- 1 - METHOD FOR PRODUCI NG GLASS SUBSTRATE FOR MAGNETI C DI SK, AND MAGNETI C
DI SK The present invention relates to a nethod of s polishing the principal
pl ane of a glass substrate for a nagnetic disk, and a magnetic di sk.

Demand for high recording density of magnetic disks to be nounted on

i nformati on processing devices such as hard disk drives is increasing in
recent years, and under io these circunstances, glass substrates are now

wi dely used i nstead of conventional alum num substrates. However, demand for
hi gh recording density is increasingly high, and to neet such a denmand,

vari ous proposal s have been nade with respect to a nethod of is polishing
the principal plane of a glass substrate with high precision (for exanple,
JP- A- 2006- 82138) . The invention disclosed in JP-A-2006-82138 which is
proposed as a nethod of polishing the principal plane of a glass substrate
for a magnetic disk (hereinafter 20 sonetines referred to sinply as a gl ass

substrate) with - 2 - high precision, is to polish the principal plane by
means of colloidal silica abrasive particles forned by hydrol yzi ng an
organi c silicon conpound. However, there may be a limtation in high

preci sion polishing of the principal plane of a glass substrate by neans of
colloidal silica. For exanple, colloidal silica is used usually in a neutra
state, but it is usually unstable in a neut¥at state and is likely to

under go_agg! OfRLAldD o BiSopish ARS A% 868 MERLFLOMGON the

n
principal planeis Tikely to occur. nder these circunstances, 1t is an

obj ect of the QrespinsFMes s to provide a nethod of polishing the
princi pal plane of a glass substrate with high precision w thout using

colloidal silica. 15The present invention provides a nmethod for producing a
gl ass substrate for a magnetic disk by polishing a circular glass plate,

whi ch conprises a fleRPisH | HLO8: 18R PéfLQEEEa{:opBaHFtHBdt Bg circul ar
glass plate by using a slurry containing a Ce02 crystal powder, 20 the Ce02

crystal powder,bei figh Rbtialdas i A SHeh §14BONSE 4 NGt a8 Blibs€PREAI PLPY, Ce02
i s quenched to obtain an anorphous material, the anorphous material is

subjected to mﬁgnégfﬁndggu,téhdﬂgjﬂdgﬁnggzdggystals-precipitated anor phous
material, which 1s subjected to acid treatnent 25 to separate and extract

the Ce02 crystal poweendffem hbghCefdoeayayalisnpiei pt ahgteaner gheus
material. The present invention further provides a magnetic
to be mounted on information processing devices such as
hard disk drives is increasing in recent years, and under
10 these circumstances, glass substrates are now widely used
instead of conventional aluminum substrates.

However, demand for high recording density is
increasingly high, and to meet such a demand, various
proposals have been made with respect to a method of

15 polishing the principal plane of a glass substrate with
high precision (for example, JP-A-2006-82138).

The invention disclosed in JP-A-2006-82138 which is
proposed as a method of polishing the principal plane of

a glass substrate for a magnetic disk (hereinafter

20 sometimes referred to simply as a glass substrate) with



- 3 - disk conprising a plurality of layers including a nagnetic |ayer to be
a recording layer lam nated on a glass substrate for a magnetic disk
produced by the above nethod for producing a glass substrate for a magnetic
5 di sk. The present inventors have found a novel nethod for producing a
Ce02 crystal powder having a small particlé si ze and having high purity.
They have used,a Ce02 c¢rystal ,powder 8 i ned by the production nethod to 10
pol i sh the prhh@hpareﬁﬁaﬁenofla §PaBS 3 sFPatar5ﬁala§1apié§s|PY f§aRE t hat
hi gh preci si on_pol ossi bl e even without coll oi dal S|I|ca and
acconpl i shed ?hec Bii Hg |ﬁ%gﬁF?oﬁ rasive PArtLFUPRgiPEMEHe ﬁresent

t 15 f bst r at be pol i shed with
i gh pr oci si onY W OhGGE Bof Rob AR 4 | PAAZPR ERESAUEGMpany| ng i awi ng.

Fig. 1illustrates an X-ray.diffraction _pattern, of a.Ce02 cr stals .deposi ted
anor phous nateriaﬁ HBFSFne heges WaﬁrESa?a?lgﬁtE§&ﬁﬁlén5%19% % cﬁg
present i Vﬁgéé i % gﬁsc%%gﬁgl#% dﬁ%?hl g%th r fegegﬁg %raE gY
preferred e ccor g'to e 6d°f of 8 odtci'n s

substrate for g?ﬁggngtlgl 0§5a9f§%§§ Qre?ﬁgé éﬂyéﬁtlon fiéhgrflna{tga

referred to as productron ime pres i NVention

Substrate |5 PEOUUSRCURURLLY by TRRe 81 LDRCLO! but 30 %%eezuaﬁagelyana

circul ar hol Re center of —a ¢ircal ar glrass d

chanfering, |apptog,Qf hhS HéhE EaEtB#Engnéngs”hEkQE pQE'ﬁFH@Qg8f the edge

surface are sequentlal y carrle out such circul ar glass~pl ates thus

processed are, égiéﬂb?é&?gn Hherd o dge éﬂ%fﬁffﬁ @%egfégbgg and

the etched inn peri pheral edge sur%aces are coated exanp

pol ysi | azane SH”PHH“?rEHBEﬁhT' gahbqybdl@Xeﬁ JroSBEAYULNY, fol loved by flrlng
to forma coating film protec ive coating f In) on the inner 10 peri pheral

edge surfaces. ThgRgekhehBEENEiRRUMBLARR G, @%ChsthC%b@%cgl%&Stmeate on
t he inner peripheral edge surface of which a coating filmis formed, is

polished to bﬁréséh@t1ﬁ0€n§ﬂ8ﬁtEoTﬁE86§§e tkhpeehydat 8fopbaiBhang! 8%
substrate for a magnetic disk e production nethod of the present

invention is ppintiphleglhaet Be abgvassFetubexaapkewibhushighobirehiirgommy be
applied to the inner peripheral edge surfaces instead of ?ornatlon of a

protective coaithRguti LBing tbelbnaal penipheral edge surfaces; the principal
plane 15 The present invention provides a method for
producing a glass substrate for a magnetic disk by
polishing a circular glass plate, which comprises a step
of polishing the principal plane of the circular glass
plate by using a slurry containing a CeO, crystal powder,
20 the CeO, crystal powder being obtained in such a manner
that a melt containing CeO; is quenched to obtain an
amorphous material, the amorphous material is subjected
to heat treatment to obtain a CeO, crystals-precipitated
amorphous material, which is subjected to acid treatment
25 to separate and extract the CeO, crystal powder from the

CeO, crystals-precipitated amorphous material.

The present invention further provides a magnetic



.20 | apping step may be divided into a coarse |apping step and a precise

| appi ng step, and a shape-processing step (perforation at the center of the
circular glass plate, chanfering and polishing of the edge surface) may be
provi ded between the coarse and precise | apping steps, as 25 disclosed in
JP- A- 2006- 82138; or chem cal tenpering step ray be provided after the
princi pal plane £O|IShln g.step. Needl ess to say, for production of a glass
substrate gis h%Q?HﬁlﬁbnﬂlﬁcBFHFaﬁbFE af %ﬁEeEénﬂgFluEéPBoPatlon at the
center of the C|rcular Iass 5 Ete IS unngcess The BFIHCIpa| pl ane

r
| apping i s caPfe¥BatyGt! ¥E£IF § AsFAgeq bﬂ?ni éBFa%PWénBE? i Pe& or netal
oxi de 5 abrasi articles ingluding alumna_hayin erage particle size
of from6 to %Y%ﬁg ShbSt LHRES) Bﬁea %?QHEFbSIdeEntPguﬁﬁé éﬁe& 858§PV§ as
foll ows. First rinci ane i olished b s of aio.slurry
Contaimi ng coPbEhogxPaE REDRHGIOA SvEFaBs PRPEFERLeSEEs B MREBRLACO 10 1. 8
pm and a uret% polishing pad. The | oss of the plate thickness (renoval

anount) i S Iy fron130 to 40 pm Then, the principal plane is polished

b f 15 d |
o) 76 of fromo 15778 BYSESRN agﬁ'eﬁﬁt%%él HAVE sEfrdns, ey ResRERe g © e

(arithmticalg%gf&ﬁgggna% tﬁnggg dhad? @am@afi%maeffg (oothat the

m Cr o- wavi nes asure ran a COI’]dI tion

of 20 a vavel gﬁgéhaaangsv%g 59? pUTLBY, TR ofafe e ol apgsi onal

surface struc ure analyzing™m manu actureﬁ by Zygo

Co, Ltd.). i Spabeapshofady gbggins§aﬂg'@hegpfgggﬁélgk henplate thi ckness

(renoval anount plca rom e principal plane is

pol i shed hy ”§3ﬂ§sﬂftﬁe y&ﬁxlggmtanghggoths g?gge gﬁBétggxétahdpggdsr

(hereinafter sonetines referred to sinply as - crystal powder or

a crystal pO“P@EﬁléndféuﬁagtHaHrﬁ&Bﬁn§r8€£h§Bhn?o@§ghﬁﬂg exappLeipie that Ra
is at nmost 0.25 nmfor exanple and 't hat is a 20 nm for exanpl e.

The average paythcketabge tHl1efiahhesEed2acryshahcpeowper sheasuhed by X-ray
method is preferably at nost 100 nm If it exceeds 100 nm Ra or WA cannot

be small, or §gégéﬁhe§nggﬁtﬁ@ﬁn1 It is nore preferably at nost 50 nm
partlcularly preferably at nost 30 nm Further, Dis typically at |east 5
nm nore typicall gcabrbieast t£0 then paeyeasurmﬁremti@h,Dtmé ¥rriay ipeithod is

wel | known and is carried out by using Scherrer Formula fromthe X-ray
di ffraction | pbenérefdenghgssFaubberat® granbet pelishetakliithe hdighret er .
Now, a nethod of preparing the Ce02 crystal powder 15 will be described
mainly with rptecéntent eiphetier redledtadi sebtisa. A melt containing Ce02
(hereinafter sonmetines referred to sinply as a nelt) preferably contains
from5 to 50 nol %iof tBe02ccohmpaniAngo dx@winkg% of at | east one
Fig. 1 illustrates an X-ray diffraction pattern of a
Ce0, crystals-deposited amorphous material obtained in
20 Preparation Example 5.
Now, the present invention will be described in
detail with reference to the preferred embodiments.
According to the method for producing a glass
substrate for a magnetic disk of the present invention
25 (hereinafter referred to as the production method of the

present invention), a glass substrate is produced usually

by means of the following steps. Namely, a circular hole



.20 alkaline earth metal oxide selected fromthe group consisting of MO
CaO, Sr() and BaOin total, and from30 to 75 nol % of B203. Unless the nelt
has such a conposition, its viscosity is not appropriate, or it is difficult
to 25 quench this nmelt to make it an anorphous material w thout
crystallization. In a case where sonme of-of the entire conponents vol atize
fromthe nelt, the mxture before - 7 - being nelted differs fromthe

anor phous matkF iBYE a2t et P | F YRR 2BPORFE i BRAt and2Rfe
conposition here peans t conposition of the, anprphous material after bein
ner?ed. 5] f téh@@i%@l%%nPﬁ%ﬁpg@%é%%st%% HB}@ElEgg gﬂ?%? LNt BAFEBF the ?
al kaline earth tal 0§%€e1gFKg is Iesg than 10 nol % and. t he B203 content is
| ess than 30 IR Al tHT CIIRFYE D ET yRERFR LY LY e hhifidquenched,
mmterial 11 HE CIEBTLORER e U AP HIAAS (GHip S RA S S
material. |f : 0 i t i

cont ent excegps 50 nqé@bor in a case mhfre t he 8203 cont ent £X egds 75 nol %
Ce02 crystal s aMEPHETT SUTTIET T IPIRT BF cCI9F AP SERGRnhReR t AE anBPRhous
material is subject 0. nt-to.1 regcipita th rystals. In
order that a %g%i?%ﬁgéoﬁ{%%sé%f%%@mﬂﬁe} ?%ggmglégg‘lég%%yg%%t%gﬁg é{or that the
Leo2 from 0L P a0t AAIPIE B Tr T Ya Rt S50 her 008 Cdab 3 AhnTn or ger
that the nel tqi re.easi| jfrified tq n f RO

repr esent ed 5§i§%f%%§% ?H%'Z%é%%X&ﬁ%f %3%@8V%%r%geﬁ%E%Hﬁygﬁnfég%ngthe mel t
is preferably O¢ t : : DT r f X 40: 60. 25In
order that tr&gig?%gi%ﬁﬁ%rgyégg??glg?t??%%gégo?p£¥éeé€pgggcgggégrysta

powder '%o”ﬂrﬁeﬁ?%l';léi’?Pgé@éé‘eé’urf;E‘céQ? eldn, tiee rati Qlat he Sonteat of

Ce02 represented nmol % to the sum of the content of the al kaline

earth netal oxdée(Sirdntht hgl£ontETdtOf 43203 r epheseptedpRYr AD! Lagks
preferably from5:95 to 50:50, nore preferably from 20:80 to 35: 65 5The

melt is obtaifesrdye bbengh eh varéossingt eiiml sst fophédi Nia PEsiERdd to
conposition, mxing themand nelting the obtained m xture.
be a flat and smooth surface, thereby to obtain a glass
substrate for a magnetic disk.
15 The production method of the present invention is
not limited to the above. For example, brush polishing
may be applied to the inner peripheral edge surfaces
instead of formation of a protective coating film on the
inner peripheral edge surfaces; the principal plane
20 lapping step may be divided into a coarse lapping step
and a precise lapping step, and a shape-processing step
(perforation at the center of the circular glass plate,
chamfering and polishing of the edge surface) may be
provided between the coarse and precise lapping steps, as
25 disclosed in JP-A-2006-82138; or chemical tempering step

may be provided after the principal plane polishing step.

Needless to say, for production of a glass substrate



A material containing Ce02 is preferably cerium oxide (Ce02, Ce203) or
cerium carbonate (Ce2(C3)3*yH20). At 10 | east one cerium conpound sel ected
fromthe group consisting of ceriumchloride (CeCl3-y1-120), ceriumnitrate
(Ce(NGB) 3-1/1420), ceriumsulfate (Ce2(504)3-17H20), ceriunm(lV) di ammoni um
nitrate (Ce(NH4)2(NG3)6) and cerium fluoride- (CeF3) may al so be used (in the
above fornulae, 15 y represents the hydrati on nunber, including the case of
y=0). The Ce0RVHPBrRRAICIECEMSi MetePt e corrter gl RRELPHR MY Ronpl®ent in
col l aboration with thF fter-nmengione RDErﬁTJgat‘erial and the 3203 material by
mel ting. The TRETY £ff oMt af M Tg-3n A 33T iR Earth WRere2%2b¥%ide is

preferably an alkaline earth netal oxjide itself or a,carbopate éﬁ:@
Further, at |east %ep’éjrlﬁﬁf‘i)?lge@g??ﬁ EFn%oﬁf)oﬁ?lHré‘Ea&PEduFP Yhe group
consisting of_a nitrat NCB).2 a sulfate (RSO4) and fluoride (RF2) of
an al kal i ne ¥ (P aﬁ‘el‘%%n%eg%%%%ﬁv‘? rP"i‘/’fa%W% S22 et el PELL6] ubi I(i ty)vvith
Ce02, the _al k%i ne eeartgrtrrféflsilsn L&a&erabl unl?{inorhS\;.nA mat eri al containing
B203 is pr5efe aafy\f)or N oxide =~ - J(rE%O%]}l or %or?cla%i%n(%%ﬁ%?? or a

borate of an al kal ine h I y, al so_be used. Purity of the materials
for the m xt LP?aerktialséfe &?réef%frrg% ?/ma”? tf%a%tu 9% nore preferably at | east

99.9% s by the pukity dj f.hy I tLgle size of
the materials fo?f%l%elﬁlléé%%rgp?gégg?%ﬁ?gu grﬁéﬁf‘%ﬁg?eggggﬁgnégas a
honbgeneous np#lg@s obt ai ned. The m xture is obtained by dryly or
wetly mxing the 10 materials by neans of a m xing/grinding means such as a

bal | mll or a Plﬁf?é@fytﬂélbrincipaihﬁ}gﬁétyéep8§¥sﬂgdngbtﬁgahg BQeaair
at nosphere but is preferably nelted while controlling the  oxygen parti al

pressure and dherOXYasH: d10W¢ atEr i JRNBKL 4O 91 6T £ h ey oL gL YPhEaL by at
1, 200C or above, preferably from 1,300 to 1, 500C Furt%er, the m xture

may be stirreghfréMoFFdhto NY SO ASs tien i ed easerdonBeensbl ysRinghgagel t. A
cruci ble used for nelting is preferably nmade of 20 alum na, platinum or

pl ati num contghdli Tes & hogli thie PLE t&Byh bexn@ge Ofedovel raadeny) megerial in
sonme cases. Heating is carried out preferably by using a resistance

heating furnaggpi@atightffsepency 4ndustion furnace or a plasma-arc furnace.
25The resistance heating furnace is preferably an electric furnace provided
with a heating elehent thdepwitbipabepabnsuth pslashedhbonreahkopf ar made
° S|||022 slurry containing cerium oxide having an average particle
size of from 0.15 to 0.25 pum and a urethane polishing
pad, so that Ra (arithmetical mean roughness) is from 0.4
to 0.6 nm for example and that the micro-waviness (Wa)
measured in a range of 1 mm x 0.7 mm under a condition of
20 a wavelength range of A<0.25 mm by means of a three-
dimensional surface structure analyzing microscope (e.g.
NV200, manufactured by Zygo Co., Ltd.), is at most 0.2 nm
for example. The loss of the plate thickness (removal
amount) 1is typically from 1 to 2 um.
25 Then, the principal plane is polished by means of a

slurry containing the above CeO, crystal powder

(hereinafter sometimes referred to simply as a CeO;



.- 10 - carbide or nolybdenumsilicide. The high frequency induction furnace
is one provided with an induction coil and capable of controlling the
output. 5The plasma-arc furnace is one enploying carbon or the |like as an
el ectrode, and utilizing the plasma-arc generated by the el ectrode.

Further, the m xture may be directly heate@d by infrared rays or by |aser.
10Further, the mxture may be nelted as_it is, or the m xture nag be nol ded
and then mel tefystal PPYdeReOk a2 eCHYSHRT ngPudpr hsiBd a? cr 19t AakEethanes

possible to nnlf.the nixt#r , helt t£e nol ded m xture, and then guench t he
melt. 15As a BotiSBIRI ifotobr SXIBRLRI ngPt hR2ef? 18 ARKBOFE 8n<anBPphous

terial, t hod of i t It bet i I tati t
cer ol 2, TERO%Shofeopghng Po ol L belueen puip rollers rolaiing ot
i ndi fib h teri ti fi 20 f h It b
w nding & 11 brousamLpbous, et sh (seoLi pyouselLber 1020 ygmihe et by

twi [ 1 d.,the d d f t al 1 C,

Lot 0 1011 875 B00alDSL UM 856, 0005, ol TRLSLLPLLBLSET O oot 1op

using a spinngf h?’é g pe‘%{ceesecﬁé 9 fed, 2%.0n,,1 tvf]a Séadrfer%é’%a'ﬂe dpLpfing.at a
Yy~ Usi the e

hi gh speed. ng such an appdrat us, can be quehched

ffectively t j ' it : 1 - - At th
?i meeco:‘ Vgugncﬁ?ﬁg’%&?ﬁ%%%ﬁ?gﬁi eIYtl glmr%;@r%eufpaﬁ%eﬁ[sd Aty Iae%sr&&'it XSQLOIE“’C/ sece
for exanple, pref é@?%y%gi%#§?§£aﬂl§ 30%n&ES€So nm. ﬂdkéﬁ@%F%§e'Qf a flaky

anor phous materi al, rred”to quench the nelt so that the thickness

of the,f|akest§§ié£1P?S£tZPQaQ€15'£m§hﬁo£8i€§§§é§1§§0§€d§e§99 REY nfhe
precipitation efficiency my be | ow when the anorphous naterial is subjected

to heat tyeat WntMéQsQEéﬁEHEt@EGDCE?ZXCH?tﬁEﬁhth_@st REEANRSS WS aer e 10
preferably at nost 100 pm In the case of a fibrous anorphous material,

it is preferred tQrgveachut ey mebingosthatréherdianeherreh the kibat is at
nost 50 pm |f the dianeter exceeds 50 pm the precipitation efficiency may

be | ow when theribadfDERhDUSe NBE8aHBhihG . SUR]@Giad (v deais tfgat ment to
precipitate Ce02 crystals. The dianeter is nore preferably at nost 30 pm In
a case where thespaetipetaiamacetficiency is
Now, a method of preparing the CeO, crystal powder
15 will be described mainly with reference to preferred
embodiments.
A melt containing CeO, (hereinafter sometimes
referred to simply as a melt) preferably contains from 5
to 50 mol% of CeO,, from 10 to 50 mol% of at least one
20 alkaline earth metal oxide selected from the group
consisting of MgO, CaO, SrO and BaO in total, and from 30
to 75 mol% of B-,0;.
Unless the melt has such a composition, its
viscosity is not appropriate, or it is difficult to
25 quench this melt to make it an amorphous material without

crystallization. In a case where some of or the entire

components volatize from the melt, the mixture before



.considered to be low since the thickness or the dianmeter 20 of the flaky or
fi brous anorphous material is large, it is preferred to pulverize the

anor phous material, followed by heat treatnent. The heat treatnent to
precipitate Ce02 crystals fromthe anorphous material is carried out
preferably in the 25 air atnosphere at from 600 to 900C e.g. in the case of

th b f d [ f th . 1f t t t iis | th
B00C. or yst al BTG Mot o8 H5FEeBt FTamoRety Ber BhaBr oAt e CvBR LBy hoat
t t t f 6 he t ! | l oC. |If
e e S pElnd OHE S o6 | FARSCALE, LB S B! SRlaf - LERSh R0

f bl t C i S t t which
Phe amor phous™oBier (3F cempbrtf iAot hs T BhebR " rhEThEar 4% e "o “the
crystals, singgiﬁgeﬂﬁigﬁdpf the precipitated crystals tends to be large as
the tenperature a I the crystals are precipitated | oincreases. Crystal

preci pitaty on compei sgs LBB, SLAYESOfeAUELEUSS S ORgPE | oBnandosybsequent

crystal grow h. Thus, suc eat treatnment nay be carried out that the nelt

i's maintai ned.seOueptbal Lieah10hiigECOL rERTREE QT URLESdeNQRo) D BB BRI ned at
the sane tenperature, so that the above two stages are carried out at

different tenpeiAtupeRols and EHSBIS, RRERI aled SIOMHAE THPROUS
material by the heat treatnent are nainly Ce02 crystals, but dependi ng upon

the conpositi@Re OhelbheiBELikETPNMPOSHEI @BgBQaQﬁiEQQ aehphauds Fakechak),, a
borate of an alkaline earth netal or Ce02, or a double salt of an al kaline

earth netal oxhgle asd beris actdismytbeopieeirpiry,atad maladdbt mare hewever,
such a borate or a double salt are | eached and renpoved by acid treatnent to

be carrieth ousn2shaétphoudhmatéeptaper infl tvercady cordtenthaa Uggatgrmid to
precipitate the Ce02 crystal is carried out, for exanple, - 13 - the tine
period over whimblsheianar phsaswhater Ral coateatntacaedswsbhinbla bange of
from 600 to 900C according to the above preferred enbodi nent, is preferably
from4 to 96 aovase wWherée thel B tdoatehthexceeds Y& alolss ,pr&m,pi t ati on may
be insufficient. Typically, it is at |least 8 hours. If it exceeds 96 hours,
the size of theystgssahaymnaptbeufdocliangéy be psetypitatkey etvempshed2 hours.
The tinme period over which the heat treatnent is
the amorphous material is subjected to heat treatment to
15 precipitate the crystals.
In order that a desired CeO, crystal powder is more
easily obtained or that the yield is higher, the melt
more preferably contains from 20 to 40 mol% of CeO,, from
10 to 40 mol% of RO and from 40 to 60 mol% of B,0,.
20 In order that the melt is more easily vitrified, the
ratio of the content of RO represented by mol% to the
content of B,0; represented by mol% in the melt is
preferably from 20:80 to 50:50, more preferably from
20:80 to 40:60.
25 In order that the melt is more easily vitrified or a

desired CeO; crystal powder is more easily obtained, in

the melt, the ratio of the content of CeO, represented by



.io carried out is preferably set dependi ng upon the desired size of the
crystals, since the crystal size tends to be large if the heat treatnent
time is long. Acid treatnent is carried out for the purpose of separating
and extracting the Ce02 crystals fromthe 15 anorphous material in which the
Ce02 crystals are precipitated. By thfs-acid treatnent conponent s
ot her than the fpoz crystals %g | eached and gennv ne of th Ce02

t

S
crystals nay‘B% T 2R heldF and® r eholad ?%ng%ﬂ% Qhsele AFRAIDD FRTFAt her
preferred in eom@ f % %ﬁ of L g g st%Ise%s n|f rmal i zed.
The acid tred? &S %%f? Typre ng &k gé 3 acid _
SEER v R AL

FTc?acl to-acc rate
removal by le .dbhe.ac y be heated, or the acid treatnment nay be
carried - 1455§h3?0m%&|é§a%%r§?ng uItrasonlc waves. A Ce02 crystal
e s onLal hefhDYmsYEN; BORALLERBUTBY! ol LEATALNGLBALTRALLy 130 25, Lhe
case requires, ing Wwth pure water e ca ried out a ter the acid 5
treatmnent. o dbeR; ntQedé’é’%@é&eéoﬁﬁﬁi?ioﬂo"\ﬂﬁﬁlhi fheRenAgdmb Mt &ni qui d
mediumto obtaln a slurry e content of the cryst powder in the Slurry

shoul d be propgsly,s8l g4 edicenstdering the removal rate, 1() uniform
dispersibility, stability at the tinme of dispersing, etc., and it is

preferably from 0A1m59e29a/qaéohea&ﬁ§ﬁgt @éopylérvéﬁep@»fgﬁmas@nu& bkigs |ess
than 0.1% the renopval rate may be low, and if 1t exceeds 20% the viscosity

of the slurry(tengds dobe b ghernhfr eh¥ndSabandbine-amy - ba ol ffisgul t in the
pol i shi ng step It is preferably at nost 5% typically fromO0.5 to 5%

Appropri atee exeapt esn@ndet tapproppbahe cxdaptes foomptrpagabiipn of the Ce02
crystal powder will be described bel ow. 20 PREPARATI ON EXAMPLES 1 TO 17

Cerium oxi de ¢&eP3t 1EBE (&t suBachl obi Jle aide bdY OfH.0¥ i, deeB2@3) were
wei ghed in the proportion shown in Table 1 as represented by nol % based on
Ce02, RO and BP€Bateespeclioyvel yH.Q) snaetkianogal fateet baptdopasyrgoled, and 25
they were m xed and pul verized in an automatic nortar. Then, the m xture was
dried to obt acearaumile) i diapoesdeum(nmiktrate) (Ce{NH)) ~(NO;3)s) and cerium
fluoride (CeFi;) may also be used (in the above formulae,
15 Yy represents the hydration number, including the case of
y=0) . The CeO, material is considered to become a glass-
forming component in collaboration with the after-
mentioned RO material and the B,0; material by melting.
The material containing an alkaline earth metal
20 oxide is preferably an alkaline earth metal oxide itself
or a carbonate (RCO;). Further, at least one alkaline
earth metal compound selected from the group consisting
of a nitrate (R(NO3).), a sulfate (RSO,) and a fluoride
(RF;) of an alkaline earth metal may be used. In view of
25 the solid solubility with CeO,, the alkaline earth metal

is preferably Ba or Sr.

A material containing B,;0; is preferably boron oxide



- The obtained material powder was put in a crucible wwth a nozzle, made of a
pl ati num contai ni ng 10 mass% of rhodium and heated in an electric furnace
enpl oyi ng nol ybdenum silicide as a heating el enment at 1,500C for one hour so
that the material powder was conpletely mnelted. Then, the nelt was
dropped while the bottom of the nozzle of Rhe crucible was heated in the
electric furnace, and de to ss__thrqough twin rollers havi 10 dianeter
of about 15 c€ﬁ2oﬁbt8ﬁﬁ§ré‘5 éﬁggr H?I%Q??qué’r’r’cﬁ & Ao Mte é‘tqq‘fa’é\}f‘el of 1 x
105 C/sec to obtain atflak salid.. The obtained flakes were a brownish-red
t ranspar ent %hd'ﬂ% HatWHY A15971RE tH7kness of the flakes was nmeasured by
a mcroneter and lg.lgrocr)r%30?to 50 1;15%% or tFurther, using sone of the
sz a1 24T oht e ar)gl ng ?Eén'ﬂje’f%‘tlﬁ?elﬁlas determ ned by

obt ai ned fl akes, hete

differential scanni H%I%a%ﬁrlienaetterél%('D%% .%;I'EP ep?bxta%fedag If%%eést\/\% ey deld at a

rere 5
t enperature owWNn e colum "crys i zation tenperature™ in Table 1

for 8 hOUI’SS t pgﬁaecﬂ%@goﬂjﬁ]&d%é&;;%%&{g%@l}§ éPaé héanflakes. The

t enrper at ure shiown i ation t erature" was set to be
hi gher than the t ' Lop.: stargi t es .25 n, . | akes
after the cr ystaﬁ%@aﬁ%%%%?ie%rp%}% u(?Ee ?ﬁ%arﬁ%é%ea ?réenf?gv\gﬁg ?‘ﬁ%rgrﬁgéd inal
nol /L acetic i i /. ; = - e

mat eri al s. £ %%%%ﬂu%géxfgql%ﬁ%%%gmmg&%%%%?g%brg%g%ﬁ%??lé%%g\l'
separation, the supernaiant was thrown away, and the residue was washed with
water and further s dispersed under high pressure, dried, further washed
with water, and dihednig-@bPtaig dhPgiRaatbg! €8y avbRguar PRrhigkagStre of
from5 to 100 nm The m neral phase of the obtained Tine particles was

identifiad bymaterialys by fidid OFF AP $/gFrSndidd mesM tgudheadi ge
particles were cubic crystals, the obtai ned peak agreed with a known

diffraction peak ahi Qe®x anshdhe: £8f ahied. fine particles were found to be
particles with high crystallinity consisting of a Ce02 single phase. The

X-ray diffractionTipathextuné mie béneelse@aihi chesaobt atmedphsrer eparation
Exanple 5 is shown in Fig. 1. Further, the average primary particle
si ze (crystalis tereal aradb by )meibtsed allcil et @ch twasEi o the Sehgenepatoiall a
fromthe X-ray diffraction line 20 broadening. As is evident from Table 1,
the particl e presswfe tdred ditiai covehdén nEl@artatcées is very small in each
Preparati on Exanple. - 17 -
15 Melting is carried out typically at 1,200°C or above,
preferably from 1,300 to 1,500°C.
Further, the mixture may be stirred during melting
S0 as to increase homogeneity of the melt.
A crucible used for melting is preferably made of
20 alumina, platinum or platinum containing rhodium, but may
be made of a refractory material in some cases.
Heating is carried out preferably by using a
resistance heating furnace, a high frequency induction
furnace or a plasma-arc furnace.
25 The resistance heating furnace is preferably an

electric furnace provided with a heating element made

with a metal such as a nichrome alloy, or made of silicon



TABLE 1 Chem cal conposition (mol% Crystalli- zation tenperature (C)
Crystallite dianmeter (nm Ce02 RO 8203 Prep. 10.0 30.0 BaO 60.0 800 70
Ex. 1
- 10 -
carbide or molybdenum silicide.

The high frequency induction furnace is one provided
with an induction coil and capable of controlling the
output.

5 The plasma-arc furnace is one employing carbon or
the like as an electrode, and utilizing the plasma-arc
generated by the electrode.

Further, the mixture may be directly heated by
infrared rays or by laser.

10 Further, the mixture may be melted as it is, or the
mixture may be molded and then melted.

In the case of using a plasma-arc furnace, it is
possible to mold the mixture, melt the molded mixture,
and then quench the melt.

15 As a suitable method of quenching the melt to make
it an amorphous material, a method of dropping the melt
between twin rollers rotating at a high speed to obtain a
flaky amorphous material, or a method of continuously
winding a fibrous amorphous material (continuous fibers)

20 from the melt by using a drum rotating at a high speed,
may, for example, be mentioned. The twin rollers and the
drum are ones made of a metal or a ceramic.

Further, a fibrous amorphous material (short fibers)
may be obtained by using a spinner having pores provided

25 on its side wall, rotating at a high speed.

By using such an apparatus, the melt can be quenched

effectively to obtain a high purity amorphous material.
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At the time of quenching, the temperature-lowering
rate is at least 1 x 10? °C/sec for example, preferably
at least 1 x 10* °C/sec.

In the case of a flaky amorphous material, it is
preferred to quench the melt so that the thickness of the
flakes is at most 200 um. If the thickness exceeds 200
um, the precipitation efficiency may be low when the
amorphous material is subjected to heat treatment to
precipitate CeO; crystals. The thickness is more
preferably at most 100 um.

In the case of a fibrous amorphous material, it is
preferred to quench the melt so that the diameter of the
fiber is at most 50 um. If the diameter exceeds 50 um,
the precipitation efficiency may be low when the
amorphous material is subjected to heat treatment to
precipitate CeO, crystals. The diameter is more
preferably at most 30 um.

In a case where the precipitation efficiency is
considered to be low since the thickness or the diameter
of the flaky or fibrous amorphous material is large, it
is preferred to pulverize the amorphous material,
followed by heat treatment.

The heat treatment to precipitate CeO, crystals from
the amorphous material is carried out preferably in the
air atmosphere at from 600 to 900°C e.g. in the case of

the above preferred embodiment of the melt. If the

temperature is lessg than 600°C, crystals may not
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sufficiently be precipitated even by heat treatment for

96 hours. The temperature is more preferably at least

650°C. If it exceeds 900°C, once precipitated crystals
may be remelted. It is more preferably at most 850°C.

It is preferred to set the temperature at which the
amorphous material is maintained depending upon the
desired size of the crystals, since the size of the
precipitated crystals tends to be large as the
temperature at which the crystals are precipitated
increases.

Crystal precipitation comprises two stages of
nucleus formation and subsequent crystal growth. Thus,
such heat treatment may be carried out that the melt is
maintained sequentially at different temperatures, not
maintained at the same temperature, so that the above two
stages are carried out at different temperatures.

Crystals precipitated from the amorphous material by
the heat treatment are mainly CeO, crystals, but
depending upon the composition of the melt (composition
of the amorphous material), a borate of an alkaline earth
metal or Ce0O,, or a double salt of an alkaline earth
metal oxide and boric acid may be precipitated in
addition. However, such a borate or a double salt are
leached and removed by acid treatment to be carried out
later.

The time period over which the heat treatment to

precipitate the CeO, crystal is carried out, for example,
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the time period over which the amorphous material is
maintained within a range of from 600 to 900°C according
to the above preferred embodiment, is preferably from 4
to 96 hours. If it is less than 4 hours, crystal
precipitation may be insufficient. Typically, it is at
least 8 hours. If it exceeds 96 hours, the size of the
crystals may be too large. It is typically at most 32
hours.

The time period over which the heat treatment is
carried out is preferably set depending upon the desired
size of the crystals, since the crystal size tends to be
large if the heat treatment time is long.

Acid treatment is carried out for the purpose of
separating and extracting the CeO; crystals from the
amorphous material in which the CeO, crystals are
precipitated.

By this acid treatment, components other than the
CeO, crystals are leached and removed. Some of the CeO,
crystals may be leached and removed in some cases, which
is rather preferred in a case where the size of the CeO,
crystals is uniformalized.

The acid treatment is carried out typically by using
at least one acid selected from the group consisting of
acetic acid, hydrochloric acid, nitric acid, oxalic acid
and citric acid.

In order to accelerate the removal by leaching, the

acid may be heated, or the acid treatment may be carried
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out while applying ultrasonic waves.

A CeO, crystal powder is obtained by such acid
treatment (leaching treatment), and as the case requires,
washing with pure water may be carried out after the acid
treatment.

Then, the obtained crystal powder is dispersed in a
liquid medium to obtain a slurry.

The content of the crystal powder in the glurry
should be properly selected considering the removal rate,
uniform dispersibility, stability at the time of
dispersing, etc., and it is preferably from 0.1 to 20% as
represented by mass percentage. If it is less than 0.1%,
the removal rate may be low, and if it exceeds 20%, the
viscosity of the slurry tends to be high, whereby
handling may be difficult in the polishing step. It is
preferably at most 5%, typically from 0.5 to 5%.

Appropriate examples and inappropriate examples for
preparation of the CeO, crystal powder will be described
below.

PREPARATION EXAMPLES 1 TO 17

Cerium oxide (CeO,), RCO; (R is Ba or Sr) and boron
oxide (B,0;) were weighed in the proportion shown in
Table 1 as represented by mol% based on Ce0O,, RO and B,0s,
respectively, a small amount of ethanol was added, and
they were mixed and pulverized in an automatic mortar.
Then, the mixture was dried to obtain a material powder

(mixture) .



-Prep. 33.3 22.2 BaO 44.4 750 41 Ex. 8 Prep. 20.0 16.0 BaO 64.0 800

_15_.

The obtained material powder was put in a crucible
with a nozzle, made of a platinum containing 10 mass% of
rhodium, and heated in an electric furnace employing
molybdenum silicide as a heating element at 1,500°C for

5 one hour so that the material powder was completely
melted.

Then, the melt was dropped while the bottom of the
nozzle of the crucible was heated in the electric
furnace, and made to pass through twin rollers having a

10 diameter of about 15 cm, rotating at 300 rpm to gquench
the droplets at a level of 1 x 10° °C/sec to obtain a
flaky solid. The obtained flakes were a brownish-red
transparent amorphous material. The thickness of the
flakes was measured by a micrometer and was from 30 to 50

15  um.

Further, using some of the obtained flakes, the
crystallization starting temperature was determined by
differential scanning calorimetery (DSC).

The obtained flakes were held at a temperature shown

20 in the column “crystallization temperature” in Table 1
for 8 hours to precipitate plate-like CeO, crystals in
the flakes. The temperature shown in the column
“crystallization temperature” was set to be higher than
the crystallization starting temperature.

25 Then, the flakes after the crystallization

temperature (heat treatment) were immersed in a 1 mol/L

acetic acid solution at 70°C for 20 hours to leach



-65 Ex. 9 Prep. 25.0 15.0 BaO 60.0 850 85 Ex. 10

soluble materials.

The liquid after leaching was subjected to
centrifugal separation, the supernatant was thrown away,
and the residue was washed with water and further

5 dispersed under high pressure, dried, further washed with
water, and dried to obtain fine particles having a
particle size of from 5 to 100 nm.

The mineral phase of the obtained fine particles was
identified by a X-ray diffraction apparatus. As a

10 result, the fine particles were cubic crystals, the
obtained peak agreed with a known diffraction peak of
Ce0,, and the obtained fine particlesg were found to be
particles with high crystallinity consisting of a CeO;
single phase. The X-ray diffraction pattern of the fine

15 particles obtained in Preparation Example 5 is shown in
Fig. 1.

Further, the average primary particle size
(crystallite diameter) was calculated based on the
Scherrer formula from the X-ray diffraction line

20 broadening. Asg is evident from Table 1, the particle
size of the obtained fine particles is very small in each

Preparation Example.



-Prep. 33.3 13.3 BaO 53.3 850 89 Ex. 11
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Prep. 33.3 6.7 SrO + 53.3 850

TABLE 1
Chemical composition Crystalli- Crystallite
(mol%) zation diameter
CeO, | RO B,0, temperature {(nm)
(°C)
Prep. (10.030.0 BaO 60.0 800 70
Ex.1
Prep. 10.0 | 45.0 SrO 45.0 700 16
Ex.2
Prep. [20.0]40.0 Sr0O 40.0 700 14
Ex.3
Prep. [20.0 ]26.7 BaO 53.3 800 73
Ex.4
Prep. {25.0 | 25.0 BaO 50.0 750 42
Ex.5
Prep. [25.0(12.5 SxrO + |50.0 800 72
Ex.6 12.5 BaO
Prep. (25.0 |25.0 Sr©O 50.0 800 62
Ex.7
Prep. |33.3 {22.2 BaO 44 .4 750 41
Ex.8
Prep. }20.0 (16.0 BaO 64.0 800 65
Ex.9
Prep. [25.0|15.0 BaO 60.0 850 85
Ex.10
Prep. (33.3 |13.3 BaO 53.3 850 89
Ex.11
Prep. [33.3|6.7 SrO + 53.3 850 73
Ex.12 6.7 BaO
Prep. (33.3 ]13.3 Sx0O 53.3 850 99
Ex.13
Prep. [40.0)20.0 SrO 40.0 800 55
Ex.14
Prep. (40.0}12.0 Sr©O 48.0 800 48
Ex.15
Prep. (40.0|10.0 SrO + |40.0 800 60
Ex.1l6 10.0 BaO
Prep. |40.0 6.0 Sx0O + 48.0 800 52
Ex.17 6.0 BaO

PREPARATION EXAMPLES 18 to 24
Fine particles were obtained in the same manner as

5 in Preparation Example 1 except that the chemical
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composition of the mixture was changed to the proportion
shown in Table 2 and that the flakes were heated at the
crystallization temperature shown in Table 2 for 8 hours.
The mineral phase of the obtained fine particles was
identified in the same manner as in Preparation Example 1
and as a result, the fine particles were particles with
high crystallinity consisting of a CeO, single phase.
Further, the crystallite diameter of the obtained fine
particles was measured in the same manner as in
Preparation Example 1 and as a result, the crystallite
diameter was very small in each Preparation Example as is
evident from Table 2. Further, an increase of the
crystallite diameter along with the increase of the
crystallization temperature (heat treatment temperature)

was confirmed.

TABLE 2
Chemical Crystallization Crystallite
composition temperature (°C) diameter (nm)

Prep. Same as Prep. 670 15

Ex.18 Ex.5

Prep. Same as Prep. 700 24

Ex.19 Ex.5

Prep. Same as Prep. 720 30

Ex.20 Ex.5

Prep. Same as Prep. 800 58

Ex.21 Ex.5

Prep. Same as Prep. 710 46

Ex.22 Ex.11

Prep. Same as Prep. 770 60

Ex.23 Ex.11

Prep. Same as Prep. 720 46

Ex.24 Ex.13
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PREPARATION EXAMPLE 25 (Inappropriate Example)

The melt obtained by carrying out the mixing and
pulverization operation and the melting operation in the
same manner as in Preparation Example 5, was quenched in
the electronic furnace to room temperature at a rate of
300°C/h, whereupon an opagque solid was formed and no
amorphous material was obtained.

PREPARATION EXAMPLES 26 AND 27 (Inappropriate Examples)

Cerium oxide (CeO,), barium carbonate (BaC0O;) and
boron oxide (B,0;) were weighed in the proportion shown
in Table 3 represented by mol% based on Ce0O,, BaO and
B,0;, respectively, and the mixing and pulverization
operation and the melting operation were carried out in
the same manner as in Preparation Example 5, whereupon an
opaque solid was formed and no amorphous material was
obtained.

PREPARATION EXAMPLES 28 AND 29 (Inappropriate Examples)

Cerium oxide (Ce0,), barium carbonate (BaCO;) and
boron oxide (B;0;) were weighed in the proportion shown
in Table 3 represented by mol% based on Ce0O;, BaO and
B,0;, respectively, and the mixing and pulverization
operation, the melting operation and the gquenching
operation were carried out in the same manner as in
Preparation Example 1, whereupon transparent flakes were
obtained. The crystallization operation and the leaching
operation were carried out in the same manner as in

Preparation Example 1, but substantially no crystalline

15
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CeO, fine particles were obtained.

TABLE 3
Chemical composition (mol%)
CeO;, BaO B20;
Prep. Ex.26 60.0 10.0 30.0
Prep. Ex.27 60.0 20.0 20.0
Prep. Ex.28 3.0 32.3 64 .7
Prep. Ex.29 5.0 10.0 85.0

Now, a slurry will be described below.

To disperse the crystal powder in a liquid medium,
the crystal powder is preferably pulverized and then
dispersed, more preferably the crystal powder is wetly
pulverized using the liquid medium.

Pulverization or dispersion of the crystal powder is
carried out, for example, by using a dry jet mill, a ball
(bead) mill or a planetary mill in which powder particles
collide with one another at high speed, a high pressure
homogenizer in which a plurality of fluids collide with
one another, or an ultrasonic application apparatus.

Further, filtration treatment by a filter or
centrifugal separation may be carried out to remove
agglomerated particles or coarse particles.

With respect to the slurry, the median diameter (Dsgp)
of particles in the slurry is preferably from 10 to 300
nm as measured by dynamic light scattering method. If it
is less than 10 nm, the removal rate may be low, and if
it exceeds 300 nm, the surface precision such as Ra or Wa

may be low. It is more preferably from 20 to 200 nm,

Prep. 40.0 6.0 Sr()



-+ 48.0 800 52 Ex.17 6.0 BaO PREPARATI ON EXAMPLES 18 to 24

Fine particles were obtained in the sanme manner as 5 in Preparation Exanple
1 except that the chemical - 18 - conposition of the m xture was changed to
t he proportion shown in Table 2 and that the fl akes were heated at the
crystallization tenperature shown in Tabl €2 for 8 hours. The nineral phase

of the obtained fine,particle 5 identifi In the sane manner as in
Pr epar ati on E&%ﬁﬁf%uigﬁiﬁ Bgegem%§$Yt? tﬂ%SLiﬁg PArticles were particles
with high crystal L jnity, caonsi.sti.ng of. a.Ge02 single phase. Further, the
crystallite diane éFnOftﬁ e~ 0 Pé?négl ?ﬁgegggﬁﬁgﬁego%gs1§g§§ﬁﬁé&%Fn t he sane

manner as in 59u5¥§p%if5!83 gé%gghgeé‘and as a result, the crystallite

di aneter was Very Sma i’ n"eacC reparation Exanple as is evident from Table
2 Further . an | EhBRaeRtalle ERUakEL LuF ot AL B00g, Vel oxse
ConfirnEds TAE&; e incorporated as the case requires. The pH of the

slurry is preferably from 5 to 12. If it is less than 5,

the particles may agglomerate. It is more preferably at

least 6. If it exceeds 12, there may be a problem about

handling.

10 The various components may, for example, be as

follows.

At least one alcohol selected from the group
consisting of methanol, ethanol, propanol, ethylene
glycol and propylene glycol may be incorporated for the

15 purpose of increasing the polishing properties and
dispersion stability.

A water-soluble organic polymer having carboxylic
acid groups or carboxylate groups may be incorporated for
the purpose of adjusting the surface tension, adjusting

20 the viscosity or improving the dispersion stability.

Such a water-soluble organic polymer may, for
example, be at least one water-soluble organic polymer
selected from the group consisting of a polyacrylic acid,
an ammonium polyacrylate, a sodium polyacrylate, a

25 polymethacrylic acid, an ammonium polymethacrylate, a
sodium polymethacrylate, a polyamide, a polyamic acid

ammonium salt and a polyamic acid sodium salt.



.Chem cal conposition Crystallization tenperature(C) Crystallite dianeter
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The water-solubility may be of any degree so long as
the polymer is completely dissolved in the abrasive
liquid as visually observed at a concentration at which
the liquid is used as an abrasive. Usually, water-

5 solubility means that at least 5 mass% of the polymer is
dissolved in pure water, preferably at least 30 mass%.

A water-soluble organic polymer having vinyl groups
may be incorporated for the purpose of adjusting the
surface tension or adjusting the viscosity.

10 Such a water-soluble organic polymer may, for
example, be a polyvinyl alcohol or a polyvinyl
pyrrolidone.

A water-soluble organic polymer having amino groups,
amine salt groups or quaternary ammonium salt groups

15 (hereafter such a water-soluble organic polymer will be
referred to as polymer A) may be incorporated for the
purpose of imparting selectivity in difference in level
at the time of polishing. It is considered that
protrusions of the irregularities tend to be selectively

20 abraded to lower Ra, since each polymer A has amino
groups or amine salt groups which are likely to adhere to
silicate glass.

In a case where at least one polymer A is
incorporated, its content in the slurry is preferably

25 from 0.001 to 10 mass% in total. If it is less than

0.001 mass%, Ra may not sufficiently be small. It is

more preferably at least 0.1 mass%, particularly
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preferably at least 0.5 mass%. If it exceeds 10 mass%,
the removal rate may remarkably decrease. It is more
preferably at most 5 mass%.

The water-soluble organic polymer having amino

5 groups (hereinafter referred to as a water-soluble
polyamine) may be any polymer so long as it is a water-
soluble compound having at least two amino groups in one
molecule. Typically, it is at least one water-soluble
polymer selected from the group consisting of a polyamide

10 amine, a polyetheramine and an aliphatic polyamine, or at
least one water-soluble polymer selected from the group
consisting of a water-soluble polyether polyamine, a
water-soluble polyalkylene polyamine, a
polyethyleneimine, a water-soluble polyvinylamine, a

15 water-soluble polyallylamine, a water-soluble polylysine
and a water-soluble chitosan. A particularly preferred
water-soluble polyamine is a water-soluble polyether
polyamine or a water-soluble polyalkylene polyamine.

The molecular weight of the water-soluble polyamine

20 1s not particularly limited so long as the polyamine is
water-soluble, but it is preferably from 100 to 100,000,
more preferably from 100 to 2,000, by the weight average
molecular weight. If the weight average molecular weight
is less than 100, the effect of the water-soluble

25 polyamine tends to be small. If it exceeds 100,000, even
though the polyamine is water-soluble, it may adversely

affect physical properties of the abrasive such as
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(I'nappropriate Exanple) The nelt obtained by carrying out the m Xxing and
pul verization operation and the nelting operation in the same manner as in
Preparati on Exanple 5, was quenched in 5 the electronic furnace to room
tenperature at a rate of 300C/ h, whereuporgéan opaque solid was fornmed and no
anor phous material. was obtai ned. PREPARATI ON EXAMPLES 26 AND 27
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atoms. The amino group is preferably a primary amino

10 group (-NH;). The polyether polyamine may have a
secondary amino group (-NH-) or a tertiary amino group as
amino groups, but the polyether polyamine in the present
invention is preferably a compound having at least two
primary amino groups and having substantially no other

15 amino groups, particularly preferably a polyether diamine
having two primary amino groups alone. The polyether
polyamine is preferably a compound having such a
structure that a hydrogen atom of a hydroxyl group in a
polyhydric alcohol or a polyether polyol substituted by

20 an aminoalkyl group. The polyhydric alcohol is
preferably a dihydric to hexahydric alcohol, particularly
preferably a dihydric alcohol, and the polyether polyol
is preferably a dihydric to hexahydric polyoxyalkylene
polyol, particularly preferably a polyoxyalkylene diol.

25 The aminoalkyl group is preferably a C,.¢ aminoalkyl group
such as a 2-aminoethyl group, a 2-aminopropyl group, a 2-

amino-1l-methylethyl group, a 3-aminopropyl group, a 2-



- 20 - Ce02 fine particles were obtained. TABLE 3 Chem cal
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20.0 20.0 Prep. Ex.28 3.0 32.3 64.7 Prep. Ex.29 5.0 10.0 85.0

- 25 -

amino-1, l-dimethylethyl group or a 4-aminobutyl group.
The polyhydric alcohol is preferably a C,.s dihydric

alcohol which may have an etheric oxygen atom, such as

ethylene glycol, diethylene glycol, propylene glycol or

5 dipropylene glycol. The polyether polyol is preferably a
polyether diol of which the repeating unit is a Cy¢
oxyalkylene group, such as a polyethylene glycol (i.e.
polyoxyethylene diol) such as triethylene glycol or
tetraethylene glycol, a polypropylene glycol (i.e.

10 polyoxypropylene diol) such as tripropylene glycol or
tetrapropylene glycol, or a polyoxyalkylene diol having
at least two types of oxyalkylene groups, such as
poly (oxypropylene/oxyethylene) diol.

The polyalkylene polyamine is a compound having at

15 least three amino groups bonded via an alkylene group.
Preferably, the terminal amino group is a primary amino
group and the amino group in the interior of the molecule
is a secondary amino group. More preferred is a linear
polyalkylene polyamine having a primary amino group at

20 both molecular terminals and having at least one
secondary amino group in the interior of the molecule.

At least three bonding moieties consisting of an alkylene
group, sandwiched between an amino group and another
amino group, exist in one molecule, and such a plurality

25 of bonding moieties between amino groups may be the same
or different. Preferably, all these moieties are the

same, or two bonding moieties between amino groups bonded



Now, a slurry will be described below To disperse the crystal powder in a
liquid medium the crystal powder is preferably pulverized and then

di spersed, nore preferably the crystal powder is wetly pulverized using the
i quid nmedium Pulverization or dispersion of the crystal powder is 10
carried out, for exanple, by using a dry-j26 smll, a ball (bead) mll or a
planetary mll in which powder particles collide with one another at high
speed, a hi ghtpr é5suipa INemg@miiner Jueubhidth botH Greamify lef ameyitde &g de
wi th one another, or an ultrasonic application apparatus. 15Further,
filtration tré&Cméke BFher bopding Moty PeGHeese FAAG GYIVRE B carri ed

out to renove a%%lonerated particles or coarse particles. Wth respect
to the slurrydither®Bdi-anCBrahereingBo16FY papt VePBs2PANPhETS EErY i s
preferably from 10 to_300 20 nm as nmeasured_ by dynami c |ight scattering

method. If it Pre&fedadlyhb@siduom 24 (1€ PefevarTy &L&Mray IS WIGHL3MY i f it

exceeds 300 nm the rface preci?{on su%p s Ra or, W4 may be low. It is
more pref e? abPy eEES) G Foeinmhe £woy -O"%z%lnﬁ ANQIEHAE SHRFHER PO Gost
80 nm Then, the liquid (liquid,redium .constituting.the slurry will be
described. Th&8TFET & %%%G§1I éF?rBUPmﬁéFi6H§“%bﬁﬁbﬁ%ﬁ§% 5 may be

i ncorporated as the case requires. . The pHof the slurry. i referably fromb5
to 12. If it i%frlmé?? hZ‘r?SS%tOH‘e p &t i%clC 5%%‘3 J9% ttj".eplotetk}esr nor e
preferably atﬁJe%Ft 6. I.f it e§peeds 12, there may,

B h b | bout
D1 g, 10 TR neO e tes SEEREEN Ahfing SRLEATRE A PfEN

| east one alcohogc%g%%%}%g fromthe group consisting of nethanol, ethanol,

pr opanol , ethfﬁéﬁe eg03\ and propyl ene glycol nmay be incorporated for the

5, Durpose, of [ noreast g Whe. ol aing RLaRANLd s 8k iapREst am Stabl | LY.

A wat er - sol ubl e organi c poly aving carboxylic aci car boxyl at e

groups may bejpcarnarated pfr%rf.e%%lsz”ap%%%g% | ALl Sa{ ;L-g:lxl%l%{éxﬁcee d#£nsi on,

adj usting 20 the“viscosity or inproving th spersi o y Such a
wat er - sol ubl e +@031j;q RA! ]ﬂﬁ¥, fQn .exanple, be at |east one

wat er - sol ubl e ofbanic polénep se gbﬁe fromthe group consisting of a

pol yacrylic acid, gR-agugnhprgp@iyacryl ate, a¢gpdi um pol yacrylate, a 25

pol ymet hacrylic acid, an amoni um pol ynet hacryl ate, a sodium _
pol ymet hacryl gfered nP@® Mamade;, 2 AR MIHL AP , 2R WH sBhigant P dyani ¢

acid sodiumsalt.

15 -NH-, and k is an integer of at least 2 in the case of a
polyether diamine or an integer of at least 1 in the case
of a polyalkylene polyamine, provided that a plurality of
R’s in one molecule may be different.

Particularly, the polyether diamine is preferably a

20 compound having a structure of the following formula (2),
and the polyalkylene polyamine is preferably a compound
having a structure of the following formula (3):

H,N-R*-0- (R*-0-) n-R*-NH, (2)
H,N-R*-NH- (R*-NH-) ,-R*-NH, (3)
25 wherein R' is an ethylene group or a propylene group, R?
4

is a C,.¢ alkylene group, R’ is a C,.¢ alkylene group, R

is a C,.g alkylene group, m is an integer of at least 1,



~ 22 - The water-solubility nmay be of any degree so | ong as the pol yner
is conpletely dissolved in the abrasive liquid as visually observed at a
concentration at which the liquid is used as an abrasive. Usually, water- s
solubility means that at |east 5 mass% of the polyner is dissolved in pure
water, preferably at |east 30 mass% A waté7-5ol ubl e organic pol yner having

vi nyl groups may, be .i ncorpaorated f t.h ur.pase of adjusti.ng the surface
tensi on or adj innglﬁ e v-‘inst_ce(?selli f.%iaotsﬁkceﬁasato%at éar’{‘?svollc{]ao‘fet]’b%g_ i@néol yner
may, for example, feya pALYYLAK 3l GoBeL 8h.a BOLy¥hnlapyrrold done., A
wat er - sol ubl e "or gani € "pol'yner havi ng~am no groups, ani né salt ‘groups or

quat ernary amws‘%meurglszait %rroe%s 15 (hereafter such a water-sol uble organic
polymer will be referredE 0 as polymer A) may be incorporated for the

pur pose of inparti Yol & VAR G VARY i €14 e h I of
polishing. It is c ns?l?elr edi]tsh’attllb%]oéiéltgﬁlﬁ%oéﬁt}#eﬁ%rér)fegéukf%r??%Aé]g??end to
be sel ectivel y 20 a t nﬂ?’fe{ i ﬁg&ﬂ. ﬂ?ﬁj 1.n0 groups
or am ne sglt (gzr%od‘%?'mhl C eg{rale I 'e:%;e ta?) ﬂé&gﬁler to&g]ﬁ%tdgig aség.m n a case
where at | eas S YRS | S r por i t j lugry is
preferably 25tcfrong1.cH0_Ol troéﬁlﬂo%rraggl% iﬁn ?%%a_ ?b}igfllélﬁgig%légg %ﬂgn‘%o.&%m
mass% Ra may fjot) s 1101 edd i 38 i} lend tad sy e P& AMY Wetepst 0.1

. oi e
mass% particularly - 23 - preferabl'y at least 0.5 nass% If it exceeds 10

nmass% the remdvahdr &t eabBYefRPBEKADEYoUSST 838Em LL 46 TRLSPigfepably at
nost 5 mass% The wat er-sol ubl'e organi c pol yner having am no 5 groups

(hereinafter rgeferred dipas - Wil Ub 23 Rak MM Ne)c o8 atYe ROI Y MBI SO
long as it is a water-sol uble conmpound having at |east two am no groups in

one nol ecube. rRFypikCahl ¥thillehe atrolipask?one a\/a_tﬂiméﬂhylbéﬁepﬁﬂéﬁp_raﬁ@ fct ed
fromthe group consisting of a polyam de 10 am ne, a pol yetheram ne and an
al i phatic pol yimrize, gpeatflieasiyoneheabenyadkylleeeppoirmmisel et ethe romthe
group consisting of a water-sol uble polyether polyam ne, a water-sol uble
pol yal kyl ene farailiane(3)amay, for example, be tetraethylenepentamine
(a compound wherein R® and R* are ethylene groups and n
is 2), pentaethylenehexamine (a compound wherein R® and
15 R* are ethylene groups and n is 3), heptaethyleneoctamine
(a compound wherein R® and R* are ethylene groups and n
is 5), N,N’'-bis(3-aminopropyl)-ethylenediamine (a
compound wherein R® is an ethylene group, R® is a
trimethylene group and n is 1), or N,N’-bis(2-
20 aminoethyl)-1,4-butanediamine (a compound wherein R’ is &
tetramethylene group, R* is an ethylene group and n is
1).
The water-soluble organic polymer having amine salt
groups may, for example, be a coconut amine, a hardened
25 beef tallow amine, a rosin amine or an ethylene oxide-

addition type higher alkyl amine.

The water-soluble organic polymer having quaternary



pol yet hyl enei m ne, a water-sol uble polyvinylamne, a 15 water-soluble
pol yal l yl am ne, a water-sol uble polylysine and a water-soluble chitosan. A
particularly preferred water-sol uble polyam ne is a water-sol uble pol yet her
pol yam ne or a water-sol ubl e pol yal kyl ene pol yam ne. The nol ecul ar wei ght of
the water-sol uble polyamne 20 is not part2gutarly limted so |long as the
pol yam ne is water-soluble, but it is preferably _ from 100 to 100, 000, nore
preferably fr@RNEHA U S2LE0TT P St ReYneLGht C¥PEPIGe S ScBCIY™RE ght. | f the
wei ght average nol ecul ar weight is less than 10Q, the effect of the
mater-solubIewégrﬁépyéﬁﬁnguﬁgﬁ&§aF8 BENORAMT SPE Y FrORPSedE €166 000, even
t hough t he pol ane is water-sqluble, it may adversely affect physical
properties ofe¥ﬁ¥ §PFaSFHECs G LALON tYRS. FRGEdnayFY P%mFﬁBlﬁhF Qe age
nmol ecul ar meight.exc eds 2,000 solubilh%y in pure water decreases in nany

I

cases. A partPcOiaHRy Sprardr ABTRAHEY S8difubl e pol yamine is a water-sol ubl e
pol yet her pol yam or_.a water-sol ybl e _s palyalkyle pal yam ne havi a
wei ght ave$age moF&EuITS FHERHRS o ragr?]uf%(}r{go ,60(?8& ‘ﬁ%e%fﬁa:e BT et her
pol yam ne is a_.conmpound having at |east two am no grQups a t | east. two
etheric oxygeR“dPSHST fﬁge§§Fﬁo%§th%%FsgﬁF@PéF&Fnggl%ﬁ ﬁgfﬁﬁ%ﬁﬁﬁﬁ9Pﬁf gr oup
(-NH2). The pql.yet her, pal yam.ne have a_secondary _anm nq. .gy ou -NH-) or a
tertiary am n%cégduscggl%ia?&%grﬁég,l%g&tc taﬁel%polm?elt er 60 l%msﬁlé:(cilr? c‘)ne
present inventi [ rahl n Vi . ty t ri.nary amno
groups and haéfgg’s%%gﬁg%ﬁfagﬁédgogggﬁgg %gqgﬁiﬁ%lgﬁguggﬁiha&&d%ﬁégﬁy
preferably a galyet bk dhan B shaviclg o il RTasAgHRs al one. The
pol yet her polyamne“is preferably a conpoun& aving 'such a strdcture that a
hydr ogen af om,of-; &4 Rwdr exyl, 19k i nd pal_yhvdiuSalgehkol Lar, lyet her
pol yol subst??%fédlby'zo anlaﬁgﬁgalky]'group. T éﬁpolyhjdﬁ?%mgﬁcohoV is
preferably a dihuduliaet 0 hexahvdid aalacohalst iRaMH, CYididre ArRf enably a
di hydric al cohol, and the polyether polyol is preferably a dihydric to
hexahydri ¢ polgexyalkpeeae i@l yol-biRant hedrand thral armabla. 2a pol yoxyal kyl ene
diol. 25 The am noal kyl group is preferably a C24 am noal kyl group such as a
2-am noet hyl ghQdRoxgmétRRALNCAr, PYropaderdlicd ,2urdl RR-ld, mefiiet ydigroup, a
3-am nopropyl group, a 2- - 25 - amno-1,1-dinmethylethyl group or a
4-am nobutyl @gf@epchloricleipgl pYaydhlerdlcahald, Sxiaferafildy andC2- 8
di hydric al cohol which nmay have an etheric oxygen atom such as ethyl ene
gl ycol , diet hgmeneigl yel bepriopdreaaagledcol or 5 di propyl ene glycol. The
pol yet her polyol is preferably a polyether diol of which the repeating unit
is a C2-6 oxyal kylFene tdreougames ynirmsses polsedithydferset glaecal qne epH
pol yoxyet hyl ene diol) such as triethylene glycol or tetraethylene glycol, a
pol ypr opyl ene aghjpstle r( ised e ct@ dp dryox yriveo gyrlcerpe atina s tsingh s phragplomydene
gl ycol or tetrapropyl ene glycol, or a polyoxyal kyl ene di ol having at | east
two types of exydl kyplcetd cgraups, paeeh cas PalaiCox yprlomilce refisky etund igria)
di ol . The pol yal kyl ene pol yam ne is a conpound havi ng at

acid, glutaric acid, adipic acid, maleic acid, fumaric

20 acid, phthalic acid, citric acid, ethylenediamine,
pyridine, 2-aminopyridine, 3-aminopyridine, xanthosine,
toluidine, picolinic acid, histidine, piperazine, N-
methylpiperazine, 2-bis(2-hydroxyethyl)amino-2-
(hydroxymethyl) -1, 3-propanediol, uric acid, nitric acid,

25 hydrochloric acid, perchloric acid, oxalic acid and
ammonia may be incorporated.

For the same purpose, an alkali metal hydroxide may



15 | east three ami no groups bonded via an al kyl ene group. Preferably, the
termnal amno group is a primary am no group and the amno group in the
interior of the nolecule is a secondary am no group. Morre preferred is a

| i near pol yal kyl ene pol yam ne having a primary amno group at 20 both

nmol ecul ar termnals and having at |east ong9secondary am no group in the
interior of the nolecule. At _|east three bonding noieties consisting of an
al kyl ene groupe dATRHRIFEF et ween an ani no group and anot her ani no group,
exi st in one nolecule, and such a plu Ii,tg/ 25 of bonding noi eties between
amino groups may HEEHESafe G Rif %‘é‘{%ﬁl Pragdtamtly thi 11 s hoi et es

are the sane, .or two bonding noieties between am no, groups bonded - 26 - to
the primary. amERs gt P BT e RIS, FY e e SR R (e H5ondi ng
oL Dol e A A o L i Db R S e veen, 2o
each of the two bondi.ng noiet.i es.between am roups bonded to the primar
ani no group at" WA é’aﬁ"mﬂnswﬁ“agly S5 (?r‘gioct%rtﬁ@r%rﬁpé’ T e o!toher Y
bondi ng noi ety bdet veen am nQ gr.oups %a}:sétf (rgom 2 to 6 carbon atons. ioEach of
the pol yet her g MEald% /€ poTEHQA%ETE pol yanine is preferably a
conpound having a ructure of the followng farmula (1):

H2N- (R- X- ) k- R-NH2('1 t eer|Fj’ei€’lnS R ivslsaJCtJZItly?) A uysi ene gar eur%)t,’ X is an oxygen

atomor 15 -N i jnte f I 2 e of a
pol yet her dia dr}épeoleQajr?n%n ed)(g;&lo%%; %lé%értoP fsetrll'let #&rg’cctégge rro%f%ﬁg)epol yal kyl ene

pol yanmi ne, prq\ﬂc%%c;lll&teda plrﬂealﬂg&ﬁggf 8&%%@ i8¢0 seulng;yigﬁx

th
different. Particularly, the polyet iamne Is preferably~a 2%%con€ound

having a sfrugdire@fitdie AW g ey A fdopArd d gﬁmlyaﬂgyl ene

pol yam ne 1s preferably a compound having a“structure the foll ow ng

fornula (3): fer@bly Gt rdddk 10000, R red draks1dZ2Ne RbstNEod R3ii NH -
) HA -NH2(3) 25 wherein R4 is an ethylene group or a propylene group, R2 is

a C2_6 al kyl erg & 3P waed-sA A 18 3} kyl ene group, R4 is a 02-6 al kyl ene

group, mis an integer of at least 1, - 27 - and n is an integer of at
least 1, provided A hatuhty bgZd@jorbandtieod afEl Oiodli dd£febed apei &3. and R4
may be the sane or different. Specifically, the polyether diam ne of

the formul a (2prepardtdorexalerye a pol yoxypropyl ene di amne (a conpound
wherein RI and R2 are propylene groups and mis at |east 1), polyoxyethyl ene
di am ne (asconpourkboMeraefi rthe CeO, fine particles (CeO; crystal
powder) obtained in the above Preparation Example 19 was
added to about 800 mL of distilled water, and 0.1 mol/L
nitric acid was gradually added thereto with stirring to
adjust a pH 4.0, and distilled water was further added so
20 that the total volume was 1 L, to prepare a slurry liquid
A containing 10 mass% of Ce0O,. Further, 100 g of the CeO;
fine particles obtained in the above Preparation Example
24 was added to about 800 mL of distilled water, and 0.1
mol/L nitric acid was gradually added thereto with
25 stirring to adjust a pH 4.0, and distilled water was

further added thereto so that the total volume was 1 L,

to prepare a slurry liquid B containing 10 mass% of CeO,.



R and R2 are ethylene groups and mis at |east 1), or
4,7,10-trioxa-tridecane-1, 13-diam ne (a conpound wherein 10 Rl is an
ethylene group, R2 is a trinethylene group and mis 2). Specifically, the
pol yal kyl ene pol yam ne of the formula (3) nay, for exanple, be
tetraet hyl enepentam ne (a conpound wheret n3®&3-and R4 are ethyl ene groups and
nis 2), pentaethylenehexan ne (a conmpound wherein R3 and 15 R4 are ethyl ene
groups and n is 3R %M&W%@&ﬁ%ﬂ%@ (Ga HARSFHOIMRIE th Y& and R4 are
et hyl ene groups and n is é N, W bi s( 3-,am nopropyl) - et hyl enedi am_ne (

conpound wher 89R°R3 tPs tAR tlﬂﬂlénéog}ﬂl&&ﬁ’n mqrs%aﬁ.%wswéh aﬁ’rl@u;ﬁ"and n
is 1), or N, N_-bis(2- 20 anlnoeigy k anedi am ne ( 1ﬁ_orrpound wher ei n
R3is a tetraﬁ@@ﬁ?ﬁ@ﬁe dr §G5, PR e§1§ﬁtépﬁy Iné d@5u§e5n6‘ lirs apd The
wat er - sol ubl e or ani ¢ poly haV|n am ne, sal t rou Y, for exa | e, be
a coconut am RE3LE ehRﬁJ@ﬁgg%f5wF§€f E0VED Mlﬂ? 4£§§21

et hyl ene oxi de-addition t e hi gher am.ne. _The ter- squbI anlc
polzner ha%lnﬁoqﬁﬁﬁgﬁﬁgrf{ rr§§% Enﬁﬁﬁ%ﬁﬁﬁgépp FFEUp Sy’ © 16t %ﬁxanﬁ

a pol yner where nar m,sali grou re.ap, et ene OXIde
addi tion type a&gfepnag %ﬁﬁbﬁFﬁHF@alte F a gbﬁ ﬁ?ﬁgﬁﬁgyognﬁ5ﬁ|§§1éalt.
For the purpose of ad LS, i_ng th%th at | east ony %g er el ected from

t he group con ?Flﬁ& ﬁ536ﬁ0r|c géﬁﬁFyéégtﬂ SnP aci d,
Loni id,
roon S el LS 9H e i 23 R

2-am nopyr 1 0l B Aiamia LAY die d§§§&?8§h§eﬁ9 AhuldingayBhoghl ni ¢ actd

hi stidine, piperazine, Nvethylplperazine - hydr oxye am no- 2-

(hydr oxymeg hy:pg'l%ra% %F&%”edbekahéy Ctﬁg'dlaﬂéké%gof%ﬂe pugraehlgric acld,

perchloric ac oxa ic acid and as’ anmoni a may i ncor porate

the same purPaiepedsdl b0kl dikatl ane. p'ﬂsé%élétrﬁéaé@fé&tﬁg r%é@e ar oup

consi sting of phosp oric aci acetic acid, propionic acid, nalonic acid,

succini ¢ aci dgcgkWlaling 364 ad @1%@%1‘1%1:%&'1%@%&@1“ WIR i 20 acid,
phthalic acid, citric acid, ethylenedianne, pyridine, 2-am nopyridine,

3-am nopyri di paguiant Iaoglo%@ diQIpdirdiikg, wilCHptHliqCid dHSt igH ne,

pi per azi ne, Nnethylplpera2|ne - bi s(2- hydr oxyet hyl ) am no- 2-

(hydr oxynet hy pyebaZapropamx@in@le sUnioc taCizd, a tild @vaGicht Fa-dwydraacid ari c
acid, perchloric acid, oxalic acid and ammoni a may be incorporated. For the

sanme purpose, Tapr& kal i netal hydroxide nay - 29 - be incorporated.
Furt her, as jgJFIl buff ering :\_nnni or—the like a2t |l east one nll:\f ernaryv
amoni um hyd; oxi de |SEHUcEed CFPem t HP GTRAFFMhEPEL i ng of [tFBHIEY k9$0amlroni um
hydr oxi de, " 5t et r agt hyIrarfmprmamsity draserfe and étiaas?-épgm &thoni umAPYr oxi de
may be i ncorporat ed. (mass%) agent

Prep. |A 1.0 0.1 Nitric 4.0 120

Ex.30 acid

Prep. | A 1.0 - Nitric 4.0 160

Ex.31 acid

Prep. |A 1.0 0.1 Ammonia 8.5 120

Ex.32 water

Prep. (A 3.0 0.1 Nitric 4.0 150

Ex.33 acid

Prep. | B 1.0 0.1 Nitric 4.0 140

Ex.34 acid

Further, 450 g of the CeO, fine particles obtained in
Preparation Example 19 was added to about 2 L of

distilled water, then 4.5 g of ammonium polyacrylate as a



Further, as a viscosity-adjusting agent, polyethylene glycol or

pol ypropyl ene glycol may be incorporated. The wei ght average nvol ecul ar

wei ght of the io polyethylene glycol or the pol ypropyl ene glycol is
preferably at nost 1,000, nore preferably at nost 600, in view of

wat er-solubility. A slurry preparation3fethod will be described bel ow.

(Preparation of. slurr, i.s10 of t 2 fine rticle CeQ2. crystal
bowdbr) obt i REFEET G BER HASp At bl et e T I R et L Bl 800

mL of distill ter,. an . I iLtrigc I a |y, ded thereto
wWith stirri ng%?lc?\{)g ] t?sﬁs%fdrﬁaok g},%ls/ak)&%&lasllﬁq I%gddamr/hmﬁgr&m@%%lm t%rg? added so
20 that the t | ol . t | | 1 gyl jning 10
mass% of CeOZ%_tO%G: thé) %rﬁf\é%segslg#e Iﬁg:%reog%ﬁ ?)r};ei fglalﬁl{%ﬁ ledsrgtflﬂr}f a?n%%néle#t he
and 0. 1 mor/ L et PG R BRI, AR e B 3 R T g to
adj ust a pH 440,870 dirstjilded, walerg was,ddyd h d t t that the
total vol urEr|e was. 1%, to ﬁr ggar\é%a sq urrytélil%r quﬁf% gg%ﬁa?ﬁ?ﬁg%%%%nass % of
Ce02. - 30 - conterR )P ARG Ystddg agent and a dispersing agent were added to
the liquid solution or B as shown in Table 4, followed by wet

pul verization by & died1ym 141 LRI SE: AR 11163 eSpyergs renpvesl by

centri fugal separaf%%%:S«tgnhreagégﬂslurries in Preparation Exanples 30 to

34. In Tabl e 4uerd dritpaQdMmeorfeeldlihg e vearkapyferdd@iGadidd i ne

particles in the slurry is indicated. The pH adjusting agent was 0.1 nol/L
nitric acid or(T@a2idtind: POWARtheraintiine ) Therdi fahsidd) Rgesmashammpi um 10
pol yacrylate. Further, the dianmeter of the particles dispersed in the slurry
i.e. D50 was reasligrt kyverddfsefolsealllas il tdfClm ¢ zerafiysidnduti on neter
and as a result, a good dispersion was obtained in each of Preparation
Exanpl es 30 t @l34ds iexsnicdentglfycad Eald e polkettABldnat glStasT yhaving d Ce02
(mass% Di spersing agent (mass% pH adjusting agent Slurry pH D50 (nm) Prep.
Ex. 30 a weight average molecular weight of 300 in the

proportion represented by mass% in columns of PEA, PG, EG
and PEG in Table 5.

15 TABLE 5

Slurry PEA PG EG PEG
liquid

D1 10 0 0 0
D2 10 40 0 0
D3 10 0 40 0
D4 10 0 0 20
D5 10 0 0 40

The slurry liquid C was mixed with each of the
slurry liquids D1, D2, D3, D4 and D5 in a ratio of 50:50
to prepare slurries in Preparation Examples 35, 36, 37,
20 38 and 39, having a solid content of 3 mass%. D50 of the
slurries in Preparation Examples 35, 36, 37, 38 and 39
was measured by a laser scattering particle size

distribution meter and as a result, it was 110 nm, 115



N
0

10

15

20

25

t
0

ric acid 4.0 120 Prep. Ex.31 A 1.0 N tric acid 4.0 160 Prep.

.1 Ammonia water 8.5 120 Prep. Ex.33 A

- 32 -
nm, 120 nm, 118 nm and 122 nm, respectively.

As a polishing pad used when the principal plane of
a circular glass plate is polished by using a slurry
obtained in such a manner, a polishing pad made of a
polyurethane foam having a Shore D hardness of from 45 to
75, a compressibility of from 0.1 to 10% and a density of
from 0.5 to 1.5 g/cm3, a polyurethane foam having a Shore
A hardness of from 30 to 99, a compressibility of from
0.5 to 10% and a density of from 0.2 to 0.9 g/cm?®, or a
polyurethane foam having a Shore A hardness of from 5 to
65, a compressibility of from 0.1 to 60% and a density of
from 0.05 to 0.4 g/cm®, may, for example, be mentioned.

The Shore D hardness and the Shore A hardness are
respectively measured by a method of measuring the
durometer A hardness and D hardness of a plastic as
separated in JIS K7215.

Further, the compressibility (unit: %) is measured
as follows. Namely, a polishing pad was cut into an
appropriate size to prepare a sample. The thickness t,
of the sample when a load of a stress of 10 kPa is
applied to the sample in a non-load state for 30 seconds
is measured by a Schopper type thickness measuring
apparatus. Then, the thickness t; of the sample when a
load of a stress of 110 kPa is immediately applied to the
sample in a state where the thickness is ty, for 5
minutes, is measured. From these values t, and t,,

(tg-t1) x100/ty is calculated and regarded as the



3.0 0.1 Nitric acid 4.0 150 Prep. Ex.34 B 1.0 0.1 Nitric acid 4.0 140
Further, 450 g of the Ce02 fine particles obtained in Preparation Exanple 19
was added to about 2 L of distilled water, then 4.5 g of amoni um

pol yacrylate as a - 31 - dispersing agent was added thereto, followed by
stirring, then a dispersion was prepared-b§3an ultimzer, and coarse

particles were reanedFaé.filtration by a filter. Then, distilled water was

added to prep&PEPEeESIPY %Yquid C having a solid content (Ce02 fine

particles content)_of 6. -nmass% Separ at.el lurry Jigui.ds D1 D3, D4
R D6 wer o pr epariih, BRI HIoh ESSIR B e ne 1 i A L Sh e

pol yet heram ne) .manuf act yred ASFE, j 0.a i ght rage nol ecul ar
wei ght of 230Pk65%6€P§n€ﬂ8§§bg%,%3Pﬁfﬁgﬁ§lggﬁﬁbP'éﬁgoggﬁb%¥%rhy|ene gl yco

o0 2 e B USRI Sl B SR R AT o | o
5 Slurry 'éq“5%1€§ﬁ1%8 the principal plane of a glass substrate with

high precision without using colloidal silica, but the

method may comprise a step of polishing the principal

plane using a colloidal silica.

The magnetic disk of the present invention is

10 characterized by using, as the substrate, a glass
substrate produced by the production method of the
present invention, and it is produced by a known method,
for example, by laminating a plurality of layers
including a magnetic layer to be a recording layer on the

15 glass substrate.

Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.

20 EXAMPLE 1

A CeO, crystal powder (crystallite diameter: 25 nm)
was prepared in the same manner as in the above
Preparation Example 5 except that the heat treatment
temperature (crystallization temperature) was 700°C and

25 the heat treatment time was 32 hours. The high pressure
dispersion treatment was carried out by using an

ultimizer dispersion treatment apparatus HJP-25005
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manufactured by Sugino Machine Limited, and the
crystallite diameter measurement was carried out by using
an X-ray diffraction apparatus RINT2000 manufactured by
Rigaku Corporation.

220 g of the above CeO, crystal powder, 880 mL of
pure water and 2.2 g of ammonium polyacrylate were put in
a container with a lid and mixed, followed by dispersion
treatment for 72 hours by a ball mill using zirconia
balls having a diameter of 0.5 mm. Then, the mixture was
diluted with pure water to obtain a slurry having a CeO,
crystal powder content of 1 mass%.

With respect to the slurry, Ds; of the particles in
the slurry was measured by a UPA laser diffraction type
particle size distribution measuring apparatus
manufactured by NIKKISO CO., LTD. and was 68 nm.

Using the above slurry, the principal plane of a
circular glass plate was polished as follows.

A silicate glass plate formed by float process was
prepared, which was processed into a doughnut-type
circular glass plate (a circular glass plate having a
circular hole at its center) from which a glass substrate
having an outer diameter of 65 mm, an inner diameter of
20 mm and a thickness of 0.635 mm would be obtained. The
inner and outer peripheral edge surfaces were ground by
diamond abrasive particles, and the upper and lower
surfaces of the glass plate were lapped by alumina

abrasive particles.



‘0 40 The slurry liquid C was m xed with each of the slurry liquids D1,
D2, D3, D4 and D5 in a ratio of 50:50 to prepare slurries in Preparation
Exanpl es 35, 36, 37, 20 38 and 39, having a solid content of 3 mass% D50 of
the slurries in Preparation Exanples 35, 36, 37, 38 and 39 was neasured by a
| aser scattering particle size distributic® meter and as a result, it was
110 nm 115 - 32 . nm _120.n 118 .nm and 122 .n respectively. As a
pol i shing pad useahﬁﬁent%ﬁelﬁg%ﬁcPBglOB?SHePSFIBH%FPguE§96958§§aﬁﬁéte i's
pol i shed by usin | prry.obtai ned in such a.nanner pal i shi.ng pad nmade
of a polyuret%%ﬁg ?%g%?%ﬁ%?nﬁlgh o?eaffﬁﬁrﬁhggg 8? Prgﬁ1%§ ?8d7g, a
conpressibilit% ﬁ% fron19.%%%o D% and a density of from0.5 to 1.5 g/cnB, a
pol yur et hane oA %ﬁv?%% % Shof? ‘A hardness of from30 to 99, a
conpressibility o 5. 0%.an ensi t r . .9 g/ cnB,
or alo polyurethéﬁéé?ggﬁshééﬁﬁé g%ghgygeg ﬁ%%gﬁgggagfggbgngg&ggggg, a
conpressi i li f t0: 60% a ens) r 0 . Q10 g/ cnB,
may, for E&aﬁ% E? %%6§£%$?%he }9969 g#ﬂgs%hQ?%E%Fﬁg?énggé Sggrﬁﬁg gﬁgre A
har dness are S t y d by t . of FNals) e . dur onet er
A hardness an%ﬁtﬁﬁgr%ﬁgéssg?ﬁgeégag?i%?ggﬁs gg%g%é ?ﬁg%?g %%glg%§%ﬂﬁther,
the conpressi BilaLYs{UPLy: adlal SolBaR¥AGIc8RpbGhE O¥E4 h@rﬂ%{?ya BrAghi 381 ng
pad was cut into an appropriate size to prepare a sanple. The thickness to
20 of the Sa@'fo!‘b@ﬂiﬁg'@@@lpf EhStgrsteidy ddBudts wpldedid b henhsanpl e
in a non-load state for 30 seconds i's neasured by a Schopper type thickness
measuring apppémbiisd dhentt be theckagssstéipécthgnsanpl e when a |oad of a
stress of 110 kPa is immediately applied to the 25 sanple in a state where
the thickness i s thenfotppel AHEEBotEBmNBRsHECHalFpoENERESE Al UES to and
tl, (t0-t1)x100/t0 is calculated and regarded as the - 33 -
conpr essi bi l i pylished Bheapdbubbengifeepsuiehatr tbenygi Aecetipal bghdsg t he
principal plane is typically fromO0.5 to 30 kPa. The present invention
provi des a nmeshadrgapadttunf oki@el asraget perptchei pakepl abeuef 1aighass
substrate with high precision without using colloidal silica, but the nethod
may conpri se as siepodbishohgshomgotthé pndnuespay pl anethshagpadcakl ai dal
silica. The nmagnetic disk of the present invention is 10 characterized by
usi ng, as thepslubshiagetoal gl &8s qubstestinpraduoed wys t e pn othuctdtoml net hod
of the present invention, and it is produced by a known nethod, for exanple,
by | am nats ngima pherdiregtodn| afetbei hbionagsabatyaeni theayppetroabd a
recordi ng | ayer on the

lower principal planes.

Further, the upper and lower principal planes were
polished by a double side polisher using, as a polishing
compound, cerium oxide (average particle size: about 0.2

20 um) having an average particle size smaller than that of
the above cerium oxide and using a urethane pad as a
polishing tool. The processing amount was 1.6 um in
total in the direction of the thickness between the upper
and lower principal planes.

25 The principal plane of the circular glass plate thus
prepared was observed by an atomic force microscope

manufacture by Veeco Instruments and as a result, the



15 gl ass substrate. Now, the present invention will be described in
further detail with reference to Exanples. However, it should be understood
that the present invention is by no nmeans restricted to such specific
Exanpl es. 20 EXAMPLE 1 A Ce02 crystal powder (crystallite dianmeter: 25
nm was prepared in the sane manner as in 3the above Preparation Exanple 5
except that the heat treatnent tenperature (crystallization tenperature) was

700C and 25 t ABTHBSE EPEFPRERE RAnY3Rad -434hBBrs. The high pressure

di spersion treatnent was carri.ed_out b i ng.an ultim.zer di.spersion

treat ment appara?&?erﬁﬁﬂﬁi9§l Pyﬁfe-é%a%%@a%?ﬁ?@ﬂaﬁy9%iﬁ%u?%d%ﬂﬂ%ﬁ§
Limted, and thg.chﬁgﬁalLite di a er nea urgnent S %rgied out by using
an X-ray diffP3ctF8i%apfarsat &s "RENT2060PRandfateuPé g% BPgaku Cor porati on.

5220 g of the_aboye Ce02 crys r, mL of pure water and 2.2 g of
annDniun1poIy38P9¥§Fg%ﬁggeB§uFahwgzm§§nfagﬁgr &Ft R Oﬂﬁ&“ﬁﬁ@ R d?néollomed
by dispers'onutggatggnt E85e72 G%%rs ana bghghgkll u%ig éﬁr%%,'%_balls
havi ng a i anBtarJot 0. 8°mn Then, Yt A8 /i XParé " wasd TO & -Mited ‘Wi 5hre

water 1o obtap a-gliEr « 1Ak, 8:C202 ciystal pondgrscontent of 1 massdk

Wth respect the sFurry, the particles inthe slurry was neasured
apparatus 15 GAGrRCEorad By RPRRPSBrGh, MY P arat uBsr 6BTAET &1 etk he
above slurry, gt B@lphin“%haaha%%%e 09f13goﬁinr.gut)13éf?éﬁ§§e8' gh8uMesRel i shed as

fol | ows. A silicate glass plate rme oat process was prepared,
whi ch was progeggegm[nto a doughnut-type 20 circular glass plate (a circular
glass plate having a circular hole at its center) fromwhich a glass
substrat e; havigrampngoyt er di anmeter of 65 mm an inner dianmeter of 20 nm and
a thickness of 0.635 mm woul d be obtained. The inner and outer peripheral
edge surfaces were @gneund RaLpréiaend 33 YA dri8s aAnd, e upper
and | ower surfaces of the glass plate were | apped by al um na abrasive
particles. -aBdve PrepalB@Aont ERampner sandxedper tpati pher @lecgdgeysuriaces
were chanfered with a chanfer width of 0.15 nmm and a chanfer angle of 45
After the innpbwaaé aukeér ipeExphelal 1edge swebaaes thewere,pronessed, mrror
finish processing was carried out on the edge surfaces by brush polishing
usi ng the cerpartaxide.slurry as a polishing conpound and using a brush as a
polishing tool. The processing anmbunt was 30 pm by the renoved anount in the
radi us direction. Futhen,, @wperanigrbglises pliate pdl wiiakeshwerssapddeshed by
a doubl e side polisher using a ceriumoxide slurry (cerium oxide average
particle sizercagboest. Rapwff the principle plane was 0.484 nm was

prepared in the same manner as in Example 1.
The principal plane of the circular glass plate was
polished using a urethane polishing pad NP125
20 manufactured by FILWEL CO., LTD. as a polishing tool and
using the above slurry as a polishing compound, under a
polishing pressure of 12 kPa at a carrier circumferential
speed of 14 m/min. As a result, Ra was 0.164 nm, the
roll-off was 31 nm, and the removed amount was 0.60 pum.
25 The roll-off is the amount of sagging at the edge portion
in a case of obtaining a regression line at a portion on

the principal plane of from 2.5 to 5 mm inside the edge



.as a polishing conmpound and using a urethane pad as a polishing tool. The
processi ng anount was 35 pmin total 15 in the direction of the thickness
bet ween the upper and | ower principal planes. Further, the upper and

| ower principal planes were polished by a doubl e side polisher using, as a
pol i shi ng conpound, cerium oxide (average Jarticle size: about 0.2 20 pm
havi ng an average particle size snmaller than that of _the above cerium oxi de
and using a uPEt RBReIpaTS aSuBShbRF&hi ABt 681 PrYherpPo¥edsi RgSambGAt “Ras 1.6
pmin total in the directjon of the thickness between the upper and | ower
princi pal pl ahe&e P5TherpPitcPpalCpFand BR-the circular glass plate thus
prepared was obserxed by an atom c force m crosco manuf act ur e by Veeco
Instrunents and ast§ PEEGPRL LR¥SNE19B 1SgAPP &Eaggﬁgﬁﬁe§§°§§cﬁé§an$84 nm
The princi pal plﬂne of 1he circEIar gl ass Elat .was polished using a

ur et hane pol i 8hPh3SPati RPBEE Fahf att UFEESby FPL@EL CO., LTD. as a poli shing
tool and 5 using the above slurry as a polishing conpound, under a polishing
pressure of 14.7 kPa at a carrier circunferential speed of 14 mimn. As a
result, Ra was 0.241 nmand WA was 0.135 nu. The renoved anount was 0.48 pm
10 EXAMPLE 2 Theskntiyewdd splepured Ph ThPasgRe Rals&t as in the above
Preparation Exanple 36 except that the CeQ2 crystal powder used in Exanple 1
was used as tPRPEEO2tiPReNBarBPEPes254BFufihes, 0B BPEEI 8P gPASS pP&te of

whi ch the surface roughness Ra of ,the principle glane was 0.484 nm was
prepared in t¥@P3BRECNBARBRL a8PPATEREAPRENT: 2006-2R&5hP AEilFEl OBl ane of the

[ I I | at ' d ' t har, |.i shi d NP125 20
manuf act ured BPEFEGRE 48 . 2D3P, TREIHA559: SRFROLEGOF LaRA - UERAG TEhe above
slurry as_.a p Iia@ing cQ ounda gndeg a Eggishigg g&eﬁsgreno 12 kPa at a

19 §¥%reﬁ9|a? SpBeUMBF 1T A i ATCREPRIFESTH FEIRA™WEY 0. 164 nm the

carrier circu
roll-off was §éf99€n§@d'ﬁhﬁhéggn¥ﬁgi§€PEQE was 0.60 pm 25 The roll-off is
t he amount of  sagging at "t e & gé porfron in a case of obtaining a
regression line at a portion on the principal plane of from2.5 to 5 mm
inside the edge - 37 - of the glass substrate, and is preferably at nost
100 nm nore preferably at nost 50 nm The present invention is
applicable to production of a glass substrate for a nmagnetic disk.



5 The entire disclosures of Japanese Patent Application No. 2006-125475
filed on April 28, 2006 and Japanese Patent Application No. 2006-262513
filed on Septenber 27, 2006 including specifications, clains, io draw ngs
and summaries are incorporated herein by reference in their entireties. -38
- What is clained is: A nmethod for ppﬁpucrng a glass substrate for a
magneti c di sk by polishing a circular glass plate, which conprises polishing
the circular glass plate using a slurry containing a Ce02 crystal powder,
wherein the Ce@ddt &Yshald ispowder is prepared by: (1) obtaining a nelt
containing fromb5 to 50 nol % of Ce02, from 10 to 50 nol % of at |east one
al kaline earth netal oxide selected frontthe group consisting of MgO CaQ

Sr0 and BaO |n t ot ql of B203. eat i said
conposi tion cont ai %r”ﬁegtﬁ(gogftﬁ)ﬁptoghég% %ﬁ'ss %ttbattaée F 8 BAEY %)gkq B?JI'S € (2)
quenchi ng cirbidargthss plate, o chi donepiisespoil iphiAglthevirtelart @hss plade usiiph et ng t he

anor phous material to heat treatpent at from650 to 850 C. to obtain a Ce02
cryst al sSpraBingiaeQser e PpReUsWhaeBthafcOxtysitlprWeaniseeamrirg Whe Ce02

crystal s-pr e&lg' tagggn ﬁ&?&%te?ﬁh%‘ﬁ‘oﬁt' %2586}1%1%%?@%?‘?% ﬁ@tosﬁ)oar ate and

extract the 2 crystal® powder crystal s=precipitated
amor phous nat eri al molierfet lradtlvec atialirerearth amvet exidofeltdied framtthegespi n t he

slurry is from10 to 300 nm.a sur.ed dyn ht, scattering nethod.
2. The method for %WBHU@?WSM g€q§§¥§ Q?%ﬁt gtaglhg ﬁ@ﬁ??g Kpaccording
to claim1, whereigsfBD,tBEhddBh# said BSnpRItioR cBhtainfiy CAMY B AlteRperbifeh
represented by mol %to the sumof the content of the alkallne earth net al

oxi de(s) and the coemda0 & 18908 ;r epr esent ed by ml %is from5:95 to 50: 50.
3. The met hod | magneti c di sk according
T o0 SSAEHEL T 0 AR I B

to claim1, e content of the al kaline
earth nmetal og)de subjecdsgethcathophotr®mataialinohbe teasenoht feorh $SORe oxi de or the
total content of the alkaline earth metal oxjdes represented by nol %in the
case of at |east t @t%%@a'“taéjet%én@t%ﬁ@ﬁf‘p%te APPRYY esented by nol % is
from 20: 80 to 80: 2Qaterial; %Y - 4. The nethod for producing a gl ass
substrate for a magneti ¢ di sk according to claim|, wherein the anorphous
material is f(dky sbjeciibg haseO; Crystals ;Bemﬁ‘lmedmmdrphblfsomatmabmjaﬁidtg a gl ass

substrate for a m di sk the Ce02 crystal
powder has an avergjﬁngi}?f%?g' %?gf %%(tgméﬁomﬁ$rﬁb sured by X-ray
nmet hod. 6. Gh@zaygm@gﬁkqﬁm@ﬂ@qumagsmagha§s substrate for a nmagnetic
di sk accordi ng o i ) )

wherein the median diameter of the particles in the slurry is from 10 to 300 nm as

measured by dynamic light scattering method.

2. The method for producing a glass substrate for a magnetic disk according
to claim 1, wherein in the melt, the ratio of the content of CeO, represented by mol % to
the sum of the content of the alkaline earth metal oxide(s) and the content of B,03

represented by mol % is from 5:95 to 50:50.

3. The method for producing a glass substrate for a magnetic disk according
to claim I, wherein in the melt, the ratio of the content of the alkaline earth metal oxide
represented by mol % in the case of only one oxide or the total content of the alkaline
earth metal oxides represented by mol % in the case of at least two oxides, to the content

of B,Os represented by mol %, is from 20:80 to 80:20.



to claim1, wherein the slurry has a content of the Ce02 crystal powder of

from0.1 to 5% represented by mass percent age. 7. The nethod for
produci ng a gl ass substrate for a magnetic di sk according to claim1,
wherein the slurry contains water. 8. The method for producing a

gl ass substrate for a magnetic disk ad@ording to claim!| , wherein the
slurry has a pH of fromb5 to 12. 9. The nethod for producing a gl ass
substrate for magpeti ¢ disk accarding to,claiml. wherein the slurry
contai ns a wat &r-so %‘h%ﬁ’ém"é“%w Sﬂ?@ﬁrﬁﬁ%ﬁi'ﬂ?ﬁnﬁﬁ%ﬁ'ﬁgawriﬁ ne salt

groups. toclaim 1@&herkethevidgtholiomakFigidy ahgorXilgbgss substrate for a magnetic
di sk according to claim9, wherein the water-sol ubl e organic pol yner having

am no groups is at |east one water-soluble organic polynmer selected fromthe

group consistifg Oletfe rﬁ.ﬁhéfcﬁmr ﬂ@gﬁ%gﬁglaﬂi‘s RRLYAL ﬁ)‘?raa}ﬂag}‘l@ti@ i Q&Ogdilitl%hat Ic

pol yam ne. 1 e net roduci ng a gl ass substrat ra
magnet i ¢ i ddimalc edectimie aOg kayistal fowdeh disednnavelage particle\size offi frahnStoaid al kal i

nmet al hydr oxi de. 12. 'ng nmet hod for producing a glass substrate for a
magnet i c GNPk MEAREFHDNG TEHMEMSPm I, wherein the slurry contains at |east one
quat ernary ammoni um hydroxide - 40 - selected fromthe group consisting of
t et raet hyl anmoni um hydr oxi de and tetrapropyl amoni um hydr oxi de. 13.
The met hod f or6.pr odUhsimghed i aspducing g grass sbteate forpappaseiicdidk stcordiedr di ng to

claiml. wherein_in f i shi i t t he
pol i shi ngtopcﬁagglsldr“! e? efeﬁsnhtgg gﬁrﬁ?‘%hgs ?gglk%ﬁgtgl.% éelﬂﬁ prs{a‘iﬁ(!"g%g’lf?rrréﬁh@bj%%’

pr oduci ngrepregérdsihysmbsipeakataf@r a magnetic di sk according to claim1,
wherein the nelt is obtained by heating a conposition containing Ce02 to a

tenperature from 1200 to 1500 C. while controlling the oxygen parti al
pressure and O%ygenfﬁelrﬂ%%@foﬁproducin%aﬁﬂa§s sub t@ﬁ)trrﬁ(?ﬁavéqgﬁc Pioduotdig @ 9l ass
I sk accordi 1,

substrate for a magnetic g toclaim erein the nelt is
obt ai ned twldhimalt, whgrein thesjpayicontems @arerai ni ng Ce02 to a tenperature from 1300
to 1500 C

8. The method for producing a glass substrate for a magnetic disk according

to claim 1, wherein the slurry has a pH of from 5 to 12.

9. The method for producing a glass substrate for a magnetic disk according
to claim 1, wherein the slurry contains a water-soluble organic polymer having amino

groups or amine salt groups.

10.  The method for producing a glass substrate for a magnetic disk according
to claim 9, wherein the water-soluble organic polymer having amino groups is at least
one water-soluble organic polymer selected from the group consisting of a polyamide

amine, a polyetheramine and an aliphatic polyamine.

11.  The method for producing a glass substrate for a magnetic disk according

to claim 1, wherein the slurry contains an alkali metal hydroxide.

12, The method for producing a glass substrate for a magnetic disk according

to claim |, wherein the slurry contains at least one quaternary ammonium hydroxide



-40 -

selected from the group consisting of tetraethylammonium hydroxide and

tetrapropylammonium hydroxide.

13.  The method for producing a glass substrate for a magnetic disk according
to claim 1, wherein in the step of polishing the circular glass plate, the polishing pressure

is from 0.5 to 30 kPa.

14. The method for producing a glass substrate for a magnetic disk according
to claim 1, wherein the melt is obtained by heating a composition containing CeO; to a
temperature from 1200 to 1500° C. while controlling the oxygen partial pressure and

oxygen flow rate.

15.  The method for producing a glass substrate for a magnetic disk according
to claim 1, wherein the melt is obtained by heating a composition containing CeO; to a

temperature from 1300 to 1500° C.





