- 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 magnetic disk, and a nagnetic di sk. Demand
for high recording density of magnetic disks to be nmounted on information
processi ng devices such as hard disk drives is increasing in recent years,
and under 10 these circunstances, glass substrates are now w dely used

i nstead of conventional alum num substrates. However, demand for high
recording density is increasingly high, and to nmeet such a denand, various
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 neans
of colloidal silica abrasive particles formed by hydrolyzing an organic
silicon conpound. However, there may be a limtation in high precision s
polishing of the principal plane of a glass substrate by neans of coll oi dal
silica. For exanple, colloidal silica is used usually in a neutral state,
but it is usually _1 -

METHOD FOR PRODUCING GLASS SUBSTRATE FOR MAGNETIC DISK,

AND MAGNETIC DISK

The present invention relates to a method of
5 polishing the principal plane of a glass substrate for a
magnetic disk, and a magnetic disk.

Demand for high recording density of magnetic disks
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
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15 The present invention provides a method for

producing a glass substrate for a magnetic di
polishing a circular glass plate, which compr

of polishing the principal plane of the circu

sk by
ises a step
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plate by using a slurry containing a CeO, crystal powder,

20 the Ce0, 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

25

to heat treatment to obtain a CeO, crystals-precipitated
amorphous material, which is subjected to acid treatment
to separate and extract the CeO, crystal powder from the
Ce0, crystals-precipitated amorphous material.

The present invention further provides a magnetic



size and having high purity. They have used a CeQ2 crystal powder obtai ned
by the production nmethod to 10 polish the principal plane of a gl ass
substrate and as a result, found that high precision polishing is possible
even without colloidal silica, and acconplished the present invention.
According to the present invention, the principal 15 plane of a gl ass
substrate can be polished with high preéi%ibn w thout colloidal silica. In

t he acconpanyaFg dé%ﬁgg?eéﬁé % LLLyst a&gs}gg%?argx hgghgcglon pattern of

a CeQ2 crystals ous materi a O Preparation

Exanpl e 5. '(;'Or‘(}éﬁ hOE; rféggEertTgVBBtboPe%kgéggrg 28&' ?99 theﬁeBg' W th

reference t preferr odi nent s gto net ho

produci ng a ghfsssSURSLEALEe! Pbr2aRY ﬁét?cd8§%koﬁr%aﬁc@ﬁe§ nkhbngsebbon 25
(hereinafter Teferred to as the produ tion nethod o esent

invention), anglrs§ BYPshralificifgPhogussd gﬁﬂékkxtebzogegnaagheka% fol I owi ng
steps. Nanely, a circular hole 47 is put at the center of a Circular gl ass

plate, and chagkering, |apping of the principal plane and mirror polishing
of the edge surface are sequentially carried out. Then, such circular glass

plates thus proce@ﬁédp§é§e§t|&ﬂb@ﬁ%@%s haﬂérfBQhﬁpﬁeh%beﬁd%%t%%Hf%Qﬁs are
etched, and the etched inner peripheral edge surfaces are coated wth, for
exa”p|e a popy¥silhazageaCoBPY UMy SOAL GhdWkd¥l having a small particle
size and having high purity. They have used a CeO,
crystal powder obtained by the production method to
10 polish the principal plane of a glass substrate and as a
result, found that high precision polishing is possible
even without colloidal silica, and accomplished the
present invention.
According to the present invention, the principal
15 plane of a glass substrate can be polished with high
precision without colloidal silica.
In the accompanying drawing:
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



liquid by e.g. spraying, followed by firing to forma coating film
*(protective coating filn) on the inner 10 peripheral edge surfaces. Then,
the principal plane of each circular glass plate, on the inner peripheral
edge surface of which a coating filmis fornmed, is polished to be a flat
and snooth surface, thereby to obtain a glass substrate for a magnetic

di sk. is The production nethod of the prés%nf inventionis not limted to

the above. L€ ¢ L Pé&@@:!@fﬁ'%iﬁ@éﬂ@? ?Pgé%ﬁg%éf?et henfnner

Fo
peri pheral e d% urfaces instead o ormation o ective coating film

on the i nerepeniobergl edoeurdpcen: Lhenprhoeipalg!ang 40-Lapping step

may be divided into a appi ng ste preci se | apping step, and a

shape- pr ocessha; S4By SPALOTEddONRLeibe S0 EEq0lut o1 o) el at gl ass

I
pl ate, chanfering and polishing of the edge surface y be provided

between the cO@f se ARG, PrLLiS e ihRRAIY PLARS plat & HECI PR dded are
JP- A- 2006- 82138; or chem cal tenpering step may be provided after the

princi pal spl angnPed ¢ sdl nﬂqééﬁpﬁ»er £5SediQe SNrfhOEs PELEUSEERBAOT aRqYl ass
substrate - 5 having no circular hole at the center, perforation at the

center of theclgd retdined olmssr ph&t BphSralNegessati¥tadbe Rréngblakdpl ane
| apping is carried out usually by using alum na abrasive particles or netal

oxi de 5 abrasjeh paféi Céesmpe) Ui Higl P LDh Pandaybhgoand avyeragenipgrticl e
size of from6 to 8 pm The | apped principal plane is polished usually as

liguid by e.g. spraying, followed by firing to form a
coating film (protective coating film) on the inner

10 peripheral edge surfaces. Then, the principal plane of
each circular glass plate, on the inner peripheral edge
surface of which a coating film is formed, is polished to
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



follows. First, the principal plane is polished by nmeans of a 10 slurry
contai ni ng cerium oxi de having an average particle size of fromO0.9 to 1.8
pm and a urethane polishing pad. The |oss of the plate thickness (renoval
amount) is typically from30 to 40 um Then, the principal plane is polished
by means of a is slurry containing ceriumoxide having an average particle
size of from0.15 to 0.25 pmand a ur et hane polishing pad, so that Ra

(arithneti cal, pag, Er%?é‘{@éﬁa} nd1OMO- dhe L0efe & NI PEo LXEIBE S NG, L hat

the m cro-wavi measured 1n range o nm under a

condi tion of 20,8 mwayel &ngtd ranae: of £450. 2b, 4 py ‘%E‘e?;fi‘éééeg%\ﬁ/%t hree-

di mensi onal surface structure anal yzing mcroscope 0,

manuf actured by Zygo £p; di)p1bhseal 0; e | oss of
the plate thickness (§€ﬁ%$a% a%nun?) ?EP?§%ié%l?€}¥§gﬁ1§ﬁ?39588%¥925 Then,

the principalpplafend SaPehishesbbys PaNsaPfi @l es! M IHe €Nt Sk D4OY the above
Ce2 crystal powder ~ (hereinafter sonetines referred to sinply as a CeQ2 6

crystal p@m%ﬁsﬁérp’@ﬁ@icp@mﬁﬁal@@m§ 1 @hthareih aRohv&Phyg pad for
exanple, so that Ra is at nost 0.25 nm Tor exanple and that WA is at nost

0.20 nmfor exarlEle THEzQVEf afeoRas ttsl € ;ghze (D) of the CeM2 crystal s
powder neasured by X-ray nethod is preferably at nost 100 nm If it exceeds

100 nm Ra or WA TRanDippedspiBihcipal prantchespsBysheamistihlig gBre
preferably at nost 50 nm
follows.
First, the principal plane is polished by means of a
10 slurry containing cerium oxide having an average particle
size of from 0.9 to 1.8 um and a urethane polishing pad.
The loss of the plate thickness (removal amount) is
typically from 30 to 40 um.
Then, the principal plane is polished by means of a
15 slurry containing cerium oxide having an average particle
size of from 0.15 to 0.25 um 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



particularly preferably at nost 30 nm Further, Dis typically at least 5
‘nm nore typically at least 10 nm io Measurenent of D by X-ray nethod is
wel |l known and is carried out by using Scherrer Fornmula fromthe X-ray
diffraction line broadening. Further, D neans the «crystallite dianeter.
Now, a nethod of preparing the CeQ2 crystal powder 15 wll| be described
mainly with reference to preferred enbodi fents. A nelt cont ai ni ng Ce2

h Y aft X . I ;
froms to o heroe broeulEt of ot SEyFLEB Paiisl), MRy 2 BEELATEREERANL T, e
earth netal Q&éﬁfsﬁfﬁ&?%&@ FoPmihe 0E0up, CRASIRLI DG 9f MBS a%s =0 and
BaOin total, and from30 to 75 nol % of B203. Unless the nelt has such a

conposi tion, {48 o¥h@SPSi 4Na| ShACIWAPPEORE I AL Sy OT2btnhSedifEkaMpbieto 25
guench this nelt to nmake it an anorphous material w thout crystallization.

In a case where s@pB glePhgbthpaeBtiibie sE¢2EPEHENLS vaéatEég Erpgriine nelt,
the m xture before 7 being nelted differs fromthe anorphous material after

bei ng nel tsed ﬂ;&ﬂ&@f«‘ rﬁ@é@@ﬁé&iW,XanYtlht@tE@cﬂfp9§!ﬁ>j:@f'eP§BEy geansstheoo
conposition of the anmorphous nmaterial after being nelted. 5 1f the CeQ2

content exceegs. 50 ol theddeddtialo woNtrRNto0fwd hawaldalvdeseart h set al
oxide (RO is less than 10 nol % and the B203 content is |less than 30 nol %
scratches may form. It is more preferably at most 50 nm,
particularly preferably at most 30 nm. Further, D is
typically at least 5 nm, more typically at least 10 nm.
10 Measurement of D by X-ray method is well known and
is carried out by using Scherrer Formula from the X-ray
diffraction line broadening. Further, D means the
crystallite diameter.

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



the nelt is likely to be crystallized even when quenched, that is, it is
“difficult to vitrify the nelt to make it 10 an anorphous material. If the
Ce® content is less than 5 nol% in a case where RO content exceeds 50
nmol % or in a case where the B203 content exceeds 75 nol % CeQ2 crystals
may not sufficiently be precipitated even en the anorphous material is
subjected to heat treatnent to is precipitate the crystals. In order that a

desired CeQ2 K& yi5E ahe PONEEH: EBc BN EroRashlYaRbphoed Rhtbbakithecxield is
hi gher, the nelt "nore preferably contains from20 to 40 nol % of CeQ2, from

10 to 40 nol %einfGhandedir oM dRet 8chPo8PL Yoa! 2283tRE bBmphHetibhahetBe nelt
is nore easily vitrified, the ratio of the content of RO represented by

mol % to the wgeahenthefcBRAP3siepbrsSent €HebimbBbholiB mheelehl hEtepreferably
from20:80 to 50:50, nore preferably from 20:80 to 40:60. 25 In order that
the melt is nbeengagelyeditrified or a desired CeO2 crystal powder is nore
easily obtained, in the nelt, the ratio of the content of CeQ2 represented
by 8 nmol%to thersughef Cebe cantent atcéddsabtfahdbbe, eahéhtot®lal oxi de(s)
and the content of B2O3 represented by nold, is preferably from5:95 to
50: 50, nore peehesabl gf fhenanPRaBdneoedbthSmebaThexidkt (RO) obtailred by
bl ending various materials to obtain a desired conposition, mxing them and
nmelting the ohémi hednolktané. the B,O; content is less than 30 mol%,
the melt is likely to be crystallized even when quenched,
that is, it is difficult to vitrify the melt to make it
10 an amorphous material. If the CeO, content is less than
5 mol%, in a case where RO content exceeds 50 mol% or in
a case where the B,0; content exceeds 75 mol%, CeO,
crystals may not sufficiently be precipitated even when
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



A material containing CeQ2 is preferably ceriumoxide (Ce®, Ce203) or
*cerium carbonate (Ce2(C03)3yH20) . At 10 | east one cerium conpound sel ected
fromthe group consisting of ceriumchloride (CeCl3yH20), cerium nitrate
(Ce(NB) 3yH20), ceriumsul fate (Ce2(SH)3yH20 ceriun(1V) di anmoni um
nitrate (Ce(NH4) 2 (NGB) 6) and cerium flyoride (CeF3) nmay al so be used (in
the above fornmulae, is y represents the hydration nunber, including the case

of y=0). ThenLelPl guteLi 8hmi SfCORSI d6h€Ont OoPeCRE®, Bk 91 888~ 5 PFHT NY
conponent in collaboration with the after- nentioned RO nmaterial and the

B2C8 nat eri al nbya bk idd (s Thendet BE | dbn€Rt abhi B AR phicalenegeant h metal 20
oxide is preferably an alkaline earth netal oxide itself or a carbonate

(RCCB). Furthgsisatidegsérongbay kalbmes: eartd gt @b,clqa?@ugeleﬁéksswd from
the group consisting of a nitrate (R(ING)2), a sulfate (RSO) and a

fluoride (RR2pof2@nsel kalzmecssarth netal nmay be used. In view of 25 the
solid solubility with Ce@2, the alkaline earth netal 1is preferably Ea or

Sr. A naterial conhaimnebg B2O8btsaipedf byablynbonagnvaxtidasdmatBz@3)sor boric
acid (H3B03), or a borate of an alkaline earth netal may al so be used.
Purity of thetoadletaihsafdesihedntanpoeitsonpreieiayl yhanh bhedsined9¥mgnore
preferably at least 99.9% s by the purity excluding the water of hydration.
The particl e sheeclofaihedmiretuaés for the mixture is not particularly
limted so | ong as a honobgeneous nelt
A material containing CeO. is preferably cerium oxide

(Ce0;, Cey03) or cerium carbonate (Ce,(CO3);3:yH,0). At

10 least one cerium compound selected from the group
consisting of cerium chloride (CeCl;:-yH,0), cerium
nitrate (Ce(NO;)3-yH,;0), cerium sulfate (Ce,;(S04);*yH,0),
cerium(IV) diammonium nitrate (Ce(NHy),(NO3)g) and cerium
fluoride (CeF;) may also be used (in the above formulae,

15 y 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 (RCO3;). 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



is obtained. The m xture is obtained by dryly or wetly mxing the 1.0
*materials by neans of a m xing/grinding neans such as a ball mll or a

pl anetary mll. The m xture may be nelted in the air atnosphere but is
preferably nelted while controlling the oxygen partial pressure and the
oxygen flow rate. 15 Melting is carried ougtE typically at 1,200C or above,
preferably from1,300 to 1,500C. Further, the m xture may be stirred during

melting so ag )i gereasech @semﬁgécsg)qf e Bt Aot YH g dased for

melting is preferably nade of 20 alum™na, platinumor platinum containing

rhodi um but JdByh Reetpdenf Adsefsacifey material in some cases. Heating is
carried out preferably by using a resistance heating furnace, a high

frequency inductipirifyrOACEnO ma: L DSIB- B6E & NACRLuRS The resistance
heating furnace is preferably an electric furnace provided with a heating

el ement nmade ppdfidrab TRl idt aof Mk PreddQyly oft MBdes©fosidgcon 10 -
carbi de or nolybdenumsilicide. The high frequency induction furnace is one

provi ded sw tdi; athd nslueidwneeoidd iyl wepaeeofofantdeddidg. the output. s
The plasma-arc furnace is one enploying carbon or the like as an el ectrode,
and utilizing theripd asapr 8ETe generaf ethdymiberehest féfdethe mixture

is not particularly limited so long as a homogeneous melt

is obtained.

The mixture is obtained by dryly or wetly mixing the

10 materials by means of a mixing/grinding means such as a
ball mill or a planetary mill.

The mixture may be melted in the air atmosphere but
is preferably melted while controlling the oxygen partial
pressure and the oxygen flow rate.

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



Further, the m xture may be directly heated by infrared rays or by |aser.
10 Further, the mxture nay be nelted as it is, or the mxture may be

nol ded and then nelted. In the case of using a plasma-arc furnace, it is
possible to nmold the m xture, nelt the nolded m xture, and then quench the
melt. is As a suitable nmethod of quenchi ng the nelt to make it an anorphous
material, a nmethod of dropping the nelt dtieen twin rollers rotating at a
hi gh speed t § mpgﬂ? erial, or a nethod of

conti nuouslyoc%%?@ng@% rﬁ%%}rk%%s anor p o%{s@érriat erial (continuous fibers) 20

fromthe melt by 4ging;gndfpayhehali t9astt 8ohi BhiraReed: s BRY, piei 18Xl e,
be nentioned. The twin tollers and the drumare ones nade of a netal or a

ceram c. Furtiiedn &nfidMQasi OESNPUSHABE Sas e (SAOEENELOEI Shg PFRY be
obt ai ned by using a spinner having pores provided 25 on its Side wall,

rotating at a-M@hx speed. By using such an apparatus, the nmelt can be
quenched effectively to obtain a high purity anorphous material. - 11 At
the tinme ef quenchhaoplibeat epperatnsgel Qwéhégené?@b§ih§ ahrbeasbrl x 102

C/ sec for exanple, preferably at least 1 x 104 sec. In the case of a
f1 aky anor photlse NBiles | & , an telscSredef ednm@dut D1 Drene ht hBepIRbhasgrthat the
t hi ckness of the flakes is at nost 200 pm If the thickness exceeds 200
pm the precigerietadtosd & i chencyedmyodre. | ow when t he
Further, the mixture may be directly heated by
infrared rays or by laser.
10 Further, the mixture may be melted as it 1is, 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.



»

anor phous material is subjected to heat treatnent to precipitate CeQ2
‘crystals. The thickness is nore 10 preferably at nost 100 pm In the case of
a fibrous anorphous material, it is preferred to quench the nelt so that
the dianeter of the fiber is at nost 50 pm If the dianeter exceeds 50 pm
the precipitation efficiency may be Iomgmq_n_;he 15 anor phous material is
subjected to heat treatnent to precipitate CeQ2 crystals. The dianmeter is

more preferably gt pRst £3RePBE LUeAchang, RBEe tERBePREGHRI-1RLAES fi Ciency
is considered to be |low since the thickness or the dianeter 20 of the

flaky or fibrpyscampr phoys, OBt ¢r kah o Sd /gl £l edatllel Yad L3Ryl veri ze

t he anorphous nmaterial, followed by heat treatnent. The heat treatnment to

precipitate CgE21gpystal s {pome e anorphous material is carried out
preferably in the 25 air atnosphere at from 600 to 900C e.g. in the case of

the above preferred enbodugentbfoh thakiehhorpholiBemateraenat yre jiss | ess than
600C, crystals may not 12 sufficiently be precipitated even by heat

treat ment o orpr@fehosdstoTheeheNpehat Wedti Sonehatpthterdbk¥naksl e@sthe650C.
If it exceeds 900C, once precipitated crystals nay be renelted. It is nore

preferably atfbhakés8D8Cat5Smbiti Soprainer refl tige seiidibited enpecadds e2@d whi ch
the anorphous material is maintained dependi ng upon the desired size of
the crystal s,usj ncket beesipétatibheefficiency may be low when the
amorphous material is subjected to heat treatment to
precipitate CeO, crystals. The thickness is more
10 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

15 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

20 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

25 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 less than 600°C, crystals may not



precipitated crystals tends to be large as the tenperature at which the
‘crystals are precipitated 10 increases. Crystal precipitation conprises two
stages of nucleus formation and subsequent crystal growh. Thus, such heat
treatment nmay be carried out that the nelt is maintained sequentially at

di fferent tenperatures, not mlmnnmn@lﬁjmesmmtmmaaUH&:wthm
the above two stages are carried out at &i ferent tenperatures. Crystals

preci pitated fnpméhenarpr phoysefup erhababyvihepPentatr eataentnar eopri nly
Ce® crystals, but depending upon the conposition of the nelt (conposition

20 of the anogphessrsat ertaldempedinte 0 sl doad feaieiay tax nedade or Ce2,
or a double salt of an alkaline earth netal oxide and boric acid may be

precipitated gfoccaddirti gr. eHewewar sodeeh anberptecopitadeybteysahtisare
| eached and renoved by acid treatnent to be carried out 25 later. The tine

period over whighbé hgehedtelil eatuTeiy dxe R5106CH DH{SIe dthanddPscgystal is
carried out, for exanple, 13 the tine period over which the anorphous

mat eri al iss nai ntai hedpwetbirned tangetothkr oempeRatar808€ ahdehdithg to the
above preferred enbodinent, is preferably from4 to 96 hours. If it is |less
t han 4 hours, acvoyshalissmptecriplt asi vainbyibedi despéhdihentporypheal |y, it is
at least 8 hours. If it exceeds 96 hours, the size of the «crystals may be
too large. |tdésirg@i sakeéyohtthestrggdtals, since the size of the
precipitated crystals tends to be large as the
temperature at which the crystals are precipitated
10 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
15 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
20 of the amorphous material), a borate of an alkaline earth
metal or CeO,, 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
25 later.

The time period over which the heat treatment to

precipitate the CeO, crystal is carried out, for example,



-

hours. The tinme period over which the heat treatnent is 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 tine is long. Acid
treatment is carried out for the purpose of separating and extracting the
Ce® crystals fromthe is anorphous material in which the CeQ2 crystals are
precipitated. By this acid treatnent, cdhﬂﬁ%éhts other than the Ce2

crystals are |gached. andyfgHOYed, deﬂshozh%hgmgﬁégougr shakgammysbe | eached

and renoved i n sone c whi ¢ 1S rat erre I'n a case where the

si ze of the Gg tgwé&%;‘tﬁnu | £org8! bfegr?ahgogckg bb§aL EDL o )& 41 T ed

out typically by using east one”acrd selec romthe group consisting

of ~acetic acid, tl'?é(déQG@éO%i*éfé‘Ekéd Binbba §mékt d, 1 9XBkbEe by %§oﬁ\n@ citric
acid. In order to accelerate the renmoval by |eaching, the acid nay be

heated, or thegsagsdhbhieadt ment iy del L rireth 14 howwd, Wak & appl yi ng
uItrasonlc waves. A CeQ2 crystal powder is obtained by such acid treatnent

(I eachi ng st r egt-&Np) catién agayNBeCagBUF LUVLERE. MRESIGADIW tht pLs eatat er may
be carried out after the acid 5 treatnment. Then, the obtained crystal
powder is di spessedsiRoars!i qui ditesiesadd mbtiRiur®, SINE 1¥ize of the
crystals may be too large. It is typically at most 32
hours.

The time period over which the heat treatment is

10 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

15 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

20 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

25 and citric acid.
In order to accelerate the removal by leaching, the

acid may be heated, or the acid treatment may be carried



The content of the crystal powder in the slurry should be properly se
‘considering the renoval rate, 10 uniformdispersibility, stability at
time of dispersing, etc., and it is preferably fromO0.1 to 20% as
represented by mass percentage. If it is less than 0.1% the renoval
may be low, and if it exceeds 20% the viscosity of the slurry tends to be
hi gh, whereby 15 handling may be difficdal¢%n the polishing step. It i

preferably at Lrlrps‘;,hﬁf/é gé(lpifﬁlléyuﬂpgégéct@a@e@ Appropriate exanpl es
i nappropri ate exanples tor preparation of the CeQ2 crystal powder will

described bel ow. o 28e BRERARAH 100 dwdiMPLES dbt rled Qf}! | 3108 10%d &g (CeR)
e

(Ris Ba or Sr) and boron oxide (B203) were wei gh

in the proportion

in Table 1 asrépphiasent eshdyin®! % dashen o), BER, a RAREAB2EBrequires,

a small amount of ethanol was added, and 25 they were m xed

and pul veri zegh sy wERNBETE Méﬁrmaym@ncafb@em yhtrerves €dhéedciq
obtain a material powder (mxture). 15 The obtained material powder was

respectively,

put in a erucikdememt h a nozzl e,

| ect ed
t he

rate

S
and
be
RCG3
shown

made of a platinum containing 10 nass% of

rhodium and heated in an electric furnace enploying nolybdenumsilicide as
a heating el enentThénl, bROGHOAiReANErNotal Spovial fiBediBpersal pawder was
conpletely nelted. Then, the nelt was dropped while the bottom of the

10

15

20

25

liquid medium to obtain a slurry.

The content of the crystal powder in the slurry
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,0;,
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) .



nozzl e of the crucible was heated in the electric furnace, and nmade to pass
‘through twin rollers having a io dianmeter of about 15 cm rotating at 300
rpmto quench the droplets at a level of 1 x 105 Csec to obtain a flaky
solid. The obtained flakes were a browni sh-red transparent anorphous
material . The thickness of the flakes wag measured by a microneter and was
from30 to 50 15 Pm Further, using sone of the obtai ned fl akes, the

crystal l'ization staet hpgat fERCHALHESaVRSoHaLET FhBegdubY 1 ndhf fenenthal
scanning calorinetery (DSC). The obtained flakes were held at a tenperature

shown 20 in §henhcol oPz1&! Yahatl bEaki pDat EHRRI 8GHELIniAg TPl RadssfQE 8
hours to precipitate plate-like CeQ2 crystals in the flakes. The

tenperature shydiam, t HLdCREAIEG" ChYshabl é&eti enflieAReEatipBoyag set to be
hi gher than the crystallization starting tenperature. 25 Then, the flakes

after the crygdp)hdedlhosi1iennerak usenéheshgt LeahORAt A WeI SobraefSed in a 1
mol /L acetic acid solution at 70C for 20 hours to | each 16 - sol uble

mat eri al s.s Thené it 8bt €hat eokhdi mgtyBsasuppRaeedwhs cempletéugal
separation, the supernatant was thrown away, and the residue was washed
wth water amteItwedher s di spersed under high pressure, dried, further
washed with water, and dried to obtain fine particles having a particle
size of from5 toThéA, nthe 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 quench
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



The m neral 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 CeQ2,
and the obtained fine particles were found to be particles with high
crystallinity consisting of a CeQZ single phase. The X-ray diffraction
pattern of the fine is particles obt ai ned Preparation Exanple 5 is shown

in Fig 1 Furiheie Lhefvgiage prinmary particle size (crystallite
di aneter) was calcu atedegased on the Scherrer formula fromthe X-ray

diffraction line 2Q.bfogdeni B9refS1bacBYhdehhsl LaRYyTakka 1o the particle
size of the obtained fine particles is very small in each Preparation

Exanple. 17 -caﬂﬁf&g%egé%akaegaﬁpsth&ogu&yﬁs%hk- w&EY shablht gwaé ol %)
zation dianeter CeO2 RO B203 tenperature (nm (C) Prep. 10.0 30.0 BaO 60.0

800 70 Ex.1 EA&PehdOrfs48u waS #asHedORilh whkXeZ BREP£u2®n8r40.0 SrO 40.0
700 14 Ex.3 Prep. 20.0 26.7 BaO 53.3 800 73

5 dispersed under high pressure, dried, further washed with
water, and dried to obtain fine particles having a
particle gize 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 particlesgs were found to be
particles with high crystallinity consisting of a CeO,
gsingle phase. The X-ray diffraction pattern of the fine

15 particles obtained in Preparation Example 5 ig 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. As is evident from Table 1, the particle
size of the obtained fine particles is very small in each

Preparation Example.



Ex.4 Prep. 25.0 25.0 BaO 50.0 750 42 Ex.S Prep. 25.0 12.5 SrO + 50.0 800 72
‘Ex. 6 12.5 BaO Prep. 25.0 25.0 SrO 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 SrO 53.3 850 99 Ex.13 Prep. 40.0
20.0 SrO 40.0 800 55 Ex.14 Prep. 40.0 12.% Sr0 48.0 800 48 Ex. 15 Prep.

40.0 10.0 SrGp

B

ég.@ 800 60 Ex.16 10.0 BaO Prep. 40.0 6.0 SrO + 48.0 800 52

Ex. 17 6.0 BaO Tl ON_EXAMPLES 18 to 24
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 SxO© 45.0 700 16
Ex.2
Prep. |20.0]40.0 SrO 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 SrO + | 50.0 800 72
Ex.6 12.5 BaO
Prep. [25.0|25.0 SrO 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 Sr0O + 53.3 850 73
Ex.12 6.7 BaO
Prep. (33.3 ]13.3 SxO 53.3 850 99
Ex.13
Prep. [40.0)20.0 Sr0O 40.0 800 55
Ex.14
Prep. (40.01}12.0 SrO 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 SxrO + 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



Fine particles were obtained in the same manner as 5 in Preparation Exanple
*1 except that the chem cal 18 conposition of the m xture was changed to the
proportion shown in Table 2 and that the flakes were heated at the
crystallization tenperature shown in Table 2 for 8 hours. The m neral phase
of the obtained fine particles was s |den fled In the sane manner as in
Preparation Exanple 1 and as a result, € fi ne particles were particles

with high cryshabdinidy 59n§hétmmt9£eawgg%a%hgeaet@h@ﬁ@ pr&pbihebn the
crystallite dianeter of the obtained fine partiCles was neasured in the

sane nmanner ashbin 10n Prepasabi oha Expapl end ADgkas RetesHbhrelihgccepstallite
di aneter was very snmall in each Preparation Exanple as is evident from

Table 2. Furthegstan i Nt easerhpbhgruseyshabhi i€ dhpret er rak-opghvuth . t he
increase of the «crystallization tenperature (heat treatnent tenperature)

15 was confi rmed. mIABEE 2pkhesi 68l theyshbahiheat f one Gystakl ekewagonposi tion
tenperature (C) dianeter (nrr) Prep. Sane as Prep. 670 15 Ex. 18 Ex.5 Prep.

Sanme as Prsep.idéft 28iedXid Ot kX . Salk epanS@iEa8Sifr BPpepd 2Ot 30n ExadP1EX15
Prep. Sanme as Prep. 800 58
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
10 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)

15 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




Ex.21 Ex.5 Prep. Sanme as Prep. 710 46 Ex.22 ExX.11 Prep. Sane as Prep. 770
*60 Ex.23 Ex.I| Prep. Sanme as Prep. 720 46 Ex.24 Ex.13 19 PREPARATI ON
EXAVMPLE 25 (| nappropriate Exanple) The nmelt obtained by carrying out the

m xing and pulverization operation and the nelting operation in the sane
manner as in Preparation Exanple 5, was quenched in 5 the electronic furnace
to roomterrperature at a rate of 300C R, ereupon an opaque solid was

f d and I Qgﬁ! EXAMPLES 26 AND
2(7)r ?Ilanaggr ogrl ate E?Aﬁ%egl ag’\nﬂgiﬁgég%ﬁgﬁg g rru i‘(%])a\llr bonat e (BaCO3)
and io boron OX'?ﬁe(ﬁ% ) oehenkel ghedaiby g ehepehg'a@xaagwa ngh Tabl e 3

represented by nol % base Ce(2, BaO and , respectively, and the

m xing and p%M?&é%@EéQPonOBﬁé%tQBnaQHdt Bﬁenﬁg&wagOﬁEé%L%n\A@he_tﬁ@rrl ed
out in the sane manner as i'h Preparation Exanple ereupon an i s opaque

solid was forgedeandnherager PHW:?eE?If@Eh@h BRSmp PRt 8i NGds Bgﬁéﬁéy o
EXAMPLES 28 AND 29 (Il nappropriate anples) Ceriumoxide (CeQ2), barium

car bonat e 5 BagkB) e 888t rBRL @Nf @¥hE8e ( BEBhoMet empeighfdei Act BerRE@PEEL i ON
shown 20 in Table 3 represented by nol % based on Ce®2, BaO and

300°C/h, whereupon an opaque solid was formed and no

amorphous material was obtained.
PREPARATION EXAMPLES 26 AND 27 (Inappropriate Examples)
Cerium oxide (Ce0O;), barium carbonate (BaC0O;) and
10 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
15 opagque solid was formed and no amorphous material was
obtained.
PREPARATION EXAMPLES 28 AND 29 (Inappropriate Examples)
Cerium oxide (CeO,), barium carbonate (BaCO;) and
boron oxide (B;0;) were weighed in the proportion shown
20 in Table 3 represented by mol% based on CeO;, 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
25 obtained. The crystallization operation and the leaching
operation were carried out in the same manner as in

Preparation Example 1, but substantially no crystalline



B233, respectively, and the m xing and pul veri zation
*operation and the quenching operation were carried out in the sanme manner
as in Preparation Exanple 1, whereupon transparent flakes were 25 obtai ned.
The crystallization operation and the | eaching operation were carried out
in the sane manner as in Preparation Exanple 1, but substantially no
crystalline 20 - CeQ2 fine particles were tai ned. TABLE 3 Chem cal

conposition ( ) 60.0 10.0 30.0 Prep. Ex.27
60.0 20.0 20.%‘9&?Prfelﬁl@§algtglq3l% E‘ze‘%! P ‘%gp Ex.29 5.0 10.0 85.0 Now, a

operation, the nelting

slurry wll cgi bed below. 5 To disperse the crystal powder in a liquid
medium the crystal powder is preferably pulverized and then dispersed,
more preferaply the cryst alClpewidez] | scomeds ytipul meli¥ked| using the |iquid
medi um Pul vieri zation or djGeession| BiOt he crystedopowder is 10 carried
out, for exanpf@p byxussng o dsy jefambl, a balio gbeaf) mll or a
planetary m réﬁ Whai CiHpo @Topart'§¢e§ corTiidey Wy Th bne another at hi gh
speed, a hi gi‘:']? €8 TONYUETT ZET ¥vm ch—=a i ity of fluids collide
W th one an T ofr—afh—u Faser—t f.b,vpbl catt+-of "3“53.{ atus. 15 Furt her,
filtration t X £719er o =i
Now, a slurry will be described below.
5 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

10 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.

15 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 (Dsp)
of particles in the slurry is preferably from 10 to 300

20 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,



centrifugal separation nay be carried out to renove agglonerated particles
‘or coarse particles. Wth respect to the slurry, the nedian di aneter (D50)
of particles in the slurry is preferably from10 to 300 20 nm as neasured
by dynamic light scattering nethod. If it is less than 10 nm the renoval
rate may be low, and if it exceeds 300 n 1the surface precision such as Ra
or Vo may be low. It is nore preferably ffom 20 to 200 nm 21 -

particularly pt%fo'ﬁf:&@bgylﬁtpﬂe§ér§919nhtms§t ébeninl quid (Iiquid nmedium
constituting slurry " w be described. The liquid is usually water, but

various conponent §hes, ”Ehebﬁlq&ﬁarRQﬁghQ@ ﬁéd&bﬁ )Cashstaduicies the pH of
the slurry is preferably from5 to 1 is less than 5, the particles

may aggl oner ageuri{ wS1100pe QesterBbly at Ieast 6. If it exceeds 12, there
may be a problem about handling. 10 The various conponents may, for

exanpl e, be as foghkowsquAt lieaskuaneyakeebel!, sekeehed oukochpRngh@wp
consi sting of nethanol, ethanol, propanol, ethylene glycol and propyl ene

gl ycol may bemhypcoe ponabegotatetiheslbhpuepsserefui peseasTtig pheopothshi ng
properties and dispersion stability. A water-soluble organic polynmer having
carboxylic aeldrgyoupspoefennbdyyfFabm groops2mayibeit ntorposat eldahos, the
pur pose of adjusting the surface tension, adjusting
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.



20 the viscosity or inproving the dispersion stability. Such a

‘wat er - sol ubl e organi c polynmer may, for exanple, be at | east one

wat er - sol ubl e organi ¢ pol yner selected fromthe group consisting of a
pol yacrylic acid, an amoni um polyacrylate, a sodium polyacrylate, a 2
pol ynmet hacrylic acid, an amoni um pol ynet hacrylate, a sodi um

pol ynet hacryl ate, a pol yam de, a polyamc id ammniumsalt and a pol yam c

acid sodiumsalt.
the polyner is co
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observed at argAngentipll 08 BonetBlyt Beskibaved if uhedapeaan abrasi ve
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organi ¢ pol yner "having vinyl groups may be incorporated for the purpose of
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| evel at the ting efated-isiuide ldrdahiconsildaiegd Hahding prigfylusiangpof the

irregularities tend to be selectively

10

15

20

25

may be incorporated for the purpose of adjusting the
surface tension or adjusting the viscosity.

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
(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
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
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

a



20 abraded to |l ower Ra, since each polynmer A has am no groups or amne salt
‘groups which are likely to adhere to silicate glass. In a case where at
| east one polymer Ais incorporated, its content in the slurry is
preferably 25 from0.001 to 10 mass%in total. If it is less than 0.001
mass% Ra may not sufficiently be small. It is nore preferably at least 0.1
mass% particularly 23 preferably at leas330:5 nass@b | f it exceeds 10
mass% the renoyal Egte naﬁ remar kabl y decr referably at
Y- 85l of

ease,
nost 5 nass% PYRECHA PétopganW s OIynEE h%v?ﬁ@e% n60 8a§?6ups
(hereinafter ferred to as,a water-so hﬁ am ne) y be any pol ynmer
so long as it ﬁ? 5eW8V8ﬁ r?BFuBF@ ESWB5EH Ha@?ﬁ €&F% ea #Wo"3hFno groups
in one nolecule % s_at | east one mater-soluble pol yrer
sel ect ed fronpfﬁge§¥§E§ 85n@9§ 'h M8P=3 -pol yani de 10 amine, a pol yet her ani ne
and an aliphatic am_ne 1 %&5t east .one water - ol.ubl e pal ner sel ected
from the group CgﬁfygﬁFﬁﬁng Y QFQ?EPEbPQ BO et ¥ier ol a
mater-soluble al ene am n eth Ien i_mne mater sol ubl e
ol yvi nyl o nERoube heFRRnBB Y a e srd el SplRend. “atear sr Bl ¢
pol yl ysi ne and ja_\at er - %olugle chita articularl, preferr d__
PoliThes P8valranty: b3iBrs o8 verker? ob Fr

wat er - sol ubl eP po yam gnlne a

vat er - sol ubl e-BoLYALKYLARE.AY XAULAG Ih%eggke%%'ang%bgg&oggst@% one

wat er - sol ubl e® po

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 1is 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



20 is not particularly limted so long as the polyamne is water-soluble,
but it is preferably from 100 to 100,000, nore preferably from 100 to
2,000, by the weight average nolecular weight. If the weight average

nol ecul ar weight 1is less than 100, the effect of the water-soluble 25

pol yam ne tends to be small. If it exceeds 100,000, even though the

pol yam ne is mater-soluble it may adverset af fect physical properties of

the abrasive g% add Kl | I#'éﬁhé’ »BaYteJ':f?éé'z‘?%%@tr%l@XS{QQew@éﬁEuéﬁée&ﬁéght

exceeds 2,00 N pure wa creases 1n

parti cul arly BY 8bg" ! ESl}(YB%?E1':20%gbéﬁ[‘cg;’W%@%ngﬁﬁegse@aﬁﬁr mad g"]lela%e%o' yet her

pol yam ne or a’'watér-so I'ene pol'yam ne "havi ng a wei ght

average mol ecyl gért\f@hggk 8f ﬁfré@@‘rl—gﬁ %Qt%roggluﬁ% égmgﬁ yqtsh%r

pol yam ne is a ctonmpoun g at least two am no g |'east two
stheric oxygep,.aogbaube g&petaeeugowamﬁfeeeabgywat@&' @%ﬁ)@b@@ no 10

group (-NH2). The pol yet her yam ne may have a secondary am no group

(-N+) or a tg&&yawy@ghaopan%glﬁé h%%ﬂ@ ar QRS ht P etRg PRl e8GR
polyanmine in the present iInvention is préferably a conpotnd having at |east

two primary @ghggtgggup§oﬁngoba¥bng @@@stantlally no ot her 1s am no groups,
particularly preferably a pol yet her di ani ne havi ng two primary am no groups

al one. The pol yet hek a@,@)kzréa?di@eltaeqr %Joqry%%hea 1%0@%6@1\& M-Sl @
structure that a hydrogen a a hydroxyl group in a  polyhydric¢ al cohol
or a polyethegptpokXak sWbshhtiHbegrB¥ips and at least two etheric oxygen
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,.4 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 an am noal kyl group. The polyhydric al cohol is preferably a dihydric to

‘hexahydri c al cohol
pol yet her pol yol

, particularly preferably a dihydric alcohol, and the
is preferably a dihydric to hexahydric pol yoxyal kyl ene

pol yol, particularly preferably a pol yoxyal kyl ene diol. 25 The am noal kyl

group is preferabl

2- am nopropyl group, a 2- am no-|-nethylet

y a C2_6 am noal kyl groug such as a 2-am noet hyl group, a
@I'group, a 3-am nopropyl group,

a2 25 - a”inam%n%tﬁ,@@dl e

pol yhydri c al cohol

e Tor o sTty S B o A S R S nave an

etheric oxygen at @fe PN AR &L Il &R0 YE Yre i SfiK} e 0] YelyaPfOPYl ene
glycol or s dipropylene glycol. The polyether polyol “is pre?erably a

pol yet her di ob1ebnMii Gihildhe ragP RN G U RIthdrS @ dxé:den RO, KEwRE £ oup,
such as a pol yethyl ene glycol "(i.e. polyoxyethyléne diol) such as

triethyl ene gkyeQhedle di18idAct @ile%m@wdécgl,yc%mowp@%n@%wd&%x(i .e. 10

pol yoxypropyl ene di ol) "such as tripropyl ene glyco

or © tetrapropyl ene

glycol, orsa pebyepyaldad enecdjiol haxi ﬁglyéthégaﬁ_bl}zw t¥ppseebraxy gl kyl ene

groups, such as poly(oxypropyl ene/ oxyethyl ene) diol. _
apeend vl F athickd drRasegdiitaaprinia Groups,bonded via an

polyam ne is o

The pol yal kyl ene

al kyl ene group. Preferably, the termnal amno group is a primry am no
group and t he caffial®&ydle@iep drivu)e sutheHsOa @oltke alerulg ydsl & isecondary

am no group. More

preferred is a linear polyal kyl ene pol yam ne having a

primary am nopgl@dxyatthylene 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.

25

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
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



20 both nol ecul ar term nals and having at | east one secondary am no group
in the interior of the nolecule. At |east three bonding noieties consisting
of an al kyl ene group, sandw ched between an am no group and another am no
group, exist in one nolecule, and such a plurality 25 of bonding noieties
between ami no groups may be the same or different. Preferably, all these
nmoi eties are the same, or two bondi ng nDi%ties between anino groups bonded

26 to the prlnarﬁ'anlqo roup .at bg%% tern%n%éﬁ Lare .t h saQ% K nd the ot her
bondi ng i et ¥ “b&F et B Ho 2Grop TSP &t £ & §h§

bet ween am no gr Q%% Fﬁé%fe %%%%5E€%1 2498 C%%B%% o %!tlcularly

s preferably eac tles between am groups bonded

Lo e PriITar ;0.4 0UBLA! o Bgkg {gaELp 9l ebAschr i 2 o§1 Huprbon at ome

and the ot her = bomn i'ng nol et gn anln groups "has car bon

atoms. io Each ol LIg100kKel B hergfiamng o Adufie shehie! dane..nglypn ne s

preferably a npoun ving a structure o ormu (1)

H2N- ( R- X- ) L‘ R '}"é!% &Ja%l\lyq%ra@hn o% 't%le t% %o"i’lldpflge %{t%%%m h?éﬂvﬁeeq{' e

atom or |s- is an I nteger of at e case of a

pol yet her di a@r%% QA R delit %erth%f Al 12835 ik ) G2, r%)adsce pdth, @ pol yal kyl ene

pol yam ne, prOV|ded that a pluralitfy of "R's In one | ecul e may be
different. Parl@ldhnanlsy halshe R Lethers HaaBaRe Sl @ 3o/ rher

bonding moiety between amino groups has from 2 to 6
carbon atoms.
10 Each of the polyether diamine and the polyalkylene
polyamine is preferably a compound having a structure of
the following formula (1):
H,N- (R-X-)x-R-NH, (1)
wherein R is a C;.3 alkylene group, X is an oxygen atom or
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?
is a C,.¢ alkylene group, R® is a C,.¢ alkylene group, R*

is a C,.5 alkylene group, m is an integer of at least 1,



20 compound having a structure of the followng fornula (2), and the

pol yal kyl ene polyam ne is preferably a conpound having a structure of the
following formula (3): HENR2-O (R1-O)m R2-NH2 (2)

H2N- R4-NH (R3-NH-)-R -NH2 (3) 25 wherein RL is an ethylene group or a
propyl ene group, R2 is a C2.6 alkylene groyp, R3 is a C2.6 alkylene group, R
is a C2_%$ alkylene group, mis an integer of at least 1, 27 and n is an

integer of at JRAst ik P AHtdemkA et Rl 1ande B2 PRI A& IR 0lng

different, and R3 and R4 nay be the sane or different. Specifically, the

pol yet her di am?nga@f pbhenbokamkaorsdi2remyt, f ahdeRan@h8, Rb@nd be the

pol yoxypropyl ene diam ne (a conpound wherein R1L and R2 are propyl ene groups
and mis at lgaid ob .diFdaratet hyl ene di am ne (a conpound wherein Rl and
R2 are ethylene groups and mis at |east 1), or

4,7,10-trioxa-tri dasedef lodBrl] athidepd By g Udithiies ebh difle Rlothu B
ethylene group, R2 is a trinmethylene group and m is 2). Specifically, the
pol yal kyl ese pad)yatdyne fafr tdhaamdler, MBea  Polnryxydrpyedeaid|dEiahine (a
tetraet hyl enepentam ne (a conmpound wherein R3 and R4 are ethyl ene groups
and n is 2), quenicastchylenehiex &t aed( &? conpopnodpybenei gr&3pandnésmRisar e
et hyl ene groups and n is 3), heptaethyl eneoctam ne (a conpound wherein R3
and R4 are etiad desagr dups ridraxydthib)ene diamine (a compound wherein
N, N - bi s( 3-am nopr opylz) -et hyl enedi ami ne (a conpound wherein R3 is an
et hyl ene grouR' Radi 8°aaréreétieyhghengrgupspamddmnissat) least NLN, - birs( 2
4,7,10-trioxa-tridecane-1,13-diamine (a compound wherein
10 R' is an ethylene group, R® is a trimethylene group and m
is 2). Specifically, the polyalkylene polyamine of the
formula (3) may, 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 a
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



20 am noet hyl ) -1, 4- but anedi am ne (a conpound wherein R3 is a tetranethylene
group, R4 is an ethylene group and nis 1). The water-soluble organic

pol ymer having am ne salt groups may, for exanple, be a coconut anine, a
har dened 25 beef tallow am ne, a rosin amne or an ethylene oxide- addition
type higher al kyl am ne. The water-sol ubl e organi c pol yner having quaternary
28 ammoni um salt groups may, for exanplé,z%e'a pol ynmer wherein the

quat er nary amIAENTLAALG 187 QYRR a3 celhbengaaxi de addinign,t ype

qguat ernary ammoni um sal i quat ér nar iumsalt. or the purpose
of adj usting H I j er. I fr e group
consi sting ofhgﬁggﬁ o?%g ag%% ?%gc tﬁg%ggﬁg, Sﬁggigﬁ%ﬁggcﬁgglkglonic aci d,

succinic aci depghutar G ael gﬂ]dq@ii%c £3%led qu%%'e%%x@;!aq\mo%gw Gy 1 ¢,

phthalic acid, citric acid, yl enedi aim ne, 10 pyridi ne, 2-am nopyridine,

3-am nopyri di pe 3i%RRtR$IARS ank@nyudi R@1¢Pi colinic acid, histidine,
pi perazi ne, N nethyl pi perazi ne, 2-bis(2-hydroxyethyl)am no-2-

(hydroxyned hyl) - 1,@3nprepanriiddse W GBUbidy L A Ge uliodiorde acid,
perchloric acid, oxalic acid and is amoni a nay be i ncorporated. For the

same purpose, sdisdklkrokedledt@AStErone thd s c@hsSaltasled e LRSI droup
consi sting of pﬁosphorlc acid, acetic acid, propionic acid, malonic acid,
succinic aci deidl, Ubhakit caGicdd, aghiips oaGicd aci@, e 126ii@ &fd@BI isiccinic
acid, glutaric acid, adipic acid, maleic acid, fumaric
acid, phthalic acid, citric acid, ethylenediamine,

10 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,
hydrochloric acid, perchloric acid, oxalic acid and

15 ammonia may be incorporated.

For the same purpose, a salt of at least one pH
adjuster selected from the group consisting of phosphoric
acid, acetic acid, propionic acid, malonic acid, succinic
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



20 acid, phthalic acid, citric acid, ethylenediamne, pyridine,

2-am nopyri di ne, 3-am nopyridine, xanthosine, toluidine, picolinic acid,

hi stidi ne, piperazine, N nethylpiperazine, 2-bis(2-hydroxyethyl)am no-2-
(hydroxynet hyl ) -1, 3-propanediol, uric acid, nitric acid, 25 hydrochloric
acid, perchloric acid, oxalic acid and annonia may be incorporated. For the
sane purpose, an al kali netal hydroxide ﬁa§929 - be incorporated. Further,

as a pH bufferin t ar the like, at |east one quaternary anmoni um
hydr oxi de selgﬁigﬂﬁﬁgié%éﬁ%gdhgroup consi sting of tetraal kyl anmmoni um

hydroxide, 5 tetr gﬁ}%ﬁﬂg’g Lg;sg}gqgmé{qr@dagﬁq{tr 3y anyd alrgqpélli B%% yhydr oxi de

may be i ncor por at VI Scosl usting agent, et hyl ene

gl ycol or pol n@a%ylo%%e A ARY abrﬁnorjirﬂlﬁf;gnglyr%ﬁ% Eé%]é’éﬁée@t LT

nmol ecul ar wei ght of the 10 pol yethylene g or the pol ypropylene glycol

i's  preferabl y,ah, g0k R0Qg B¥ & d¥refAMRA i (RS R ide , Vi ew of
wat er-solubility. "A slurry preparation nethod will be “described bel ow.

(Preparation @fetslddtii alimoHdQund 1Rfardia dee @ d iRe Ry IR 18 (S8l Cr yst al
powder) obtained in the above Preparation Exanple 19 was added to about 800

L of distill eddiei8de ae Bel iMddporiddd.C acid was gradual |y added
thereto with stirring to adjust a pH 4.0, and distilled water was further

added so Further, as a viscosity-adjusting agent,

polyethylene glycol or polypropylene glycol may be
incorporated. The weight average molecular weight of the

10 polyethylene glycol or the polypropylene glycol is
preferably at most 1,000, more preferably at most 600, in
view of water-solubility.

A slurry preparation method will be described below.

(Preparation of slurry)

15 100 g of the 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 Ce0,. 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,.



20 that the total volunme was 1 L, to prepare a slurry liquid A containing
‘10 mass% of Ce@2. Further, 100 g of the Ce@2 fine particles obtained in the
above Preparation Exanple 24 was added to about 800 nmL of distilled water,
and 0.1 nol/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 volunme was 1 L, to prepare a slurry3?iquid B containing 10 mass% of

Ce®@. 30 A pH adjustj ng,.agent and di_sper.si agent were .added to the

I qui d sol ut | on AP S5 e epini i © Ryt fier i zat on

by a wet jet il d oar.se .parti.cl r e cant ri_fuga

separation 5 to prepare slurries in Preparation Exanples 0] o Tabl e
: Gaeq & th%l §1§%1%a.sfo1 £SR3V B BThK %h%régﬂst T'aéajll% 4 bl

4, in the col " b . of -t he fi paf:tqiqcl in the

slurry is ind?gg%gggggﬁg &%% gﬁ?&%&%ﬁgtéggh%gﬁgg“6*16%%1?EJﬁVtgﬁgiacid or

0.5 mol /L amppaiavwaher s cihe dlsRersiiy L0 Mas AFmaiumLl el xarer yl ate.

Further, the dianmeter of the particles dispérsed in the slurry 1.e. D50 was

measured by aihagebpa3ealhhiigPant intle®atiats ol HxanpildOn gTRiLH ANd1gS @
result, a good dispéersion was obtained in each of Preparation Exanples 30

to 34 as is evigdent 4fr oM TaR @ AumnlScEABLE #nS! Ubh¥ LR rDisRersbIg PH
Slurry D50 liquid (mass% agent adjusting pH (nm (nmass% agent ﬁrep. A
1.0 0.1 Ntri¢iheOph2@icles in the slurry is indicated. The pH
adjusting agent was 0.1 mol/L nitric acid or 0.5 mol/L
ammonia water. The dispersing agent was ammonium

10 polyacrylate. Further, the diameter of the particles
dispersed in the slurry i.e. D5, was measured by a laser
scattering particle size distribution meter and as a
result, a good dispersion was obtained in each of
Preparation Examples 30 to 34 as is evident from Table 4.

15 TABLE 4

Slurry | CeO, Dispersing | pH Slurry | Dsy
liguid | (mass%) | agent adjusting | pH (nm)
(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



Ex.30 acid Prep. A 1.0 - Nitric 4.0 160 Ex.31 acid Prep. A 1.0 0.1
Atmonia 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 CeQ fine
particles obtained in Preparation Exanple 19 was added to about 2 L of
distilled water, then 4.5 g of ammoni um polyacrylate as a 31 dispersing
agent was added thereto, followed by stirring, then a dispersion was

prepared by amyiWddr¥izRy ,agla_mi WRRAIRIRAHHH RS W TRRY &d, st f tdat i on
by a filter. Then, distilled water was added to prepare a slurry s Itquid C

having a soli dneentedi fea@2 di R PPl BORrERIDt 161 A BSEU
Separately, slurry liquids D1, D2, D3, D4 and D5 were prepared, containing

pol yoxypr opy! e rdieapaie i (I HAdaReniia® e rfimtie)t M wact et dy. BASF,
having 10 a wei ght average nol ecul ar wei ght of 230, propylene glycol,
et hyl ene gl ycaheand & spalijeidhwng glag elddeyideg prepwighd smermge nol ecul ar
wei ght of 300 in the proportion represented by mass% in colums of PEA PG
EG and PES i nitafilee G hawenBABLEA id content (Ce0, fine particles
content) of 6 mass%.
Separately, slurry liquids D1, D2, D3, D4 and D5
were prepared, containing polyoxypropylene diamine
(Tradename: polyetheramine) manufactured by BASF, having
10 a weight average molecular weight of 230, propylene
glycol, ethylene glycol and a polyethylene glycol having
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



Slurry PEA PG EG PEG liquid D1 10 0 0 0 D2 10 40 0 0 D3 10 0 40 0 D4 10
0 020 D5 10 0 0 40 The slurry liquid C was nixed with each of the slurry
liquids D1, D2, D3, D4 and D5 in a ratio of 50:50 to prepare slurries in
Preparati on Exanples 35, 36, 37, 20 38 and 39, having a solid content of 3
mass% D50 of the slurries in Preparation;BExanples 35, 36, 37, 38 and 39
was neasured by a | aser scattering particle size distribution neter and as

aresult, it was 120 mh, 1h3 3k ama 1020 i AEpduniand 122 nm
respectively. As a polishing pad used when the principal plane of a

circular glass plate 4 Z)cploiélﬁih&ﬂ B34 UsseW whel WHey poti@ipell plaseichE a
manner, a polishing pad nade of a 5 pol yurethane foam having a Shore D

har dness of froRi4edlar Hasds GURYLSS Ppdliighaf Yy amithgl 4 10%and a
density of fromO0.5 to 1.5 g/cnB, a pol yurethane foam having a Shore A
har dness of f bmMaitiedd 199 ,sueckc @Mraassdii la tpolafsHirempdd mdde dR6baaNnd a
density of from0.2 to 0.9 g/cnB, or a io pol yurethane foam having a Shore A
har dness of f pohynrethabte faapoiEresy) B |[9HoreoD fraamdrEdls taf 608nanih ao
density of from0.05 to 0.4 g/cnB, may, for exanple, be nmentioned. The
Shore D hardné$s anddmpeeSisotd JIA tharahds®mre 1 to 10% and a density of

from 0.5 to 1.5 g/cm®, 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

10 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

15 durometer A hardness and D hardness of a plastic as
gseparated 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,

20 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

25 sample in a state where the thickness is to, for 5

minutes, 1s measured. From these values ty, and t,,

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



respectively nmeasured by a nethod of nmeasuring the is duroneter A hardness
‘and D hardness of a plastic as separated in JIS K7215. Further, the
conpressibility (unit: s) is measured as follows. Nanely, a polishing pad
was cut into an appropriate size to prepare a sanple. The thickness to 20
of the sanple when a |load of a stress of _10.kPa is applied to the sanple in
a non-load state for 30 seconds is neasured by a Schopper type thickness
neasuring appahftlessiFigncyt.he thickness tl1 of the sanple when a |oad of a
stress of 110 kPa is immedi ately applied to the 25 sanple in a state where

the thickness is tihe ff1i2niA HreSssure MBAYHLE infd UR thesEsyBldasmd 0 and
tl, (to-tl)x100/to is calculated and regarded as the 33 - conpressibility.

The polishingppfiessyae alahlke ild ypaflanahi Fhiorg ot.lse tapaiongimpal pl ane is
typically fromO0.5 to 30 kPa. The present invention provides a nethod

capabl e of s pol itshi Rg-ddentprimeinalorlpnreridfe s Plahsuhsigaie wi h  high
preci sion without using colloidal silica, but the mnethod may conprise a
step of posdi shiond sbiiegpiihecippdncipadnglasiendfa acefllagisd@ubsidrata wihth
magnetic disk of the present invention is 10 characterized by using, as the
substrate, a glhiaks predistoal eiphoditced by dod lpriddlctsidn caet att afhd he
present invention, and it is produced by a known nethod, for exanple, by
| am nating a pletthald mayofconpyese 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



including a magnetic layer to be a recording |layer on the 1is glass
‘substrate. Now, the present invention will be described in further detai
with reference to Exanpl es. However, it should be understood that the
present invention is by no neans restricted to such specific Exanples. 20
EXAMPLE 1 A CeQ2 crystal powder (crystal1i§ dianeter: 25 nm was prepared
in the sanme manner as in the above Preparation Exanple 5 except that the

heat treat nentanhgaRenatd 8y @hﬁ&h@' Mazalin@nrtgarenat une) twmes 700C and 25
the heat treatnent tinme was 32 hours. The high pressure dispersion

treat ment wascegkibed it dRUmeskerdmea subetemitZ &k sdicsRe ISP bt @3t ARYing
appar at us HJP-25005 34 nmanufactured by Sugi no Machine Limted, and the

crystallite daamgteayneaggraeibnappeaialtiugd RONr20Y 0Usiahe: f st Wkd@ by
diffraction apparatus RI NT2000 manutactured by Ri gaku Corporation. 5 220 g

of the above GeGRkar yekpbrpewder.,, 880 nmL of pure water and 2.2 g of
anmoni um pol yacryl ate were put in a container with a lid and m xed,
foll owed by di spericory dfr ediemaitiovieorcel hoyssabypawbakl, 8iBll musioftg zi rconi a
balls having a dianeter of 0.5 mm Then, the mxture was 10 diluted with
pure water topolbkawatershudr ¢ .Bag of amG@e? umcppdtyalcydwter weamrt gnit dn 1
mass% Wth respect to the slurry, D50 of the particles in the slurry was
measur ed by aaUPAntaseerdwfithaet lod Bypemixed, 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
10 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
15 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
20 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
25 diamond abrasive particles, and the upper and lower

surfaces of the glass plate were lapped by alumina

abrasive particles.



.

particle size distribution neasuring apparatus i5 manufactured by N KKI SO

‘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 forned
by fl oat process was prepared, which was processed into a doughnut-type 20
circular glass plate (a circul ar gl ass Ql%te_having a circular hole at its
center) fromwhich a glass substrate haviﬁb an outer dianeter of 65 mm an

i nner di ameter of rp2Q nﬁhénénﬁe&hgﬁhneﬁgeefp9r§§ﬁe@guwga§@ berghtaisned. The
i nner and outer peripheral edge surfaces were ground by 25 di anond abrasi ve

particles, angetbecHppe&rdddwliones chahfacesiQ@fntbe 6l agsmpl ahe were | apped
by alum na abrasive particles. 35 Then, the inner and outer peripheral

edge surfaceschiREerchagiersd yeth a chanfer width of 0.15 mmand a chanfer
angle of 45. After the Tnner and outer peripheral edge surfaces s were

processed, mirroraftsirsbher 0aassi agdwaatear peedpbdiraloadybe sedgacewr f aces by
brush polishing using the cerium oxide slurry as a polishing conpound and

usi ng a brsushw@se Prpotssbinomiepbr Theiphopessésgingowat wasr3edpbutby the
renoved anount in the radius direction. io Then, upper and bottom pri nci pal
pl anes were ¢oltlsdbedddy auddabte by derpshi sbetishHshgguaingr the exirdam slurry
(cerium oxi de average particle size: about 1.1 }in) as a polishing conpound
and using a uoei@lanslpatdyassaa polishing compound and using a brush as
a polishing tool. The processing amount was 30 um by the
removed amount in the radius direction.
10 Then, upper and bottom principal planes were
polished by a double side polisher using a cerium oxide
slurry (cerium oxide average particle size: about 1.1 um)
as a polishing compound and using a urethane pad as a
polishing tool. The processing amount was 35 um in total
15 1in the direction of the thickness between the upper and
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



polishing tool. The processing anobunt was 35 pmin total 15 in the direction
‘of the thickness between the upper and |ower principal planes. Further, the
upper and |l ower principal planes were polished by a double side polisher
using, as a polishing conpound, cerium oxide (average particle size: about
0.2 20 pm having an average particle size gnaller than that of the above
cerium oxi de and using a urethane pad as” & polishing tool. The processing

amount was 1-§u9?hkg rBﬁFﬁheE@ thwQEr%QE%anRE t he thi ckness between the

upper and |ower principal planes. 25 The principal plane of the circular
glass plate thus mprepaneldi a3 PRSSVed RhAR i3RMG IARGR PIHRSGRRE

manuf acture by Veeco I'nstrunents and as a result, the™ 36 - surface

roughness Ra ygs;Qdnd84,aah Taeu%itﬂaheabo@h%%ngf Lhengiopeul ar gl ass plate
was polished using a urethane polishing pad NP ZE manuf act ured by FI LWEL

CO, LTD. as gapakhebipadt 89! Fandrs, ¢di.ngrirbe akoyepshykhy nds tdd20lLnshi ng
conpound, under a polishing pressure of 14.7 kPa aF a carrier

CirCU”ferQﬂtiabiﬁgeﬁﬂeoﬁbee”EEhﬂrgAésaar9%QH%hiR%PW%& nd4 1l ur@eand VA was
0.135 nm The renbved anobunt was .48 pm 10 EXAMPLE 5 A slurry was

prepared in tphelsaRenfapressasel Bt he . 7ahoue abr apakaiiier Exanpl e 36 except
that the CeQ crystal powder used in Exanple 1 was used as the CeQ2 fine
circumferential speed of 14 m/min. As a result, Ra was
0.241 nm and Wa was 0.135 nm. The removed amount was
0.48 um.
10 EXAMPLE 2
A slurry was prepared in the same manner as in the
above Preparation Example 36 except that the CeO, crystal
powder used in Example 1 was used as the CeO, fine
particles.

15 Further, a circular glass plate of which the surface
roughness Ra of 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



particles. 15 Further, a circular glass plate of which the surface
‘roughness Ra of the principle plane was 0.484 nmwas prepared in the sane
manner as in Exanple 1. The principal plane of the circular glass plate was
pol i shed using a urethane polishing pad NP125 20 nmanufactured by FILWEL CO ,
LTD. as a polishing tool and wusing the above slurry as a polishing
conpound, under a polishing pressure of” £Y KPa at a carrier circunferential

speed of 14 néP1QheA§%§s£e§ﬁ£%6rg@e, gnah}948P€E %Pglg gk w9ttt ¥a

and the renoveéd ano e annunt%og éagglng

at the edge p&gg% %Fefgrg sgt é g9t§b”hﬂg a regression line at a portion

on the principa ane o rom to 5 nmminside the edge 37 of the glass

substrate, and [ SoRECLELABhY Shylnshoh09anipol TRLSIA ELCLANAL DS SO

The present invention is applicable to pro tion o | ass substrate for

a magnetic d'ékglésghguBQEkééedféE|QSHééﬁeeicJéﬁéﬂese Patent Application
No. 2006-125475"filed on Apri 8, 06 and Japanese Patent Application No.

2006- 262513 filed on Septenber 27, 2006 i ncl udi ng specifications, clains,
i o drawi ngs and sunmaries are incorporated herein by reference in their

entireties. 38 - élggtlre disclosures of Japanese Patent

Application No. 2006-125475 filed on April 28, 2006 and
Japanese Patent Application No. 2006-262513 filed on
September 27, 2006 including specifications, claims,

10 drawings and summaries are incorporated herein by

reference in their entireties.



1. A nethod for producing a glass substrate for a magnetic di sk by polishing
‘a circular glass plate, which conprises a step of polishing the principal

pl ane of the s circular glass plate by using a slurry containing a CeQ2
crystal powder, the CeQ2 crystal powder being obtained in such a manner
that a nelt containing CeQ® is quenched to obtain an anorphous material,
and t he anorphous material is subjectéd:¥%'heat treatnent to obtain a CeQ2
crystals 10 precipitated anorphous natg%%ghﬁ;mhich is subjected to acid
treatnment to separate and extract the crystal powder fromthe CeQ2

crystal s preci pi t at od ARAr PBOUS, oARLSHEAL: o2aoThe fBLEad ! p produci ng a

gl ass substrate for a 1s magnetic dis Ing to aim 1, wherein the

melt containgafrome aQSﬁ%p%é’{a%h?ﬁ%?rEwehigrtglégsngh%t@t_ wﬁ&cbeﬁ/gto

one al kaline earth netal oxide selecte omthe group consisting o

CaO, SrO and Bafbinstot gl stapdosf poMi3RiHg ¥he "pL %0 pB203120e30£TREMEL hOd
for producing a glass substrate for a magnetic disk according to Caim 2,

wherein in theipehliar §heskapiaref viyh8seAgt gnk10trFeCBnraphesgnheeeby ml %
to the sumof the content of the alkaline earth netal oxide(s) and the

content of B2@3y&ep1eseniied, byh&oblol Scrdoe T PBwrid0 Boi R S0t afned hen et hod
for producing a glass substrate for a magnetic disk according to Caim2 or
3, Wwherein ingtbe 3%mafkét, thhe Aahk0tOobohbgifongentonfid hguahdiddneoearth
obtain an amorphous material, and the amorphous material
is subjected to heat treatment to obtain a CeO, crystals-
10 precipitated amorphous material, which is subjected to
acid treatment to separate and extract the CeO, crystal
powder from the CeO, crystals-precipitated amorphous
material.
2. The method for producing a glass substrate for a
15 magnetic disk according to Claim 1, wherein the melt
contains from 5 to 50 mol% of Ce0,, from 10 to 50 mol% of
at least one 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;.
20 3. The method for producing a glass substrate for a
magnetic disk according to Claim 2, 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,0; represented by mol% is
25 from 5:95 to 50:50.

4. The method for producing a glass substrate for a

magnetic disk according to Claim 2 or 3, wherein in the



metal oxide represented by nol % in the case of only one oxide or the total
‘content of the alkaline earth netal oxides represented by nol % in the case
of at least two s oxides, to the content of B2O3 represented by nmol % is
from20:80 to 80:20. 5. The nethod for producing a glass substrate for a
magnetic di sk according to any one of Clﬁéns 1 to 4, wherein the anorphous
material is flaky or fibrous. 10 6. The fhod for produci ng a gl ass

substrate for iy MaGRR! 0 diSkACRAr didgch Y (He Gh Tl Lelk0 5.

wherein the Ce ¢rystals-precipitated anorphous materi I S obtained by

subj ecting thg RORr pRAUS HREGE l%htﬁe% BSAMo 16" 3 TR Alsd IEMHAQ, 1 J00C. 15

[
7. The nethod for producing a 5 ass substrate tor a magnetic di'sk accordi ng

to any one of oGkl the @otathebeiklntherCeiR anxshahLudsh ke tsaparated
and extracted fromthe CeQ2 crystal s-deposited anorphous nmaterial by

subj ecting t hgxaprspheys L bt mcasl dn2@He ealReRlr R Using atyd east one
acid selected fromthe  group conSisting of acetic acid, hydrochloric acid,

nitric acig, exaliee,aeidtaRdonltent 3¢ @.,08. rdhe-dmithad gprmproducing a

gl ass substrate for a nagnetic disk according to any one of Clains 1 to 7,
25 wherein thererO2ocryStal gpawder has an average particle size of fromb5
to 50 nm as neasured by X-ray nethod. 9. The nethod for producing a gl ass

substrate forsa 4AGhama@iRidd s bR IHNG t@ any anestfatd aidml al to 8,
magnetic disk according to any one of Claims 1 to 4,
wherein the amorphous material is flaky or fibrous.

10 6. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 5,
wherein the CeO, crystals-precipitated amorphous material
is obtained by subjecting the amorphous material to heat
treatment at from 600 to 900°C.

15 7. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 6,
wherein the CeO, crystal powder is separated and
extracted from the CeO, crystals-deposited amorphous
material by subjecting the amorphous material to acid

20 treatment by using at least one acid selected from the
group consisting of acetic acid, hydrochloric acid,
nitric acid, oxalic acid and citric acid.

8. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 7,

25 wherein the CeO, crystal powder has an average particle

size of from 5 to 50 nm as measured by X-ray method.

9. The method for producing a glass substrate for a



*

wherein the slurry has a content of the CeQ2 crystal powder of fromO.1 to
5% represented by mass percentage. 10. The nethod for producing a gl ass
substrate for a s magnetic disk according to any one of Clains 1 to 9,
wherein in the slurry, the nmedian dianeter of the particles is from10 to
300 nm as neasured by dynamc |ight scgtigring met hod. 11. The nethod for
produci ng a gl ass substrate for a 10 magnetic disk according to any one of

Caims 1 to 1QagneRgkeln skhecsbaihat el angs onat o chZimthe ned od for
produci ng a gl asSs substrate for a fmagnetiC di sk according to any one of

Caims 1 to ljhereher ehk Lhershuhhy cokbaitRaitabrl @ast cerg akgehal sel ected
is fromthe group consisting of nethanol, ethanol, propanol, ethylene

gl ycol and prepydereogl ¥eeh 013. tBhesMethed ko opi @YU GIake: %&l@ﬁaaébst rate
for a magnetic disk according to any one of Clainms 1 to 12, wherein the

slurry has a pld.ofrHg adthdd bt ptddidinthe mEtded Suistradicidy a gl ass
substrate for a nmagnetic disk according to any one of Clains 1 to 13,

wherein the shaghgtdentddisks aacsaidehes @oubng ehgarifc clpdmsrar dawi,ng
carboxylic acid groups or carboxylate groups. 25 15. The nethod for
produci ng a ghwheseiumbibr ahe sQuray,matueciedidinskiateaed rf ttheC ai m 14,
wherein the water- sol uble organic polyner having carboxylic acid groups or
41 carboxyl apergiclps iis dromeddt tond owaner asomeklsererdgdy cynamic
light scattering method.
11. The method for producing a glass substrate for a
10 magnetic disk according to any one of Claims 1 to 10,
wherein the slurry contains water.
12. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 11,
wherein the slurry contains at least one alcohol selected
15 from the group consisting of methanol, ethanol, propanol,
ethylene glycol and propylene glycol.
13. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 12,
wherein the slurry has a pH of from 5 to 12.
20 14. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 13,
wherein the slurry contains a water-soluble organic
polymer having carboxylic acid groups or carboxylate
groups.
25 15. The method for producing a glass substrate for a

magnetic disk according to Claim 14, wherein the water-

soluble organic polymer having carboxylic acid groups or



[ 4

polyner selected fromthe group consisting of a polyacrylic acid, an
anmoni um pol yacryl ate, a sodium polyacrylate, a polynethacrylic acid, an
anmoni um s pol ynmet hacryl ate, a sodi um pol ynet hacryl ate, a polyam de, a

pol yam ¢ acid ammonium salt and a polyamc acid sodium salt. 16. The net hod
for producing a glass substrate for a pmagpetic disk according to any one of
Clains 1 to 15, 10 wherein the slurry contains a water-sol uble organic

pol ymer havi nga¥iolyd 18k@URSoubs iEhatmathed fple Raeducised w1 ayiakstrate
for a magnetic disk according to Caim16, wherein the water- sol uble

organi ¢ pol ynpblga\\éirn@eqie@tledgrfwﬁ the yrbuphonsiriting eghel or a
pol yvi nyl pyrrolidone. 18. The nmethod for producing a glass substrate for a

magneti c di skpad&arcadingct acddy eme atimodiaimpol iaerylateyher @icditdae slurry
contains a water-soluble organic polyner having am no groups or amne salt

groups. 20 19polhacistihed,f ar pprlgtethag rerldlcass isybsiy almndrdrune magneti c
di sk according to Claim18, wherein the water- sol uble organic pol yner

havi ng am no godypetihacatylla¢ast a o ivat grolyaethlae rorlgars,c ap@oliyemisid ect ed
fromthe group consisting of a polyam de am ne, a polyetheram ne and an 25
al i phati c pol papoigand@. athie mwiroad uhorsadtocdund =g pe lylaasis sudist rseddd unor a
magneti c di sk according to any one of Clains 1 to 19, s 42

salt.

16. The method for producing a glass substrate for a

magnetic disk according to any one of Claims 1 to 15,

10 wherein the slurry contains a water-soluble organic
polymer having vinyl groups.

17. The method for producing a glass substrate for a
magnetic disk according to Claim 16, wherein the water-
soluble organic polymer having vinyl groups is a

15 polyvinyl alcohol or a polyvinylpyrrolidone.

18. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 17,
wherein the slurry contains a water-soluble organic
polymer having amino groups or amine salt groups.

20 19. The method for producing a glass substrate for a
magnetic disk according to Claim 18, 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

25 aliphatic polyamine.

20. The method for producing a glass substrate for a

magnetic disk according to any one of Claims 1 to 19,



L

,Wherein the slurry contains at |east one pH adjuster selected fromthe
group consisting of phosphoric acid, acetic acid, propionic acid, nmalonic
acid, succinic acid, glutaric acid, adipic acid, maleic acid, fumaric acid,
s phthalic acid, citric acid, ethylenediam ne, pyridine, 2- am nopyridine,
3-am nopyri di ne, xanthosine, toluidine,_ ,gicolinic acid, histidine,
pi perazi ne, N-nethyl pi perazi ne,

2- bi s(2- hydr axyetdis ) awd NOrZriPyesoxyims hwt )1dasd: onopgmedaphstysi c acid,
nitric acid, hydrochloric acid, 10 perchloric acid, oxalic acid and amoni a.

21. The net hogkf&utdd Ofitism Nthe Gass Sosised®y fOf BhosPEset &Cadigk

according to any one of Clains 1 to 20, wherein the slurry contains a salt
of at |east apeetpit 6 distErostbetd edleid ormd hen D¢ 0akPi € pNsusEiAPcOhcid,

phosphoric is acid, acetic acid, propionic acid, malonic acid, succinic
acid, glutariglwcaslic atipd ¢ adiphic nadtedc mel el c faebd) cfuasttlc pbidal i c aci d,
citric acid, ethylenediam ne, pyridine, 2-am nopyridine, 3-am nopyridine,
xant hosi ne, plothiicegcidcotitw e acedd, hetshyemediphpee azppeiddhe) 2-
met hyl pi perazi ne, 2-bis(2-hydroxyethyl) am no-2-
(hydr oxymet hydnirdo@rprdipaned caminopyer bding, ntdntloatne, tdydidtheoric acid,
perchloric acid, oxalic acid and ammonia. 22. The nmethod for producing a
gl ass substraidbinc 25idmgnesttdinek piroraiimget oNangtbwépdpethaine, 1 to
21, wherein the slurry contains an alkali nmetal hydroxide. 23. The nethod
for produci ngd it shydipetyeitky¥ baming32 - (hydroxymethyl) -1, 3-

propanediol, uric acid, nitric acid, hydrochloric acid,

10 perchloric acid, oxalic acid and ammonia.

21. The method for producing a glass substrate for a

magnetic disk according to any one of Claims 1 to 20,

wherein the slurry contains a salt of at least one pH

adjuster selected from the group consisting of phosphoric

15 acid, acetic acid, propionic acid, malonic acid, succinic
acid, glutaric acid, adipic acid, maleic acid, fumaric
acid, phthalic acid, citric acid, ethylenediamine,
pyridine, 2-aminopyridine, 3-aminopyridine, xanthosine,
toluidine, picolinic acid, histidine, piperazine, N-

20 methylpiperazine, 2-bis(2-hydroxyethyl)amino-2-
(hydroxymethyl) -1, 3-propanediol, uric acid, nitric acid,
hydrochloric acid, perchloric acid, oxalic acid and
ammonia.

22. The method for producing a glass substrate for a

25 magnetic disk according to any one of Claims 1 to 21,

wherein the slurry contains an alkali metal hydroxide.

23. The method for producing a glass substrate for a



magneti c di sk according to any one of Clains 1 to 22, wherein the slurry
contains at | east one quaternary ammoni um hydroxi de sel ected fromthe group
consi sting of tetraal kyl ammoni um hydr oxi de, tetraethyl anmoni um s hydroxi de
and tetrapropyl anmoni um hydr oxi de. 24. The net hod for producing a gl ass
substrate for a magnetic disk according,t,o any one of Clainms 1 to 23,
wherein the slurry contains a polyethylené glycol having a weight average

mol ecul ar weightn Of ; @tqimstade D QY o b PobyPropydenengl ycob having a
wei ght average nol ecul ar wei ght of” at nost 1,000. 25. The nethod for

produci ng a ghasse sybsid al ibef contBONetd€ 1h okt askoOr dhdefRappy one of
Clains 1 to 24, wherein in the step of polishing the principal plane of is

the circul ar Ginassiuth HRirck R | Sd1 @ QR0 FoRlec 1 Frod®! yoniel Sanegfeam

having a Shore D hardness of from45 to 75, a conpressibility of fromO.1

to 10% and a wdansdd cylammdroing . 1By dfodi &e 9/ €dBra et gl b hane foam having a
Shore A hardness of from30 to 99, a conpressibility of from20 0.5 to 10%

and a densi t yhyafrdstinde ar ttoe thr S wyBammdn fum oy Jrseidane foam having a
Shore A hardness of from5 to 65, a conpressibility of fromO0.1 to 60% and
a density of 24 ronh®.@6thoed Ofdr gpraBucisgusedlal$. sibetpetbofotoa produci ng
a glass substrate for a 25 nmagnetic disk according to any one of Cains 1
to 25, whereapnetidhelsilepoafopddnghtmganheonms i oti Phhips ahetof231 he
circular glass plate, the polishing pressure is from44 -
wherein the slurry contains a polyethylene glycol having
a weight average molecular weight of at most 1,000 or a
10 polypropylene glycol having a weight average molecular
weight of at most 1,000.
25. The method for producing a glass substrate for a
magnetic disk according to any one of Claims 1 to 24,
wherein in the step of polishing the principal plane of
15 the circular glass plate, 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/cm®, a polyurethane foam having a Shore
A hardness of from 30 to 99, a compressibility of from
20 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®, is used.
26. The method for producing a glass substrate for a
25 magnetic disk according to any one of Claims 1 to 25,

wherein in the step of polishing the principal plane of

the circular glass plate, the polishing pressure is from



-

0.5 to 30 kPa. 27. A magnetic disk conprising a plurality of |ayers

i ncluding a magnetic layer to be a recording layer, |amnated on a gl ass
substrate for a nmagnetic disk 5 produced by the process for producing a
gl ass substrate for a nmagnetic disk as defined in any one of Clains 1 to

26. s

0.5 to 30 kPa.
27. A magnetic disk comprising a plurality of layers
including a magnetic layer to be a recording layer,
laminated on a glass substrate for a magnetic disk

5 produced by the process for producing a glass substrate
for a magnetic disk as defined in any one of Claims 1 to

26.





