown in Table 4.
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[ Exanpl e 18] [0137] A nodular silica sol was prepared in the same way as
that in Exanple 13 excluding the point that the anount of added silicic
acid solution was 126.7 Kg. [Exanple 19] [0138] A nodular silica sol was
prepared in the sane way as that in Exanple 13 excluding the point that
the silicic acid solution was added during the buil d-up process overl3
hours. [Exanple 20] [0139] A nodular silica sol was prepared in the sane

way as that in udi t i ot that . r.at ur. uring
t he buil d-up prggggggﬁééﬁggfﬁﬁg é%?c gﬁ%?ggéQ%lf%ggﬁ %ﬁgﬁgﬁﬁfgr griipa
20l %5 LSRRG B RN e B P B P e R e
22] [0141§0ﬁﬁ A nodul ar silica sol was prepared in the sane way as that in
Exanmple 1 e;cluding the point that aging after aging after the NaOH
aqueous solution_with the concentration of 5% by wei ght was perforned at
120C for two hogﬁfgr addiiopwas camplerest dhe rﬂﬁ?‘i"?\@“%ﬁ'@“b‘i‘ﬁﬁ goolpd pp okE s NS
set to 70C. [Exanple 23] [0142] A nodular silica sol was prepared in the
sane way a&TRHEtUre At Higprliaiped nedeley giling schwapsicndensedtwitha wisapfdiration e
during the build-up process was set to 120C.

film to the SiQ, concentration of 20% by weight.

Using the nodular silica sol as a sample, an average particle diameter (r) was

measured by the dynamic light scattering method and an average particle diameter (r')

calculated from a specific surface area measured by the BET method. Also the zeta

potential was measured at the pH 5 and pH 9. A result of the measurement and

conditions for preparation in the process (2) are as shown in Table 4. Measurement of

r, r’, and zeta potential was performed also in the examples and comparative examples

described below.

[0132]

Preparation of a silicic acid solution

0.8 Kg of sodium silicate (water glass No. 3) with the silica concentration of 24%
was passed through a ultra—filtration module (produced by Asahi Kasei Corp.: SIP1013),
and the filtrate was recovered to obtain refined water glass. Deionized water was
added to the obtained refined water glass to adjust the silica concentration to 3.2%.
6,500 grams of the diluted water glass was passed through 2.2 litters of the strong acidic
cation exchange resin SK1BH (produced by Mitsubishi kagaku) at the velocity of
3L/hour to obtain 6,650 grams of acidic silicic acid solutioh. The silica concentration of
the obtained silicic acid solution was 3.0%.

Also in the examples and comparative examples described below, the silicic acid

solution obtained by the production method as described above was used after the

64



[ Conpar ati ve Exanple 6] [0143] A nodular silica sol was prepared in the
sane way as that in Exanple 13 excluding the point that the tenperature
during the build-up process was set to 40C. [Conparative Exanple 7] [0144]
A silica concentration of the spherical silica sol having he average
particle. diameter of 17 nm (Cataloid Sl-40, produced by Catal ysts &

Chem cal s I ndustries Co. Ltd.) was adjusted to 4.5% by wei ght, and 13. 83

Kg of th ! ! |
g o ecé%@ﬂaﬁah v%!s h&j@stﬁ@ NEgs e of aﬂﬁl sid @eigggﬁgs 1P18b3Kg Howi sof# Ui ke

silicate with t S 02 concentration of 24/ovva t he see
in Exanpl g4413.4. and the m xture was well| agitated. The seed sol was kept at
85C, and 175 8 Kg of silicic aC|d soI ution (vmth the Si 2 of 3% by wei ght)

was added to tl?ﬁeaaq{%pa oé QYRS dlame 9 g?ure ter ﬁﬁt Lo %?gﬁlﬁer%tgvd t he

seed sol was coo roomterrper

~was condepsed w t tra-filtration fi to,the. Si caoncentrat,ion, of
10% by wei §HPP'S} (%r%ﬁawatm?ﬁg 'I%gahf)l'g ki 81{7%61%']amﬁ ﬂi%pé?at&“dﬁ‘ﬁt Meshogt isnaoH

aqueous solutlogb th?the centr%tl n.of 5%b E ng gdedtothe

hydrogel gIPEpEFERYnt &%ﬁ’a e dERIRARETGRSHARE F redumsd byaPeiteleca

sol was prepar that in Exarrpl e 13 excluding the points

d in the sane way as
t hat sodi §H"§§¥SE%{P%C\WH§ N\[Qp%&@ Blo3§0ausivgadassslbeamhat t he anount of the
seed sol 2 Kg, that the anount of the added silicic acid solution

S
was 182.0YVa mpé?nbl“the addition of silicic acid solution was performed over
14.5 hours. BCorrparatlve Exanple 9] [0146] A silica sol was prepared in
t he sane &@31);3 s that in Exanple 13 excluding the

A nodular silica sol was prepared in the same way like that in Example 13
excluding the points that an ammonia water aqueous solution with the concentration of
28% was used in place of deionized water for cleaning, that a mixture of an aqueous
solution of NaOH with the concentration of 5% by weight and ammonia water with the
concentration of 28% (1:1) was added to the silica hydrogel in place of the NaOH
aqueous solution with the concentration of 5% by weight, that the temperature was set
to 90°C at a build-up step, that the silica concentrétion of the added solution was 4.5%
by weight, that an amount of added silicic acid solution was 117.2 Kg, and that the
add.ition of the silicic acid solution was performed over 10 hours.

[Example 15]
[0134]
A nodular silica sol was prepared in the same way as that in Example 13
excluding the point that the temperature was set to 88°C in building up.
[Example 16]
[0135]
A nodular silica sol was prepared in the same way as that in Example 13

excluding the point that hydrochloric acid was used in place of sulfuric acid for preparing
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point that the tenperature for heating after addition of the NaCH aqueous
solution with the concentration of 5% by wei ght was set to 250C

[ Conparati ve Exanple 10] [0147] A silica sol was prepared in the sane way
as that in Exanple 13 excluding the points that a proper anmount of NaCH

aqueous solution with the concentration of 5% by weight was added to the
silica sol dispersion to adjust the Si2/NaQ nolar ratio to 550, that

sodi um si Ialénasbmyaﬂgsﬁaﬁ&hbhsmﬁér@%ré%r tWF'i!amQQIE vaddedd g5iche seed sol, that
the anount of seed sol was 13.02 Kg, that the anobunt of added silicic acid

sol ution mpid270 Kg, and that addition of the silicic acid sol ution was
performed over 14.5 hours. 68 EL NNCO Z D o 0OOCODOOOCDOOOO
O O U QO (Q CO(0OCDCOCDCDNCDCODto mCO Nr O 2 Ln MLg Ln Lqg

In LC) Ch'Ln'Lqg Lo C(DLhnu..) D OOOOO0OOOOOOOOOO0O0O0D2Z OO
LLOIn LOLOIf

010 L0 LOTY) b BidP 8 b bRl 4 S Ml b B 0
QOOa Ze;?ci&dir%g %hez p%in% t%atzth% SZEHC% gon%:erzl’crgtiornnof ’ghezadded silicic acid solution was
4.5% by weight and an amount of the added silicic acid solution was 117.2 Kg.

[Example 18]
[0137]

A nodular silica sol was prepared in the same way as that in Example 13
excluding thé point that the amount of added silicic acid solution was 126.7 Kg.
[Example 19]

[0138]

A nodular silica sol was prepared in the same way as that in Example 13
excluding the point that the silicic acid solution was added during the build—up process
overl3 hou;‘s.

[Example 20]
[0139]

A nodular silica sol was prepared in the same way as that in Example 13
excluding the point that the temperature during the build—up process was set to 86°C.
[Example 21]

[0140]

A nodular silica sol was prepared in the same way as that in Example 13

excluding the point that the temperature during the build—up process was set to 87°C.

[Example 22]

[0141]
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excluding the point that aging after aging after the NaOH aqueous solution with the
concentration of 5% by weight was performed at 120°C for two hours, and the
temperature during the build-up process was set to 70°C.

[Example 23]

[0142]

A nodular silica sol was prepared in the same way as that in Example 22
excluding the point that the temperature during the build-up process was set to 120°C.
[Comparative Example 6]

[0143]

A nodular silica sol was prepared in the same way as that in Example 13
excluding the point that the temperature during the build—up process was set to 40°C.
[Compérative Example 7]

[0144]

A silica concentration of the spherical silica sol having he average particle
diameter of 17 nm (Cataloid SI-40, produced by Catalysts & Chemicals Industries Co.,
Ltd.) was adjusted to 4.5% by weight, and 13.83 Kg of the spherical silica sol was used as
a seed sol. 0.81 Kg of sodium silicate with the SiO, concentration of 24% was added to
the seed sol like in Example 13, and the mixture was well agitated. The seed sol was
kept at 85°C, and 175.8 Kg of silicic acid solution {with the Si0, of 3% by weight) was
added to the seed sol over 14 hours.

After addition was completed, the seed sol was cooled to the room temperature,
and the obtained silica sol was condensed with a ultra—filtration ﬁlfn to the SiO,
concentration of 10% by weight.

[Comparative Example 8]
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A proper quantity of NaOH agueous solution with the concentration of 5% by
weight was added to the hydrogel dispersion to adjust the Si0,/NaQ, molar ratio to 25.
A silica sol was prepared in the same way as that in Example 13 excluding the points
that sodium silicate was not added to the seed sol, that the amount of the seed sol was
13.02 Kg, that the amount of the added silicic acid solution was 182.0 Kg, and the
addition of silicic acid solution was performed over 14.5 hours.

[Comparative Example 8]
[0146]

A silica sol was prepared in the same way as that in Example 13 excluding the
point that the temperature for heating after addition of the NaOH aqueous solution with
the concentration of 5% by weight was set to 250°C.

[Comparative Example 10]
[0147]

A silica sol was prepared in the same way as that in Example 13 excluding the
points that a proper amount of NaOH aqueous solution with the concentration of 5% by
weight was added to the silica sol dispersion to adjust the SiO,/NaQ, molar ratio to 550,
that sodium silicate added to the seed sol was not added to the seed sol, that the
amount of seed sol was 13.02 Kg, that the amount of added silicic acid solution was

182.0 Kg, and that addition of the silicic acid solution was performed over 14.5 hours.
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2. The nodul ar silica sol according to claim1l1, wherein the nodular silica
particles do not contain carbon. 3. The nodular silica sol according to
claim2, wherein contents of Na, K, Cu, Ni, and Fe in the nodular silica
particles against SiO2 are 10 ppmor below for Na, 10 ppm or bel ow for K,
500 ppb or below for Cu, 300 ppb or below for Ni, and 150 ppm or bel ow for
Fe. 4. A nethod of producing the nodular silica sol according to claim1l or
claim?2 conprising the steps of: preparing a polynerized silicic acid
solution with viscosity of a silicic acid in a range fromO0.9 to 100 nPas
by aging a silicic acid solution with Ekggglaa range from1.0 to 7.0 and
silica concentration in a range fron18.0 to 3.0% by weight at a
tenperature in a range from1l to 98C, 71 preparing a seed |liquid by adding
an alkali to the polynerized solution and heating the resultant m xture

sol ution; 1and bH\i In ('iurllgf d |c§ hseoégql?‘te@j%rgggleﬂsﬁcggptegi%ug\gﬂvl% cﬁﬁ‘lcgfé?hrﬁ]glfgf having

produci ng the nodular srlica
conprisinﬂ t he steps aring a polynerized silicic acid solution with

e o sfoOf'HFre@
vi scosi ty S ELFPYSREM M 45Pet Trange from 0.9 to 100 nPas by aging a
silicic acid soIHtion wth pHin arange from1.0 to 7,0 and silica
concentration i AN&efafyeratipodf 0305 akereipopaiticlieidipmetar & tebtpepdt treushn  a
range from1l to 98C, preparing a seed |iquid by adding an alkali to the
pol yner i zEB28EPUEN0RYL Breary Wt thet Hengmic tlighh scakigens mogthod tyerays, B prticle
heating the resultant mxture solution at a tenperature in a range from 50
to 150C, daaety &h) spretried b seatdphen tasiuivalenh spkersi ¢omputed tfreen @bt aienazd seed
liquid to adjust the pHin a range from9 to 12.5; and dropping a silicic
aci d sol uskesificosurfachiaged ynepsuriefl ibgdtheirlitragen absombtionimathah (o ,traerred to as
“association ratio”) is in a range from 1.2 to 10, the particle diameter (r’) is in a range
from 5 to 200 nm, the specific surface area is in a range from 13 to 550 m%/g, and
contents of Ca and Mg (when calculated as those of the oxides) contained in the nodular
silica particles are below 1000 ppm against SiO, respectively.
2. The nodular silica sol according to claim 1,
wherein the nodular silica particles do not contain carbon.
3. The nodular silica sol according to claim 2,
wherein contents of Na, K, Gu, Ni, and Fe in the nodular silica particles against
Si0, are 10 ppm or below for Na, 10 ppm or below for K, 500 ppb or below for Cu, 300
ppb or below for Ni, and 150 ppm or below for Fe.
4, A method of producing the nodular silica sol according to claim 1 or claim 2
comprising the steps of:
preparing a polymerized silicic acid solution with Viscosity of a silicic acid in a
range from 0.9 to 100 mPa-s by aging a silicic acid solution with pH in a range from 1.0

to 7.0 and silica concentration in a range from 0.05 to 3.0% by weight at a temperature in

a range from 1 to 98°C;
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seed liquid at a tenperature in a range from20 to 98C conti nuously or
intermttently for building up. 6. The nethod of producing a nodul ar
silica sol according to claim4 or claim5, wherein the pH of the silicic
acid solution was adjusted to a range from1.0 to 7.0 by adding an al kal

or an acid to the silicic acid solution. 7. The nethod of a nodular silica
sol according to claim5, wherein the highly purified silicic acid solution

is highly purifprgahbys coBdacCliquii@ by a8difi®nRE ARAIJLE tRétdoRin?it6 &8RN O4nd
strong basi c ani on exchanger separately to a silicic acid solution. 8.

net hod of hpsEUGE ResiBRt RREWeaoIRiohi £/ SO] according to claim3, 72
wherein the nodul ar silica sol produced by the production nmethod accordi ng

to claimd4, clgiifing ulihedoBdiMBd’sded Ifqtfat her highly purified. 9. The method
of producing a nodular silica so? according to claim8, wherein, in the

process Ter i ol ¥elidh! dpybBtu e wO MY Shdd 68 2Bbraidd 6o BARHIRh. ol 1272

) rdi
sol is contacted to a cation e anger, no 0 an ani on

exchanger, . n - silica sol according to claim1, claim2, or
claim 3, ﬁﬁé?%?%?gﬁsggéégge diameter (r) of the nodular silica particles is

inarange from_ 10.to 20P0 nm neasured. the dypamic light scatteri.n
‘method, a speci PN 7€ "}fr”égg Sﬁg'ci W"gg?i%ﬂbw%ﬁo"ﬁﬁ@ﬁ'w 3089 Agd BRI an
association ratio.is 1 or. nhore and less than. 2.7, 11. A silica sol for
a pol i shi ﬁfﬁ‘gﬁ&m 03 t°cHﬁp'T‘F§iﬁ1B" PRBE ARl cared Fpltian @ish Bl o &ngg e 18 ai m
10. 12. The_nodul ar silica sol according to claim1 or claim2, wherein
silica paf? F@lf@g g0 g HEationdp @i rangeoomdt- 00 Grfrby) weightaaty i Eryeperatars . 2 to
4.0 and an average di aneter nmeasured by the dynamc light scattering method
in a rangdraigedKmad P8I0 nm are dispersed, and an absol ute val ue of a

difference between zeta potential at pH S5 and that at pH 9 is in a range
from1l to 9 nV.preparing a seed liquid by adding an alkali to the polymerized solution to adjust

the pH to a range from 9 to 125 and heating the resultant mixture solution at a
temperature in a range from 50 to 150°C;

adding an alkali, according to the necessity, to the obtained seed liquid to adjust
the pH in a range from 9 to 12.5: and

dropping a silicic acid solution or a highly purified silicic acid solution to the
seed liquid at a temperature in a range from 20 to 98°C continﬁously or intermittently
for building up.
6. The method of producing a nodular silica sol according to claim 4 or claim 5,

wherein the pH of the silicic acid solution was adjusted to a range from 1.0 to
7.0 by adding an alkali or an acid to the silicic acid solution.
7. The method of a nodular silica sol apcording to ¢laim 5,

wherein the highly purified silicic acid solution is highly purified by contacting a
strong acidic cation exchanger or a strong basic anion exchanger separately to a silicic
acid solution.

8. A method of producing the nodular silica sol according to claim 3,

12




13. A method of producing the nodular silica sol according to claim1l or
claim2 conprising the steps of. (1) cleaning a silica hydrogel obtained
by neutralizing a silicate with an acid to renove salts, adding an al kal
to adjust nolar ratio of S 02/ MO (M Na, K NH3) to a range from30 to
500, and heating the m xture at a tenperature in a range from60 to 200C
to obtain a silica sol; and (2) using the silica sol as a seed sol, adding

an al kal i accor gh&@ir thel RRAURLGAZS IsbY prddlc@fbHtle Plddhich MR8 dctBrg doO
12.5, and adding a silicic acid solution to the seed sol 73 at a

t enper at UpRin 8, Aait PR iR 6 9urkir ARy GMHegnuously or intermittently. 14.
The met hod of producing a nodular silica sol according to claim 13, wherein

The met hod of. f Sol jocording to olaim 13,

potassi Ui 1| oo e ke D R AR b AeRln UMM S L Sl ng o
dular sili Sording to claim 13 wherein the seed sgl .in the st

(2) 15 a sol i nSpelh P Bbasts PPy G B nblars SR Bt RSy o

by  the dynamic Light scatiering method i from5 to 8

di sper sed %0 ThEMEFHL® dreabPB AiE g Y s et focar A DA 1 o

claim 13, ereln the siljcic acid,solution used jn the step (2) is an
acidic si I1¥\'/2i ¢ 5Re podu slicAsh! atseadineEe ﬂ9’nhb£?¢év|?a9r ﬁb'%ﬁ- alkali silicate.
17. A nmethod of producing the nodular silica sol according to claim 3,
wherein the silVB§ENRN ﬂfeg@ﬂqﬁ'?weﬁzé@fithﬁ peulasrsHigaertiriesistinéraage i ng
to claim13 is prepared by highly purifying a silicic acid solution. 18. A
met hod of 1%?@@Q@inﬁgm@wr%émmﬁ dyianiie digkfoscaliedos dethpd @ pieaifimsarfaghareai n

t he nodul ar silica sol obtained by the production nethod according to

cl ai m 13 rin@ rahas frpm 80 tB0h e feeed kingiskycigion fatieds 129r moreoanidslesnthan.

mat eri al ggntaining t he nodul ar silica sol according to claim1, claim 2,
or claima&./.

11. A silica sol for a polishing material comprising the nodular silica sol according to
claim 10.
12. The nodular silica sol according to claim 1 or claim 2,

wherein silica particles having the association ratio (r/r’) in a range from 1.2 to
4.0 and an average diameter measured by the dynamic light scattering method in a range
from 10 to 150 nm are dispersed, and an absolute value of a difference between zeta
potential at pH 5 and that at pH 9 is in a range from 1 to 9 mV.
13. A method of producing the nodular silica sol according to claim 1 or claim 2
comprising the steps of:

(1) cleaning a silica hydrogel obtained by neutralizing a silicate with an acid to
remove salts, adding an alkali to adjust molar ratio of SiO,/M,0 (M: Na, K, NH,) to a
range from 30 to 500, and heating the mixture at a temperature in a range from 60 to
200°C to obtain a silica sol; and

(2) using the silica sol as a seed sol, adding an alkali according to the necessity

to adjust pH to a range from 8 to 12.5, and adding a silicic acid solution to the seed sol
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at a temperat.ure in a range from 60 to 200°C continuously or intermittently.
14. The method of producing a nodular silica sol according to claim 13,

wherein the silicate is selected from a group consisting of sodium silicate,
potassium silicate, and ammonium silicate.
15. The method of producing a nodular silica sol according to claim 13,

wherein the seed sol in the step (2) is a sol in which silica particles having an
average diameter measured by the dynamic light scattering method in a range from 5 to
80 nm are dispersed.
16. The method of producing a nqdular silica sol according to claim 13,

wherein the silicic acid solution used in the step (2) is an acidic silicic acid
solution obtained by dealkylating an alkali siliéate.
17. A method of producing the nodular silica sol according to claim 3,

wherein the silicic acid solution used in the production method according to
claim 13 is prepared by highly purifying a silicic acid solution.
18. A method of producing the nodular silica sol according to claim 3,

_ Wherein the nodular silica sol obtained by the pro.duction method according to

claim 13 or claim 17 is furthermore highly purified.
19. A polishing material containing the nodular silica.sol according to claim 1, claim

2, or claim 3.
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