-1- GLASS FOR | NFORVATI ON RECORDI NG MEDI UM SUBSTRATE, GLASS SUBSTRATE FOR

| NFORMATI ON RECORDI NG MEDI UM AND MAGNETI C DI SK The present invention rel ates
to glass to be used for an information recording 5 nedium substrate such as
a magnetic disk (hard disk), a glass substrate for an information recording
medi um and a magnetic disk. G ass substrates are widely used as substrates
for information recording nedium particularly for magnetic di sks, and a
comercially avail abl e gl ass substrate has been known, which has a
conposition conprising, as represented by nol % SiQ2: 10 65.4% A1203: 8.6%

Li 20 12.5% Na2O 10.5% and Zr2: 3.0% This commercially avail able gl ass
is subjected to chem cal strengthening treatnment for use. On the other hand,
Pat ent Docunent 1 proposes a substrate glass for a magnetic disk, which is
not subjected to chem cal strengthening treatnent. Patent Docunment 1:

JP- A- 2002- 358626 (Tables 1 to 14) 15 Since an acid having a low pHis used in
a step of polishing or washing a glass substrate for a magnetic disk, the

gl ass substrate for a magnetic disk is required to be free fromsurface
roughening in the polishing step or washing step at a low pH, i.e. to have
acid resistance. Further, by using an acid having a low pH, it is possible to
i nprove the polishing rate or the performance to renove defects in the
washi ng step. 20 However, in the case of gl ass haviqgsgoor aci d resi stance,

if an aci GLARS FORINDRARMATION REGORMHNGMERIMMSUBS ERAELBATDW, or

defects tend renai n_after washing t teriorate the quality. A glass
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filmsuch as a base film a nmagnetic filmor a protective film which is
formed on the -2- substrate, is prevented from peeling due to remarkabl e

; ; at _ du | i
change of 2 SuThagfecaidhid ibn AEST SERCAGBe JRUIElY ahinf iGN EESah have

weat her resistance. nents's are W dely
used as apfddig® JPstrafts §EHEEIEThagnEIRVEIR (hafldiBk)C AHIRSE BLSSIAE t§eArct i vel y

extracted fromglass by noisture in air, and s they are finally reacted with
a conponeirfosuatioraecoadingmhediani andgamagnetid digk. di oxi de
Glass substrates are widely used as substrates for information recording
medium, particularly for magnetic disks, and a commercially available glass substrate
has been known, which has a composition comprising, as represented by mol%, SiO,:

10  65.4%, Al,03: 8.6%, LipO: 12.5%, Nay0O: 10.5% and ZrO,: 3.0%. This commercially
available glass is subjected to chemical strengthening treatment for use.

On the other hand, Patent Document 1 proposes a substrate glass for a
magnetic disk, which is not subjected to chemical strengthening treatment.
Patent Document 1; JP-A-2002-358626 (Tables 1 to 14)

15 Since an acid having a low pH is used in a step of polishing or washing a glass
substrate for a magnetic disk, the glass substrate for a magnetic disk is required to be
free from surface roughening in the polishing step or washing step at a low pH, i.e. to
have acid resistance. Further, by using an acid having a low pH, it is possible to
improve the polishing rate or the performance to remove defects in the washing step.

20 However, in the case of glass having poor acid resistance, if an acid having a low pH is
used, the polishing rate becomes low, or defects tend to remain after washing to
deteriorate the quality.

A glass substrate for a magnetic disk is required to have a property such that a

film such as a base film, a magnetic film or a protective film, which is formed on the



gas«in air and attach on a glass surface in the formof an alkali netal
carbonate or an alkali netal sulfate (white stain). Therefore, it is
required to prevent such a reaction. Further, if an alkali netal conponent
diffuses to a nmagnetic film a phenonenor "such that recorded information is
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weather resistance was low, and it is evident that the weather resistance can be
improved by the chemical strengthening treatment. That is, it is considered that this
glass can be made useful as a glass substrate for a magnetic disk for the first time by
the chemical strengthening treatment, and the reason is considered to be such that the

20 amount of an alkali component having a large ion radius increases on the glass
surface along with the chemical strengthening treatment, and the mobility is reduced.
However, there are problems such that the chemical strengthening treatment increases
the number of manufacturing steps, thus leading to an increase of cost, and the
substrate surface tends to be stained by the chemical strengthening treatment.

25 On the other hand, most of the compositions exemplified in Patent Document 1
contain at least 1 mol% of B,O3 in addition to an alkali metal component. B,QOj is
added in order to e.g. lower the brittleness of glass, lower the specific gravity or
improve the melting property of glass. However, if B,O3 coexists with an alkali metal
component, an alkali metal borate compound having an extremely low vapor pressure

30 is formed, and the alkali metal borate component volatilizes and diffuses from the glass

melt vigorously.

Fig. 1 shows a vapor pressure curve of a boron compound caiculated from



American Institute of Physics, Year 1998, p.242-274. Vapor pressure P was
calculated fromthe free energy difference AG between gas phase and condensed
s phase at each tenperature by the following formula. Results are shown on
Fig. 1. AGSRTInP Here, Ris a gas constaht. It is evident fromFig. 1 that
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Exanple 63 in Patent Docunent 1, and the after nentioned nitric acid etching
rate was afkhlimeétal components from glass, each glass of the after mentioned Examples 29,

137 and 138 was put in a platinum crucible and left for 23 hours at 1,600°C, and the

amount of LixO and the amount of Na,O in the glass were analyzed by ICP-MS before

and after leaving it in the platinum crucible. Further, the contents of B,O3 in the glass

of Examples 29, 137 and 138 were 0 mol%, 1 mol% and 1.5 mol%, respectively.

20 As a result, the reduced amounts of Li.O (absolute amounts) before and after
leaving the glass of Examples 29, 137 and 138 in the platinum crucible were 0.0
mass%, 0.1 mass% and 0.1 mass%, respectively. The reduced amounts of Na,O
(absolute amount) were 0.4 mass%, 0.8 mass% and 0.9 mass%, respectively. That
is, between Example 29 wherein B,O3; was not contained and Examples 137 and 138

25  wherein at least 1 mol% of B-O3 was contained, the reduced amount of Na,O was
remarkably different.

Further, in Patent Document 1, five examples of containing no B,O3 are shown.
However, in each of such examples, the content of alkali metal components in glass
was large, and Cr was thereby considered to be at least 12 nmol/cm?, and it is

30 considered that alkali metals tend to diffuse into a magnetic film, and reliability is low.
Further, the after mentioned Example 125 corresponds to the glass of Example 63 in

Patent Document 1, and the after mentioned nitric acid etching rate was 181 nm/h.



-4- . Therefore, it is likely that surface roughening results in a polishing or
washing step at a low pH, and the quality deteriorates. The present

t nventors have considered that such problens occur due to glass which shows
a high nitric acid etching rate in the adid resistance test and a large s
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gl ass forpgANSTer ABDGMPRISH EROALEYgEedi um substrate, wherein A1203 is from
3to 11% and R20 is from10 to 22% Further, the present invention provides
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i nf ory@ti 8o/, the ratio of the content of Li,O to RO (LizO/R-0) is at most 0.52, the ratio of the
content of Na,O to R;O {Na,O/R,0) is at least 0.35, or the ratio of the content of K;O
to RO (K20/R20) is at least 0.45. Here, for example “comprises from 0 to 14.3 of
Li-O” means that although Li;O is not essential, Li,O may be contained up to 14.3 %.
Further, the present invention provides the above glass for an information
20 recording medium substrate, wherein Al,Oj3 is from 3 to 11%, and RO is from 10 to
22%.
Further, the present invention provides the above glass for an information
recording medium substrate, wherein SiO. is from 62 to 71%, Al,Og is from 4 to 10%,
Li,O is from 0 to 13%, Na O is from 0 to 20%, K20 is from 0 to 20%, MgQ is from 5 to
25 12%, TiOs is from 0 to 5%, ZrOs is from 0 to 5%, and R»0 is from 11 to 20%.
Further, the present invention provides the above glass for an information
recording medium substrate, wherein SiO; is from 63 to 70%, Al,O3 is from 5 to 9%,
Li>O is from 0 to 12.4%, Na,O is from 0 to 19%, KO is from 0 to 19%, MgO is from 5
to 11%, TiO; is from 0 to 4%, ZrO, is from 0 to 4%, and R0 is from 13 to 19%.
30 Further, the present invention provides the above glass for an information
recording medium substrate, which contains neither CaO, SrO nor BaO, which

contains at least one of CaO, SrO and BaO in the total content of at most 3%, or which



recordi ng medi um substrate, which contains neither CaQ, SrO nor BaO which
contains at | east one of CaO, SrO and BaOin the total content of at npst 3%
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0. 45.
15  medium substrate.

Further, the present invention provides a magnetic disk having a magnetic
recording layer formed on such a glass substrate for an information recording medium.
Further, the present invention provides the followings including some of the
above-mentioned features.
20 1. Glass for an information recording medium substrate, which comprises, as
represented by mol% based on the following oxides, from 61 to 72% of SiO;, from 3 to
12% of AloO3, from 0 to 14.3 of Li>O, from 0 to 22% of NaO, from 0 to 22% of K,0,
from 4 to 13% of MgO, from 0 to 6% of TiO, and from 0 to 5% of ZrO,, provided that
the total content of LiO, Na,O and K20 (R20) is from 8 to 22%, the ratio of the content
25 of LioO to R,0 (Li2O/R20) is at most 0.52, the ratio of the content of Na>O to R.0O
(Na20O/R;0) is at least 0.35, or the ratio of the content of Kz0 to R0 (K.0/R,0) is at
least 0.45.
2. The glass for an information recording medium substrate according to the
above 1, wherein the ratio of LioO/R0 is at most 0.5, or the ratio of Na;O/R,0 is at
30 least 0.4.

3. The glass for an information recording medium substrate according to the



2. The glass for an information recordi ng nedi um substrate according to the
above 1, wherein the ratio of Li20/R20 is at nost 0.5, or the ratio of
Na20/R20 is at 30 least 0.4. 3. The glass for an information recording

medi um substrate according to the -6- ab&e 1 or 2, wherein the total content
of TIA2 a
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according to any one e above 1 to wherei'n ntent of Al2

most 11 %Oﬁqqhemﬁt@{t@%@qg aAhdgdtioer mat i on recording rredl um substrate
according to any one of the above 1 to 6, wherein SIQ2 is from63 to 70%
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K20is fromO to 12.8% MO is from5 to 11 % TiQ2 is fromO to 4% ZrQ2 is

from O t oofdte aﬁ@deﬂQ@GS\Nfﬁér@m ROt afl R¥st 18%. The gl ass for an information
recordi ng nedi um substrate accor di ng to any one of the above 1 to 10, which

Todi Um SUDSTr 81 6 aecoraing Lo any 35 onb of e Above T Lo 0 wh ch bontai ns
at | east ofnbecbole, toB,WiereirB8ID is ftdme 6RAb 1%, Al,O3 is from 4 to 12%, LizO is
from 0 to 12.4%, Na,O is from 0 to 20%, K20 is from 0 to 19%, MgO is from 5 to 12%,
15 TiOgzis from 0 to 5%, ZrO; is from 0 to 4%, and R,0 is from 11 to 20%.
9. The glass for an information recording medium substrate according to any one
of the above 1 to 8, wherein the content of Al,O3 is at most 11%.
10. The glass for an information recording medium substrate according to any
one of the above 1 to 6, wherein SiO; is from 63 to 70%, Al,Oz is from 5 to 9%, Li,O is
20 from 0 to 10.2%, NaoO is from 0 to 19%, K,O is from 0 to 12.8%, MgO is from 5 to
11%, TiO, is from 0 to 4%, ZrQ; is from 0 to 4%, and R20 is from 13 to 19%.
11. The glass for an information recording medium substrate according to any
one of the above 1 to 10, which contains neither CaO, SrO nor BaO.
12. The glass for an information recording medium substrate according to any
25 one of the above 1 to 10, which contains at least one of CaQ, SrO and BaO in the total
content of at most 3%.
13. The glass for an information recording medium substrate according to any
one of the above 1 to 6, wherein Al,O3 is from 3 to 11%, Li>O is from 0 to less than 5%,
NazO is from 0 to 13%, K,0 is from 0 to 12%, MgO is from 4 to 11%, R,0 is from 8 to

30 17%, and CaO is from more than 2% to 8%.
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0 to 12% I\/gOis from4 to 11% R20 is frfom8 to 30 17% and CaOis from nore

th 2% to 8% f f di

suggt r at eoacc 'T?gg §s L?fﬁ"g\’i&%?atoﬂrﬁ'eraegﬁl %é)r@rrqa Ll"%nsqrpf%&a ‘%’l"g%gl th%’Wom 61

to 719% A1203 f 4 t Q Na2

190 Koo T8 ShURAVE ook, Wisein S o 196, 1oz Cas fremr‘? i d s LB oo s
15. Th | f t to th
RS RO TR VR R ©

|nforrrat|on substrate according to any one of the above 1
to 15, QF%G%P%%M us of at least 75 GPa and a specific nodul us

Sube f'afzszci OV 0 R P g o
transiti %&%W&?wr\ﬁh&felﬁicé a‘ForﬁQ?%t? aéB The glass for an information

recordi ng medi um sub'strate a above 13, 14 or 15, which has a

Young"s MOl s . ek 535 FioFiorPeEBRlhG ec Mttt brk R A 1k

and a gl ass transi era ure of at for an

| nfor mat i g4, SERATHANG f%dw”ﬂrﬁil:'}t??\ta‘saé?o Hjc?cpﬂug B afieablPs ﬁ;as$ﬁd bt I

18, which has an average l[i’'near eX anS| I Cl en 6x1 0"7/C

in a te Jlérr‘ﬁoﬂﬁl'ﬁg%f%i 1dd<pBB ,\ggn{/g 70C. 20. The gl ass for an information

recordi ng nmedi um substrate accordi ng o any one of the above 1 to 19,

wher eign (L= T6) o208 g6 Intbrindfih foioBHAlY PndRSIaYaRe acdaitothy s the

terrperature at e viscosity becones 104 dPa-s. 21. The g

i nfor mat i gHe seRRr£idve TR 6!WISER Hlakad @la§§‘¥|%rn§ltﬁﬁ tbﬁh é’turé’B?aﬂ%aéh@O@’lﬁove 1
to 20, which has a density of at nost A gl ass substrate for
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above 13, 14 or 15, which has a Young’'s modulus of at least 76 GPa, a specific
modulus of at least 30 MNm/kg and a glass transition temperature of at least 590°C.

15 19. The glass for an information recording medium substrate according to any
one of the above 1 to 18, which has an average linear expansion coefficient of at least
56x107/°C in a temperature range of from -50 to 70°C.

20. The glass for an information recording medium substrate according to any
one of the above 1 to 19, wherein (T.-T4)<50°C, where T_ is the liquidus temperature,

20  and T4 isthe temperature at which the viscosity becomes 10* dPa's.

21. The glass for an information recording medium substrate according to any
one of the above 1 to 20, which has a density of at most 2.60 g/cm®.

22. A glass substrate for an information recording medium, which is made of the
glass for an information recording medium substrate as defined in any one of the

25 above 110 21.

23. The glass substrate for an information recording medium according to the
above 22, wherein when immersed in 0.01 N nitric acid at 25°C, the etching rate of
glass is at most 0.3 nm/h.

24. The glass substrate for an information recording medium according to the

30 above 22 or 23, wherein when the glass is left under a steam atmosphere at 120°C at



25 above 1 to 21. 23. The gl ass substrate for an information recordi ng nmedi um
according to the above 22, wherein when immersed in 0.01 Nnitric acid at
25C, the etching rate of glass is at m)ét 0.3 nnih. 24. The glass substrate
for an information recordi ng medi um accoPding to the 30 above 22 or 23,

wher ei n n,th ss is.left und a steam pt nosphere at 120C.at -8-. 0.2
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t he gl as%;%gcg&ayate for an information recordi ng nedium as defined in the
above 22, 4. EFFECTS OF THE | NVENTI ON According to the present

i nvention, gl )| | r di redi Lch has a
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be i nmproved, whereby the efficiency of the polishing step can be i nproved.
Further, defects forned in the washing step can be reduced, and it is

possi bl e BERFECTSADE AIHE INVEYA1@QNal i ty gl ass substrate for an information

recordi ng medium Further, w thout carrying out a chem cal strengthening
treat nent, itA¢eoraingdp e presensinveintion) aless fejraminfermatioeiecerding Swdiumg
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Further, defects formed in the washing step can be reduced, and it is possible to

15 obtain a high quality glass substrate for an information recording medium.

Further, without carrying out a chemical strengthening treatment, it is possible to
obtain glass for an information recording medium substrate, wherein the total alkal
precipitation amount after the weather resistance test is low. Therefore, a film formed
on the substrate such as a base film, a magnetic film or a protective film is prevented

20  from peeling.

Further, it is possible to prevent alkalis from diffusing to a magnetic film, and
highly reliable recoding medium can be obtained.

Further, without carrying out a chemical strengthening treatment, a glass
substrate for an information recording medium can be produced, whereby the number

25 of process steps can be reduced, and the problem of stain on the substrate surface
after the chemical strengthening treatment can be solved.

Further, it is possible to obtain glass for an information recording medium
substrate which has a high Young's modulus and a high specific modulus. Therefore,
warpage, deflection or fluttering during disk rotation can be prevented, whereby a

30  recording medium having a high recording density can be obtained.

Further, it is possible to obtain glass for an information recording medium



25 of process steps can be reduced, and the problemof stain on the substrate
surface after the chem cal strengthening treatnent can be solved. Further, it
is possible to obtain glass for an infornmation recording nedium substrate
whi ch has a high Young's nodul us and a hi®%gh specific nodul us. Therefore,
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recordi ng nmedium -9- substrate having a | ow density, whereby the notor | oad

during di sk rudhemil ispassible tbaktaindlassidrian inforpadisnbbeotdingaoedigrhi sh
reduction of the power consunption. Further, it is possible to obtain glass
for an i rsubstrate whichdoas aihigh instnexpasaiostaosfiicienti c T hiessfore, imatehirigisar
expansion coefficient. Therefore, matching in t hermal expansi on with ot her

. 5
dr i ve sneribereahexpansonuith othss diiyedneabess madecoidnetad becemgs hgtisy: the stress
t enperature change,é becones | qw, and substrate fracture, . etc. are revent ed.
Fur Dher. Gaused Bio8 STBperAT e AdnoR nclies 5. Bnci st r8fiCie &iF B e um
substr at f'prgoérﬁt'%dhas a low liquidus tenperature, as conpared with the
t enper at o which the viscosity becones 104 dPa-s. Therefore,

cont i nuous T of Tifgk. s BASSbII 8 dBai dlas<idh PAHIONAEBN TecdichitphRaTRT hod or

down draw net y mass prodlction Is possib r , i's

possi bl e dubspataivhidll [Besaliow lighidusfiempetatare, raRCurihAedrith the teprihifurb @t Whi ch
has a high glass transition tenperature. Therefore, the tenperature is for
heat itor eawhiehtthetviscbsingbeeomesd 00dPasd.t eFhdrefare neprtinuaas dointingiis possibichsy
substrate can be set high, whereby it is possible to obtain an information

r ecor di nge-gediflgat prapgsaga gy meatked ptarpvwaedew mMetipel wheBBZRN@SS ON OF
DRAWNGS 20 Fig. 1 shows the rel ationship between the tenperature and the
vapor pr &¥9dpeton isrpassiideand an al kali conpound of boron. Fig. 2 shows the

rel ati onshi p petween .the r.atios of. alkal]j oxi.des | 20/ R20,.  Na2()Y R20O and
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substrate which has a high glass transition temperature. Therefore, the temperature
15  for heat treatment which is carried out after forming a magnetic film on the substrate
can be set high, whereby it is possible to obtain an information recording medium

having a high recording density.

BRIEF DESCRIPTION OF DRAWINGS
20 Fig. 1 shows the relationship between the temperature and the vapor pressures
of B,O3 and an alkali compound of boron.
Fig. 2 shows the relationship between the ratios of alkali oxides (Li,O/R,0,
Na,0O/R20 and K2O/R20) and Cg. Numerical values at respective points are Cr (unit:
nmol/cm?). At the top point of Li, LiO/R:0O=1. At the top point of Na, Na,O/R,0=1.
25 At the top point of K, K,O/R,0=1.
Fig. 3 shows the relationship between Na,O/R,0 and Cg, when K;O/R,0=0. In
the figure, y=56x*-77x+32 is a formula of an approximate curve {y and x are Cg and

Na,O/R,0, respectively, when K,0/R.0=0), and R? is a coefficient of determination.

30 BEST MODES FOR CARRYING OUT THE INVENTION
The density (d) of the glass for an information recording medium substrate of the

present invention (hereinafter referred to as the glass of the present invention) is



nmol /cnR). At the top point of Li, Li20/R20=1. At the top point of Na,
Na20/ R20=1. 25 At the top point of K K2O R20=1. Fig. 3 shows the
relationship between Na2Q R2O and CR, when K2O R2C=0. In the figure,
y=56x2-77x+32 is a fornmula of an appr oxi hre curve (y and x are CR and
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i nvention (hereinafter referred to as the glass of the present invention) is
-10- pr efretatiohyis ¢ikelyas beirGatgé c nBheldensitg isiprdétapheatmeds2 B4aficm’ cnB8, not or
| oad during disk rotation becones high, and power consunption becones | arge.
Furt her, di skThe gtassiadthé prasentinventionrefesakipihas arfeunps madulis (preffadr abl y
at nost 2.54 g/cnB. The glass of the present invention preferably has a
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preferably at l'east 500C. If Tg is | ower than 500C, the tenperature for the
heat 10t r esridiEfd isfpartiduany peefarabhgacikeast Bajdméapnot be made to be
sufficiently high, and it nay be difficult to increase the nagnetic coercive
force of the T ossdransition temperaturs (ho) ef thedlasadl heqiresentsovatn. isi n t he
case of the glass B, T%ﬁi S ty;lt)i cally at least 590C. In the glass of the
present imetaiablyat lgagt 5P05C; s lfgkasdpwer $haneg@0ithdhe deropeiierecdfor the heak he
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preferably Tess 't particufarly prerera an 3
15 more preferably at least 510°C. In the case of the glass B, Tg is typically at least
590°C.

In the glass of the present invention, (T(-T,) is preferably less than 50°C, where
T is the liquidus temperature, and T, is the temperature at which the viscosity
becomes 10* dPas (working temperature). If (T.-T4) is 50°C or more, it may be
20 difficult to manufacture the glass with a float process. (T.-T4) is more preferably less
than 40°C, particularly preferably less than 30°C.
The glass of the present invention preferably has a linear expansion coefficient
(a) of at least 56x107/°C in a temperature range of from -50 to 70°C. If a is lower
than 56x107/°C, the difference in the thermal expansion coefficient from other
25 members such as a drive made of metal becomes large, and the substrate tends to
fracture due to a stress caused by temperature change. «a is more preferably at least
58x107/°C. Typically, a is at most 100x107/°C.
When the glass substrate of the present invention for an information recording
medium (hereinafter, referred to as “glass substrate of the present invention”) is left
30  under steam atmosphere at 120°C at 0.2 MPa for 20 hours, and the amount of Li, the
amount of Na and the amount of K, which precipitate on a surface of the glass are

represented as Ci;, Cna and Ck respectively, Cg=C(i+CnatCx is preferably at most 12



The. gl ass of the present invention preferably has a |inear expansion
coefficient (a) of at |least 56x10-'!Cin a tenperature range of from-50 to
70C. If ais lower than 56x1 0'/C, the djfference in the thernmal expansion
coefficient fromother 25 nenbers such a&'a drive made of metal becones
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information recording nedium (hereinafter, Teferred to as "gl ass substrate

of the pratsesdt iinwaoVémfA") is left 30 under steam atmosphere at 120C at 0.2
MPa for 20 hours, and the anobunt of Li, the anobunt of Na and the anount of K,
whi ch preci pilt & preferred that the glass substrgtessithamresertpnesdinned exselint iCgidand

CK respectively, CR=CLi +CNa+CK js preferably at nost 12 -11- nnof/cn2. If CR
exceeds Tesiksiceciueh that therpliewingdnitic adid etahing raleds at st 83 AMiase film a
magnetic f{j ve filmis likely t nor e
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acid etching rate: A sanple to be neasured is prepared by polishing a glass
pl ate into m Thenitdcatideichiagirate: A samplerdeds measuied is preparedrbyaprlishing ae of
4 cm x 4 cm The sanple is imersed in . 0.01 Nnitric acid at 25C for 3
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15 The nitric acid etching amount is calculated from the Si amount to be obtained,
the SiO; content in the glass and the density of the glass.
Next, the composition of the glass of the present invention is explained by
employing mol% representation.
SiO; is a component for forming the glass structure and an essential component.
20 lfthe content of SiQ; is less than 61%, the acid resistance and weather resistance
become low, d tends to be large, or T_ increases whereby the glass becomes unstable.
The content of SiO; is preferably at least 62%, more preferably at least 63%. [f the
content of SiO, exceeds 72%, the after-mentioned T, and T, raise, and it is difficult to
melt and form glass, E or E/d decreases, or a decreases. The content of SiO; is
25  preferably at most 71%, more preferably at most 70%.
AlO3 has an effect to improve weather resistance and is an essential
component. If the content of Al,O3 is less than 3%, the above effect is a little, E or E/d
decreases, or Tg tends to be low. The content of Al,O3 is preferably at least 4%,
more preferably at least 5%. If the content of AlO3; exceeds 12%, the acid resistance
30 deteriorates, the after-mentioned T» and T4 raise, and it is difficult to melt and form
glass, a decreases, or T| becomes too high. The content of Al,O3 is preferably at

most 11%, more preferably at most 10%, typically at most 9%.



Si2 is a conponent for form ng the glass structure and an essenti al
conponent. 20 If the content of SIQ2 is less than 61 % the acid resistance
and weat her resistance beconme low, d tends to be large, or TL increases
wher eby the gl ass becones unstable. ThelZontent of SiO2 is preferably at
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preferably at nost nore preferably at nos A1203 has an effect to
i nprove wesistidicermay deansufficient.i s an essential conponent. If the content of
A1203 is less than 3% the above effect is a little, E or Efd decreases, or
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14.3% |If the content of LiZ20 exceeds 14.3% the acid resistance or weat her
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preferably at nost 13% nore preferably at nost 12.4% Wen it is desired to
i ncr ease iENot oentajned; or lessdhph &% of Lh© maygsetarablidegantainedof The2ontent of
preferably at nost 11 % nore i0 preferably at nost 10.2% typically at nost
9.5% Whdr@ is typicadly fiosy Ol 4:3%se Tg, Li20 is not contained, or |ess than 5%
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deteriorates, or Tg tends to be low. The content of Na,O is preferably at most 20%,

more preferably at most 19%, typically at most 18%. When it is desired to raise Tg,

the content of Na,O is preferably at most 13%, more preferably at most 12%, typically

at most 11%.

20 Although K20O is not an essential component, K;O has an effect to increase a or
improve the melting property of glass, and KO may be contained up to 22%. If the
content of K20 exceeds 22%, the acid resistance or weather resistance deteriorates, or
E or E/dtends to be low. The content of KO is preferably at most 20%, more
preferably at most 19%, particularly preferably at most 13%, further preferably at most

25 12.8%, typically at most 12.5%. When it is desired to raise Tg, the content of K;0 is
preferably at most 12%, more preferably at most 10%, typically at most 9%.

When it is desired to increase E/d, the difference obtained by deducting the
content of Li-O from the content of K,O (K-O-Li-Q) is preferably at most 9%, typically
at most 8.5%.

30 If the total content of Li;O, Na,O and K;O (R20) is less than 8%, a decreases, or

the melting property of glass deteriorates. R0 is preferably at least 9%, more

preferably at least 10%. When it is desired to increase E/d or a, for example in the



deteriorates, or Tg tends to be low. The content of Na2O is preferably at
nost 20% nore preferably at nost 19% typically at nost 18% Wen it is
desired to raise Tg, the content of Na2Q is preferably at nost 13% nore
preferably at nost 12% typically at rm?;@‘ll % 20 Al though K20 is not an
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15 MgO. As mentioned above, MgO has has an effect to increase E, E/d or a or improve
the melting property of glass, while maintaining weather resistance. MgO is thereby
an essential component. If the content of MgO is less than 4%, the above effects are
insufficient. The content of MgO is preferably at least 5%. |f the content of MgO
exceeds 13%, T\ is too high. The content of MgO is preferably at most 12%, more

20 preferably at most 11%. When it is desired to raise Tg, the content of MgO is
preferably at most 9%.

Ca0, SrO and BaO are not essential components. However, when it is desired
to increase a or improve the melting property of glass while maintaining the weather
resistance, CaQ, SrO or BaO may be contained.

25 When it is desired to increase E or E/d, to decrease d or to lower T\, neither
Ca0, SrO nor BaO is preferably contained, or at least one of CaQ, SrO and BaO may
be contained in the total content of at most 3%. The total content of CaO, SrO and
BaO is preferably at most 2%, typically at most 1%.

For example, when it is desired that E is at least 76 GPa, E/d is at least 30

30 MNm/kg, and Tg is at least 590°C, the content of Li,O is preferably from 0 to less than
5%, and the content of CaO is preferably from more than 2% to 8%. [f the content of

Li»O is at least 5%, or the content of CaO is at most 2%, Tg is difficult to be at least



mai ntai ning the weat her resistance, E, E/d or a can be increased. Therefore,
R20 can be decreased, and the weather resistance of glass can be inproved by
adding is MgJO As nentioned above, MO has has an effect to increase E, E/d
or a or inmprove the nelting property of14tass, while naintaining weat her

st staneanti Ol heldARicHs b 838844 Bl EATROBAMM thlbel @q{ag%;ﬁcgm%gwo 'S

| ess t han t he are 1 nsu

pref er abmheaéodtém%f 1590 id retfbn%bﬁpﬁémrﬁ 104 S AnEirersstteAB3PCAD it préfera

The content of MgO is preferab st 12% nmore 20 preferably at nos

% When iffom?2. @I&ﬁw/oedmtidhe@baeanmf Ltgmelsqpmbawfrom O3PS andrtéeoaldnt oit nost
9% CaO SrO and BaO are not essential conponents. However, when it is
desired GaDiisitypicedly feoroB torfpb%ve the melting property of glass while

mai ntai ni ng the weat her resistance, CaO SrO or BaO nmay_be contained. 25
Wen bt |s de%lth@thQan%n@b@%s@h@h itehag an @ﬁa@tctpea@r@aéecﬁ R/d ardugeer improve

nei t her r O nor , BaO i cont ai ned ne of CaQ
570 and HaONRAMCTBSISHIE: nJdar e oraTOs Ay beRPaRInes uato Bar 66 stelt u

For gﬂénﬁfﬁgﬁéﬁéﬁa‘% EEE??%‘*@JOP%E{ R ofs PE§§% sGgaranih Pé%lﬁ" S Bl 20
30 MNm kg EQ%;%nges%&itﬁ ﬁl&?{&ﬁfé@g%ﬁgf A g\‘(?r%%rbﬁar@ﬁ n?r# deom 0

to | ess t cont é I's pre rom A)to

8% |f t%rﬁ@ﬂéﬂ’@ rélérably 3@n’o§t a9, | Qﬁ%tca'?_sé?wﬁéret'l’l%(ié’ﬂbﬁﬂéﬁnéa‘ n@%@nteﬁﬂﬁ’é nost
2% Tg is difficult to be at |east -14- 590 I f the content of CaO exceeds

8% kbhd iprefbriblycitidast@.1%. at | east 30 MNm kg The content of Li20is
preferably fromO to 4.5% and the content of CaOis preferably from2.5 to
7% and t he chAlthaugh 4fO4is 1Ot essentislcihhhy ahreffechta inBwve dnel weladheroesistencef
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' t S GQNt &Nked S When it is desired to raise Tg, the content of ZrO; is typically at least 0.5% and
preferably at most 3%.

The total content of TiO, and ZrO, {TiO2+2r0;) is preferably from 0 to 8%. If the
content of TiO,+ZrO, exceeds 8%, d increases, T tends to be too high, or a phase
separation phenomenon tends to occur. The content of TiO2+ZrO. is more preferably

20 at most 7%, particularly preferably at most 6%, typically at most 5.5%. In a case
where TiO, or ZrQ; is contained, the content of TiO,+ZrO; is preferably at least 0.5%,
more preferably at least 1%, particularly preferably at least 1.5%, typically at least 2%.

In the glass A, it is preferred that SiO; is from 62 to 71%, Al,O; is from 4 to 12%,

LioO is from 0 to 12.4%, NayO is from 0 to 20%, K>O is from 0 to 19%, MgO is from 5
25 10 12%, TiO; is from 0 to 5%, ZrO; is from 0 to 4%, and R,0 is from 11 to 20%.

Further, in the glass A, it is more preferred that SiO; is from 63 to 70%, Al,O; is
from 5 to 9%, Li;O is from 0 to 10.2%, NasO is from 0 to 19%, K50 is from 0 to 12.8%,
MgO is from 5 to 11%, TiO, is from 0 to 4%, ZrO; is from 0 to 4%, and R;O is from 13
to 19%; or SiOs is from 63 to 70%, Al,Os3 is from 5 to 9%, Li-O is from 0 to 11%, Na,O

30 is from 0 to 18%, K;O is from 0 to 12.5%, MgO is from 5 to 9%, TiO, is from 0 to 4%,
ZrO; is from 0 to 2.5%, and R0 is from 13 to 19%.
In the glass B, it is preferred that Al,O; is from 3 to 11%, Li,O is from 5 to less



10 preferably at least 0.1 % Although ZrQ2 is not essential, it has an
effect to inprove the weather resistance, increase E or E/d, raise Tg or
inprove the nelting property of glass. Therefore, Zr2 naybe contained up to
5% |f the content of ZrO2 exceeds 5% -dldncreases, orTL tends to be too
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tends to occur. The content of Ti2+ZrQ2 is nore preferably 20 at nost 7%
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T| 2 or Zr2 is contained, the content of TiR+Zr2 is preferably at | east
0.5%5 ndgOps &pat 40 PYatancaad |§¢'60"ﬂ)3r5ﬂQ:Zﬂ’oarl y preferably at |east 1.5%
typlcally at Jeast 2% .In the g] ass referred that SIQ2 is from 62
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to 19% or SR is from63'to % Al1203 is from5 to 9% Li20is fromO to

11 % oNa20 3CFurthdrr @mefihing agéht suchas SO;f CMAL,0g, $B:00r 880;insay bem 5 to 9%

TIO2 is fromOto 4% Zr2 is fromO to 2.5% and R20 is from1l3 to 19% In
the gl assoBfained up tpi286 értodal. t hat A1203 is from3 to 11% Li20is from5 to

| ess -15- than 5% Na20 is fromO_to 13% K20 is fromO to 12% MO is from4
to 11% R20 |l§uﬂheroancelowt1w %EQMQ%%MMIWQVWFQWSG W0 25erif her

in the gla‘si , is nmore preferred that Si02 is from61l to 71 % Al 203 is
from 4 tdoW % L| 20 is fromO to 4.5% Na20is fromO to 12% K20 is fromO
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15 Therefore, it is preferred not to contain BoOs.  Even if BoOj3 is contained, its content is
less than 1%, preferably less than 0.5%.

Further, in a case where ZnO is contained, the total content represented by mass
percentage of MgO and ZnOQ is preferably at most 7%, more preferably at most 6%,
further preferably at most 5%, particularly preferably at most 4%.

20 Whether B.O; or ZnO is contained or not, the ratio obtained by dividing the total
content of MgO and ZnO represented by mass percentage by the ratio obtained by
dividing the total content of SiO,, Al.O3; and B,O3 represented by mass percentage
(MgO+ZnQ)/(SiO2+Al,03+B>03}) is preferably at most 0.08.

The glass substrate of the present invention is usually a circular glass plate.

25 The glass substrate of the present invention is typically used as a glass substrate
for a magnetic disk.

The glass substrate for an magnetic disk is widely used for a 2.5 inch substrate
(outside diameter of a glass substrate: 65 mm) used for laptop computers, etc. ora 1.8
inch substrate (outside diameter of a glass substrate: 48 mm) used for portable MP3

30 players, etc., and its market is expanding year by year, while it is demanded to supply
the glass substrate at low price.

Mass production of plate glass is widely carried out by a continuous forming



however, other conponents nmay be contained so |ong as the object of the
present invention is not inpaired. In such a case, the total content of

ot her conponents is preferably at nost 5% typically at nost 2% io Further,
a refining agent such as SO3, O, As203,16h203 or Sn02 may be contained up
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mar ket i s expanding year by year, while it is demanded to supply the gl ass
subst r at elhen, be\a gaseckeguives spiocedsiogistishefs gringting gr askshing d crigd oat td ed out
by a continuous formng -16- nethod such as a float process, a fusion nethod
or a dowfodm a@lags fekstrale hewinga prefeisenipedisize and sbapei niBafeanng snghads

whi ch can_be fo d by a float process as , nentjoned above, the.glass of the
b esent 1 GaRICCIATY: et Bbln BhefPORsS ajet B Silanie for Ra¥S prodliish
Further, a continuous forming method other than a float process, namely a fusion

15 method or a down draw method is also preferred.

EXAMPLES

Materials of respective components were measured and mixed so as to

constitute the compositions represented by mol% in the rows for from SiO, to ZrO; or
20 BoOsin Tables 1 to 18 and melted in a platinum crucible at a temperature of from 1,550

to 1,600°C for 3to 5 hours. At the time of melting, a platinum stirrer was inserted in

molten glass, and the molten glass was stirred for 2 hours to homogenize glass.

Then, the molten glass was flown out, formed into a plate and annealed to room

temperature at a cooling rate of 1°C/minute. Further, in Tables, R;O represents the
25  total content (unit: mol%) of Li-O, Na:O and K»O.

Glasses of Examples 1 to 117, 126 to 132, 137 and 138 are working examples of
the present invention, and glasses of Examples 118 to 125 and 133 to 136 are
comparative examples. Further, glass of Example 126 to 136 were produced by
without carrying out the above mentioned melting. Further, glass of Example 123 is

30 the same as the above-mentioned commercially available chemicali strengthened
glass, and it was produced by chemical strengthening of the glass of Example 124.

With respect to the glass plates thus obtained, density d (unit: g/cm?®), the above-



The nethods for producing the glass of the present invention and the glass s
substrate of the present invention are not particularly restricted, and
various nethods can be applied. For exaqp mat eri al s of respective
conponents to be usually used are nmeasur’ed and m xed so as to constitute the
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press net hod fusion nethod or a down draw net hod and anneal ed hen, as a

case reqaCy, amurdummramreﬂgroums °@))] tednperature o WHidh the Viscasityrbezonuasg 10%
forma glass substrate having a predeterm ned size and shape. The form ng

nmethod  dpapar tT,quhir 10), BirBHEradlreyataviibo Hie PIEE68IBSheddES 108 dPH§ altl, quhier
mass pr oducti on. Further a continuous form ng rethod other than a fl oat
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Zr 2 or B in Tables 1 to 18 and nelted in a platinumcrucible at a

t enper at Tablesf1 fo 8N adnbSVint TableS HEansThoBmicashrdiuand aAtalddwithi“ffearefarirel ti ng,
a platinumstirrer was inserted in nolten glass, and the nolten glass was
stirred festimatédvalsetfomdiacgemasitian. ass. Then, the nolten gl ass was flown

out, fornmed into a plate and annealed to room tenperature at a cooling rate
of 1 C/ m nut EUrthgr ¢sppositionmel espedtive glagses errresened by masaPeretagt atuni t :

nol 9 | 20, lﬁlag {E K% d asses of Exanples 1 to 117, 126 to 132, 137 and
138 ?e PRNg T8 gﬁp to the present invention, and gl asses of Exanpl es
Bearp e 126 0 15gs [ibabtled bf ACRITRIE s YRS (R 20 K 30 Blot HS0Ragn i onea

mel ting. JGUWidyee., 9l ass of Exanple 123 is 30 the same as the above-nentioned
comerci ally avail abl e chem cal strengthened glass, and it was produced by

chem cal strep@yh @Qh?ﬁ dlﬁeﬁéhﬂagﬂhmapéhldiéﬁ@ér&an@&uani/‘bla@sfa%SeDﬁéférér@et he
gl ass plates thus obtained, density d (unit: g/cm, the above -17- nentioned
aver age Imatedal, mmdegneemfceimgatmnemftglasq aha ttlmeloﬂ‘alsﬂr@) theYtmmmee aturedrdmis E
15 room temperature at a rate of 5°C/minute was measured until the temperature at which
glass softened, and elongation was no longer observed, namely the yield point, and an
average linear expansion coefficient in a temperature range of from -50 to 70°C was
calculated from the obtained thermal expansion curve.
E: With respect to a glass plate having a thickness of from 5 to 10 mm and a size
20 of 3cm x 3 cm, E was measured by an ultrasonic pulse-echo method.
Tg: By using a differential thermal dilatometer and quartz glass as a reference
material, the degree of elongation of glass at a time of raising the temperature from
room temperature at a rate of 5°C/minute was measured until the yield point, and a
temperature at a critical point on the obtained thermal expansion curve was
25 determined as a glass transition temperature.
T.: Glass was pulverized by a mortar to glass particles having a particle size of
about 2 mm, the glass particles were lined up on a platinum board and heat-treated in
a temperature gradient furnace for 24 hours. The highest temperature of the giass
particles wherein crystal precipitated was determined as a liquidus temperature.
30 Further, for example, “>1150°C” and “<1050°C” mean “at least 1,150°C” and “at most

1,050°C” respectively.



(unit: GPa), specific nmodulus E/d (unit: MNmMkg), glass transition
tenperature Tg (unit: C), liquidus tenperature TL (unit: C), tenperature at
whi ch the viscosity becomes 102 dPas T2 (unit: C), tenperature at which the
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25 det er withdbie ssirfacglages of thenkeist sampteenperature. TL: d ass was pul verized by
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15 The acid resistance is strongly influenced by Al,Os, and the lower the amount of
Al,Oj3 is, the more the acid resistance improves. On the other hand, the weather
resistance is also strongly influenced by Al.Oj3, and the lower the amount of Al,O3 is,
the more the weather resistance deteriorates. Further, the weather resistance is also
strongly influenced by alkali components, and when the total amount of alkali

20 components is reduced, or the ratio of alkali components is adjusted within a preferred
range, the weather resistance improves. The total amount of alkali components in the
glass of the present invention is reduced, compared to Example 122, and the ratio of
alkali components is adjusted within an appropriate range, whereby the deterioration of
the weather resistance due to the reduction of Al,Oj is suppressed, and the acid

25 resistance of the glass of the present invention is superior to that of Example 122.
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Al 203555 55.5556.57.5555.5 Li 208.48.48.48.48.48.45.5
6.5 Na204. 04 04. 04. 05. 05. 06. 94. 0 K2ZO4.6 4.6 4.6 4.6
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Acid 0.07« 10.06 0.08 0.07% | 0.06 0.07% | 0.07x 0. 07
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Na,0/R,0 0. 90 0.24 0. 58 0.63 0.66 0.53 0.54 0. 66

K,0/R,0 0 0.27 0 0 0 0.03 0.04 0

d 2.53 2.53 2.52 2.54 2.53 2.51 2.52 2.02

« 78 75 72 72 72 74 72 72

E 79.0 84. 2 85.8 85. 8 84.7 85.1 85.6 84.5

Tg 583 520 534 553 556 531 534 504

T.L <1000 1050 1100 1100 =1000 1100

E A 31.2 33.3 34.0 33.8 33.5 33.9 33.9 33.6

T, 1522%* 1435% 1452% 1451%* 1456 1463% 1444 1454%*

T 4 1097 1023%* 1032% 1046 1050% 1028% 1024 1044*

Cr 8.5 7.9 5.7 4.5 4.4 7.0 8.1 6.2

Acid 0.07 0. 06 0. 06 0.12 0.12 0.16 0.14 0.11

resistance



Li,0//R,00. 10 0. 49 0. 42 0. 37 0. 34 0. 44 0. 42 0. 34 Na2Q R0 0.90
0.24 0. 58 0.63 0.66 0.53 0.54 0.66 P'4 0 0.27 0 0 0 0.03 0.04 0 2.53 2.53
2.52 2.54 2.53 2.51 2.52 2.52 78 75 2 72 72 74 72 72 79.0 84.2 85.8 85.8
84.7 85.1 85.6 84.5 583 520 534 553 5569531 534 554 < 1000 1050 1100 1100
< 1000 1$RBLE3.2 33.3 34.0 33.8 33.5 33.9 33.9 33.6 T 2 1522* 1435* 1452*

1451* 1456* 1463* 1444* 1454* T 4 1097* 1023* 1032* 1046* 1050* 1028* 1024*
1044* Ck 8.57.95 74544708 162 Acid0 070080060120 12
0.16 0.14|Bx.11 refkisst andé6-22- | TABLE W28Ex. 45926 27308 29/80 3132 Si O
63.0 63.0/63; @ ,63.0668. 0 |40.0 66690 066. Pe3. AN B3~ 7. 577.05 7/ &.9.5 %650 5. % 5.5
55 Li P05, 95559 7%5.9§541;7@ N3z, 0 11.3 1T. B, FL. 3 L3 11. 3
3. 18. 5i/, %) L9)40 égg}u U"O&S 6: 5 1% O.Iﬁ.c 102718 (7757 67 S.H’ 8.0
8.0 RMWK b rzP qel%’0 1182 0 8°¢ 4.0 390 1109 0 |54 okl g Wy 5] 5
1.5 2.5 2|8¥92,9 EMUY 3118 3|1733 17113317.|3118, 0{37 0 1[/8.50 0.[34. ©. 34
0.34 0.34|@& 34 0.4P00. 1go0 Na/O R O 66 0.]066 0. $6.0. 6p6.6. 66 . 24 50
1.00 K OIROP 0 D020 Q.,87 0.49 0 7.7 6.7 8.0 8.0 8.0

TioO, 1.0 1.5 2.0 3.0 4.0 1.0 1.0 1.0

ZrO, 1.0 0.5 1.5 1.5 1.5 2.5 2.5 2.5

R,0 17. 3 17. 3 17. 3 17. 3 17.3 13. 0 17. 0 17.0

Li,0/R,0 0.34 0.34 0. 34 0.34 0.34 0. 49 0.10 0

Na,0/R,0 0.66 0. 66 0.66 0.66 0. 66 0.24 0. 50 1.00

K,0/R,0 0 0 0 0 0 0.27 0. 40 0

d 2.51 2.50 2.53 2.54 2.54 2.49 2.52 2. 54

o 73 72 72 71 71 58 82 80*

E 84.5 84. 3 84. 8 85. 2 85. 2 84.7 76. 8 80. 0

Tg 549 545 556 557 559 585 574 566%

T, 1100 1080 1040 1000 =1200 | <1100

E//d 33.7 33.7 33.5 33.6 33.5 34.1 30. 4 31. 5%

T, 1452% | 1450% | 1474 1474 1479 1620% | 1593% | 1540%

T, 1038% | 1033*% | 1044 1047 1042 1163% | 1158% | 1114

Cq 7.0 8.9 5.1 4.9 4.5 4.5 6.9 9.2

Acid 0.13 0.12 0.13 0.12 0.12 0.18 0.06 0.07%

resistance




d 2.51 2.50 2.53 2.54 2.54 2.49 2.52 2.54* a 73 72 72 71 71 58 82 80* E
84.5 84.3 84.8 85.2 85.2 84.7 76.8 80.0* 'F g 549 545 556 557 559 585 574
'566* T L 1100 1080 1040 1000 ? 1200 < 00 E/ d 33.7 33.7 33.5 33.6 33.5
34.1 30.4 31. 5* T a 1452* 1450* 1474 8874 1479 1620* 1593* 1540* T a
1038* 10$§§L§Q§4 1047 1042 1163* 1158* 1114* CR 7.0 8.9 5.1 4.9 4.5 4.5

6.9 9.2 ACI 13 0.12 0.13 0.12 0.12 0.18 0.06 0.07* resistance -23-
TABLE 5 Ex'Ex.d;j o4 \533 db:d/ 458 oY BgUd 4bé4nl‘ 4b3 2 ?E g 60. 3¢ 22 2 %}\BAb.E 0
64.0 64. (—A—20315-5 555 5 4°C 44 £1-6—14 20016048 3.0
0 4.8 4.8 NiL2 08605 1166304 85¢ 13 ;&.6-@4 28 0 669L Yg 564 % 19 3
12.8 0 0 Q01,Mg 058 0 .50 8/5068. D5.6. 7 |10.® 8]12.09. P11.T i |0p.0.0[1.0
1.0 1.0 0[0LQ,® Z 1002 2.0 2.5 205 2.5/030 0 [®.0R 0|57.0 1748 17./0.47.0|16.5
14.0 16.8 16, & LIZHRZQ 0 0 0 ’32h5n0 182 0g 9. wgéq)ﬂggpzjo 075 0. 25 0
0.82 1.00 [0 71 06—71—Na2C 5O KO R0 250795675 V) d—2-53*
2.54% 2 538 9051% 9845 o UWkdo 4415 84 (1778es Ighs g Ogis “7h0 7 7070
75.1* 77.@MED 7* 78.0* 780 76.|6.81 3|80 9 |6.7 10.0 |82 9.2

Ti0O, 1.0 1.0 1.0 1.0 0 0 0 0

Z1r O, 2.5 2.5 2.5 2.5 0 0 0 0

R,0 17.0 17.0 17.0 17.0 16. 5 14. 0 16. 8 16. 8

Li,0/R,0 0 0 0 0.25 0.18 0. 00 0.29 0.29

NaZO/RQO 0. 50 0.75 0.25 0 0. 82 1. 00 0.71 0.71

K,0/R,0 0.50 0.25 0.75 0.75 0 0 0 0

d 2.53% 2. 54% 2.52% 2.51%* 2.45 2.45 2.46 2.46

o 85% 83* 88* 81x 74 71 72 72

E 75. 1% 77. 6% 72. 7% 75. 9% 79. 9 76.9 81.3 81.9

Teg 563% 564%* 561% 551 570% 596% 564% 557

T L <1150 1200 = 1150

E/d 29. 7% 30. 6% 28. 8% 30. 3% 32.6 31.4 33.1 33.2

T, 1629* 1585%* 167 4% 1628% 1645 1665% 1583% 1552x%

T4 1191 1153% 1229% 1185% 1169%* 1202% 1126% 1105%

Cx 6.7 7.7 6.4 4.4 2.0 3.9 2.5 3.1

Acid 0.07x% 0.07% 0.07% 0.07x* 0.17 0.12 0.22 0.18

resistance




"1.9g 563* 564* 561* 551* 570* 596* 564* 557*

T L 51150 1200 ? 1150 E/ d

29.7* 30.6* 28.8* 30. 3* 32.6 31.4 33.1 33. 2 T 2 1629* 1585* 1674* 1628*
'1645* 1665* 1583* 1552* T4 1191* 1153* 1229* 1185* 1169* 1202* 1126* 1105*
CR6.7 7.7 6.4 4.42.03.9253.1 Acrd4s. 07+ 0.07* 0.07* 0.07* 0.17 0. 12
0. 22 0.1g E [ gsd stance -24- TABLE 6 Ex. 41 42 43 44 45 46 47 48 S i 0.2 64.0
64.5 64 4.0 63.7 63.464.064.0 A12039.59.59.59.19.109.410.0
8.0 Li 20 4.8 3.8 4.05.25.55.55.85.8 Naz2011.512.0 12.3 11.5
11.5 11.5(%d4.5 11. {4 K204 O O{® 0 O 40 M@ 10.2{40. 2 1472 10{2 10.2 10.2
7292 1919, 0 56000 968D 0164 h DA P 018,90 PoosT 36RO 1B § 198
0.34 0.34 | Mi2Bmort-3. 21 18 %6 0l 98 5 69 b sald s ol 54 0. dal % olEde oo 0 0
00O00O 12149 2 U682 4732847 447 2 U722 5055 5 2°69 9 -2 715P1 71 71
70 E 83.0M84,0 81|02.81.918%0 3 8%.3 83[15.83. T1L.F g bB9% 5661.H6071551* 547*
549* 566* {5035 T |0 1150|3100 1060 E yo d 336 32.9(32.9 33.2 33{4 33.8 33.4
33.4 T, I{pd® IOPH. , 1947, A52V7, 3508 [ IpTT T I353 Ay T 177 9.2

TioO, 0 0 0 0 0 0 0 0

Z1 0O, 0 0 0 0 0 0 1.5 1.5

R,0 16.3 15. 8 16.3 16. 7 17.0 17.0 17.3 17.3

Li,0/R,0 0.29 0.24 0.25 0.31 0. 32 0.32 0.34 0.34

Na,0/R,0 0.71 0.76 0.75 0.69 0. 68 0.68 0.66 0.66

K,0/R,0 0 0 0 0 0 0 0 0

d 2. 47 2. 46 2. 47 2.47 2. 47 2. 47 2.50 2.50

a 69 69 72 71 71 71 71 70

E 83.0 81.1 81.2 81.9 82.3 83.3 83.5 83.7

Tg 559% 566% 560 551% 547% 549% 566% 553

T, 21150 | <1100 {1050

E/d 33. 6 32.9 32.9 33.2 33. 4 33. 8 33. 4 33. 4

T, 1539% 1564% 1547 1520% 1508% 1511% 1553% 1491%

T, 1098 1119% 1107 10825 107 3% 1076% 1110% 1067+

Cr 5.0 7. 8% 8. 4% 5.7 6.6 5.3 3.9 6.0

Acid 0.14 0. 16% 0. 17% 0.20 0.11 0.17 0.18 0.10

resistance



T 4 1098*

1119* 11

o7~

1082*
6. 6 5. 33.96. 0 Acid 0.14 0.16*
‘resistance -25- TABLE 7 Ex. 49 50 51 52 53 54 55 56 S

64.0 64.0 64.0 64.0 64.0 A 203 9.0 97970 9.0 9.09.09.09.0 L i

1073*

107

0.

6* 1110*
17*

1067*

CR5.0 7.8*
0.20 0. 11 0.17 0.18 0.10

8. 4~

5. 7

0 264.064.064.0
20 2.5

3.0 3.5 3@ 9303030 Na204 54 54 53 51 .04 04 525

K20 5.0 5. 5. 0 8.0 4.0 4. 560 Mg O 6. 5 6. 56 56. 56. 57. 0
2020 2 5)&3?6023 TSI TR IR T T PN -8 YL G S PR
14.0 11.5/ P21 81, . p19% o405 9w b9 2 6?‘»0?'2 698 o 154 Q 25356 %7 p. 25
0.26 Na2QARZEO0. B8B00.3590032 0930 0.0800. 3690038 0922 KZ00R2, 0900 42 0. 42
0.43 0.43{Q. 6700. B650.39300 52|30 2.54.8.53[2.62 2|54 2.53.2. 54 |2.55 2|54
a 68 70 7INOf €0 OFy 87 694 5 8118818 55 1 939 80]283. 9850 20 Tl
55,0 95 o[ 320 Lﬁé?% GQa0e [ebas 18ese ibtds sodet yodsnt 1
1191* 1186MaPR2* 14§71+ 1516+ 1]87  1003* 1261% RO0. 9% 710 1* |$.8* 0} 7*
7% 0.7* 058 0. 7*|5.Aci d |Q.46* 03.36* 0.56* 0./36F 0.R2550. 16%.0. 17 [6.412

T10O, 1.5 1.5 1.5 2.0 2.0 2.0 3.0 2.0

Zr O, 1.5 1.5 1.5 1.5 1.5 1.5 2.0 1.5

R,0 12. 0 13.0 14.0 11.5 12.0 11.0 12. 0 11.5

Li,0/R,0 0.21 0.23 0.25 0.26 0.25 0.27 0.25 0.26

Na,0/R,0 0. 38 0.35 0.32 0.30 0. 08 0. 36 0. 38 0.22

K,0/R,0 0.42 0.42 0. 43 0.43 0.67 0.36 0. 38 0.52

d 2.54 2.53 2.52 2.54 2.53 2.54 2.55 2.54

a 68 70 71 67 70 64 67 68

E 81.8 81.8 81.1 82.6 80.4 83.9 83.0 82.0

T g 625 603 593 631 640 632 633 636

T, 1140

E.d 32.2 32.3 32.1 32.5 31.8 33.0 32.6 32.3

T, 1621 1621%* 1620% 1621* 1653* 1613* 1636% 1633%*

T, 1191 1186% 1182% 1191 1216%* 1187 1203%* 1201

Cg 0. 9% 1. 1% 1. 4% 0. 7% 0. 7% 0. 7% 0. 5% 0. 7%

Acid 0.16% 0.16%* 0.16% 0.16% 0.25 0.16% 0.17 0.12

resistance




resi stance -26- TABLE 8 Ex. 57 58 59 60 61 62 63 Si 0., 64.0 63.
62.0 64.0 64.0 64.0 64.0 A120 .07.09.09.009. Li
‘4.0 4.0 5 3.5 3.5 1.6 Naz20 2. 2. 5 5 5 2.
K20 6.0 0 6.56.0 6.0 6.0 6. 7. 7. 57. 07. 05.
7.0 C aT1AptE & 3. 0 3. 0 3. Ti 0, 3.0 3.0 3.0
5.0 5.0 5.0 Z .0 RO 12.0 12.5 1
12.0 12. 0 (32612 0—29—-0-—29-0-29-0-
0.15 Na, OER20 0.2 £20_2516K 0/ R @ 0.5
48 0. 50 0.5 5@ 0. 2456 2|5%.02. 55420 55
2.55 a 678,69 7 3.8 8212 81.7/80.5 80.4
T g 635 6;.%@@%@33 0 -ET7T]d 325 135 K
32.4 32.2 EU 32 2159716581639
1691* T gtk 4 1253159 y (-8
0.4* 0.3* |X:28* 0 69* Q] 910 61 9%
0. 16* 0. [MgOres 5.0 7.0 7.0
CaO 3.0 3.0 3.0
TiO, 5.0 5.0 5.0
ZrO, 2.0 0 2.0
R,0 12. 0 12.0 10.0
Li,0/R,0 0. 29 0.29 0.15
Na,0/R,0 0.21 0.21 0.25
K,0/R,0 0.50 0.50 0. 60
d 2.55 2.51 2.55
@ 70 69 65
E 81.7 80. 5 80. 4
Tg 629 619 687
T, 1200
E/d 32.0 32.1 31.5
T, 1658% | 1639% | 1691%
T, 1215% | 1188% | 1253x%
Cg 0. 3% 1. 0% 0. 2%
Acid 0.16% | 0.16% |0.16%
resistance




Ex.. 65 66 67 68 69 70 71 72 S 0264064066.0 66.0 66.0 66.0 66.0 66.0
A12039.09.0707.07.9807675 Li 20353.:i 3 53.53.03.0
‘3.4 3.0 Na?200.52525253.5 2%43.5 K206.0 4.0 6.06.05. 1
5,1 5758 MgO7 0707 0606 6. 06. 06. 5 Ca03. 03-0 3.
0 3. 037ABLB90 3. 03. 5 Ti 0., 5 05 03 04.53. 83.94. 52. 0
Zr02 2.0 2.0 2.01.51.81.51.5 2.2 R, 0 10.0 10.0 12.0 12.Q 11.5 11._6 11.4
021 0. 2116 30038 0221828 JCr o 10566015460 568 120 0r 44 0-44] 020
0.47 d 2|85 9:5p |$453 2168800 563053 |$653 2|1 6% 0 5 5. B0 66 65564 64| 69
E 82.2 84518203 0.8 81.,4.081.6/80.5 7.7 T!@ 660 B52 619 505 612. 13 620
612 T 1190 ;1080 159 1200 51100} 4204 |B.¢§ d 32.63 33[4032. §332.0 32.2 32/ 3
322,32, 0\, 2o TOU, TOTy TGST, 16307] JgoT | Top0 foser Toa 151236

Iz 1100 1211 J N4 Vie) 1202 N\ U= Z 1 E AL
0.8 0. 8:K2O 1x &b olide o higd o gd+00_0¢E- L 10K>-3._ 10+ %07 gox |8 ox
resi stanceM-£28- TABLE 10|B0. 73|74 75 |#6977 18 079 8[6.-9S | |G.2 66.6.%657.6| 67.9
67.5 68.1 66. 0 66.|G.66.0|3A120 33.6.5 71.3507.5[F.®b6 7.p3.6.5 71.3507.5(3.5

TiO, 5.0 5.0 3.0 4.5 3.8 3.9 4.5 2.0

Zr O, 2.0 2.0 2.0 1.5 1.8 1.5 1.5 2.2

R,0 10. 0 10.0 12.0 12.0 11.5 11. 6 11. 4 12.3

Li,0/R,0 0.35 0.35 0.29 0.29 0.26 0.26 0.30 0.24

Na,0/R,0 0.05 0.25 0.21 0.21 0. 30 0.30 0.21 0.28

K,0/R,0 0.60 0. 40 0.50 0.50 0. 44 0.44 0.50 0.47

d 2.55 2.56 2.53 2.53 2.53 2.53 2.53 2.54

a 63 60 64 66 65 64 64 69

E 82.2 84.5 82.3 80. 8 81. 4 81.6 81.5 81.7

Tg 660 652 619 595 612 613 620 612

T, 1190 1080 1150 1200 1100 1204

E/d 32.3 33.1 32.5 32.0 32.2 32.3 32.2 32.2

T, 1669% | 1648+ 1631% 1635% | 1661% | 1659% | 1655% | 1641%*

T, 1233% | 1215% 1192% 1188% | 1211% | 1208% | 1205% | 1202«

Cr 0. 2% 0. 2% 1. 1% 1. 1% 0. 7% 0. 8% 0. 8% 1. 1%

Acid 0.16% | 0.16% |0.09% |0.09% [0.10% |0.10% |0.09% |0.09%

resistance




Li-202.50.31.800 100.220 Na20 4.0 7.6 3.1 10.0 9.4 10.0 10.0 7.0
KZ0O5.8 3.2 6.0 1.7 2.2 3.93.2 4.4 MgO6. 56. 56. 56.56. 56.56. 5
6. 5 CaO4 54 . 04 040404 Q404 0 Ti 021.01.7 1.5 1.2
0.30.30.80.8 Zr 02221 71 812871.81.81.81.8 R0 12.3 11.0
10.9 11. GABLES1¢3. 9 13.4 13. 4 Li20/R20 0.20 0.03 0. 16 0 0.01 0 0.02 0. 15
Na20/ R~0 0.33 0. 69 0.29 0.86 0.80 0. 72 0, 75 0. 52 K, 0/R20 0.47 0. 29
0.55 0. 1‘,,5)9' 19 U.%S 0. 4740. 3 Z?Zl Z 2.5 % bl 4_;[’?7 2. 2. 94 486 53 2.53
a 68 65 6667686 P —E-8113 79879791+ 7681 8775 78—6-84-6—F g
613 652 687582 648°%57 5 ol 5% 12 1188 11695600 hoPsl 1488 01100
1100 E : |é B2O:1 BA56 31-77531. 4731. 4 B057 31.7.1 32175 T p7.3636% 71677*
1699* 16571 1663 1p28* 162537 1619% T Wo 12007 0lp27* |4242* Np@9* 1224 11$9*
1186% 1179K 5 Coa Tty g" 1.1:661. 83T 8 Pro 6 2.[9742. 108 47 1oA61 d Q. P97 D. 07
géoga g'70;§}{éi A6 d b 0 bE.% 670767, 0267 0 670 66" B Ald-b02 *.3584
7.5 7.4 7|Blg0 5 7|657 H675 7 [p.5 2 (p§ 5(553 1]651 6.6 8|F.53 1] 0
0. 6 Na|Z0O7. 0|45 0 740 7. |8 6. O &o 0 440 8. |Z0o K2Q 401 46 8.8 4.3
4.1 3.6 41§ 202, 1.0 1.7 1.5 1.2 0.3 0.3 0.8 0.8

Z1r 0O, 2.2 1.7 1.8 1.7 1.8 1.8 1.8 1.8

R,0 12.3 11.0 10.9 11.6 11.8 13.9 13. 4 13. 4

Li,0/R,0  |0.20 0.03 0.16 0 0.01 0 0.02 0.15

Na,0/R,0 | 0.33 0. 69 0. 29 0. 86 0. 80 0.72 0.75 0. 52

K,0/R,0 0. 47 0.29 0. 55 0.14 0.19 0. 28 0. 24 0.33

d 2.54 2.52 2.51 2.52 2.51 2.52 2.53 2.53

o 68 65 66 67 68 77 76 71

E 81.3 79.8 79.7 79.1 78.8 77.5 78.6 81.0

Tg 613 652 637 653 646 627 625 594

T.L 1204 1100 1169 1100 1155 1100 1100 1100

E.d 32.1 31.6 31.7 31. 4 31. 4 30.7 31.1 32.1

T, 1636%* 1677 1699%* 1657%* 1683 1628% 1625%* 1619

T, 1200%* 1227* 1242% 1209x* 1221 1189 1186%* 1179

Cx 1. 3% 1.6 1.3 1.8 2.6 2. 9% 2. 4% 2. 4%

Acid 0. 09* 0.07% 0. 07x% 0.07* 0.04 0. 09% 0. 09%* 0. 09%

resistance




!

MgO®6. 56. 56. 47. 07. 07. 07. 07. 5 CaO4. 04 04 04 04
54. 54 54 0 Ti 1.70.32.30.30.30.30.31.0 Zr 021.81.81.6
1.81.81.81.71.8 RO 12.6 13.9 12.3 12.4 11.9 11.9 12.0it. 6 Li20/R20

0.12 0. 16 0. 12 0.09 0.07 0. 11 0.09 0.05 Na20/R20 0.56 0.50 0. 57 0. 56
0. 59 0. 59 0. 58 0. 75 R20/R20 0. 33-@9-33 0. 31 0. 34 0. 34 0. 30 0. 33
0. 19 daggfigo% 52 2.53 2.52 2.52 2.52 2.52 2.53 a 70 72 68 69 69 68 69 67

E 80.8 8 9 79.8 99.8 80.6 79.9 81.0 T g 611 583 610 613 626 616 623
637 T i, FIO6—1100- 11224153 +ifa—4352-1363—¢ +166—E+—0-31-9-33-93%
31.7 31.7 é*g_g 31 P32 g lP22 1689% 1619814 159#8515 +861 g53*| 8543+ ﬁﬁaq* 1627
T 4 1191* | B179* 1188012066 9121065 82006712054 61203 |@.R 1.|6*0 3, %6.5. 5f
2.3* 2.4 2AlF,2.1* 15 8 |Acsd 0{09* 0./09% 0.09*s5 0. 08% 50. 057.6. 08% 70z 08%| 0.
06 resistanceqn 30F, TABLE 12 Ex] ;89 90 81 92193;94 $5,96 S| O 2 088 7 6.8
Ei7'2068:§ 3o:P 3 bl 1 g0 s ol6% 5 s 2lg b ' g.OT.?g.IiétT*b.fiﬁ 7 io.70
10.0 10. QKHP0 2 pt2 2 74060, 7|98 0.188.8 048 Mg>® 7. 089 016:26 7| 5
7. 5 7. 5\Mgh 7. pp.sCal|l®@%4. 5445 470 4. |5.d. 0|4.05 4.|H504. (07.4102(1.0
1.0 1.0 1€ Do® 1.14b,9.5 1,40 4.0 4.0 4.5 4.5 4.5 4.0

TioO, 1.7 0.3 2.3 0.3 0.3 0.3 0.3 1.0

Zro, 1.8 1.8 1.6 1.8 1.8 1.8 1.7 1.8

R,0 12.6 13.9 12.3 12. 4 11.9 11.9 12.0 11.6

Li,0/R,0 0.12 0.16 0.12 0.09 0.07 0.11 0.09 0.05

Na,0/R,0 0.56 0.50 0.57 0.56 0. 59 0.59 0.58 0.75

K,0/R,0 0.33 0.33 0.31 0.34 0.34 0.30 0.33 0.19

d 2.53 2.52 2.53 2.52 2.52 2.52 2.52 2.53

@ 70 72 68 69 69 68 69 67

E 80. 8 80. 5 80. 9 79. 8 79. 8 80.6 79.9 81.0

Tg 611 583 610 613 626 616 623 637

T, 1100 1100 1122 1153 1144 1152 1163 <1160

E./d 31.9 31.9 31.9 31.7 31.7 32.0 31.8 32.0

T, 1631% | 1612% | 1628% [ 1651 [1653% | 1643% | 1649% | 1627

T, 1191+ | 1173+« | 1188+ | 1206% | 1210% | 1200% | 1205% | 1203

Cq 1. 6% 3. 0% 1. 5% 2. 3% 2.4 2. 1% 2. 1% 1.8

Acid 0.09% [0.09% [0.09% |0.08% |0.05 0.08x |0.08% |0.06

resistance




Zr021. 61. 51. 61. 71. 81. 7 1. 71. 7 R0 11.6 11.6 12.3 11.0
12.1 11.1 11.4 11. 4 L1,0/R20 0.05 0.05 0. 10 0.02 0. 09 0.03 0.05 0.05
Na0O/ R20 0.75 0. 75 0.73 0.91 0. 72 0.9@®. 88 0. 88 K 0A 0 0. 19 0.19 0.
16 0.07 0. 18 0.07 0.07 0. 07 d 2.53 2.52 2.52 2.54 2.53 2.53 2.53 2.53 a
68 67 6718BLESI35 65 65 E 80.6 79.8 80.1 81. 'L 81.5 81.3 81.380.9 Tg
635 635 617 653 618 645 638 639 T 1. 1160 1164 - 1160 1162 - 1154 1154 E /

d 31.9 3163185203273 32132232 0T 121637+ 1638*1 £632* 1162+ 1626*
1623* 1625%-1630* | 5P 4 11¢%* 110%« 11g7% 11899%1189:9% 189+ %P1ggx 19992+ [ C x
1.7% 1. 7|.S2*O3p 3% 68,7 0* | §6.85% {67.0% 1/667% AGP Q. 0F6-@. 086608 09% 60, D9*
0. 09* 0.0BA 10,08* | 0709* |resi st pnee - 31~ 7TABLE 13 Ex7.797 98.99 140.4101 102
103 104 70 o 66.4;66. 0,654 pps0 64 $,66.1,65.7 662 APs7. 7|47 7 7.7
;::7% ;: 788; .agz' Qo048 01°%20 018% 710972° 1. 3517 2 ol K87 4 0060 pldvgd 7. g 7.
57 57082 5 71%27 5272 5 &% 04074, 0(2:20 4/68, 0 U80 410-%._ 0| T i
02 1. 6 2302 3.|19.4. 5(1.6 1.p6.5.1 |6z 1./7751.7|15 7 A 7s1. 47157 1] 7
1.7 R20 1¢.2010.9410.6 1Q0.8 10[4L,11. 4 13.5 14,05 |45 4.5 4.0

TiO, 1.0 1.0 1.0 1.6 0.5 1.1 0.5 1.0

Zr O, 1.6 1.5 1.6 1.7 1.8 1.7 1.7 1.7

R,0 11.6 11.6 12. 3 11.0 12. 1 11.1 11.4 11. 4

L1,0/R,0 0. 05 0.05 0.10 0.02 0.09 0.03 0.05 0.05

Na,0/R,0 0.75 0.75 0.73 0.91 0.72 0.90 0. 88 0. 88

K,0/R,0 0.19 0.19 0.16 0.07 0.18 0.07 0. 07 0. 07

d 2.53 2.52 2.52 2. 504 2.53 2.53 2.53 2.53

«@ 68 67 67 63 68 65 65 65

E 80.6 79.8 80.1 81.2 81.5 81.3 81.3 80.9

T g 635 635 617 653 618 645 638 639

T . 1160 1164 =1160 1162 =11i54 1154

Ed 31.9 31.6 31.8 32.0 32. 3 32.1 32.2 32.0

T, 1637 1638%* 1632% 1621%* 1626% 1623%* 1625%* 1630%*

T, 1197 1197 1187%* 1189 1189x% 1189%* 1189* 1192%

Cg 1. 7% 1.7 2. 2% 1. 3% 2. 0% 1. 5% 1. 9% 1. 7%

Acid 0.07 0. 08% 0.09x 0. 09% 0.09x% 0. 08%* 0. 08x

resistance 0. 09




Li 20/ RzO 0.04 0.02 0 0 0 0.08 0.09 0.08 Na20/RO0 0.89 0.91 0.93 0.90 0. 88
0. 88 0.87 0.87 KORO 0.07 0.07 0.07 0. 10 0. 12 0.04 0.04 0.05 d 2.53
2.55 2.54 2.56 2.56 2.54 2.54 2.53 a 63164 65 65 65 65 64 64 E 81.2 81.0

81.2 81.3 81.3 81.9 82.4 81.9 Tg

643 661 653 668 671 635 631 637 TI1,

1151 1153ABLEOI31091 1220 1148 1162 1169 E / d 32.0 31.8 32.0 31.8 31.8 32.3
32.5 32. 4, T 2 1626% 1624* 1621* 1610* 1618* 1614* 1609* 1622* T 4 1191*
1191* 119PBx.1193* |BF93* 1$81* 1]78B* 1188 C|KOL. 4F1® 1*| ©3 8* |006* 0| 5*
1-4* 1. 3fsliod* |Asid 0./@0% 0. 168 40. 105 ©. 11540 127646.109*| 6. 10* |@6.10*
resi st ancg - 32, .TABLE 14 gx7 10:7_1766 7108 Jg);; TIP, IIT 112, S 80 ) 6[_).7
66.5 66.566: 1064016 > 1+ 5031807757575 8.5
L i 20 0 BLoig01 dt%in 1[0 3 03 g o6 “N"a02g 10[8% o s 4 8000 70 2.
510. 0 KNG P09 2189 5208 2 593 5 4,%30,9|8MO 7{8.7. 5 [710507,. §19.%5 7|5
7.5 7.5 Ckacd0 4. [m.d. 04.70 4/074.0 4.6 4.9143 0 |d.5 02/ 045 3.[6.8.0 B.0
3.03.0 3R DS 20002 L TSI THAS [9L5 116 RO JTEAGUID. 0
0. 07 Napbri o0 eb o 13070 b0 4eh a1ig) 56|60 25t Oge. |WabiR D O
07 0. 25 QT 29,0 2560 24202 20|8245 03.07 |45 1.6 1.6 1

Z1rO, 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

R,0 11. 2 10. 9 10.6 10. 3 10.1 11.4 11.5 11.5

Li,0/R,0 0.04 0.02 0 0 0 0. 08 0. 09 0.08

Na,0/R,0 0. 89 0.91 0.93 0.90 0. 88 0. 88 0. 87 0.87

K.0/R,0 0.07 0.07 0.07 0.10 0.12 0.04 0. 04 0.05

d 2.53 2.55 2.54 2.56 2.56 2.54 2.54 2.53

167 65 64 65 65 65 65 64 64

E 81.2 81.0 81.2 81.3 81.3 81.9 82.4 81.9

Tg 643 661 653 668 671 635 631 637

T L =1151 1153 1170 1191 1220 1148 1162 1169

E/d 32.0 31.8 32.0 31. 8 31.8 32.3 32.5 32. 4

T, 1626% 1624% 1621 1619* 1618% 1614% 1609% 1622%

T, 1191% 1191% 1192% 1193x% 1193% 1181% 1178% 1187

Cg 1. 4% 1. 1% 0. 8x% 0. 6% 0. 5% 1. 4% 1. 3% 1. 4%

Acid 0. 09* 0. 10* 0. 10% 0.11% 0. 12% 0. 09x* 0. 10% 0. 10x%

resistance




d 2 522532532 532 542 552532 53 a64 6364596566 6363 E
81.5 81.3 82.2 84.7 82.3 84.9 83.0 81. 4 T g 643 659 648 626 642 598 634
656 T L 1150 - 1190 S 1191 1200 1151 ;§4145 =1222 E/ d 32.3 32.1 32.5 33.5
32.4 33.2 32.9 32. 1 T 2 1632* 1654* 1649* 1627* 1635* 1557* 1648* 1636* T
4 1193* TABLE Moo+ 1189* 1199* 1137* 1207* 1198* Crz 1.7* 0.9* 0. 9* 0.9*
0. 9% 1.4* 0.9* 1.4* Acid 0.09* 0.09* 0.09* 0.09* 0.09* 0.12* 0.09* 0.11*

652 64 1863 6413756 0th_o-atb ali%. o B0 5 ldlg siatk o bIE & o5 5
Li 20 0.|120.9:0 7607 2(%-8 9 $655 11 66~5Nam661@) 0 [ % 1966510 (644 0 4. 0
2.50 Q0..90.98009 1]250.2 3.4 5.07660 MO 7. |5.%. 5)7.55 7]557.5 8.0
8. 08 LG a0 40054.0[ds0 6.[0 6.0 0300 T[1.00 2[5 0.330,5 1]4¢l. 4 1.0 1
1103 1 ole pd % e neal 46 oPbE 00k B0t 021 0148 56
0. 65 Na(IiEeOnnﬁﬁ-% 86/9536 088 0 78-0.24/ 65 15 |- 5K 0/#2D 0 0% % 07 0. 07
0.10 0.0 MegXk8 0.29.D.35|/7.¢d 2.53.2.53[2.%53 2|66 2.57.2.51(2.51 2{66 a |64 64
63 67 67 |67 ,68 65| 4F 81.8482. 2 18293 7848 85.4,86.3 8403 834 ¢ 4.0

TiO, 0.5 3.0 3.0 3.0 3.0 3.0 3.0 0.5

ZrO, 1.7 1.5 1.5 1.5 1.5 1.5 1.5 1.7

R,0 11.6 10. 0 10.0 10. 0 10.5 12.5 10. 0 11.6

Li,0/R,0 0.07 0.05 0.10 0.30 0.10 0.24 0.30 0.07

Na,0/R.0 0.86 0.70 0.65 0. 45 0.67 0. 56 0.25 0. 86

K,0/R,0 0.07 0.25 0.25 0.25 0. 24 0.20 0. 45 0.07

d 2.52 2.53 2.53 2.53 2.54 2.55 2.53 2.53

a 64 63 64 59 65 66 63 63

E 81.5 81.3 82.2 84.7 82.3 84.9 83.0 81. 4

T g 643 659 648 626 642 598 634 656

T, 1150 <1190 | <1191 | 1200 1151 <1145 | 21222

E/d 32.3 32.1 32.5 33.5 32. 4 33.2 32.9 32.1

T, 1632% | 1654% | 1649% | 1627 | 1635% | 1557+ | 1648% | 1636%

T, 1193% 1214% 1209 1189 1199 1137 1207x* 1198%

Cx 1. 7% 0. 9% 0. 9% 0. 9% 0. 9% 1. 4% 0. 9% 1. 4%

Acid 0.09% |0.09%x [0.09% [0.09% [0.09% {0.12% [0.09%x |0 11%

resistance




T g 643 651 654 625 592 541 544 552 T, 2?1195 1191 2?1193 ?1150 =1150 E / d
32.4 32.5 32.5 30.8 33.2 34.3 33.6 33. 5 T 2 1641* 1645* 1649* 1557* 1473*
-1465* 1489* 1483* T A 1204* 1208* 1213* 1143* 1075* 1041* 1062* 1056* C R
1. 1* 0.9* 0.7* 2. o* 3. 6* 19.5 15.1 2133~ Acid 0.12* 0.14* 0.16* 0.07* O.
08* 0-09T%BP_E*15) resi stance -34- TABLE 16 Ex. 121 122 123 124 125 126

127 128 66.0 64.5 65.4 65.4 60.0 66.0 70.0 62. 0 A1 20l 5. 5 12.0
86861EX.UU 1??;'_“-&?4 —LJ.4U5J.OU146 8 "7'_ 12 1'_1’90_111)944"55 N a
20 1. 7 510 10 543 5ldltg glHo5 U6 g ThbG g BlIE o 1395 gld2Gy g b
g 0 8. 0 DSO @5 |0587 08520 6[6%7 C |53 0 06070 0/€-0 0§60 0 0600 0/ 0 0
00 BadpPoQ dwo0 0/0.5T i|0201.05050 0/6.5..0 B5.6 1.(052Z r02525 1| 8
3. 03.00:2 ,8 I]H7I. $9 RO Ly70 27.,7,23.0,23.0 2@90 17.90; 14.0,20. 5
PR DM W 0 008 I IV A G S0 WD £ A Pl e
2, 47 2.5 K20 a6+ 9050+ 9.9 49+ |®9 514 1.3 57 75 aA gax| saR 8'76-0 E 91.5
82.7 85.6| 8% @* 87.785 80.|1* 77.Br5 T d 7543 523 504 550* 543056471 8525*

CaO 4.0 4,0 4.0 6.0 6.0 0 0 0

Ti0O, 0.5 0.5 0.5 1.4 1.4 1.0 1.0 1.0

Zr O, 1.7 1.7 1.7 2.0 2.0 2.5 2.5 2.5

R,0 11.6 11.6 11.6 11.3 12.9 17.0 17.0 17.0

Li,0/R,0 0.06 0.06 0.06 0.01 0.21 0.58 0. 56 0. 65

Na,0/R,0 0. 86 0. 86 0. 86 0.88 0.78 0.24 0.15 0

K.0/R,0 0. 07 0.07 0. 07 0.10 0.01 0.18 0.29 0. 35

d 2.53 2.53 2.53 2.56 2.57 2.51 2.51 2.50

@ 64 64 63 67 67 67 68 65

E 81.8 82.2 82.3 78.8 85.4 86. 3 84. 3 83. 7

T g 643 651 654 625 592 541 544 552

T.L =1195 =1191 =1193 =1150 =1150

E./d 32.4 32.5 32.5 30. 8 33. 2 34.3 33.6 33.5

T, 1641%* 1645 1649%* 1557% 1473% 1465% 1489 1483%

T 4 1204 1208 1213% 1143% 1075% 1041%* 1062x% 1056%

Cr 1. 1% 0. 9% 0. 7% 2. 5% 3. 6% 19. 5 15.1 21.5

Acid 0.12% 0. 14 0. 16% 0.07* 0. 08 0.09 0.07x* 0. 08

resistance




TL ? 1050 1050 E/ d 36.5 33.5 34.2 33. 8* 34. 8% 32. 1* 31. 0* T 2 1374*
1594 1454* 1573* 1430* 1598* 1537* T 958* 1093 998* 1111* 1011* 1140* 1102*
Cx 24.6 3. 23 518.33. 6 10. 0* 11._7* 6. 6* Acid 0.07* 0.25 0.05 181
0.07* 0.03* 0. 19* resistance -35- TABBf-17 Ex. 129 130 131 132 133 134 135
136 S'TQBIéGI % 0 63.0 63.0 63.2 60.0 70.0 68.0 66. 0 A1 20 3 9.5 9.5 9.5
7.0 10.0 7.8 10.0 L i 200.56.06.03.070501050 Na2018.00
6.5 9.0 B—5 507 0-55—KO6125%: 076050110 M-g—0—6—576. 5
8. 55 0.8 08 12'i 0 5220 @¢l33qo MJ D o pl%d ol 0P8 0qg 1
0 00O BSai O,0 0] €.0. @9 0G5 4 i |624.0)80.0 0 B6®O00 3| W.0.0 3200 Zjr O
2 1. 51 A5 00l B8 5L & 1[s261. 53 820 1855 18]5519.0] 48. 0 2ls 5 15.[0
19.0 10. —L (f \ U. d U. 34,U; 32 [ d U U. U. 4 NaZy
IR20 0. op e 82 34l B-T56 e % d1550 042 e 5p% 4 oG b5 - 34-b 334, 28
0.33 0. 5N 2R 2 KR 2 Agx52 4@d¥02 554 19 4gx | 9. Ugx _ bb.f7x o B+ BEx gax
81* 78* BR* (YO* 9p¢ 53* |*E479. 5% 76.4%078. 51278.6*|79.5* BH.03* 7(®.B* 8f. 5*
T g 567*[BA9% 5265 526 [RP9* 544x= 538% 635 (g ¢ 30|54 92|59 30,8 34. 0*
32. 2% 2B Br 34T

CaO 0 0 0 0 0 0 0

SroO 0 0 0 0 0 0 0 0

BaO 0 0 0 0 0 0 0 0

TiO, 1.0 0 0 0 0 1.0 3.0 1.0

Zr 0O, 2.5 1.8 3.0 3.0 0 2.5 1.5 1.5

R.0 17.0 21.7 23.0 23.0 20.0 17.0 14.0 20.5

Li,0/R,0 0.90 0.59 0.54 0.54 0. 45 0. 60 0.29 0.27

Na,0/R,0 0.10 0.25 0.46 0.46 0.45 0. 40 0. 36 0. 34

K,0/R,0 0 0.16 0 0 0.10 0 0. 36 0. 39

d 2.51 2, 47 2.50 2. 46% 2.52% 2. 49% 2.51%

a 57 74 75 T4% 64% 68 87*

E 91.5 82.7 85.6 83. 2% 87. 8% 80. 1* 77. 8%

Tg 543 523 504 550 543% 564 525%

T = 1050 1050

Ed 36.5 33.5 34. 2 33. 8% 34. 8 32. 1% 31, 0%

T, 1374% 1594 1454% 1573% 1430% 1598x% 1537*

T, 958 1093 998 1111% 1011% 1140% 1102%

Ck 24.6 3.2 3.5 18.3 3.6 10. 0% 11. 7% 6. 6%

Acid 0.07* 0.25 0.05 181 0.07* 0. 03 0. 19%

resistance




* 1643* 1557* 1544* 1479* 1551* 1739* 1643* * 1189* 1109* 1114* 1053* 109*
1241* 1189* 2. 7* 11. 6* 3. 9* 10. 6* 21. 5* 8. 9* 0. 5* * 0.19* 0.19*
0.13* 0.32* 0.02* 0.07* 0.13* -36- TABLE 18 Ex. 137 138 Si 0 2 63.0 63. 0
A12037.57.5 Li205.959 Na20 IP%11.3 KOO0 MO6.7 6.7 Ti
02 3.0 278l E {702 1.5 1.5 B,03 1.0 1,5 RO 17.3 17. 3 Li20/R90 0. 34

0.34 Na20/R20 0. 66 0. 66 K'O/R 000 d 2.53 2.52 a 71 70 E 84.2 83. 8

T g 543 5 ;Exﬁ"'ﬂ:'_/d \’152%;). 3 331.3%‘ T 2131447% 1332472* 133rl+ “1}3‘;51‘1’& 164 ;;5‘* ??30‘6? b*

Acid 0. 14*=°Q_14*
Si10, 63.0 63.0 63.0 63. 2 60. 0 70.0 68.0 66. 0
Al,O, 9.5 9.5 9.5 7.0 10.0 2.5 7.8 10.0
Li,O 0.5 6.0 6.0 3.0 7.0 5.0 1.0 5.0
Na,O 18.0 0 6.5 9.0 8.5 5.0 7.0 5.5
K,O 0 12.5 6.5 6.0 6.0 5.0 11.0 0
MgO 6.5 6.5 8.5 5.0 8.0 8.0 3.0 5.
CaO 0 0 0 1.8 0 0 0 4.
SroO 0 0 0 0.1 0 10 0 0
BaO 0 0 0 0.1 0 0 0 0
TiO, 1.0 1.0 0 3.0 0 3.0 1.0 3.0
Zr O, 1.5 1. 0 1.8 0.5 1. 1.2 1.5
R,0 18.5 18.5 19.0 18.0 21.5 15.0 19.0 10.5
L1,0/R,0 0.03 0.32 0.32 0.17 0.33 0.33 0.05 0.48
Na,0/R,0 0.97 0 0.34 0.50 0.40 0.33 0.37 0.52
K,0/R,0 0 0.68 0.34 0.33 0.28 0.33 0.58 0
d 2.53% 2. 49% 2. 46% 2.556% 2.49% 2. 49% 2.47% 2. 53%
o 83% 82% 81% 78% 87 70% 90% 53%
E 79. 5% 76. 4% 78. b% 78. 6% 79. 5% 80. 3% 70. 5% 86. 5%
Tg 567* 549% 526% 526% 509% 544x* 538% 635%
Te
E/d 31. 4% 30, 7x 32. 0% 30. 8% 32. 0% 32. 2% 28. 6% 34. 2%
T, 1572x% 1643% 1557 1544 % 1479% 1551% 173G 164 3%
T, 1133% 1189% 1109% 1114% 1053% 1099* 1241% 1189%
Cr 3. 9% 2. 7% 11. 6% 3. 9% 10. 6% 21. 5% 8. 9% 0. 5%
Acid 0. 19% 0.19% 0. 19% 0.13x% 0.32% 0.02% 0.07x% 0. 13%
resistance




resistance TABLE 19 Ex. 123456 78 510 2 64.7 63.8 65.4 64.3 63.1
61.7 63.363. 0 Al203 9. 29.09. 39. 110. 7 12. 39.08.9 Li 20 4.1
4oz1141414w)26&1 NazO 4.0 438.4.1 4.0 5.05.0 6.8 3.9 K20 7.1
7.07.17.0706.96.99.7 Mg05.35 2535 25 2525 15 1 Ti
02 2.6 0T68h56“& 30.00.01.31.35Zr 023.06.90.05.05.04.94.9 4.9
-37- TABLE_20_Ex__ 9 10 .11 12 13 14 15 16 Si 0 2 63.4 66.1 63.0 63.0 65.9
64.7 63.6 &3. 0 Al1320 9./1889. 1 8. 98.99. 39.29. 08.9 Li 202.43.6
2.7 40425251656 Ngaddh7.93.5560.08.8 120 11. 8 10.0 K205.9
6.2 8.5 1 ‘dg‘U % g E%T;*Nrg 05 25 25 15 1545 35 20. 1
Ti o021 [@4=Ps 143 3531131 31 3 72024 95 04. 94.95. 1
5.0 4.9 4.|9. iTABLE [Z19Ex, |67918 19 20 21 22 23 24 Si O , 63.6 62.4 62.8
61,8 62.2 |61..661.91623 4|1A4 20.1 9.0 9.1 12.5 12.5 12.6 14.1 12.5 12.6 L
| 20 0.8 475 3931729 4,1 38]2.9 Na201524.511.111.4 11.6 10.1
1&1116%@?&0Lge£4loaoogjwaao Mg O5. 25. 2 4-6 6. 0 6.
8 3. 9 5. (M(gOQ 6.7 6.7
TioO, 3.0 2.5
ZroO, 1.5 1.5
B,O, 1.0 1.5
R,0 17.3 17.3
LiQO/R:,O 0. 34 0.34
Na,0/R,0 0.66 0.66
K,0/R,0 0 0
d 2.53 2.52
o 71 70
E 84.2 83.8
Tg 543 541
T,
E d 33.3 33.2
T, 1473% | 1472%
T, 1044 1040%
Cr 5% 5*
Acid 0. 14% 0. 14%
resistance
TABLE 19
Ex. 1 2 3 4 5 6 7 8
Si0, 64.7 63. 8 65. 4 64. 3 63.1 61. 63.3 63.0
Al , O, 9.2 9.0 9.3 9.1 10.7 12. 9.0 8.9
LiZO 4.1 4.0 4.1 4.1 4.1 4.0 2.6 3.1
Na,O 4.0 4.0 4.1 4.0 5.0 5.0 6.8 3.9
KQO 7.1 7.0 7.1 7.0 7.0 6.9 6.9 9.7
MgO 5.3 5.2 5.3 5.2 5.2 5.2 5.1 5.1
TiO, 2.6 0.0 4.6 1.3 0.0 0.0 1.3 1.3
5 Z1r O, 3.0 6.9 0.0 5.0 5.0 4.9 4.9 4.9




Ti 021.31.30.00.00. 03,22.60. 7 Zr 02495065 05.04.02.0
3.0 3.0 5 TABLE 22 Ex. 25 26 27 28 29 30 31 32 5i O2 62.6 62.8 61.8 61.
61.0 67.9 61.4 63.0 A 1 203 12.6 12.7_3;.5 12.4 12.3 9.1 8.7 8.9 L i 20
2.92.92.92.92.93.10800 Na2811.6 11. i 11.5 11.4 11.3 3. 1 8.
16. 8 KPABOE®V.0 0.0 0.0 0.0 5.4 9.9 0.0 Mg O:fl 8 6.85. 7 5.0 4. 4 5,
25 05 1 Ti 023202 6395 11.31.21.3 Zr 022.01.03. 0 3.
3.0 5.0 fig, 8 4.9 [ 38 TABGE 23]5x. 33|34 35 Be; 37 3189 40 :5 1 12 60. 4
?é:; 58' 59003 o-Hoblo o P b 1 1530l 0 405 3] 6k% abih g gkitts o 53 33 3
13.9 12. pA1R, O% @126 2 129 188390 0% 0.0/D%0 MY% 4$8 04,8
4.9 4. 3(6.4,6. 3|64 1 [B.6 02|22 1.44102 1]20.0 P2.6 0.0, 060 A 1602 4.7
4.8 4.6 A 7. 00 0[pg0.0 (0,9 TABLE 245X 41|42 43 Iy 45 46,47 48 01 Q 2
?g:aza Eg RN DA AN S50 LN .-02.{{,525-@ N2 ol 12:3
12.5 11. BMI4O8 11]/8211.45%.7 |5.1 5.1 5.4 5.3 5.2 5.1
T10, 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Zr O, 4.9 5.0 4.9 4.9 5.1 5.0 4.9 4.9
TABLE 21
Ex. 17 18 19 20 21 22 23 24
S10, 63.6 62.4 62.8 61.8 62.2 61.6 61.9 62.4
Al,0, |9.0 9.1 12.5 12.5 12.6 14. 1 12.5 12.6
Li,O 0.8 4.6 3.9 3.2 2.9 4.1 3.8 2.9
Na,O 15.2 4.5 11.1 11. 4 11.6 10.1 10. 1 11. 6
K,O 0.0 7.9 0.0 0.0 0.0 0.9 1.0 0.0
Mg O 5.2 5.2 4.6 6.0 6.8 3.9 5.0 6.8
TiO, 1.3 1.3 0.0 0.0 0.0 3.2 2.6 0.7
5 Zr O, 4.9 5.0 5.0 5.0 4.0 2.0 3.0 3.0
TABLE 22
Ex. 25 26 27 28 29 30 31 32
Si0, 62.6 62.8 61.8 61.4 61.0 67.9 61.4 63.0
Al1,0, |12.6 12.7 12.5 12. 4 12.3 9.1 8.7 8.9
Li,0O 2.9 2.9 2.9 2.9 2.9 3.1 0.8 0.0
Na,O 11.6 11.7 11.5 11.4 11.3 3.1 8.2 16. 8
K,O 0.0 0.0 0.0 0.0 0.0 5.4 9.9 0.0
Mg O 6.8 6.8 5.7 5.0 4.4 5.2 5.0 5.1
TiO, 1.3 2.0 2.6 3.9 5.1 1.3 1.2 1.3
Z1r O, 2.0 1.0 3.0 3.0 3.0 5.0 4.8 4.9




K,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 MgO6 86. 76.76. 86. 86. 84
6. 1 Ti 0, 0.00.00.00.00.00.0000.0 Zr 020.00.00.00.00.0
3.0 3.0 TABLE 25 Ex. 49 50 51 52 53 54,55 56 S i 0 2 59.5 59.4 59.4 59,
58.7 60.0 59.2 59. 3 A1 2 0 14.2 14. 23§4 2 14.2 14.0 14.3 14.1 14.2 L
20 1.2 TARIE®3l.4 1.4 1.4 1.4 1.4 Na204. 34 34.33.40.93. 9 4.
2. 4 KO07.38.08.77.311.55.96.58.7 MgO4. 14. 04.04. 14.0
4. 3 4.2[;,Ca 0 43,8 3. [943. 0]458 4. B;4. 8 Py 4. |5 T 103 1.9]%9 1.9
58 50 00181 02 63 Wet & Ol 5o 5% %@.3 550 50 sk o188 % ed o2 E ul)
203 14,1 44 2034 8594 0 [F170 13894 14 R5¥3 9 |17.0 20/ 1F.& 148118 1167 6] 1.
1,6 0.7 [N@a,@ 0 Pn.o4 2.]0402. 4024 2]14 2. B2 4 o3 K2m8.7/8.37 94
8.6 8.7 BnNG 8o 8 By 00 NG O4[334. [o4h 6 4,334 i3y 11494 4. 132 Ca|0
SR N AL AR T A TR PO R T ARG
MgO 4.9 5.0 4.8 4.9 4.3 6.4 5.3 6.1
T 10, 1.2 1.2 1.2 1.2 0.0 0.0 0.0 0.0
Z1r0O, 4.7 4.8 4.6 4.7 0.0 0.0 0.0 0.0
TABLE 24
Ex. 41 42 43 44 45 46 47 48
Sio0o, 63. 2 63. 4 63.0 63.5 63.3 62.9 61.8 63.0
Al,O 15.9 15.8 15.9 15.3 15. 4 15.8 16. 4 13.4
Li,O 2.4 1.9 2.0 2.6 2.7 2.7 2.8 2.8
Na,O 11.7 12. 2 12.5 11.8 11.8 11.8 11. 4 11.7
K,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mg O 6.8 6.7 6.7 6.8 6.8 6.8 4.7 6.1
T1iO, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 Zr O, 0.0 0.0 0.0 0.0 0.0 0.0 3.0 3.0
TABLE 25
Ex. 49 50 51 52 53 54 55 56
SiO, 59.5 59. 4 59.4 59.6 58. 7 60. 0 59.2 59. 3
Al ,O 14.2 14. 2 14. 2 14. 2 14.0 14. 3 14.1 14. 2
Li,O 1.2 1.4 1.6 1.4 1.4 1.4 1.4 1.4
Na,O 4.3 4.3 4.3 3.4 0.9 3.9 4.3 2.4
K,O 7.3 8.0 8.7 7.3 11.5 2.9 6.5 8.7
MgO 4.1 4.0 4.0 4.1 4.0 4.4 4.3 4.2
CaO 4.8 3.9 3.0 4.8 4.3 4.8 2.6 4.5
Ti10O, 1.9 1.9 1.9 2.5 2.4 2.5 3.7 2.5
Z1r O, 2.9 2.9 2.9 2.9 2.8 2.9 3.8 2.9




Si O 58.659.261.6 61.461.161.361.361.3 A120314.014.1 11.1
11.1 12.5 12.511.911. 8 Li 201. 61. 61. 61. 61. 41. 41. 6 1. 4
Na O00O0. 52. 42. 42 4 3. 4 3. 42._3§_3. 4 K208.6 5.8 8.88.87.37.4
8.284 Mg04 34 34 43. 73. 753. 73. 740 Ca0O2 62.62. 6
2. 6 2. PABLE®RP®. 6 3. O T1i 026. 16. 13. 7564 74.85. 62. 5 Zr
02 3.8 3.8 3.8 2.9 3.3 2.9 2.94.2 s TABLE 28 Ex. 73 74 75 76 77 78 79 80
Si 02 63x3 63.1{638.0 6B55 64.{1561.5 |6b. 7 61619 A[32203 1438 111 & 11.8
12.0 12. ST, TG BT 95,7 201,27 UL 0, 18,5 0 0,1 ,0.0 51019 e 0
3.8 7. 3 3—65: S—1+P—6 916681+ KO8T 54 —68—"F+2—53F+—35+4 4.
76. 5 MOaQ:4a[3t4d o ultlg 1148 48401 [P oRISG 3 (53 5895 3 5
3. 53 513i,®» T|i.602 1lP82.1 [11..8 1.51064 0.14.6.0 1106 Z (102 4.20.3.4 3.3
3.4 3.4 838,3A 3|4 + 40- | JABLE [294Ex. 81482 33 B4 85285 87|88 S |20 2 61.7
RN SRS S L A WU TN B AT SN AN PGl
8 6. 86/Me6 8 6+8 8|67 KXQHBS1 6|85 6 ¢43'6.0/8 U 58+3F3 MgO 1
4. 1 4. Q0A4A. 4|44 4.424. 7 2.6 2.6 2.6 2.5 2.6 2.5
TioO, 3.7 3.7 3.7 6.1 6.2 6.0 6.2 6.0
Zro, 3.8 3.8 3.8 3.8 3.8 3.7 0.0 3.7
TABLE 27
Ex. 65 66 67 68 69 70 71 72
SioO, 58. 6 59. 2 61.6 61. 4 61.1 61.3 61.3 61.3
Al,0, |[14.0 14. 1 11.1 11.1 12.5 12.5 11.9 11.8
Li,O 1.6 1.6 1.6 1.6 1.4 1.4 1.6 1.4
Na,O 0.5 2.4 2.4 2.4 3.4 3.4 2.3 3.4
K,O 8.6 5.8 8.8 8.8 7.3 7.4 8.2 8.4
MgO 4.3 4.3 4.4 3.7 3.7 3.7 3.7 4.0
CaO 2.6 2.6 2.6 2.6 2.6 2.6 2.6 3.0
TiO, 6.1 6.1 3.7 5.6 4.7 4.8 5.6 2.5
. ZroO, 3.8 3.8 3.8 2.9 3.3 2.9 2.9 4.2
TABLE 28
Ex. 73 74 75 76 77 78 79 80
Si0, 61.3 63. 1 63.0 63.5 64. 1 61.5 61.7 61.9
Al,0, |11.8 11.9 11.8 12.0 12.0 11.9 11.9 11.9
Li,O 1.2 0.1 0.8 0.0 0.1 0.0 0.1 0.9
Na,O 3.8 7.3 3.0 9.7 9.1 9.6 9.6 6.8
K,O 8.5 4.6 8.7 2.5 3.3 5.7 4.7 6.5
Mg O 4.1 4.1 4.0 4.1 4.1 4.1 4.1 4.1
CaO 3.9 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Tio, 1.2 2.1 1.9 1.5 0.4 0.4 1.0 1.0
ZrO, 4.2 3.4 3.3 3.4 3.4 3.3 3.4 3.4




53. 53. 53. 53. 94 03. 93. 5 Ti 022. 10.42.90.40. 4
1.3 Zr 02 3.4 3.4 3.1 3.4 3.4 3.43.3 3.4 TABLE 30 Ex. 89 90 91
4 9596 Si 0., 62.9 63.1 63.4-26._7 _63.0 63.1 63.6 63. 5 A1 20 3
312.2 12.3 12.3 12.3 12.4 12. L 20 0.3 0.3 0.6 0.1 0.50.20.3
aTRALB.45 8.5 8.8 9. 8 8.59.89.89. 8 K203.33.33.01.13.31.1

gO4. 44.44 24 8 4.84. 84 84. 8 Cx 04 04 0 3. 5

5,40 4. 0513 5 [sh 2 153 1.3]4:2 2. 0596 Y& 0.6 .35 25 @ 3. 1
BaSg B2 3 iﬂiﬁf?édeﬁ@'%g:\.Gé'm ARHL IS EX IS Crel r
1A112,9512019.9] | 12000, 216,81 0/01.0.0 01090, 1|8 0.[112.N a [22029. 8 9.
0L.8.,6 9.18.9.8 9.181 K 20.4.2 10151.1|b5 1.8|@67 0.0.6.8 (Mg O 1. 8
Nk O L7l ety 8 1o 8 Clad S el Sgsd SPHF S I68 310

UZ Z2.7U 2.0 IJ. U L. 0 O. O Z2, U Z2|JU 1.1 A | ULl 9. U O. 0 9. 9 LD I. D 33
%O 1AL 22 £ 6905 186° 1071808 100510 10134112 158 01383 4162.
Me202 60.8162.6462. 7[4M 20|3. 42.9|42 0 1p4G 12.{14.22. 0 |¥271 12.0
CaO 3.5 3.5 3.5 3.5 3.9 4.0 3.9 3.5
TiO, 2.1 0.4 2.9 0.4 0.4 0.4 0.4 1.3
Zro, 3.4 3.4 3.1 3.4 3.4 3.4 3.3 3.4
TABLE 30
Ex. 89 90 91 92 93 94 95 96

Sio, 62.9 63. 1 63. 4 62. 7 63.0 63. 1 63. 6 63.5
Al,O0, [12.3 12.3 12.2 12.3 12.3 12. 3 12. 4 12.3

Li,O 0.3 0.3 0.6 0.1 0.5 0.2 0.3 0.3
Na,O 8.5 8.5 8.8 9.8 8.5 9.8 9.8 9.8
K,O 3.3 3.3 3.0 1.1 3.3 1.1 1.2 1.2
MgO 4.4 1.4 4.2 4.8 4.8 4.8 4.8 4.8
CaO 4.0 4.0 3.5 4.0 3.5 4.0 4.0 3.5
Tio, 1.3 1.3 1.2 2.0 0.6 1.4 0.6 1.3
ZrO, 3.1 2.9 3.1 3.3 3.4 3.3 3.3 3.3
TABLE 31
Ex. 97 98 99 100 101 102 103 101
Sio, 62.9 62. 1 61.6 61.0 60. 1 62.9 62.5 63. 0
Al,O 12.3 12.3 12.2 12.2 12.1 12. 1 12.9 12.9
Li,O 0.2 0.1 0.0 0.0 0.0 0.4 0.5 0.1
Na,O 9.8 9.8 9.6 9.0 8.5 9.8 9.8 9.8
K,O 1.2 1.1 1.1 1.5 1.8 0.7 0.6 0.8
Mg O 1.8 1.8 1.7 1.7 1.7 1.8 1.8 1.8
CaO 3.5 3.5 3.5 3.5 3.5 3.6 3.6 3.6
TiO, 2.0 2.8 1.0 1.8 5.6 2.0 2.0 1.1
Zro, 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3




Li 200.40.20.51.40.51.41.40.4 Na209. 86. 86. 34.46. 86. 9
2.4 9. 8 KO1.33.73.73.73.73. 76.61.3 MgO04.84.7 4.7 4.8 4.7
1.8 4.7 4.8 Ca03.53.53.53.62?_53.53.53 5 Ti 020. 6 3.7
3.8 3.83. 83. 83. 80.6 Zrr 023.3&.92.92.92.9292.93.3 TABLE
33 Ex. MB(Id40115 116 117 118 119 120 S i 0, 62.0 61.4 60.7 63.5 63.1 65.3
64.5 64. 7 A1 203 14.4 15.2 15.98.99.19.29.19.1 Li 200.30.30.3
0.1 1.3 59 4.6 9.5 N30 91 %9 {16 7 Pios® 1036 4 [hi2. 5950 K20
é' 3(:153 51 Qg 1830 ¢ b2y " Tepty? Sols ¢ Fee g Toda.8 éﬁbgssgmi?é
L 313 Ao 0r s 4103 41098 6141 0 bz e 5l E O 1250 TARIE B4 Fx.
121 122 {123 J@4 1264126 |D27 1280.5 i 012 68.40.60.9 BB44 63.14456. §066.4 67.7
57. 6 A ,.203 9.]% 39.2 36481 14,1, 241,94 5 g813q4 b 1 20 1. 9 6.40:6.06.0
06 0.0 [Ke% o Aetis d frg Ay U O O e PR A I
0. 00 |oMgOo0 014980 d47 0 04.0 0. |08 4.7 4.8 4.7 4.8
CaO 3.5 3.5 3.5 3.6 3.5 3.5 3.5 3.5
Ti10O, 0.6 3.7 3.8 3.8 3.8 3.8 3.8 0.6
Z1 O, 3.3 2.9 2.9 2.9 2.9 2.9 2.9 3.3
TABLE 33
Ex. 113 114 115 116 117 118 119 120
S10, 62.0 0l.4 60.7 63.5 63.1 65.3 64.5 64. 7
Al,0, |14.4 15.2 15. 9 8.9 9.1 9.2 9.1 9.1
Li,O 0.3 0.3 0.3 0.1 1.3 4.9 4.6 5.4
Na,O 9.7 9.7 9.7 9.9 10.1 4.1 2.5 0.0
K,O 1.3 1.3 1.3 1.7 0.3 4.8 7.7 9.2
Mg O 4.7 4.7 4.7 4.8 4.9 5.3 5.2 5.3
CaoO 3.5 3.5 3.5 5.4 5.5 0.0 0.0 0.0
TiO, 0.6 0.6 0.6 1.8 1.8 1.3 1.3 1.3
5 Z1r O, 3.3 3.3 3.3 3.9 4.0 5.1 5.0 5.0
TABLE 34
Ex. 121 122 123 124 125 126 127 128
Si0, 68. 4 60.9 63.4 063.4 56. 8 06. 4 67.7 57.6
Al,0, (9.7 19. 2 14. 1 14. 1 24. 1 9.4 5.7 13. 4
Li,O 7.9 6.0 6.0 6.0 4.2 5.1 1.9 2.5
Na,O 1.8 5.4 10.5 10.5 3.8 7.1 5.0 6.7
K,O 0.0 5.0 0.0 0.0 3.0 0.0 7.6 11.6
Mg O 5.6 0.0 0.0 0.0 3.2 5.4 5.2 4.0
CaoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SroO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T10, 1.4 0.0 0.0 0.0 0.0 1.3 3.9 1.2
Zr 0O, 5.3 3.5 6.0 6.0 0.0 5.2 3.0 2.9




Sr 00. 00.00. 00.00. 00.00. 00. 0O Ba0O0. 00. 00. 00. 00. 0
0253356.0

0. 00. 00. O Ti

6.0 0.0 5.2 3.0 2.9 -42- TABLE 35 Ex.

1624T2\|371L]E§16 1 Li

1
2 59.0 57.0 60.2 58.3 57.1 68.5 60.7 627

02 1.4 0.00.00.00.01.33.91.2 Zrr
130 131 132 133 134 135 136 S i
7 A120315114.6 15.4 11.0

20 0. 22.72. 81.43. 32. 40. 42.4 Na 20

17.4 0. 8. 68 3506. 454 K200.017. 7 9.7 8. 7 9. 07. 7 15.
g-oo OM 9sz4 1(39299 5. 1§03 L5 1 py3o3 1 1%3 13¢ @ 4,850 0.,80. 0
. J U. U U U U (.. U . d
00 0S4z r%‘”f 61360 poGZ o |38 oalar sy 38550 deg p g lg g ")
Zr 02 AQ 208 16. B 4146 0 Blp4 1b0 9 rFiABLE 362 1378 1384169 |
61.1 61.|11i 01 201212.3212.4 [bd 20[R249 2.18.3N a (2.0 11.14.41. 42 K20
0.0 M¢dg I\(I)a 04 4.4 4T B 9 §_.42 Z g_Q@ 3.08.;3.0 B2gB 1.1k 1.7 [INDUSTR
APPLI CA 'k b' 0.0 17.7 9.7 8.7 9.0 7.7 15. 4 0.0
Mg O 4.1 3.9 5.4 3.1 5.1 5.3 1.8 3.2
CaO 0.0 0.0 0.0 1.5 0.0 0.0 0.0 3.5
SrO 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
BaO 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
TiO, 1.2 1.2 0.0 3.7 0.0 3.9 1.2 3.8
ZrO, 2.9 2.8 0.0 3.4 1.0 3.0 2.2 2.9
TABLE 36
Ex. 137 138
SioO, 61. 1 61. 1
Al,0, 12.3 12. 4
Li,O 2.9 2.9
Na,O 11.4 11.4
K,O 0.0 0.0
MgO 4.4 4.4
TioO, 3.9 3.2
ZrO, 3.0 3.0
. B,O, 1.1 1.7
INDUSTRIAL APPLICABILITY
The glass of the present invention can be used for a glass substrate for a
magnetic disk.
10 The entire disclosures of Japanese Patent Application No. 2009-090104 filed on

April 2, 2009 and Japanese Patent Application No. 2010-030190 filed on February 15,

2010 including specifications, claims, drawings and summaries are incorporated herein

by reference in their entireties.
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The gl ass of the present invention can be used for a glass substrate for a
magnetic disk. 10 The entire disclosures of Japanese Patent Application No.
2009- 090104 filed on April 2, 2009 and Japanese Patent Application No.
2010- 030190 filed on February 15, 2010 including specifications, clains,
drawi ngs and summari es are incorporat ed-férein by reference in their
entireti egLAIM8: CLAIMS: 1. Gass for an information recordi ng nmedi um
substrate, which conprises, as represented by nol % based on the follow ng
oxi des, f1om Glagsdor afninfbrrBalith rdoopding rmediufr? $titndtraAd 20Bichfaompiisdsy ag4. 3 of
Li20, fromO to 22% of Na20O fromO to 22% of K20 s from4 to 13% of MO
from 0 t orepyeegntad by mealde based ontthe sollawing o@espfrom G do R%E of Site, tfr@rraB to
content of Li20 (Sla%Oa nd K20(R206|s from8 to 22% the ratiog of (S
content 627 9iAb 120 O(tpj o7 REbRO), drom 0%@@/9055132 hEOMHQ ite 28fe PH& ont ent

k20 o ReBOTRH 2% o Mg o Gto 6GE RETR g Rom OF 5TL0F 20 eV MERE on
L 20/ roo TR RRBIEFE oL 210, RS MR, OQFERR fi&b‘*.*@%?"?%%i’ﬁg“ fh%f%f o
gl ass T or opfR OB FLARULITNRLN® s ROSIBG MSHIRISANE BRI m L o

2, wherein t total "conte of IR and ZrQ2 (Ti R+Zr2) is romOto 8% 4.

The g ass(N&0/m0) i gt least ®B5] echiediallg ot oonteubst KaDao %CDUQO?BQOPB%EW one
of is Cains 1 to 3, which contains no B203 or contains less than 1 % of

B203. 5. IBast§lddss for an information recording medi um substrate according to
any one of Cains 1 to 4, wherein the difference obtained rta; deductln_g the
cont et oP. A1Pb8 dlassor andnferneation reﬁore;ng@neswebagbﬁw@ agco @Q}@é@mr r

o 5. " uhelBETFD e R B daRCh Pt aasks) Scien e of RE/OQHER TR abeasi 98 11 om
ERT A ST A R e
least 10% wherein the total content of TiO, and ZrO, (TiO2+Zr05) is from O to 8%.
4. The glass for an information recording medium substrate according to any one of
15  Claims 1 to 3, which contains no B.O3 or contains less than 1% of B2Os,
5. The glass for an information recording medium substrate according to any one of
Claims 1 to 4, wherein the difference obtained by deducting the content of Al,O3 from
the content of SiO, exceeds 53%.
6. The glass for an information recording medium substrate according to any one of
20 Claims 1 to 5, wherein the difference obtained by deducting the content of Li,O from
the content of K;O is at most 9%.
7. The glass for an information recording medium substrate according to any one of
Claims 1 to 6, wherein R0 is at least 10%.
8. The glass for an information recording medium substrate according to any one of
25  Claims 1 to 6, wherein SiO; is from 62 to 71%, AlLO3 is from 4 to 12%, Lis0 is from 0 to
12.4%, Na,O is from 0 to 20%, K20 is from 0 to 19%, MgO is from 5 to 12%, TiO: is
from 0 to 5%, ZrO; is from 0 to 4%, and RO is from 11 to 20%.
9. The glass for an information recording medium substrate according to any one of
Claims 1 to 8, wherein the content of Al,O3 is at most 11%.
30 10. The glass for an information recording medium substrate according to any one of
Claims 1 to 6, wherein SiQO; is from 63 to 70%, Al;O3 is from 5 to 9%, Li»O is from 0 to
10.2%, NayO is from 0 to 19%, K50 is from 0 to 12.8%, MgO is from 5 to 11%, TiO, is



8. The glass for an information recordi ng medi um substrate according to any
one of 25 Claine 1 to 6, wherein SIQ2 is from62 to 71 % Al1203 is from4
to 12% Li20is fromO to 12.4% Na20 ig4f4+om 0 to 20% K20is fromO to

2o o 1o i Mo gl it O s Rl ol 1 8iv2oor g et um ™™
AL203 15 AT miat o, BL3 foRaln iUl ey st e bR 7RV bl

subst r at eCafig@r ttd 90 I Whidh X opEn®heitheraCa®, SrOohdr.Batherein Si02 is from63 to
70% Al1203 is from5 to 9% Li20is fromO to 10.2% Na20is fromO to 19%

K20 i s frog OThe glassSr aMitiormation recortimglrhédium €abstsatedsbcotdingt® ahyp ofggof
Zr2 is fromO to 4% and R20 is from 13 to 19% 11. The glass for an

i nf or mat | Gtaimechtadi hgwhishicontaing et ieastone ob CaiCh Srhant PBadhin thie tofal abntent of o
10, which contains neither CaQ, SrO nor BaO 12. The glass for an

i nf or mat i 8hMOost8¥adi ng nedi um substrate according to any one of s Cains 1

to 10, whigh t ai t l.east f Cao SrO and in the total t ent

of ai modd 30he ghsrnEag HREAON oG mebitsh Heclie hgories hAousiR e e
di : : N is f 0

1750 1 s Peint VS BoBeRLRTs fhohale LR ORISR MR e Nl

12% O j ° isforfe o £2¢ ial o ¥ RLO | |

than 2% o M1 R o B fordny 1o RS (i B T

accor gy ngCa® rfyorataof thaklBL16 8% t0 6, wherein SIQ2 is from61l to 71 %
A1203 is from4 to 11 % Li20is fromO to 4.5% Na20is fromO to 12% K20

is from 0140 Theoglddsdor anfinformatido rééordmgdmEdidm substraten &2cbrding T¢@ny sngof

The glass for an information recordi ng nedi um substrate according to Claim
13 or 14Clgimer eimbzwiterein SiQpis foors G1oto3sh %1808 frgmad 4o fldto, &k isffsrmd foon

recordi ng, nedi um substraf e ording .,to any o Clainms 1 1o 15, Lch
has a Youftg g! Nﬁb@l'% 08}6&9%%%@%07% f@ﬁ@%ﬂdﬁsﬁggﬁfgomrﬂ)mé&saﬁﬂ%I'%ast
28 MNM kge, 20,%7. Jthe glass for an information recording nmedi um substrate
accordi ngfrPEp %']r:ir’ytoo-"n}é' of

15 15, The glass for an information recording medium substrate according to Claim 13
or 14, wherein ZrO; is from 0.5 to 3%.

16. The glass for an information recording medium substrate according to any one of
Claims 1 to 15, which has a Young’s modulus of at least 75 GPa and a specific
modulus of at least 28 MNm/kg.

20 17. The glass for an information recording medium substrate according to any one of
Claims 1 to 16, which has a glass transition temperature of at least 500°C.

18. The glass for an information recording medium substrate according to Claim 13,
14 or 15, which has a Young’s modulus of at least 76 GPa, a specific modulus of at
least 30 MNm/kg and a glass transition temperature of at least 590°C.

25 19. The glass for an information recording medium substrate according to any one of
Claims 1 to 18, which has an average linear expansion coefficient of at least 56x
107/°C in a temperature range of from -50 to 70°C.

20. The glass for an information recording medium substrate according to any one of
Claims 1 to 19, wherein (T -T4)<50°C, where T is the liquidus temperature, and T, is

30 the temperature at which the viscosity becomes 10* dPas.

21. The glass for an information recording medium substrate according to any one of

Claims 1 to 20, which has a density of at most 2.60 g/cm?®,



Claims 1 to 16, which has a glass transition tenperature of at |east 500C.
18. The glass for an information recordi ng nmedi um substrate according to
Claim13, 14 or 15, which has a Young's nodulus of at |least 76 GPa, a

speci fi c nodul us of at Ieast 30 MNm kg-#%d a gl ass transition tenperature of

2 et B0CA s Sugiha Rymt Sy REBIARS iR TR TRda uRy st rate

according to a one of has an average |1 near

expansi ongra@,gffbt §h @ffbrrRaticH rémhgtiﬁéduuﬂrpsutééﬁat@ a8 d@lﬁ@@n@bhy%nreaéfqganﬁs firom
-50 to 70 he glass for an rnformation recordi ng nmedi um substrate
accordi ngta®lany one of Cains 1 to 19, wherein (TL-T4)<50C, where TL is the
| i qui dus tenperature, and T4 is 30 the tenperature at which the viscosity
becones 183. diﬁhesglasgalsubﬁhmtgr@rw Mrnmtioinmeoc)rchmg oredigo@agiordjngda Glaim 22,
substrate according to any one of whi ch has a density of at
most 23 60WHRERB whersimmersed igik@s f\lswtm a@ﬂ@tf%r Cathq sicbingaratepf glassiwiahg

medi um whi ch e of the glass for an information recording nmedi um
substrate"gﬁtgéf %@& in any one of Cains 1 to 21. 23. The gl ass substrate

| mmer sed A 01DE Segs ot rdF S MEERA R eRPidfa Pt SpordndAS K3k 2270,

0.3 nm h.

s cor ai ng°f B3 cVErdi 3t %?'%%Aé?%mﬁgh%ﬁ%ﬂ“ﬂﬁzﬁép.ﬁ%@f’%ﬁm 20 e m
at nospher g3t R3S, 8= @LZOVEmK feoat raeshpzlhﬁwou@ﬁ#%é@\l@tcmg anatcm%tthéZ
nnol / cn?2, where Cu, gCKarethelo anmounts of Li, Na and K which

preci ph t abenoumtsiobLl, hacdeK wihieh girecipitateaspa surfaeé wf tHbglads egpetiivielyli sk
havi ng a nagnetic re(_:or_di ng layer fornmed on the glass substrate for an
i nf or mat i @h. r &cvagnetic diskinavingsa dwgnetid reeording layepfora@doen the glass substrate

for an information recording medium as defined in Claim 22, 23 or 24.





