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

| NFORVATI ON RECORDI NG MEDI UM AND MAGNETI C DI SK The present invention
relates to glass to be used for an information recordi ng 5medi um substrate
such as a magnetic disk (hard disk), a glass substrate for an infornmation
recordi ng nmedium and a magnetic disk. G ass substrates are wi dely used as
substrates for information recording nmedium particularly for nmagnetic disks,
and a comrercially avail abl e gl ass substrate has been known, which has a
conposition conprising, as represented by nol % SiQ2: 10 65.4% Al 203: 8. 6%

Li 20: 12.5% Na2O 10.5% and Zr2: 3.0% This commercially available glass is
subj ected to chem cal strengthening treatnent for use. On the other
hand, Patent Docunment 1 proposes a substrate glass for a nmagnetic disk, which
is not subjected to chem cal strengthening treatnment. Patent Docunent 1:

JP- A- 2002- 358626 (Tables 1 to 14) 15Since an acid having a low pHis used in
a step of polishing or washing a glass substrate for a nagnetic 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. 20However, in the case of gl ass hav%gﬁmgoor acid resistance, if

an aci d h&LARS EQRINHPERMATKIY REGERIYNG ME{YUN ! IBAEE, IWSSr defects
tend to r i frer shing t.o teriorat lity. A glass _substrate
for a mostBSTANtE FARIBE LA TeNTEEChENE S bAroAGNE TR BRAR o a
base film a magnetic filmor a protective film which is formed on the - 2
- substrate, is prevented frompeeling due to remarkable change of a surface
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noisture in air, and 5 they are finally reacted wth a conponent such as
carboni ¢ afornation @cosdihfjmediunxanis agasgneatioadisk.and attach on a gl ass surface
in the formof an alkali netal carbonate or an alkali netal sulfate (white
stai n). Ther ef Glass substratesara widkly osed assubstratas far infarnaibon recordingur t her ,

if an al kali metal conmponent diffuses to a magnetic film_a phenonmenon such
that recoPRAUMnpartiehtartyfor ;agnetie dlisksnand capmercialiy avaijaiie glassaubstrate
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strengt hened, CR™was 18. 3 15nnol /cn? (after=nentioned Exanple 124). Wth one
not chem cal | yGat thengthbehand, PatennBethsient ¢ Preposeca wabstrate, glasslfarta i s
evident that the weather resistance can be inproved by the chem cal

st r engt he magneticatisiguyvhich Ehaot suhjectedite chemidal streggthening treatmgntss can be
made useful as a glass substrate for netic disk for the first tinme by
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by the chem cal strengthehing {reatnent. On 't he other hand, nost of the
conposi t i hraveeckhddidtance.i nFE’ahambY Demgamacitl kamgariowtpH ghistpakssiié td)  of
B203 in addition to an alkali netal conponent. 8203 is added in order to e.g.
| ower t he itprave thegqydisbingglate o theoperfommanaspleciemavegdefectsyindhe washingstepe
melting property of glass. However, if 8203 coexists with an alkali netal
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di f f er encejrieuentares bagadiirdha seagitdicammds s pebtomasRinwiaaes b formeearc thee by
the foll ow ng fornmula. Results are shown on Fig. 1. AGERTInP Here, Ris a gas

const ant . It is evident fromFig. 1 that the vapor pressure of the
al kali conmpound of boron is by far higher than that of B203. Due to such a



22. <A gl ass substrate for an information recording nedium which is made of
the glass for an information recordi ng nmedium substrate as defined in any one
of the 25above 1 to 21. 23. The gl ass substrate for an infornmation
recordi ng nmedi um according to the above , Wwherein when imrersed in 0.01 N
nitric aCé%éFat@ﬁ@pr&V&t@H(ﬁ‘b‘n'i‘ﬁ_eéﬁﬁqfdﬁé t@r@narkablabhamgd ofa 3uRaLE condition
24. The glass substrate for an infofmation recordi ng nmedi um according to the
30 above @drity siidagajheareely ivibeaquired B have weatheiriresistiricea HMiedimataiosphere at
120C at -8- 0.2 MPa for 20 hours, CR=Cu+CNa+CK is at nost 12 nnol/cnR,
wher e CLi gorgpanents stchaaselit Na antbidrare wiflelyiuseNaasam glassvinelt acpelecatpi.t at e on a
surface of the glass, respectively. 25. A magnetic di sk having a nagnetic
r ecor di ngHOWRYET, fYChE@mPnents greaselectivaly, sxtragtedfm glassiyomedstHisniniaic @ndi ng
medi um as, defined in th bove 22, 23 oy 24. EFFECTS OF ,THE | NVENTI ON.
Aocor di gty IRdNalIEsesited R PaimPoRpRbalAS GO ARG A AN Sredi um
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can be reduced, and it is possi ble to 150btain a high quality glass substrate
for an i nsuchrtttat secordedimforrgatieisuenased tendaiio deour. W héediore; Hrergiisg out a
chem cal strengthening treatnment, it isS possible to obtain glass for an
i nf or vt i BFPblemdhat ieljakiity offesowling madiumne iapairade total al kal |

precipitation_anmount after the weather resjstance test ig |low., Therefore, a
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reduced, and the problem of stain on the substrate Surface after the chem cal
st r engt henimul/cim’datteemientianed &xamiple d24 FurWithrane noti chepusaliyostesnigtheed,ithe
glass for an information recordi ng medi um substrate which has a high Young's
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Further, 1t I's possible’to oBtain glass for an rnformation recor I'um
subst sat e aupi ohah atkdll @impdEAha®iRpa fred G eidius irthéased @i Bedgrss mat chi ng
in 5 thermal expansion with other drive nenbers nmade of netal becomes better,
t he stressudaceatbrigywith trengiesraical stremgthgrinhdoeateent,cnd tvedmebitist isakduced.
fracture, etc. are prevented. Further, it is possible to obtain glass for an
i nf or mat i bloweavesrtherayareseroblams sueh thal thichamicad srengthening ireatnerdipereases e,
as corrpar?hd with the tenperature at o V}hi@h the vi scositoyf becones, 104 dPa. s.
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i sfor heat treatnent Ichi1s carried out after formng a magnetic film on

t he subst gahtiganicaet $@holfd ehB,Ohier &ddition td an pdkatii el compbhantt @40, is

i nformation recordi ng medi um having a high recording density. BRI EF

DESCRI PTI @dder iDRAWINGS.@d6wgr the biiftaseshef glesatlbwasm@smiz‘egmwwear
tenperature and the vapor pressures of B203 and an al kali conpound of boron.
Fig. 2 shéneravedhedneling psergrtbet slass tHewexer §B83s eaaxats withi analkalimeiaRoo,

Na20/ R20 and K20/ fezor? nd C. Nunerical values at respective points are CR
(it nBPIBEEPTA afef Mt RATEle Gimpping FavpATSRTSme IaN VD B SRS UE N,
Na20/ R20= i =1. e Fi
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y=56X2'77¥rTg1’?vi§6r@usfl ormul a of an approximate curve (y and x are CR and
Na20/ R20, respéctively, when K20/ R20=0), and R2 is a coefficient of

det er i nat i on.Fig01 BR&Ws MaRE r B SABRYNC Vb oTdtRc biBLRH GhicTinaeddrmht y (d)
of the glass for an information recordi ng medi um substrate of the present
invention (hereinafter referred to as the glass of the present invention) is
- 10 - preferably at nost 2.60 g/cnB. If the density exceeds 2.60 g/cn8B,




Al t hough Zr02 is not essential, it has an effect to inprove the weather
resi stance, increase E or E/d, raise Tg or inprove the nelting property of
gl ass. Therefore, Zr02 may be contai ned ltj;g to 5% If the content of Zro02
exceeds 5% d increases, or TL tends to b&"too high. The content of Zr02 is

br ef er abl hefinofitame?oth X ASLdd rttaleRih VIS2nage, B STLARAest red to rai se

Tg, the conten is typlca | eas preferably at nost 3%
The t ot al TReMMGEHerMitalTTdBlest (D). S POR fEURIP ddHioA2dhd AmFiehR IGHENICAl S8tiBtyt ghdB% | f
the content of Ti02+Zr02 exceeds 8% d increases, TL tends to be too high, or
a phase sApmrighhdnstjibtenafifRmsics, &eds 1088 0p.2d4R-27/he \Gapurgmesafre R ®asZr 02 i s
nore preferably 20at nost 7% particularly preferably at nost 6% typically
at nost Sca@oulaled Howdbe figrcerergy diffeyenge % Bgtvwm gas phase pad condensedf

Ti 02+Zr02 js preferably at |east 0.5% .nore preferably at |east 1%,

part1 dul BPNGSOREFEHIIP A8 B the falgwing dowhuipy “Hesulls are sHowN on Fign ¢ he
glass A it igqp_ﬁebred that Si02 is from62 to 71% A 203 is from4 to 12%
Li20 is from TP 4% Na20 is fromO to 20% 1(20 is fromO to 19% MO is

from5 25 to v I ' to 5% 2Zr02 is fromO to 4% and R20 is from
11 to 20% %(%’ua-ﬂ%rd,a%iénorr}%@enq'gl ass A, it is nore preferred that S102 is

from 63 to 70%is Ahvidfet fron Fi%ﬁﬂﬁhéﬂh%%ade‘r Podsuré 0P Rdakali tempéuntiad Gorén g om
0 to 19% K20 is fromO to I2.8% MO is from5 to 11% TiQR2 is fromO to 4%
Zr02 is fpprarhigleeriananst 8,05 Duenolsudhoa pB&nhomendShRon-hohtaeneRy tsack 0%
Al 203 is from5 to 9% Li20 is fromO to 11% Na20 30 is fromO to 18% 1(20
i s from Oas strigdiohogeceMeDans the smalityt of @ass Teiepioratesy amd et the sirpe 1ineg, tharef r om 0
to 2.5% and R20 is from 13 to 19% In the glass B, it is preferred that

Al 203 i s Rreopfoblargs sugh thataglatized rplesiaisanesendensed on refragtosins uggegdor a8 from
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f d i i 9 i to 11% Li20 i f 0
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conpri ses the above conponents,” however, other conponents nay be contai ned so
| ong &5 t hikalliphetat cerhpbhentefeme alassneach glissif theaftenpaintieded IExadnsibs @ocase,
the total content of other conmponents is preferably at nost 5% typically at
nmost 2% 18FandHi38 was petf ima platiagencrusitdd aad 16810 8or 23 hours24t3),, 6 BATL) Aanal then02
may be contained up to 2% in total. Further, a colorant such as Fe203, Co304

or Ni O magmeaing ghtPrngd e arpount ofiNazsd i the glass werg-gpalyged byt ICEMS befoxe st s
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y at nost 4 er 8203 or ZnO 1s contal ned or
not, the feaiviry DR ghseet Bxamiplstia)d 37hend 088lin tenpriihuef cribiBlenere00
represented by nass percentage by the rati o obtained by dividing the total
cont ent omMmadisd2,0. An2ixs% rdd8R 0 Bnassis aespeetivaly nHwes rgrhcedretragants of Na,O
(My0+zZnO) / (Si 02+Al 203+B203) is preferably at nost 0.08. The gl ass substrate
of the prédmpluterareeuntwere Ofknassle, £.8 mass’aang b8 snansib espeatively| alduat
substrate. of {he esent jpvention.is typically used a | ass bstrate for
= magnot | & deLiser Exampie 28 Were B Bec: HE npbpoiakibared Fadirtes 137 dddcp used
for a 2.5, te (o ' | f ' used
For | 26t oS rESspCHIRA Tk 8,85 i AR 1 RetBd RRabiR Naneg) |
gl ass subsémah@blyditieidntused for portable MP3 30pl ayers, etc., and its market
i s expanding year by year, while it is demanded to supply the glass substrate
at | ow price. Rvaher,inddient Docwhend htfavegdasaples oficdataningmo B paite showen.
continuous formng - 16 - nethod such as a float process, a fusion nethod or
a down dr deowesendd.eaghrod such@xghmgpdes, diie chotent of allalimetahcomponeniglingtasshi ch
can be forned by a fl oat process as nentioned above, the gﬁl{\a_§s of . the present

i nvent i onWas I3ras @ndder P therebysopsideredip beiat least Heaymebemprasglitisng t he
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stirring, adding a refining agent or the |ike, then for by a conventi onal

met hod such as a 3.0 float process, a press nethod, a fusion nethod or a down
draw net hod and anneal ed. Then, as a case requires, processing such as
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The present inventors have considered that such problems occur due to glass
which shows a high nitric acid etching rate in the acid resistance test and a large
s amount of precipitation of alkalis in the weather resistance test. Thus, the present
invention has been accomplished in order to solve such a problem without carrying out

a chemical strengthening treatment and without incorporating a large amount of B,0;.

MEANS TO ACCOMPLISH PROBLEMS
10 The present invention provides glass for an information recording medium
substrate, which comprises, as represented by mol% based on the following oxides,
from 61 to 72% of SiOs, from 3 to 12% of Al,O3, from 0 to 14.3 of Li-O, from 0 to 22%
of NazO, from 0 to 22% of K0, from 4 to 13% of MgO, from 0 to 6% of TiO, and from 0
to 5% of ZrQ,, provided that the total content of Li;O, Na,O and K>O (R20) is from 8 to
15 22%, the ratio of the content of Li,O to R,O (Li-O/R20) 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



1501* 1488* 1497* 1494* 1501* 1529* 1538* T 4 1058* 1081* 1041* 1070* 1069*
1078* 1099* 1106* C, 8.5 6.4 10.4 10.6 7.3 5.2 6.4 5.4 Acid resistance 0.07
0.07 0.07 0.10 0.11 0.11 ._ 0O0.07* 0.09 - 20 - TABLE 2 Ex. 9 10 11 12 13 14
15 16 Si 0 2 66.0 68.0 66.0 66.0 66.0 66.0 66.0 66.0 Al 203 5.5 5.5 5.5 5.5
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| for an information recording medium substrate, wherein the total content of (l,aO SrO
and BaO (Ca0+SrO+Ba0) is from 0 to 3% is preferred when it is desired to increase
5  the specific modulus and the average linear expansion coefficient (hereinafter, glass of
the first and second embodiments of glass is referred to as “glass A”).
The glass of the third embodiment, namely the glass for an information recording
medium substrate wherein Li;O is from O to less than 5%, and CaO is from more than
2% to 8% is preferred when it is desired to make the glass transition temperature to be
10 high (hereinafter, the glass of the third embodiment is referred to as “glass B”).
Further, the present invention provides glass for an information recording
medium which contains no B>Oj3, or contains less than 1% of B2Os.
Further, the present invention provides a glass substrate for an information
recording medium which is made of the above glass for an information recording
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
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L0 1025 \gege SR iodd Biafhistohto oBte ukslle Soda iy Sk ane,
17 18 19 &Qhéjab%%ezlStozifi which contains no B,O3 or contains less than 1% of B,Os.
5. The glass for an information recording medium substrate according to any one
5  of the above 1 to 4, wherein the difference obtained by deducting the content of Al,O4
from the content of Si0O, exceeds 53%.
6. The glass for an information recording medium substrate according to any one
of the above 1 to 5, wherein the difference obtained by deducting the content of Li,O
from the content of K,O is at most 9%.
10 7. The glass for an information recording medium substrate according to any one
of the above 1 to 6, wherein R0 is at least 10%.
8. The glass for an information recording medium substrate according to any one
of the above 1 to 6, wherein SiO; is from 62 to 71%, AlxOs is from 4 to 12%, Li,O 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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from 0 to 4.5%, NazO is from 0 to 12%, K50 is from 0 to 10%, MgQ is from 4 to 9%,
and CaO is from 2.5 to 7%.
5 15. The glass for an information recording medium substrate according to the
above 13 or 14, wherein ZrQ; is from 0.5 to 3%.

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

10 17. The glass for an information recording medium substrate according to any
one of the above 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 the
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
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respectively.

25. A magnetic disk having a magnetic recording layer formed on the glass

5  substrate for an information recording medium as defined in the above 22, 23 or 24.

EFFECTS OF THE INVENTION

According to the present invention, glass for an information recording medium

substrate, which has a high acid resistance can be obtained, whereby surface
10 roughening can be prevented in a polishing step or a washing step under a low pH.

Further, the polishing rate of a glass substrate for an information recording
medium can be improved, whereby the efficiency of the polishing step can be
improved.

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



NOOHR

. 94*

(o]

.7._ 6.7
.5 1.5 1.
340340340340340490100Na20/1220066066066066066024
50100K20/1(20000000270400 2.51 2.50 2.53 2.54 2.54 2.49 2.52

549 54
1100 E /lofefsl, andt i& pobsiblé o Gcddm

8.08.080T 021.01.5203.04.01.01.012.0Zr 021. 00.5
52.52.52.5R017.3 17.3 17.3 17.3 17.3 13.0 17.0 17.0 Li 20/ R20

5o EHLZ0Ahng o o Aty wbotebyBinctop s iy Hl roldiod e, 07 T

lisredugtiodt &%épo(ﬁe?céﬂ&ﬂnpﬂﬂﬁo* 1474

1474 1479 1620* 1593* 1540* 1038* EOBB* 1044 1047 1042

10

15

20

25

30

Further, it is possible to obtain glass for an information recording medium
substrate which has a high linear expansion coefficient. Therefore, matching in
thermal expansion with other drive members made of metal becomes better, the stress
caused by a temperature change becomes low, and substrate fracture, etc. are
prevented.

Further, it is possible to obtain glass for an information recording medium
substrate which has a low liquidus temperature, as compared with the temperature at
which the viscosity becomes 10° dPa's. Therefore, continuous forming is possible by
e.g. a float process, a fusion method or a down draw method, whereby mass
production is possible.

Further, it is possible to obtain glass for an information recording medium
substrate which has a high glass transition temperature. Therefore, the temperature
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

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.
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.

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
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rotation is likely to be unstable. The density is preferably at most 2.54 g/cm®,

The glass of the present invention preferably has a Young’s modulus (E) of at

s least 75 GPa and a specific modulus (E/d) of at least 28 MNm/kg. If E is lower than
75 GPa, or the specific modulus is lower than 28 MNm/kg, the glass tends to warp or
deflect during disk rotation, and it may be difficult to obtain information recording
medium having high recording density. E is more preferably at least 76 GPa, and E/d
is more preferably at least 30 MNm/kg. E is particularly preferably at least 77 GPa,

10 and E/d is particularly preferably at least 30 MNm/kg.

The glass transition temperature (Tg) of the glass of the present invention is
preferably at least 500°C. |f Tg is lower than 500°C, the temperature for the heat
treatment for forming a magnetic layer cannot be made to be sufficiently high, and it
may be difficult to increase the magnetic coercive force of the magnetic layer. Tgis

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
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at most 11 nmol/cm?.

it is preferred that the glass substrate of the present invention is excellent in acid

5  resistance such that the following nitric acid etching rate is at most 0.3 nm/h.
Otherwise, in a case where a strong acid having a pH of from 1to 2 is used in a
surface polishing step or final washing step in the production process of information
recording medium, particularly the production process of substrate glass for a magnetic
disk, the glass surface may be roughened or peel-broken. The nitric acid etching rate

10 is more preferably at most 0.2 nm/h.

The nitric acid etching rate: A sample to be measured is prepared by polishing a
glass plate into mirror surface having a thickness of from 1 to 2 mm and a size of 4 cm
x 4 cm. The sample is immersed in 0.01N nitric acid at 25°C for 3 hours, and an Si
amount eluted into the nitric acid is analyzed and measured by ICP-OES.

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%.
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resistance may be insufficient.
Although LizO is not an essential component, Li.O has an effect to increase E,

s  E/d orq, orimprove the meiting propenty of glass. LizO may be contained up to
14.3%. If the content of Li-O exceeds 14.3%, the acid resistance or weather
resistance deteriorates, or Tg tends to be low. The content of Li.O is preferably at
most 13%, more preferably at most 12.4%. When it is desired to increase E/d or q,
for example in the glass A, the content of Li,O is preferably at most 11%, more

10  preferably at most 10.2%, typically at most 9.5%. When it is desired to raise Tg, LixO
is not contained, or less than 5% of LioO may preferably be contained. The content of
Li-O is typically from 0 to 4.5%.

Although NaxO is not is an essential component, Na,O has an effect to increase
a or improve the melting propenty of glass, and Na,O may be contained up to 22%. If

15 the content of Na>O exceeds 22%, the acid resistance or weather resistance
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
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preferably at most 19%. Inthe glass B, R0 is preferably at most 17%, more
preferably at most 15%.

5 Fig. 2 shows the relationship between the weather resistance and the ratio of
alkali oxide components. |t is evident from Fig. 1 that Cp strongly depends on the
ratio of alkali oxide components, and if LixO/R.0 exceeds 0.52, Na,O/R,0 is less than
0.35, and K>O/R20 is less than 0.45, the weather resistance deteriorates. Li-O/R:0 is
preferably at most 0.5, or NaoO/R,0 is preferably at least 0.4.

10 As mentioned above, Li-O has an effect to increase E, E/d or a, and Na-O and
K>O have an effect to increase a, however, the weather resistance deteriorates due to
each of Li-O, NaO and K;O. On the other hand, in the case of MgO, while
maintaining the weather resistance, E, E/d or a can be increased. Therefore, RO
can be decreased, and the weather resistance of glass can be improved by adding

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
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from 2.5 to 7%, and the content of Li;O is typically from 0 to 3%, and the content of
CaO is typically from 3 to 5.5%.

5 Although TiO; is not essential, it has an effect to increase E, E/d or Tg or improve
the weather resistance. Therefore, TiO, may be contained up to 6%. If the content
of TiO, exceeds 6%, T tends to be too high, or a phase separation phenomenon tends
to occur. The content of TiO; is preferably at most 5%, more preferably at most 4.5%,
particularly preferably at most 4%. In a case where TiO; is contained, its content is

10 preferably at least 0.1%.

Although ZrQ; is not essential, it has an effect to improve the weather resistance,
increase E or E/d, raise Tg or improve the melting property of glass. Therefore, ZrO;
may be contained up to 5%. If the content of ZrO, exceeds 5%, d increases, or T
tends to be too high. The content of ZrQ, is preferably at most 4%, typically at most

15 2.5%. 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
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Further, in the glass B, |t is more preferred that SiO, is from 61 to 71%, ALQj is
from 4 to 11%, Li>O is from 0 to 4.5%, Na,O is from 0 to 12%, K,0 is from 0 to 10%,
MgO is from 4 to 9%, and CaO is from 2.5 t0 7%.

The glass of the present invention basically comprises the above components,
however, other components may be contained so long as the object of the present
invention is not impaired. In such a case, the total content of other components is
preferably at most 5%, typically at most 2%.

Further, a refining agent such as SOj3, Cl, As;03, Sb203 or SnO; may be
contained up to 2% in total.

Further, a colorant such as Fe,O3, C0304 or NiO may be contained up to 2% in
total.

Further, if BoO3 coexists with an alkali metal component, it is likely to volatilize.
Therefore, it is preferred not to contain BoO3. Even if BoO3 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%.

Whether B.O3 or ZnQO 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.

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
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
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mentioned above, the glass of the present invention is preferred for mass production.
The methods for producing the glass of the present invention and the glass
5  substrate of the present invention are not particularly restricted, and various methods
can be applied. For example, materials of respective components to be usually used
are measured and mixed so as to constitute the desired composition and then heat-
melted in a glass melting furnace. The glass is homogenized by bubbling, stirring,
adding a refining agent or the like, then formed by a conventional method such as a
10 float process, a press method, a fusion method or a down draw method and annealed.
Then, as a case requires, processing such as grinding or polishing is carried out to
form a glass substrate having a predetermined size and shape. The forming method
is particularly preferably a float process, which is suitable for mass production.
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-
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°C), liquidus temperature T (unit: °C), temperature at which the wscosnty becomes 10°

dPa-s T, (unit: °C), temperature at which the viscosity becomes 10* dPa+s T, (unit:

°C), the above-mentioned Cg {(unit: nmol/cm?), and the above-mentioned nitric acid
etching rate were measured by the following methods. The results are shown in
Tables 1 to 18, and “-” in Tables means “not measured”, and a value with **” are an
estimated value from its composition.

Further, compositions of respective glasses represented by mass percentage are
shown in Tables 19 to 36.

d: d was measured by Archimedes’ method by using 20 to 50 g of glass having
no bubble.

a: By using a differential thermal dilatometer and quarnz 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 untii 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
of 3 cm 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
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.
Further, for example, “>1150°C” and “<1050°C” mean “at least 1,150°C” and “at most

1,050°C” respectively.
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81.6 81.5 81.7 T g 660 652 619 595 612 613 620 612 TL 1190 1080 1150 1200
1100 1204 E / d 32.3 33.1 32.5 32.0 32.2 32.3 32.2 32.2 T2 1669* 1648* 1631*
1635* 1661* 1659* 1655* 1641* T4 1233* 1215* 1192* 1188* 1211* 1208* 1205*
1202* CR 0.2* 0.2* 1.1* 1.1* 0.7* 0.8~ 18.8* 1.1* Acid resistance 0. 16* O.

10709, Oy g oo oD S 03 T4 7 70
7.5 7.5 7.5 D B6ib sirfcéd of) gfasa flatd tila\fi?n thﬂakﬁer éf #oh N2 @ ghdla 7.6 3.1
10.0 9.4 10.0 10.0 7.0 5.8 3.2 6.0 K2 .7 2.23.93.244Mg06.56.5
6.5 6.5 size of 4 cm x 4 cm were mirror-polished W|th cerium oxide and washed with calcium

carbonate and a detergent, and then the glass plate was put in a highly accelerated

5  stress test system (unsaturated type pressure cracker EHS-411M, manufactured by

ESPEC Corp.) and left under a steam atmosphere at 120°C and 0.2 MPa for 20 hours.

The tested sample and 20 ml of ultra pure water were put in a washed plastic bag

provided with a zipper, a surface precipitate was dissolved with applying ultrasonic

wave for 10 minutes, and respective alkali components of eluates were guantified by

10 using ICP-MS. The amount of such eluates was converted to mol and normalized
with the surface area of the test sample.

Nitric acid etching rate: The nitric acid etching rate was observed by the above-
mentioned method (unit: nm/h). The results are shown in the row for “Acid
resistance”.

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.



6.56.56.56.5Ca0454.04.04.04.04.04.04.0Ti 021.01.71.51.2
0.30.30.80.8Z7Zr 0222171 81.71.81.81.81.8 R0 12.3 11.0 10.9
11.6 11.8 13.9 13.4 13.4 1.i.20/ R20 0. %g 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 O. 0, 75 0. 52 K20/ R20 0.47 0. 29 0.

55 0. 14TRBLEHO. 28 0. 24 0. 33 d 2.54 2.52 2.51 2.52 2.51 2.52 2.53 2.53 a
68 65 66 6/ 68 77 76 71 E 81.3 79.8 79.7 79.1 78.8 77.5 78.6 81.0 T g 613
652 637 633 646 627 625 594 T , 1204 1100 1169 1100 1155 1100 1100 1100 E/ d

32. 1 31. ﬁgl./*dl 431743007 PLT 327 T Z[1636™ [IQ77 1699 1637 p33

1628* 1625
Sio, 66. 0 66. 0 66. 0 66. 0 65. 0 64. 0 66. 0 66. 0
Al,0, |55 5.5 5.5 5.5 6.5 7.5 5.5 5.5
Li,O 8.4 8. 4 8. 4 8.4 8.4 8.4 5.5 6.5
Na,O 4.0 4.0 4.0 4.0 5.0 5.0 6.9 4.0
K,O 4.6 4.6 4.6 4.6 4.6 4.6 4.6 6.5
Mg O 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
TiO, 2.0 0 3.5 1.0 0 0 1.0 1.0
ZrO, 1.5 3.5 0 2.5 2.5 2.5 2.5 2.5
R,0 17.0 17.0 17.0 17.0 18.0 18.0 17.0 17.0
Li,0/R,0 0. 49 0.49 0. 49 0.49 0. 47 0.47 0.32 0.38
Na,0/R,0 0.24 0.24 0.24 0.24 0.28 0.28 0.41 0.24
K,0/R,0 0.27 0.27 0.27 0.27 0.26 0.26 0.27 0.38
d 2. 50 2.53 2. 47 2.51 2.51 2.52 2.52 2.51
a 69 69 73 69 73 72 75 73
E 83.5 85. 7 83. 6 84. 2 83.3 83.8 81.7 82. 2
Tg 534 545 523 540 532 540 543 546
T, 1000 21150 | 1000 1100 <1050
E/d 33. 4 33.9 33.8 33.5 33.2 33.3 32. 4 32.17
T, 1493% 1501% 1488% 1497 1494 1501 1529% 1538%
T, 1058% 1081% 1041% 1070% 1069% 1078 1099 1106%
Cg 8.5 6.4 10. 4 10. 6 7.3 5.2 6.4 5.4
Acid 0.07 0.07 0.07 0.10 0.11 0.11 0.07% 0.09
resistance




1619* T4 1200* 1227* 1242* 1209* 1221 1189* 1186* 1179* C, 1.3* 1.6 1.3 1.8
2.6 2.9* 2.4* 2.4* Acid resistance 0. 09* 0. 07* 0. 07 0. 07 0. 04 0. 09*
0. 09* 0. 09 - 29 - TABLE 11 Ex. 81 82 83 84 85 86 87 88 5102 66.0 66.0

65.9 67.0 67.0 67.0 67.0 66.5 A1 20 3205 7.57.47.57.57.57.57.7Li 20
1.5231—A§L§§081.3100.6Na207.07.07.0707.07.07087K2
04.14.63.84.34.13.64.02.2Mg06.56.56.47.07.07.07.07.5Ca
04.04.0404045454540T 02.1.703230303403 3.1.07r
021.81/Bx1.6 1.8%.8 1,18 1.7(118 R20!122.6 13.9 12.13 12.4131.9 {1169 12 0

Sio, 66. 0 68. 0 66. 0 66. 0 66. 0 66. 0 66. 0 66. 0

Al,0, |55 5.5 5.5 5.5 5.5 5.5 5.5 5.5

Li,O 5.1 7.4 5.7 8.5 8.5 5.1 3.4 3.4

Na,O 8.0 3.5 5.7 0 8.5 11.9 11.9 10.2

K,O 3.9 4.1 5.7 8.5 0 0 1.7 3.4

Mg O 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0

TiO, 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

ZrO, 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

R,0 17.0 15.0 17.0 17.0 17.0 17.0 17.0 17.0

Li,0/R,0 0. 30 0. 49 0.33 0.50 0.50 0.30 0.20 0.20

Na,0/R,0 0.47 0.24 0.33 0 0. 50 0.70 0.70 0.60

K,0/R,0 0.23 0.27 0.33 0.50 0. 00 0. 00 0.10 0.20

d 2.52 2.50 2.52 2.50 2.53 2.53 2.53 2.53

o 74 65 75 73 68 71 77 78

E 81.9 84.3 81.2 78.9 86. 7 83.2 81.4 80. 4

Tg 547 562 545 561 541 554 556 554

T, <1050 | 1150 <1050 |1050 >1100 | 1050 1050 =1050

E_d 32. 4 33.7 32.2 31.6 34.3 32.9 32.1 31.8

T, 1526% 1559% 1538% 1537 1448% 1485% 1521 1539%

T, 1097% 1117% 1107 1104 1028% 1062 1095% 1110%

Cx 5.2 6.1 5.9 6.1 5.7 5.7 5.3 4.6

Acid 0.07« 10.06 0.08 0.07% | 0.06 0.07% | 0.07% 0. 07%

resistance




11.6 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 K20/820 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 a 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 41 Y 611 583 610 613 626 616 623 637
1100 110§pB}2231153 1144 1152 1163 =1.1160 E/ d 31.9 31.9 31.9 31.7 31.7
32.0 31.8 32.0 12 1631* 1612* 1628* 1651* 1653* 1643* 1649* 1627 14 1191*

1173* 1188* 1206* 1210* 00* 1205* 1203 1.6* 3,0* 1.5* CR 2.3* 2.4 2. 1*

2.1* 1.8 PAEi.d resiptiance |0809* (0109* O} 09* 0.|08* 0. (5%20. 08t20. 08* N. 06 |- 30

- TABLE 12oExo 89 P& 81 92493 94640 63.0 63. 0 63.0 63.0 63. 0
Al,0, |55 5.5 7.5 7.5 7.5 8.5 7.5 7.5
Li,O 1.7 9. 4 8.0 6.5 5.9 8. 4 7.8 5.9
Na,O 15. 3 4.5 10.9 11.3 11.3 10.0 10.0 11.3
K,O 0 5.1 0 0 0 0.6 0.7 0
Mg O 8. 0 8.0 7.0 9.2 10. 2 6.0 7.6 10. 2
Tio, 1.0 1.0 0 0 0 2.5 2.0 0.5
zro, |25 2.5 2.5 2.5 2.0 1.0 1.5 1.5
R,0 17.0 19.0 19.0 17.8 17.3 19. 0 18. 4 17.3
Li,0/R,0 | 0. 10 0. 49 0. 42 0.37 0.34 0. 44 0. 42 0. 34
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 9. 52 2. 52
o 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 583 520 534 553 556 531 534 554
T, <1000 | 1050 1100 1100 <1000 | 1100
E./ d 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, 1097+ | 1023% |1032% | 1046% | 1050% | 1028% | 1024% | 1044%
Cq 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




95 96 S 102 66. 7 66.8 67.0 66.2 66.5 66.4 66.8 66.8 A1 203 7. 7 7.7 7. 6
7.7 7.7 7.77. 77. 7L 200.60.61.30.21.10.40.505Na208.78.7
9.0 10.0 8.7 10.0 10.0 10.0 K2 02.22,22.00.72.20.80.80.8Mg©0?7.0
7.06.6 7.5 7.5 7.57.57.5Ca04.545 4.0 4.5 4.0 4.5 4.5 4.0 1102 1,
0101 TABLE®H 0.51.10.51. 0Zr 021.61.51.61.71.81.71.7 1.7 R0
11.6 11.6 12.3 11.0 12.1 11.1 11.4 11.4 L120/R20 0.05 0.05 0. 10 0.02 0. 09
0. 03 0. 05005 Na20/ R20Q 75045 0. 73 0.91 0. 72 0.90 88 0. 88 K20/ R0
O 19 0. 18O 16 [P?207 O[2%8 0.0770, 0280 07324 2.533(2.52 P52 2,154 2. 5]
2.53 2.53/3.6®%.a |63.0 63. 0 63. 0 63. 0 63. 0 70. 0 66. 0 66. 0

Al,O0, |7.5 .5 7.5 7.5 7.5 5.5 5.5 5.5

Li,O 5.9 5.9 5.9 5.9 5.9 6. 4 1.7 0

Na,O 11.3 11.3 11.3 11.3 11.3 3.1 8.5 17.0

K,O 0 0 0 0 0 3.5 6.8 0

Mg O 10. 2 10. 2 8.7 7.7 6.7 8.0 8.0 8.0

TiO, 1.0 1.5 2.0 3.0 4.0 1.0 1.0 1.0

Zr O, 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%

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%

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




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 TL 1160 1164 L41160 1162 54 1154 1154 E/ d
'31.9 31.6 31.8 32.0 32.3 32.1 32.2 32.0_.1637* 1638* 1632* 1621* 1626* 1623*
1626* 1630* T4 1197* 1197* 1187* 1189* - £8g9* 1189* 1189* 1192* C A 1.7* 1.7
2.2*% 1. SEAgbg*E, 1.5 1.9* 1,7* Acid resistance 0.09* 0. 07 0. 08* 0.09* O.

0. 09* 0.

09* 08* 0. 08* - 31 - TABLE 13 Ex. 97 98 99 100 101 102 103 104 S
I 0 2 65. ?b U 0b59] 33 65. U 3%4'Fb(§5\l _bb gﬁ—bb' ﬁ 12 (g 3/ 397. 4 E (. 77.7
7.7 8.0 8.0 2664626606049 +HH—bHB S Na20616"o-16-p-958953-8-610.0
10.0 10.0 » (. 66. 0 66. 0 66. 0 66. 0 65. 8 66. 0 64. 0 64.0

Al O, 5.5 5.5 5.5 5.5 11.0 10.0 11.0 10.0

Li,O 0 0 0 4.3 3.0 0 4.8 4.8

Na,O 8.5 12.8 4.3 0 13.5 14. 0 12.0 12.0

K,O 8.5 4.3 12. 8 12. 8 0 0 0 0

MgO 8.0 8.0 8.0 8.0 6.7 10.0 8.2 9.2

Ti0O, 1.0 1.0 1.0 1.0 0 0 0 0

Zr 0O, 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

Na,0/R,0 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 2.53x% 2. b4x% 2.52% 2.51* 2.45 2.45 2.46 2. 46

a 85% 83% 88 81% 74 71 72 72

E 75. 1% 77. 6% 72. T 75. 9% 79.9 76. 9 81.3 81.9

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

T = 1150 1200 21150

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

T, 1629% 1585% 1674* 1628% 1645% 1665% 1583 1552x%

T, 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 0.07% 0.07* 0.07% 0.07% 0.17 0.12 0.22 0.18

resistance




0.80.70.71.01.30.50.405Mg07.57.57.57.57.57.57.57.5Cad0
4.0 4.0 4.04.04.04.04.04.0T1i 02 1 6 2.2 3.23.94. 51.61.61.1Zr
02 1 71 71 71.71. 7 1.7 1. 7 R20 11.2 10.9 10.6 10.3 10.1 11.4
11.5 11.5 Li20/R20 0. 04 O 02 0 0 O O~ 26 § 0. 09 O 08 Na20/R20 0.89 0.91

0.93 0. 9?@@ 188 0. 88 O 87 0.87 K20/R20 0.07 0.07 0.07 O 10 O 12 0.04 O.

04 O 05 2.53 2.55 2.54 2.56 2.56 2.54 2.54 2.53 a 65 64 65 65 65 65 64 64
E 81.281.081.2 81.3 81.3 81.9 82.4 81.9 T q 643 661 653 668 671 635 631
637 T 2, F£l151 11583411170 (4191 1220 1148411621469 E {6 d 32.40 31. 84832.0
Sio, 64. 0 64. 5 64. 0 64. 0 63. 7 63. 4 64. 0 64. 0
Al,0, |95 9.5 9.5 9.1 9.1 9.4 10.0 8.0
Li,O 4.8 3.8 4.0 5.2 5.5 5.5 5.8 5.8
Na,O 11.5 12.0 12.3 11.5 11.5 11.5 11.5 11.5
K,O 0 0 0 0 0 0 0 0
Mg O 10. 2 10.2 10.2 10.2 10.2 10.2 7.2 9.2
TiO, 0 0 0 0 0 0 0 0
Z1r 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
o 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
Teg 559% 566% 560% 551 547 549% 566% 553%
T, Z1150 | <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 1082 1073% 1076% 1110% 1067%
Cq 5.0 7. 8% 8. 4x 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




31..8 31.8 32.3 32.5 32.4 T2 1626* 1624* 1621* 1619* 1618* 1614* 1609* 1622*
T4 1191* 1191* 1192* 1193* 1193* 1181* 1178* 1187* C R 1.4* 1.1* 0.8* 0.6*
‘0.5 1.4* 1.3* 1.4* Acid resistance 0.09* O 10* 0. 10* 0. 11* 02 0.09* 0.
10* 0. 10* - 32 - TABLE 14 Ex. 105 106 2007 108 109 110 111 112 S 102 66.7
665665—@@557660640665662A1203 8.07.57.57.57.57.57.5 8.5
Li 0.8 0.51.0 3.01.03.03.00.8 Na 20 10.0 7.06.54.57.07.0 2.5 10.0
K200 oEs 2o P 28 o AR O T I OO o I8 7ol T2 7S
0.5 Zr 0240z 1 E%05 ]64.0 64. 0 64. 0 64. 0 64. 0 64.0 64. 0

Al,0,; [9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0

Li,O 2.5 3.0 3.5 3.0 3.0 3.0 3.0 3.0

Na,O 4.5 4.5 4.5 3.5 1.0 4.0 4.5 2.5

K,O 5.0 5.5 6.0 5.0 8.0 4.0 4.5 6.0

Mg O 6.5 6.5 6.5 6.5 6.5 7.0 7.0 6.8

CaO 5.5 4.5 3.5 5.5 5.0 5.5 3.0 5.3

TiO, 1.5 1.5 1.5 2.0 2.0 2.0 3.0 2.0

ZrO, 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. 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

Tg 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



1.51.51.51.5 1.7 R0 11.6 10.0 10.0 10.0 10.5 12,5 10.0 11.6 Li 20/ R20
0.07 0.05 0.10 0.30 0.10 0.24 0.30 0.07 Na20/R20 0.86 0.70 0.65 0.45 0.67
'0.56 0.25 0.86 K20/1220 0.07 0.25 0.25 Q.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 64 63 64259 65 66 63 63 E 81.5 81.3 89.2 84.7
82.3 84. §ABBE0881.4 T g 643 659 648 626 642 598 634 656 TL 1150 -L-- 1190
141191 1200 1151 :41145 =1222 E/ d 32.3 32.1 32.5 33.5 32.4 33.2 32.9 32.1

1632* 1654316491627 —F635* 15164816365 1319351234+ 1209+-1189*

1199* 1137%¥*1207* hA'gg* 5B 1_7k5%_o* |00+ 0] B n 621 A% |6 g* 1| 6% Aci d

resi stance i@y 0| ©98 0./69*0 0. D&+ 00. 092 0. 1P64. 64.0  164.0  |64.0
Al,0, |90 9.0 9.5 9.0 7.0 9.0 9.0 9.0
Li,O 3.5 4.0 4.0 3.5 3.5 3.5 3.5 1.5
Na,O 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
K,O 6.0 6.0 6.5 6.0 6.0 6.0 6.0 6.0
Mg O 7.0 7.5 7.5 7.0 7.0 5.0 7.0 7.0
CaO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
TioO, 3.0 3.0 3.0 5.0 5.0 5.0 5.0 5.0
Zro, 2.0 2.0 2.0 2.0 2.0 2.0 0 2.0
R,0 12,0 12.5 13.0 12.0 12.0 12.0 12.0 10.0
Li,0/R,0  |0.29 0.32 0.31 0.29 0.29 0. 29 0. 29 0.15
Na,0/R,0 | 0.21 0. 20 0.19 0.21 0.21 0.21 0.21 0.25
K,0/R.0 0.50 0. 48 0. 50 0.50 0.50 0.50 0.50 0. 60
d 2.54 2.55 2.55 2.57 2.55 2.55 2.51 2.55
o 67 68 69 75 68 70 69 65
E 82.6 83. 4 82.8 83. 3 82. 2 81. 7 80. 5 80. 4
Tg 635 623 626 635 618 629 619 687
T, Z 1250 1200
E/d 32.5 32.7 32.4 32. 4 32.2 32.0 32.1 31.5
T, 1646% | 1615% | 1610% | 1612% [ 1597 [1658% | 1639% | 1691%
T, 1211% [ 1190% | 1189% [ 1191% | 1172% | 1215% | 1188% | 1253
Cx 0. 5% 0. 5% 0. 4% 0. 3% 0. 6% 0. 3% 1. 0% 0. 2%
Acid 0.16% |o.18% ]0.22% |0.21% |0.12% |0.16% |0.16% |0. 16%
resistance




0. 09*

1.41.01.01.0 Zr

1.3 12.9
Na20/ R20
0.10 0.01

0.11* -

33 -

TABLE 15 EX.

113 114 115 116 117 118 119 120 S

65.7 65.2 64.7 66.3 64.7 66.0 66.0 66.0 Al 2 0 a 9.0 9.5 10.0 5.5 5.5 5.5
'5.55.5L 120 0.7 0.7 0.7 0.1 2.7 9.9 9,
10.0 4.0 225 0 K2 0 0.9 0.9 0.9 1.2 0.273.1 5.0 6.0 ?Ni el g07.57.57.5

02

11.0 N a 20 10.0 10.0 10.0 10.0

s

65

7.5 7.5 $ABLB.H 8.0 Ca 04.04.01.06.06.0000Ti 020.50.50.5 1.4
021, 71.7 1.7 02.09, 52. 52.5 R0 11.6 11.6 11.6

6. 46705618080 1760 54— 15-0-Kob)-Ro0-0 107 0167 5.
f 119, 64. 0 64. 0 66. 0 66. 0 66. 0 66. 0 66. 0 66. 0
Al,Oq 9.0 9.0 7.0 7.0 7.9 8.0 7.6 7.5
Li,O 3.5 3.5 3.5 3.5 3.0 3.0 3.4 3.0
Na,O 0.5 2.5 2.5 2.5 3.5 3.5 2.4 3.5
K,O 6.0 4.0 6.0 6.0 5.1 5.1 5.7 5.8
Mg O 7.0 7.0 7.0 6.0 6.0 6.0 6.0 6.5
CaO 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.5
T10, 5.0 5.0 3.0 4.5 3.8 3.9 4.5 2.0
Z 10O, 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
o 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% 1192x* 1188% 1211% 1208% 1205% 1202x%
Ck 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




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 643 651 654 625 592 341 544
552 TL 1195 -a' 1191 --L'; 1193 =- 1150 a 1150 E/ d 32.4 32.5 32.5 30.8
33.2 34.3 33.6 33.5 T2 1641* 1645* 1649*“1557* 1473* 1465* 1489* 1483* T4
1204* 1268BLE21@* 1143* 1075* 1041* 1062* 1056* C R 1.1* 0.9* 0.7* 2.5* 3.6*
19.5 15.1 21.5 Acid resistance 0, 12* O 14* O 16* 0.07* O 08* 0.09 0.07*

5. 4 65, 4/ 060 66-5L70-6 i 6-Al 100 3 B 5 1476 o o1e 15§ 5 cld'e 5§

15.3 12.8 f;l g 212 GQLQV 1 rﬁ)?gf)r 67.9 67.5 68. 1 66. 0 66. 0 66. 0
Al ,O4 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Li,O 2.5 0.3 1.8 0 0.1 0 0.2 2.0
Na,O 4.0 7.6 3.1 10.0 9.4 10.0 10.0 7.0
K,O 5.8 3.2 6.0 1.7 2.2 3.9 3.2 4.4
MgO 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
CaO 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Ti0O, 1.0 1.7 1.5 1.2 0.3 0.3 0.8 0.8
Z1r O, 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 2.561 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 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* 16256% 1619%
T, 1200 1227% 1242% 1209=% 1221 1189%* 1186x% 1179%
Cg 1. 3% 1.6 1.3 1.8 2.6 2. 9% 2. 4% 2. 4%
Acid 0. 09%* 0.07% 0. 07% 0.07x* 0.04 0.09% 0. 09x% 0. 09%
resistance




NOOWO ®A

cocoo
cmZw
N D Q Ul

. 49*

59 0.5
36 0.3

2.

!

Na201.7 5.5 10.5 10.59.06.85.07.0K2003.4002005.0
08.00005080806.5Ca000000000Sr 0000
0O000000O0OOTI 021.000001.03.0LOZr 022.51.
5 1.5 1.5 R20 17.0 21.7 23.0 23.0 20.0 17.0 14.0 20.5 L120/R20 0.9
0.54 0.45 0.60 0.29 0.27 Na262820 0.10 0.25 0.46 0.46 0.45 0. 40
gAEEgaﬁe 0 0.16 0 0 0.10 0 0.36 0.39 d 2.51 2,47 2.50 2.46*
1~ -a 74 75 74* 64* 68* 87* E
Ex 81 82 83 84 85 86 87 88
S 10, 66. 0 66. 0 65.9 67.0 67.0 67.0 67.0 66. 5
Al,O0, 7.5 7.5 7.4 7.5 7.5 7.5 7.5 7.7
Li,O 1.5 2.3 1.5 1.2 0.8 1.3 1.0 0.6
Na,O 7.0 7.0 7.0 7.0 7.0 7.0 7.0 8.7
K,O 4.1 4.6 3.8 4.3 4.1 3.6 4.0 2.2
MgO 6.5 6.5 6.4 7.0 7.0 7.0 7.0 7.5
CaoO 4.0 4.0 4.0 4.0 4.5 4.5 4.5 4.0
TiO, 1.7 0.3 2.3 0.3 0.3 0.3 0.3 1.0
Zr 0O, 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
Li20/R20 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
KZO/R20 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 2.02 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 L 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
Ck 1. 6% 3. 0 1. 5% 2. 3% 2.4 2. 1% 2. 1% 1.8
Acid 0. 09%* 0. 09x% 0.09x 0. 08x* 0. 05 0. 08 0. 08x 0.06
resistance

2.52*




91.5 82.7 85.6 83.2* 87.8* 80.1* 77.8* T g 543 523 504 550* 543* 564* 525*

T,

:-= 1050 1050

E/ d 36.5 33.5 34.2 33.8*

1374* 1594 1454* 1573* 1430* 1598* 1534@p T ,

1140*

1102*

- 35 -

CR24.6 3.2 3.5 18.3 3.6 10.0*
0.25 0.06BLE11D. 07* 0.03* 0.19*

958*

11.7*
TABLE 17 EX.

6*

34. 8*
1093 998*
6.

32. 1*

1111*
Acid resistance 0.07*
199 130 131 132 133

31. 0*

T2
1011~

134 135 136 S 102 63.0 63.0 63.0 63.2 60.0 70.0 68.0 66.0 AI 203 9.5 9.5

O

O

o

0 6.5 9. 085 5.0.00.5 8% 2 019 128 B 5 6186, 0 bib- 11 oo w4 B
Si0, 66. 7 66. 8 67.0 66. 2 66. 5 66. 4 66. 8 66. 8
Al ,O, 7.7 7.7 7.6 7.7 7.7 7.7 7.7 7.7
Li,O 0.6 0.6 1.3 0.2 1.1 0.4 0.5 0.5
Na,O 8.7 8.7 9.0 10.0 8.7 10.0 10. 0 10.0
K,O 2.2 2.2 2.0 0.7 2.2 0.8 0.8 0.8
MgO 7.0 7.0 6.6 7.5 7.5 7.5 7.5 7.5
CaO 4.5 4.5 4.0 4.5 4.0 4.5 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
Li,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 2.54 2.53 2.53 2.53 2.53
o4 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 =1154 1154
E, d 31.9 31.6 31.8 32.0 32.3 32.1 32.2 32.0
T, 1637x* 1638x% 1632% 1621* 1626% 1623 1625% 1630%
T 4 1197x* 1197% 1187 1189 1189% 1189% 1189 1192x%
Cg 1. 7% 1.7 2.2% 1. 3% 2. 0% 1. 5% 1. 9% 1. 7%
Acid 0.07 0.08% 0.09% 0. 09% 0. 09 0.08% 0. 08x
resistance 0. 09%

18.0



6.56.5855.080803.050Ca00001.80004.0STr

00 Ba0O0D00O010000Ti
1.6 0 1.8 0.5 1.5 1.2 1.5 R20 18.5 18.5349.0 18.0 21.5 15. 0 19.0 10.5
Li 20/ R20 0.03 0.32 0.32 0.17 0.33 0.33 0.05 0.48 Na20/ 1220 0.97 0 0.34 0.50
0.40 0.33ABLE71d. 59 K20,/R20 0 0.68 0.34 0.33 0.28 0.33 0.58 0 d 2.53* 2.49*

2. 46*
79. 5*
544*

2.55% 2 4Q* 2 _AQ* 2 A7* 2J B53* g 83* QJ% Q1% 7@* Q7* 70* 9Q* 53* E
76. ABx.78. 5* |M8. 6* 1985* 8D9B* 70.%% 86./38! T g|5&7* 5498 526%10526*

538*| 6350 ,T Les.4 66. 0 65. 4 65. 0 64. 6 66. 1 65. 7 66. 2
Al,0, |77 7.7 7.7 7.7 7.7 7.7 8.0 8.0
Li,O 0. 4 0.2 0 0 0 0.9 1.1 0.9
Na,O 10.0 10.0 9.8 9.3 8.8 10.0 10. 0 10.0
K,O 0.8 0.7 0.7 1.0 1.3 0.5 0.4 0.5
Mg O 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
CaO 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
TioO, 1.6 2.2 3.2 3.9 4.5 1.6 1.6 1.1
Zro, 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
L1,0/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
a 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, =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% 1193% 1193% 1181% 1178% 1187%
Cq 1. 4% 1. 1% 0. 8% 0. 6% 0. 5% 1. 4% IRRE 1. 4%
Acid 0. 09* 0. 10% 0. 10% 0.11% | 0. 12x% 0.09% | 0.10% 0. 10%
resistance

031.01.003.003.01.03.02Zr

00O0O0O.
02 1.

10
5

509*



E/ d 31.4* 30.7* 32.0* 30.8* 32.0* 32.2* 28.6* 34.2* T2 1572* 1643* 1557*
1544* 1479* 1551* 1739* 1643* 14 1133* 1189* 1109* 1114* 1053* 1099* 1241*
1189* G R 3.9* 2.7* 11.6* 3.9* 10.6* 2135% 8.9* 0.5* Acid resistance 0.19*
0.19* 0.19* 0.13* 0.32* 0.02* 0.07* 0.13* - 36 - TABLE 18 Ex. 137 138 Si 02
63.0 63, PABLEJ®R 7. 5 7.5 Li 205959 Na2011.311.3 K2000 Mg 0
6.76.7Ti 023.025Zr 021.51.5B20a1.015R017. 3 17. 3

S Vi D A B A e T

R 5% b5* d Qesi 4Pbrdce 006 Ta* |(96-3 4% | 6T ARI F| 4690 Ex | OO 66. 5 66. 2
Al,O0, |80 7.5 7.5 7.5 7.5 7.5 7.5 8.5
Li,O 0.8 0.5 1.0 3.0 1.0 3.0 3.0 0.8
Na,O 10.0 7.0 6.5 4.5 7.0 7.0 2.5 10. 0
K,O 0.9 2.5 2.5 2.5 2.5 2.5 4.5 0.9
Mg O 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
CaO 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
TiO, 0.5 3.0 3.0 3.0 3.0 3.0 3.0 0.5
Zr0O, 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
@ 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
Tg 643 659 648 626 642 598 634 656
T, 1150 <1190 | 1191 [1200 1151 <1145 | =1222
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 1207% 1198
C g 1. 7% 0. 9% 0. 9% 0. 9% 0. 9% 1. 4x% 0. 9% 1. 4x
Acid 0.09% [ 0.09% 0.09% |0.09% 0. 09% 0.12% | 0.09% 0. 11x
resistance




234567 85102 64. 7 63.8 65.4 64.3 63.161.7 63.3 63.0A120 329 2
9.0 9. 39. 110. 7 12. 3 9.08. 9L 204.14.04.14.14.14.02.6 3.1 Na
20 4.0 4.0 4.1 405.05.06.83.9K20Q07.17.07.17.07.06.96.99.7 Mg
05352535252525151TI 02386 0.0 4.6 1.30.00.01.31.32Zr
02 3.0 61—ng§01§050494949 - 37 - TABLE 20 Ex. 9 10 11 12 13 14 15
16 S i 66.1 63.0 63.0 65.9 64.7 63.6 63.0 A1 20 3 9.009.18.98.9
9.3 9.2 9689 |4u4.zr3.ﬁ T4 042275176 6N 2079355 6
0.0 8.8 1P xO 11 g 19839 ki3l ¢ 15 116 117 {18 199 120

SiO, 65.7 65. 2 64. 7 66. 3 64. 7 66. 0 66. 0 66. 0

Al,O0, |9.0 9.5 10. 0 5.5 5.5 5.5 5.5 5.5

Li,O 0.7 0.7 0.7 0.1 2.7 9.9 9.5 11.0

Na,O 10.0 10.0 10.0 10.0 10.0 4.0 2.5 0

K,O 0.9 0.9 0.9 1.2 0.2 3.1 5.0 6.0

MgO 7.5 7.5 7.5 7.5 7.5 8.0 8.0 8.0

CaO 4.0 4.0 4.0 6.0 6.0 0 0 0

TiO, 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

a 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

Tg 643 651 654 625 592 541 544 552

T, =1195 | =1191 | =1193 =1150 | 21150

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, 1204 1208 1213% 1143% 1075% 1041% 1062% 1056%

Cx 1. 1% 0. 9* 0. 7% 2. b 3. 6% 19.5 15.1 21.5

Acid 0.12% 0. 14% 0. 16% 0.07x 0. 08% 0.09 0. 07% 0.08

resistance




NOOWRmE O
OQOWN" WN

(o)
N

8.512.7 0.0 0.0 2.6 5.1 Mg05.25.25.15.15.45.35.26.1Ti 02 1.3
1.31.31.31.31.31.3Zr 024.95.04.94.95.15,04.9 4.9 TABLE 21
17 18 19 20 21 22 23 24 Si 0. 63.6 83 62.8 61,8 62.2 61.6 61.9 62.4 A
0 39.09.112.512.5 12.6 14.1 1278712.6 Li 20 0.8 4.6 3.9 3.2 2.9 4.1
2.9 -BA%LE % 15.2 4.5 11.1 11.4 11.6 10.1, 10.1 11.6 K 2_ 00.07.90.0
0.0 O. 1000M905252466068395.06.8TI 02 1.3 1.3 0.0
0.0 2260+ +102 4575651 04702603030 —TABLE 22 B¢ 25
7 28 Bg 20 21| B3 < 29 123 124 125 126 127 128

Si0, 66. 0 64.5 65. 4 65. 4 60. 0 66. 0 70.0 62.0

Al,0, 5.5 12.0 8.6 8.6 15.0 5.5 3.5 8.5

Li,O 15.3 12.8 12.5 12.5 9.0 10.2 4.0 5.5

Na, 1.7 5.5 10.5 10.5 9.0 6.8 5.0 7.0

K,O 0 3.4 0 0 2.0 0 5.0 8.0

Mg O 8.0 0 0 0 5.0 8.0 8.0 6.5

CaO 0 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

E /' d 36.5 33.5 34.2 33. 8% 34. 8% 32. 1% 31, 0%

T, 1374% 1594 1454x* 1573% 1430% 15983% 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




62.6 62.8 61.8 61.4 61.0 67.9 61.4 63.0 A1 2 0 3 12.6 12.7 12.5 12.4 12.3
9.18.78.9Li 202.92.92.929293.10.800Na2011.6 11.7 11.5 11.4
11.3 3.1 8.2 16.8 K2 00.00.00.0 0.0 %bo 5.4 9.90.0MgO0G®6.86.85.7
5.04.4525051Ti 021.32.02639511.31.21.32Zr 022.01.0
3.0 3.0 $ABIE §74.8 4.9 - 38 - TABLE 23 Ex. 33 34 35 36 37 38 39 40 Si 2
60.4 61.7 59.2 60.4 63.0 63.4 62.2 62.8 A1 20, 8.58.7 8.48.517.9 16.3
18.1 16. 7 (20900600479 +4 P 2323 Nra266-012733-99.0
13.3 13.9F3 012 1'% 2 ol!¥3 2 413l 17 ol3gg 3 19%% o ol# 0 0 oM g |d3"

S10, 63.0 63.0 63.0 63. 2 60. 0 70.0 68.0 66. 0

Al,0, [9.5 9.5 9.5 7.0 10.0 2.5 7.8 10.0

Li,0 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 0 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

Z1r0O, 1.5 1.5 0 1.8 0.5 1.5 1.2 1.5

R,0 18.5 18.5 19.0 18.0 21.5 15.0 19.0 10.5

Li,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. 53x% 2. 49% 2. 46% 2. 55% 2. 49% 2. 49% 2. 47% 2. 53%

o 83x* 82% 1% 78 87 T0% 90* 53x%

E 79. 5% 76. 4% 78. 5% 78. 6% 79. 5% 80. 3% 70. 5% 86. 5%

Tg 567%* 549% 526% 526% 509 544 538% 635%

T,

Ed 31. 4% 30, 7% 32. 0% 30. 8% 32. 0% 32. 2% 28. 6% 34. 2%

T, 1572% 1643* 1557% 1544% 1479% 1551%* 1739%* 164 3%

T, 1133% 1189% 1106 1114% 1053% 1099x% 124 1% 1189%

Cgz 3. 9% 2. T% 11. 6% 3. 9% 10. 6% 21. 5% 8. 9% 0. 5%

Acid 0. 19% 0.19% 0. 19x% 0. 13% 0.32% 0.02% 0.07% 0. 13x%

resistance
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4.8 4.9 4.36.45.36.1Ti 21.21.21.21.20.00.00.00.0Zr
4.6 4.7 0.0 0.0 0.0 0.0 TABLE 24 Ex. 41 42 43 44 45 46 47 48 S
4 63.0 63.5 63.3 62.9 61.8 63.038l- 2 0 3 15.9 15.8 15.9 15.3 15.4
41341 i 202.41.92.0262.7272828Naz2011.7 12.2
8ABLESI81 8 11.4 11.7 K2 00.00.00.00.00.00.00.00.0 MO0
0. 6.86.84 761 Tji 20.00.00.00.00.00.000002zr 20
0./6x0.0 0.4 1370 3108 _. |TABLE 25 Ex. 49 50 51 52 53 54 55 56 S
4 [59.14559. § 38 7 430 592 59. 3
Al,0, |7.5 7.5
Li,O 5.9 5.9
Na,O 11. 3 11.3
K,O 0 0
Mg O 6.7 6.7
TiO, 3.0 2.5
Z1r 0O, 1.5 1.5
B,O, 1.0 1.5
R,0 17. 3 17.3
Li,0/R,0 0. 34 0.34
Na,0/R,0 0.66 0.66
K,0/R,0 0 0
d 2.53 2.52
o3 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. 14x*
resistance
TABLE 19
Ex. 1 2 3 4 ) 6 7 8
Si0, 64.7 63. 8 65. 4 64. 3 63.1 61.7 63. 3 63.0
Al , O, 9.2 9.0 9.3 9.1 10.7 12. 3 9.0 8.9
Li,O 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
K,O 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
Z1r O, 3.0 6.9 0.0 5.0 5.0 4.9 4.9 4.9




Al -2 03 14.2 14.2 14.2 14.2 14.0 14.3 14.1 14.2 L 12 1
1.4 1.41.4Na204343433.40.93.94324K220
11.55.96.587 Mg 0414040 4.1§70 4.4 4.3 4.2 Ca
4.34.82.645Ti 021.91.91.92.5%2/42537257Z
- 3
2

0 1.2 1.
2 7.3
0 4.
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2.9 2.8 PABLBS® 2. 9 9 - TABLE 26 Ex. 57 58 59 60 61 62 63 64 Si0 2 58.9
58.2 57.0 56.8 59.3 38.2 59.7 58.1 Al 203 14.1 14.1 14.8 14.0 11.0 13.9
14.3 13.Pgi 20 116 1.8 48 1.4,1.6 1]6,1,6 D37 Na[4 0 2. fi2. 4 2.4 2.4]2.4
2.3 2.4 Fsi B2 V&L O 66717 638 1183 ° P629° |64.7 63. 6 63. 0
Al ,Oq 9.0 9.1 8.9 8.9 9.3 9.2 9.0 8.9
Li,O 2.4 3.6 2.7 4.0 4.2 2.5 1.6 1.6
Na,O 7.9 3.5 5.6 0.0 8.8 12.0 11. 8 10.0
K,O 5.9 6.2 8.5 12.7 0.0 0.0 2.6 h.1
Mg O 5.2 5.2 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, l9.0 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 h.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




34.7 4.6 4.3 4.43.14.44.3Ca0?2.62.62.62.62.62.52.62
7 3.7 3.76.16.26.06.26.0Z2r023.83.83.83.83.83.70.03
Ex. 65 66 67 68 69 70 71 72 Si 2 58.6 59.2 61.6 61.4 61.1 61.3
3A120, 14.0 14.1 11.1 11. -13€2. 512.5 11.9 11.8 L i 20 1.6 1.
faBiLgos 1.6 1.4 Na 20 0.5 2.4 2.4 2.43.43.42.33.4K208.6
7.3 7.48.28.4MO04.34.34.43.73.73.73.740Ca02.6 2.
5 2.6 25 3.0 [y 02]651 6.1,8.7 5|6 4.7 P8 5.§53.5 2|0 2 3.
Fs% 8,° 460 £ 7 |14 59. 2 60. 4 63.0 |63.4 [62.2 62. 8
Al1,0, (85 8.7 8. 4 8.5 17.9 16. 3 18.1 16. 7
Li,0 o0 0.0 0.0 1.9 1.4 0.0 2.3 2.3
Na,O |80 12.3 (3.9 0.0 13.3 13.9 12. 0 12. 1
K,O 122 |6.2 17.9 |18, 0.0 0.0 0.0 0.0
Mg O 4.9 5.0 4.8 4.9 4.3 6. 4 5.3 6. 1
Tio, |L2 1.2 1.2 1.2 0.0 0.0 0.0 0.0
Zro, |47 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
Sio, |63.2 |63.4 |e630 |63.5 63.3 |62.9 |61.8 |63.0
A1,0, |15.9 15.8 15.9 15.3 15. 4 15. 8 16. 4 13. 4
Li,0 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
Tio, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zro, |00 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,0, |14.2 14.2 14.2 14.2 14.0 14. 3 14. 1 14.2
Li,0 |12 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 1.5 |5.9 6.5 8.7
Mg O 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
Tio, |Lo9 1.9 1.9 2.5 2.4 2.5 3.7 2.5
Zro, |29 2.9 2.9 2.9 2.8 2.9 3.8 2.9




TABLE 28 Ex. 73 74 75 76 77 78 79 80 Si 2 61.3 63.1 63.0 63.5 64,1 61.5
61.7 61.9 Al 203 11.8 11.9 11.8 12.0 12.0 11.9 11.9 11.9 L i 20L 2 0.1 0,8
0.00.10.00.109Na20387330§ 7 9.1 9.6 9.6 6.8 K20 8.5 4.6 8.7
2.53.35.74.765Mg04141404]?4.14.14.14.1Ca03.93.53.5
3.5 3.5 3ABLE# 3.5 Ti 02 1.2 2.11.9150.40.41.01.0Zr 2 4.2 3.43.3
3.4 3.4 3.3 3.43.4 - 40 - TABLE 29 Ex. 81 82 83 84 85 86 87 88 S i 0 2
61.7 62.0561.7 62]8762.8/63.1 6299 62.[60A 2031 11.9642.0 1438 111 & 11.9
12.0 12. 0122 T 152U 0. 1o T- T 0770 0 0 # U8 > T55 2 [s0.7 |58
A1,0, |1a.1 141 14.8 140 |10 139 143 [13.90
Li,0 |Lé 1.8 1.8 1.6 1.6 1.6 1.6 0.7
Na,O |24 2.4 2.4 2.4 9.4 2.3 2.4 2.3
K, O 8.7 8.7 9. 4 8.6 8.7 8.6 8.8 8.5
Mg O 4.3 4.7 4.6 4.3 4.4 3.1 4.4 4.3
CaO 2.6 2.6 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
Sio, |586 |59.2 |e61.6 |61.4 |61.1 |61.3 |61.3 |61.3
Al1,0, |10 |141 1.1 |11 125 125 |ine  |11.8
Li,0 |16 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
Mg O 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, |61 6. 1 3.7 5.6 4.7 4.8 5.6 2.5
. (zro, |33 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
sio, |e6.3 |e31 |60 |63.5 |e41 |61.5 |61.7 |61.9
A1,0, (1.8 |19 |18 Ji12z0 Jiz0 J19 Jie |19
Li,0 |L2 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, |L2 2.1 1.9 1.5 0. 4 0. 4 1.0 1.0
Zr0, |42 3.4 3.3 3.4 3.4 3.3 3.4 3.4
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206.76.86.86.86.86.86.885K, 06.16.85.66.36.05.4
Mg 041 4.1 4.0 4.4 4.4 4.4 14 47 Ca0353535353914.0
Ti02210.429040404go4132r_023.43.43.13.43.4
3.4 TABLE 30 Ex. 89 90 91 92 93%¥94 95 96 Si 0. 62.9 63.1 63.4 62.7
fABBE®963. 5 Al 203 12.3 12.3 12.2 12.3 12.3 12.3 12.4 12.3 Li 20
0.6 0.1 0.50.2 0.3 0.3 Na 20 8.5 8.5 8.8 9.8 8. 9.8 9.8 9.8 K
F0 1.1 334 1.1 K2 1. igg/lg 0({444 4. 4g4.2 4/ & 4.8 48 4.84.8 C4 0
ST (Ez gi? 2.0 " 161.7 62. 8 62. 8 63. 1 62.9 62.7

Al ,O, 11.9 12.0 11.8 11.9 11.9 12.0 12.0 12. 2
Li,O 0.7 1.1 0.7 0.5 0.4 0.6 0.5 0.3
Na,O 6.7 6.8 6.8 6.8 6.8 6.8 6.8 8.5

K,O 6.1 6.8 5.6 6.3 6.0 5.4 5.8 3.3

Mg O 4.1 4.1 4.0 4.4 4.4 4.4 4.4 4.7
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

Zr O, 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
Sio0o, 62.9 63.1 63.4 62. 7 63.0 63.1 63.6 63.5

Al ,O, 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

Mg O 4.4 4.4 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
ZroO, 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
Si0, 62.9 62. 1 6l.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,0O 0.2 0.1 0.0 0.0 0.0 0.1 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 4.7 1.7 1.7 1.8 4.8 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

Zr O, 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3




Ti-02 1.31.31.22.00.61.40.61.3Zr 0, 3.1 2.93.13.33.43.33.3
3.3 TABLE 31 Ex. 97 98 99 100 101 102 103 101 Si 02 62.9 62.1 61.6 61.0
60.1 62.9 62.5 63.0 Al 2 0 3 12.3 12. 3 .2 12.2 12.1 12.1 12.9 12.9Li 20
0.2 0.1 0.00.00.00.10.50.4 Na 20 898969085989898K20
1.2 1.1 fnBLE32 1.8 0.7 0.6 0.8 MgOl.8 1.8 4.7 1.7 4.7 4.8 4.8 1.8 Caldo
3.53.53.53.53.53.63.63.6Ti 022.02.84.01.85.62.02.01.'"1 2Zr
02 3.3 3.8 3. 3_ 3.1303-3 3.1363. 33083 - |4ds - TABRKE 32| By. 105,106 1Q¢{, 108|109
110 111 2S5 T 0 2 P34 8% 5 9%, 970313, 82 2[80,8 505 [ez.6 627
Al,0, (1229 |10 Jizo |zt Jiz0 Jiz1 |i1z0 |13.7
Li,o 0.4 0.2 0.5 1.4 0.5 1.4 1.4 0.4
Na,O |98 6.8 6.3 4.4 6.8 6.9 2.4 9. 8
K,O 1.3 3.7 3.7 3.7 3.7 3.7 6.6 1.3
Mg O 4.8 4.7 4.7 4.8 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
Tio, |o0.6 3.7 3.8 3.8 3.8 3.8 3.8 0.6
Zro, |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
si0, |62.0 |61.4 |60.7 |63.5 |63.1 |653 |65 |64.7
Al,0, |44 152 |15.9 |89 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 |41 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, |o.6 0.6 0.6 1.8 1.8 1.3 1.3 1.3
. lzro, [ss 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
Sio, |68.4 |e60.9 |e3.4 |e34 |56.8 |66.4 |67.7 |57.6
Al,0, |9.7 9.2 |141 |41 |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 |88 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
CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
St 0 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
Tio, |1.4 0.0 0.0 0.0 0.0 1.3 3.9 1.2
Zro, |53 3.5 6. 0 6.0 0.0 5.2 3.0 2.9




62.6 62.7 Al 203 12.9 12.0 12.0 12 112.0 12.1 12.0 13.7 Li 20 0.4 0.2
1.4 0.51.41.40.4Na?209.86.86.34.46.86.92.49.8K201L33.7
3.73.73.76.6 1.3 M04.84.7 4.7 4_843_47484748Ca03.5 3.5 3.
3.6 3.53.53.53.5Ti 020.6 3.7 3-8 3.83.83.80.62Zr 023.3 2.
2.9 2.9TABLE38 2.9 3.3 TABLE 33 Ex. 113 114 115 116 117 118 119 120 Si
62.0 61.4 60.7 63.5 63.165.364.564.7 A1202 14.415.2 15.9 8.9 9.1
9.1 9.1 [ld,, 20 0.9 993 0]330.1 L1@ 4.9] 26 5. PN @ J039. 7 9.1459. 7|90 10
4.1 2.5 [0 K20 L3 1.3 L G 3 1. 8,7 757 68.5 60.7 62.7
Al,O0, [15.1 14. 6 15. 4 11.0 16. 2 4.2 11.8 16. 1
Li,O 0.2 2.7 2.8 1.4 3.3 2.4 0.4 2.4
Na,O 17. 4 0.0 6. 4 8.6 8.3 5.0 6. 4 5.4
K,O 0.0 17.7 9.7 8.7 9.0 7.7 15. 4 0.0
MgO 4.1 3.9 5.4 3.1 5.1 5.3 1.8 3.2
CaoO 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
Sio, 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
Mg O 4.4 4.4
TiO, 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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5 from 4 to 13% of MgO, from 0 to 6% of TiO2 and from 0 to 5% of ZrO,, provided that
the total content of Li,O, Na;0 and K,O (R;0) is from 8 to 22%, the ratio of the content
of Li,O to R0 (Li,O/R,0) is at most 0.52, the ratio of the content of Na,O to R;O

(Naz;O/R0) is at least 0.35, or the ratio of the content of K,O to R0 (K:O/R20) is at
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least 0.45; wherein the difference obtained by deducting the content of Al,O5 from the

10 content of SiO; (SiO2-Al203) exceeds 53%; and which has a glass transition
temperature of at most 526°C and a Young's modulus of at most 84.9 GPa.

2.  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 Al,O3, from 0 to 14.3 of LiyO, from 0 to 22% of Na;O, from 0 to 22% of K30,

15 from 4 to 13% of MgO, from 0 to 6% of TiO; and from 1.0 to 5% of ZrO,, provided that
the total content of Li;O, Na;O and K20 (Rz0) is from 8 to 22%, the ratio of the content
of Li-O to R20 (LiO/R20) is at most 0.52, the ratio of the content of Na,O to R0
(Na,0O/Rz0) is at least 0.35, or the ratio of the content of K20 to R.0 (K20O/R.0) is at
least 0.45; wherein the difference obtained by deducting the content of Al,O3 from the

20 content of SiO; (SiO2-Al.O3) exceeds 53%; and which has a glass transition
temperature of at most 596 °C and a Young's modulus of at most 84.9 GPa.

3. The glass for an information recording medium substrate according to Claim 1 or
2, wherein the ratio of Li;0O/R;0 is at most 0.5, or the ratio of Na,O/R,0 is at least 0.4.
4.  The glass for an information recording medium substrate according to any one of

25  Claims 1 to 3, wherein the total content of TiO, and ZrO, (TiO2+ZrO3) is from 0 to 8%.
5. The glass for an information recording medium substrate according to any one of
Claims 1 to 4, which contains no B;O3 or contains less than 1% of BOs
6. The glass for an information recording medium substrate according to any one of
Claims 1 to 5, wherein the difference obtained by deducting the content of Li>O from

30 the content of K20 is at most 9%.

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

Claims 1 to 6, wherein Rz0 is at least 10%.
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9. The glass for an information recording medium substrate according to any one of
Claims 1 to 8, wherein the content of Al,Os is at most 11%.

10. The glass for an information recording medium substrate according to any one of
Claims 1 to 6, wherein SiOs is from 63 to 70%, Al,O3 is from & to 9%, Li>O is from 0 to
10.2%, NazO is from 0 to 19%, KO is from 0 to 12.8%, MgO is from 5 to 11%, TiOz is
from 0 to 4%, ZrO; is from 0 to 4%, and RO is from 13 to 19%.

11. The glass for an information recording medium substrate according to any one of
Claims 1 to 10, which contains neither CaO, SrO nor BaO.

12. The glass for an information recording medium substrate according to any one of
Claims 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 fo any one of
Claims 1 to 12, which has a density of at most 2.60 g/em®.

14. 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
11% of Al.Os3, from 0 to less than 5% of Li»O, from 0 to 13% of Na O, from 0 to 12% of
K20, from 4 to 11% of MgQO, from more than 2% to 8% of CaQ, from 0 to 6% of TiO>
and from 0 to 5% of ZrO,, provided that the total content of LizO, Na;O and K0 (R:0)
is from 8 to 17%, the ratio of the content of Li,O to R;O (Li.O/R,0) is at most 0.52, the
ratio of the content of Na;O to R,0O (Na;O/R;0) is at least 0.35, ar the ratio of the
content of K20 to RO (K20/R20) is at least 0.45; and which has a Young's modulus of
at most 84.9 GPa and a density of at most 2.60 gfem?.

15. The glass for an information recording medium substrate according to Claim 14,
wherein SiO; is from 61 to 71%, Al2O3 is from 4 to 11%, LizO is from 0 to 4.5%, NaxO is
from 0 to 12%, K;0 is from 0 {0 10%, MgO is from 4 to 9%, and CaOQ is from 2.5 to 7%.
16. The glass for an information recording medium substrate according to Claim 14
or 15, wherein ZrQ; is from 0.5 to 3%.

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