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Notes

1) Parts where some operation or checking is required are encircled with the following colors in

each window.

Selection or input : Q
Operation of button or icon : Q
Checking >

2) Refer the User’s Manual for detailed operation. Necessary chapters and sections are indicated
under each example’s title.

3) Number of searched data (Total Number) and data content in the [Data List of Property or
Structure] window are different depending on the Version of INTERGLAD. So when the user
tries the same example, the Total Number and the content may be different from those of the

example described here. Ver.7.1.3.2.01-7.2.1.0.05 of INTERGLAD are used in these examples.

1. Search with a complicated composition

— Thermal expansion coefficient of phosphate glasses
Search thermal expansion coefficient data of phosphate glasses with 10-20 mass% of Al,O3 | containing

Naz0 or K20, and not containing Cr Oxides.
<Refer to B of Chapter 3 and 2 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag)

—  Search

e Choose ‘mass%’ for the unit of composition. The

File View Tools Help

w8 Hee + INTERGLAD 7: Glass Property default of the unit is mol%.
7 T ommsea>
S;:‘ Frresn FEseRmsD o e Select ‘Na20’ and ‘K20’ in the same row with
@ Server () Local )
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O [anp 203 oR OR oR 1000 2000[=0> | [Shape, Feature & P
[ [anD 20 oR[k20 > [or OR = . . . .
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Glass System Filler / Crystal / Substrate: ‘Sol-Gel Material
= = | the Periodic Table.
[ —
Y . ; - e The order of selection for search conditions is free.
Numerical l Extension Search
[ Specifed Unit Value Min | Value ax [ | ..
S conpen > fomm - = g o e More the search conditions become complex, longer
LAND hd |Common v
S Commn z = the search time.
_ ] Classzug[Desl o ‘Expansion Coeff (Typical)’ is selected for the

[Specified] of the [Property] columns. The selection of
‘Linear Expansion Coeff’ (a middle category item,

boldtype) brings the same result.



2) Search result ([Data List of Property] window)

File Tools Help

=EEs

[EEE] INTERGLAD 7: Glass Property e Take notice of “Total Number’ of the Data Source.

Data Sourc

Detail Information H Component ‘

||
Lagatremver [ 2182 comporentun frasss [ [ ootse | [ wort | [ prosery| e A table with values of components, property data etc.,
[tambororsouces| 50 | propery i Comman] <] | v | |

addthity Ecuation | | Siucture |
ouse| wo | omsno | owacwure | ver PO acs| T a0 MERQEST which are specified as the search conditions, appears.
a 1 (GP20-035418  |Japanese Patent 1986 |A036137 12150 4.22) B.080E+01 [<]
[m] 2 [oP20-037218 |Japanese Patent 1982 8129841 1540 550 1 2005002 - .
O | 9 (Gm004510¢ |3 Am Coram So 1981 v064,p 0208 oo 135 7 a0y o o If necessary, analyze the dataset using Ternary Plot or
a 4 |GJ20-045105 ). Am. Ceram.Soc. |1981 |v.084, p.0208 ﬁ727 4.34] B.E70E+D’
a 5 |GJ20-045284 ). Am. Ceram. Soc. |1985 v.001, p.0007 17.03| 4.29] 6.700E+01
9] 6 |6C20051404  |Coming Inc (US) 4502 1400 089 5400E+01 >< Y P].Ot
O | 7 lormoossits [mpanesorannt 1357 j2ssast e o2 Sao0Eenn
[m] 8 |GP20-0B5117  |Japanese Patent 1987 |A235231 I 171 1370, 1.070E+02|
a 8 |GP20-065120 |Japanese Fatent 1987 |A236231 10.83| 1663 1.050E+02|
a 10 |GP20-065121 |Japanese Patent 1887 |A235231 10.02| 1100 1217 1.180E+02|
[ | 11 |oP20-065122 apanesePatent  [1987 A235231 013 333 8o T080E+02
[m] 12 |GP20-085123 |Japanese Patent 1887 |A235231 10.08| 8.88] 1.230E+02|
[m] 13 |GP20-065124 |Japanese Patent 1987 |A236231 11.83| 1.02| 7.44] 1.080E+02|
a 14 |GP20-065125 |Japanese Patent 1987 |A235231 \ 11.80| 1.02| 7.42] 1.080E+02|
a 15 |GP20-067932 |Japanese Patent 1981 |A051574 10.00] 5.00] 9.800E+01
T | 16 lorzo067038 apanese Fatent  [1981 Ags1574 1000 =00 G300Ee01
[m] 17 |GB20-087441  |Glass Hand Book () |1975 (v.001, p.0136 \17U[| 18.00 11.00 1.550E+02)
o 18 |GP20-084216  |US Patent 1985 A4544874 15.38) 1.250E+0
a 19 |GP20-084218  |US Patent 1985 A4544874 15.60) 1 ZUUE¢7
[ | 20 |oP20-102250 |\JapanesePatent  |1983 262440 100 6700801
O o opmioasr sepansseraent |1a6s pasanio ol
[ | 22 [6P20-102253 |Japanese Patent 1989 4242440 1600 N0 Asoneant -
— e P s L o oo =]

3) Utilization of the search result ([Detail Data of Property] window and [Data Source List] window)

AD 7 - Data List of Prop =]
File Tools Help . . . . .
@e @ INTERGLAD 7: Glass Property ° Sortlng of each column is available. Click an item

s
[T | =2 D womaion | | commment = )
[tcattummer [ 218 | Conpaost urk st [] | Date — e label holding down the Ctrl key.
Wb orSonces] 50| Propertyni Common =] oo | |y Equaton | | Svice

c%ﬂ i ing ‘E ion Coeff’ th
voite| Mo, | ossho. | Damsowne |vea| DH2Some | gq) NaZO‘ ol§JBwansien coet Ty 1 o In this example’ by sortlng xpansion Coe the
O s oz T
[ | 163 (020-191866R [NGF's Adaiional N.. 2001 004, 0008 10.26]3.00E- SorrEnnn .
O | v |oraorzsras usratent 1952 ot raeon 1333 n SsE0n glass with the lowest value can be found. The
] 86 |GP20-125482  |European Patent 1992 |A0482577 13.33] 20 5.934E+01
] 136 |GP20-154888  |Japanese Patent 1984 AD40743 11.96| 1.80] 5.934E+01 . . . .
O | 7+ |opaorzsisr_uspatent 1952 st 72uem 110 w7 B0s0E0n a detailed data of the glass is checked by selectlng its
row and clicking the [Detail] button.
AD 7. Detail Data of Prop
Fie_Toois_Help
@ele INTERGLAD?: Glass Property
Glass No. State Properties
GC20-051404 Glass [} Specified Value unit | condition|
0510 |Density at RT 2520.0kaim3 |~
Composition 0540 [Young's Modulus atRT. T.095E10/Pa
‘Condition of Data Glass System 1021 |Expansion Coeff {0~300C) 54.0[10-FiK
Tt 1113 [T at1E4 dPa.s Working F) 1306.0(K
1116 [T at 1E7 6(7 65) dPa.s (SofP) 1033.0K =
G 1118 Tat1E13 dPa.s (Annealing F) 330K
¥ mass% 1122 |Tat1E14 dPas (Strain F) T92.0/K
5i02 18.37|~ Filler / Crystal | Substrate 2018 |RefractIndex 589 3nm D 151
{1203 14.00) 5010 |water Durahility Other 30
] Ratio Shape
Li20 0.20)—| 5011 [ater Durability ASTM 30 |
Na20 089 A Raciel = 4 =
FeO 129+ Authors:
zZno 417 ‘
Sno 2.68|+| Sol-Gel Material
Data Source
‘Commercial Glass Corning Inc (US)
Comning 4602 020
Memo
Usage Shape & Feature
[wavelengih Selector Tl I ‘ ‘
I ]| | phote
[ [N Il ‘HEatAhsmhmg ‘
Thermal Treatment:
\ ] [rgure [~

RGLAD 7 - Data So B

File Tools Help . . . .

Eee INTERGLAD 7: Data Soypcoigst o The [Data Source List] window opens by clicking the
Data Source Year Data Source Mumber Author Mema Mum of Data

1 Phys. & Chern. Glasses  |1997 Yol 038 Page 0015 Montagne L., Palavit 6., (] [D S L ] b 3 h [D L f

Tl Wi Sens 1657 1o 032 Page 5561 Do 1, Mok B o ata Source List] button 1n the |Data List o

3 [European Patent 1990 |AD35ETAE I 58

4 |J. Non-Crystalline Solids {2001 [vol. 288 Page 0008 Karahulut M., Melnik E., 5. |Melting - inalumina EYUEI 11 = .

5 |usPatent 2004 |AA784128 | o Property] W]ndow_

& |Japanese Patent 2007 |A2a0886 i L

7 [Data Book of Glasses C... |1991 [vol. 001 Page 0120 5 . .

3 [Glass Phys. & Chem-US.|2004  |vol. 030 Fage 0425 Batyaew M., LeonovA Y. |Melling . inalundum er _ |1 ° N b f 1 f h d h h

{08 et e e - umber o1 glasses o1 eac ata source 1s shown 1n the

10 |European Patent 2003 |p2rsea 0

11 |Glass Technology 1991 |vol 032 Page 0166 Peng .8, DayDE F [N f D ] 1

12 |Japanese Patent 1994 |A107428 B8 um 0 ata CO umn‘

13 |J. Am. Ceram. Soc. 1981 [vol. 064 Page 0206 |Abe Y., Kawashima K., 5. ‘ 2

14 |Japanese Patent EEED \ o

15 [Us Patent 2003 |A0153a50 \lio

16 US Patent 2005 |A0159291 B

17 |J. Nor-Crystalline Solids 1997 [vol. 222 Page 0396 Brow R K, Tallant D.R i

18 Bull. Mater. Gci. 2003 [vol. 026 Page 0715 Bhah K., Sudarsan V., Melting: in Pterucible at . i —

[Data Source List] window



2. Ternary

plot analysis of property data

— Thermal expansion coefficient of SiO2-TiO2-Na20 glasses

Investigate relation between composition and thermal expansion coefficient on SiO2-TiO2-Na=0 glasses.
<Refer to B and C.1 of Chapter 3, and 2 and 3.1 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag)

—

File View Tools Help

Search

@ <]

INTERGLAD 7: Glass Property

State [Not Speciied | |

Composition

Simple Search | Detail Search |

©)mol% ) ath | Periodic Table || Clear Component

DB Site
INTERGLAD Data

( ®server ©Local )
[] user Data

[J6old-Data [] Glass-Forming Region Data

[] Numerical

Property
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First Author [~

Numerical [] Extension Search
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2) Search result ([Data List of Property] window)

File Tools Help

=aRs

EEE

mlelel

INTERGLAD 7: Glass Property

Data Source List [ ot || wiormaton | [ component | =
rotal Number 200 D componentunit mass% v | [ peiete | | Y | [ propeny |
Mumberor Sources | 37 | propertyunit common |~ | [ unio | | avunatyEquaton | | suvcure |
ou| o, | omssto. | oumsoie |ves| PES% | 50p [ g | mop [BEAnEHr coercr |
O | 1 |oBo2-006032 |Handnookorolass.. 198 w01, p0183 o708 1521 17.71 8.400E+01 }
T | 2 [0802000033 |Handbookor Giass. 1986 woot, p o163 5185 1656 3268 1100E702
O | 3 [oB020068034 |Handbaokof Glass..[1986 (w001, p.0163 sn04 2056 s0an 1.1206+02
O | o [oB02000035 |Handbookorolass. 198 w001, p.0183 650 2057 4387 1.080E+02
O | s |o802:000038 |Handnookorolass. 1996 w01, p0183 223 2144 362 1.1606+02
[m] 6 |6B02-006037 |Handbook of Glass. [1986 001, p.0163 69651 2333 699 1.100E+02 m
O | 7 |omuao0603s |Handbookorolass. [1986 o1, p.0163 sugs| 2251 2680 1.070E+02
O | 8 [0B02-000038 |Handbookorolass..[1986 (w001, p.0163 ur1| 2283 4ssh 1.150E+02
O | o |o802000040 |Handnookorolass..[1988 w01, p01es seo| 2589 163t 1.1806+02
[m] 10 |6B02-006041  |Handbook of Glass.. [1986 [v001, p.0163 4261 2603 31.36 1160E+02
O | 11 [oA02006042 |Handbookoriass. 198 o1, p0183 5328 2603 1080 12706402 B

3) Ternary plot

File Help

Max 1.620E+02

10-71K

Expansion Cosff (Typical)

Min 2 BA0E+01

Hew

INTERGLAD 7: Ternary Plot

Sio2 mass’
(100%) .
Si02 : 3562
Upper : 1.620E+02 Na20: 1792
Lower : 2.680E+01 TiO2 : 46.45

602-262328 Solid State lanios)

220 Tio2
o o,
(100%) Total of 3 Components = more than 80.0% (100%)
Component Mode
|Linear ‘vl ‘ Glass.Forming Region |

Select 3 Cum[mneng Detail
Lomiponent 1 |Si02 Delete
Component2. [Na20 ) m—
Sopanents 02 elete a Source
Total min %: oo [-D Zoom Reset
tem

ﬁxpansmn Coeff (Typical) > ]

Close

e Choose ‘90’ mass% as the minimum Total of Main
Components, SiOg, TiO2 and Naz0.

e Select ‘Expansion Coeff (Typical) for the Specified of
the Property.

¢ 200 glasses are searched.

e Open the [Ternary Plot] window by clicking the
[Ternary Plot] icon. Select SiO2 TiO2 and Na20 as 3
Components, ‘90’ for the Total min%, and ‘Expansion
Coeff (Typical) for the Item.

e Value levels of thermal expansion coefficients can be
overviewed by plot-points with ten steps of colors in
the diagram. Thermal expansion coefficient is high in
the center region and decreases as the position moves

to the upper right (near to SiOz2 100%).



AD 3
File Help
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e The Glass No. and Data Source of each plot-point are
indicated in a balloon by putting the mouse-pointer at
a plot-point. The detailed data of each plot-point can
be checked by clicking a plot-point with the [Detaill
button active.

e The Glass-forming region data are shown by clicking
the [Glass-Forming Region] button. The boundary
line is assumed to be between marks of O(Glass) and
x(Non-Vitrified).

e Glass-forming region data in the database are those of
glasses in which total of 3 components is 100%. Note
that in the collected data of this example total of 3
components is 90-100%.

¢ The state (glass or non-vitrified) of each plot-point can
be checked by opening each [Detail Data of Property]
window.

e The detailed data of glass-forming region also can be
checked by clicking a mark or line with the [Detail]

button active.

¢ By sliding the slider, property value range of glasses
in the diagram can be changed. In the example of the
left figure thermal expansion coefficient is limited to
< 100x107/K, and the ternary diagram with SiO:
(100%), Na20 (50%), TiOz (50%) is shown by using the
[Zoom] button.



3. XY plot analysis of properties — Refractive index vs. Abbe value

Investigate a relation between refractive index and Abbe value of glasses.

<Refer to B and C.2 of Chapter 3, and 2 and 3.2 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag —

Search

File View Tools Help

ECIENEEE INTERGLAD 7: Glass Property

simple Search_| Detail Search |

([stare | ouss v} []Gold-Data [ ] Glass-Forming Region Data DEERS
V| INTERGLAD Data
Composi

¢ ®Sever O lLocal )

O'mass% @ mo (Oat% | Periodic Table Clear Component [ Numerical []User Data

Main | Component Companent Component Gormpanent|_Serin | Sermax

O o |~ oR oR or |~| | -Shane,Feature & Process
[ [anp 2 OR OR OR =

[ |anD ~ OR OR OR AND

[ |anp - OR OR OR AND

Bl T oR oR OR = [] Sol-Gel

[T | votatof ain Components Commercial User) Glass Jsage

Glass System Filler / Crystal / Substrate ‘Sol-Gel Material
OR
o T~ ] or
o [-]

Numerical ) ] Extension Search

Glass D
I | Unit Value Min | Value Max [ J--
| Refract Index 587.6nm o mmon - <]

ann_ T~ [obe Vallie (1o DinF-nc) mmon__|~ =] MaxData
D |~ Common |~

o |~ Common |~ =

D:

por[~] ( AND Year o] ]

Patent AND Pat. Company [} Search Reset

2) Search result ([Data List of Propertyl window)

EEZE] EE INTERGLAD 7: Glass Property
Dat: List Detall =
Socnrvamvar || oovz D e e g | MO
e orSoees] 2o | roversyuni o2 o] [ty st [ suwne
e e | ommann | pwmseen [ vem| DRSS [ see et e
[=} 1 5J05.008626 |G 1987 [v.060,p.0234 1.502| B.560E+01 =
a 2 |6J05-008627 |Gl 1987 |v.060, p.0234 1.502 B.620E+01 =
[=} 3 |3J05-008628 |G 1987 (w060, p.0234 1.503] 6.652E+01
a 4 |GJos-008629 |Gl 1987 |v.060, p.0234 1.502 B.665E+01 |
[=} 5 |3J05-008630 |G 1987 (w060, p.0234 1.503] B.67OE+01
a 6 |eJos-008831 |Gl 1987 |v.060, p.0234 1.503 B.659E+01
[=} 7 |GJ05-008632 (G 1887 [v.060, p.0234 1.504 B.685E+01
a 8 |6J05-008633 |Gl 1987 |v.060, p.0234 1.504 B.T22E+01
[=} 9 [GJ05-008634 (G 1887 [v.060, p.0234 1.503| B.723E+01
a 10 |GJo1-D14872 |, an|1985 |v.093, p.0498 1.462 B.7S0E+01
[=} 11 |6B03-017328  |H. ss..[1087 (v.00C, p.0810 1.611 5.350E+01
a 12 |6GB03-017330  |H: urel 1987 |v.00C, p.0910 1.621 5.320E+01
a 13 |6B03-017331  |Handbook of Glass...|1887 [v.00C, p.0810 1.637| £.230E+01 -
a 14 |GB03-017332  |H: Ul Glass... 1987 |[v.00C, p.0910 1.644 5.190E+01
a 15 [6B03.017333 |H of Glass... 1987 [v.00C, p.0810 1.683] £.030E+01
g 16 |GB03-017334  [Harn Ul Glass... 1987 |[v.00C, p.0910 1.661 5.100E+01 =]

3) XY Plot Analysis ([XY Plot] window)

Fil{ Tools ) Help

auPee INTERGLAD 7: XY Plot

=
R
H
2
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3
g
4
Fy
£
H
]
g
g 2 cmasesa pe 1)
s
.
1
1 = a

75 50
Abe Value (nd-1)i(nF-nC)

¥ s g Mode Fitting
‘Abbe value (nu—i)/(r{ ‘Revattmuex 587 Er{ Detail No Fitting Curve H

Delete

(([reverse ~ ) [Linear - Delete a Source Lo
Zoom [ Reset | | cmse |

e Select ‘Glass’ for the State.

e As for refractive index, data measured by illuminants
with various wavelengths are in the database. In this
example, data by He d-line with 587.6nm are
searched.

e Select ‘(nd-1)/(nF-nC)’ for the Abbe value.

e Check in the [Numericall] checkbox.

e Select ‘NOT Patent’ for the Data Source.

¢ 3302 glasses are listed.

e From the [XY Plot] icon, an XY plot (Abbe value vs.
refractive index) is shown. The distribution of Abbe
values and refractive indexes of 3302 glasses is
visualized.

e In this example, the style of x-axis for Abbe value is
set to ‘Reverse’, and the ranges and scales are

changed from the [Tools/ Option] menu.



4. Search using data interpolation for high temperature properties
— Viscosity at high temperatures of boro-silicate glasses
Search viscosity data at 700°C of boro-silicate glasses using data interpolation or extrapolation.
<Refer to B and C.3 of Chapter 3, and 2 and 3.3 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag

—  Search

File View Tools Help e

ECENECE INTERGLAD 7: Glass Property e Select ‘Boro-Silicate’ for the Glass System.

Simple Search | Detail Search |

e P Femmm SO D, e Select Viscosity 700C’ for the Property, and check in
( @ server O Local )

S Cuzh cak Chwmera || oo the [Extension Search] checkbox shown in the

Composition

Main Companent Companent Companent Gormponent | smin | semax

O [mp |+ B B O a| | [Shape, Feature & Process

] |ann - OR OR OR =i 3 d 1
SR e = - - o= window example.
[ |anp ~ OR OR OR A

BN T ES Ot Ot Ot = []S0l-Gel

b [SJoe tmrormo oo comparsatimr s e Search of viscosity data at 700C can be performed,
Glass System Filler / Crystal / Substrate: ‘Sol-Gel Material .
s E also when the user selects the bold type item
o m—

e TR ‘Viscosity(100-1000C).’ In this case data in a wide
‘ DMumenc —

mﬂi Lt e ez ) N temperature range 100-1000°C are searched.
faw>_ T~ Common = Max Data
a0 [~
AND -

44«

Common

Common

Cl

Data Source

ED=0

2) Search result ([Data List of Property] window)

o As the search result, all the boro-silicate glasses
(@] @6 e INTERGLAD 7: Glass Property

[T I M R which have registered viscosity data at high
L rotal Number 868 | omponentunit o |~ [ peiee | | .Y | Pproerty |
Number of Sources| 163 PropertyUnit [Common [w| [ undo | | auutvyEquation | | stuctre |

temperatures are listed. 868 glasses appear.

Delete| No. | Glassho DataSource | Vear| Do Sourte | Viseosiy at 700G
Mumber (dPas)
0J02000026 _[olastech. Ber. 1283 [v.056, p.0125

D]

GB04-004678  |Handhook of Glass... 1986 [v.001, p.0299

e When the search is performed using a keyword

GE04-004680  |Handhook of Glass... 1986 [v.001, p.0299 2.602E+01
GEO04-004681 |Hanhook of Glass... 1986 [v.001, p.0299 1.0E+01

3

4 . . .

+ooo8 0ibeT ensoons soies st oot iz ‘Viscosity (100-1000C), all the glasses which have one
B

:

(GB04-004683  Handhook of Glass... 1986 |v.001, p.0239
504004554 |randbaok o ass.[1996 v oot p 0299 . . .
SI0B0RSS | i Coran B 59 105,012 B0 or more data of viscosity at 100-1000°C are listed. In
9 (GJ05-010069 ). Am. Ceram. Soc. 1974 v.057, p.0109

10 |GJ05-0100700  |J.Am. Ceram. Soc. |1974 |v.057, p.0109
11 |GBO5010245 |Handbook of Glass... 1986 v.001,p.0243 this case 489 glasses appear.
(GB05-010246  [Handbook of Glass... 1986 v.001, p.0243

13 |oB050102¢7 |randbook ol olass_ 1958 v 001, p 0243
14 |GBO5-010248  |Handbook of Glass... (1986 |v.001, p.0243
15 |GB05-010249  |Handbook of Glass... 1986 |v.001, p.0244 1.622E+03
16 |GB05-010250 |Handbook of Glass... |1986 |v.001, p.0244
17 |GB05-010253 |Handbook of Glass... |1986 |v.001, p.0244 3.162E+03
16 |oB0501025 |Handbook ofGlass_ 1956 v 001 0244

19 |GBOS-010255 |Handbook of Glass..[1986 v.001, p.0244 1.514E+04)
20 |GBOS5-010256  |Handbook of Glass..[1986 v.001, p.0244
21 |GBOS-010257  |Handhook of Glass..[1986 v.001, p.0244 21886405
21 [GBOS-010259  |Handhook of Glass..[1986 1001, p.0344 2750E406)
23 |GBOS-010260  |Handhook of Glass... 1986 |v.001, n.0244 2.692E+07

O|0|0|D|0|D|0|0{D|0|0|0|0|D|0|0|0|0|D|0|O|/Djg

LI

3) Data interpolation or extrapolation

e Set conditions in the [Data Interpolation Condition]
dialog box, which is opened by clicking the [Data
Interpolation] icon. In this example the default of
variable y (viscosity) is logy, and that of variable x

(temperature) is 1/x. Check the [use absolute

7



E’;Select Data Interpolation Gondition
Specify interpolation method.

Property
’;ﬂscosﬂy

Interpolation Condition

Avoid to interpolate beyond Ty: Rough Tg C

Avoid to interpolate too away : Limit= = = deg

Interpolation Equation
(® linear interpolation
) n-th order polmomial interpolation

Variable

y (property): Oy O @ legy

% (temperature or viscosityl ' x - 1x ' log %
se absolute temperature (K)

File Toolg~—Telp
ECEEIEIEE ). [EEIE INTERGLAD 7: Glass Property
Data Source List [ oewan | [ wiormaton | [ componemt |
Totalhumber | 668 | Component unit o |~ [ pete | | Py | [ Pproperty |
Mumh&rnfSnun:es,E property unit[Commen [+] | wndo | [ ity Equation | | suuciure |
Delete|  No Glass No. DataSource | Year| DA Soure VBRI
Number
O | 1 |odoz000026 [slastech Eer. 1083 |y 056, p.0125 &
O | 2 |0804004678 |Handbookof Glass. [1986 (v001,p.0288 =
O] | 3 |oB04-004880 |Handbookor Glass. [1986 (v01,p.0288 / 2s0Eem
O] | 4 |oB04004881 |Handbookor Glass. |1986 (v01,p.0298 [/ 1o
O] | 5 |oB04004882 |Handbookof Glass.. 1988 (01,p.0288 /
[m] 6 |6B04-004683 |Handbookof Glass. 1986 [v.001, p.0239 | raezee)
O | 7 |oB04004584 |Handbookof Glass.[1985 (v01,p.0288 |
O | 5 lowsoosess |iam ceram 5o 1030 (063,013 | 206410
9 |6J05-010063 |1 Am. Ceram. Soc. [1874 [v.057,p.0108 = 7973607
) | 10 |oJ05010070 |1 Am Ceram 5ot [1874 [v057,p0108 7311E+09
[ | 1 |oB05010245 |Handbookor Glass.[1986 [v001,p.0243
[m] 12 |6B05-010246  [Handbook of Glass... 1986 [v.001, p.0243
O | 13 |0B05010247 |Handbookof Glass..[1986 [+001,p.0243
O] | 12 |oB05:010248 |Handbookor Glass. |1986 (+001,p.0243
O] | 15 |0B05-010243 |Handbookof Glass. |1986 [v001,p.024¢ 16226403
O] | 15 |oB05010250 |Handbookof Glass.. 1988 (01, p.0244 1008E+03
O | 17 [6B05010253 |Handbookof Glass.. 1986 [v.001, p.o244 \ 3.1626+03
O] | 18 |oB05-010254 |Handbookof Glass.[1985 (001, p.0244 \
O] | 13 |0B05:010255 |Handbookof Glass. [1986 [+001,p.0244 \ sue
O] | 20 |0B05:010256 |Handbookor Glass.[1986 (v01,p.024¢ \
O | 21 |oB05-010257 |Handbookor Glass.|1986 (v01,p.0244 \ 21s8e005
O] | 22 |oB05010258 |Handbookof Glass.. 1988 (01, p.0244 \ 2754408
O | 23 |6B05010260 |Handbookof Glass. 1986 [v.001, po244 \ 26926+ ~

temperature (K)] checkbox. Then click the [OK]

button.

e Interpolated or extrapolated data at 700°C appear in
red-purple color in the list.

e The glasses with no value are those which has only
one value at another temperature, or which has no
data in the range of 700 + 200°C (default
condition).

e When the user searches for ‘Viscosity (100-1000C), the
calculation is done also for the other temperatures
except 700°C.

e The interpolated or extrapolated values can be saved
in the user’s PC by clicking the [Save] icon. In case

of the Internet edition, the save is unable.

4) Temperature-Property plot ([Temperature-Property Plot] window)

600.00

8D emperature-Property Plo ass Ho 05-010069 B
File Tools Help
(=)~ INTERGLAD?7: Plot
Viscosity  (Glass No.: GJ05-010069)

1.000E+10

1.000E+08

1.000E+08
@
s
g
]
o 1omE
g Data Interpolation:
& 1ovoevcn mathod: linsar

wariable y (property) lag ¥
variable x: 1hx
— V= 18820.38184 + -0.38552
1.000E+04
000.00 85000 GODOD  ESDOD  BODOO 75000 70000 850.00
Temperature C
G fimverse | = |y [1agaritin | | stye: [ine & point [ <> [ cose |

e Select a glass in the list, and by clicking the
[Temperature-Property Plot] icon (the right [PLOT]
icon), the [Temperature-Property Plot] window is
shown.

e In the XY Plot, the interpolated or extrapolated
plot-points appear in red-purple color. The style of
plot-points and axis-scales can be changed on the
pulldown menus under the graph.

(Ver. 7.2.1.0.05)



5. Search of commercial glasses — High strength glass fiber for FRP
Investigate commercial glasses of high strength glass fiber for FRP.
<Refer to B of Chapter 3, and 2 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag)

—  Search

AD arch Prop Data =]
File View Tools Help

ECIEIEE inTereLAD 7: ciass Property | @ Select ‘Fiber’ after opening ‘Appearance/Shape/Linear’

Snple Search_| Detai Search |

DB Site

oo Syt [v] oot Clss o o e o in the [Shape, Feature & Process] column.

Composition ( @Server O Local )

Ok ®rt O (bl (wibuimenatal Dkt | | G s e Select ‘Plastics, FRP’ in ‘Material’ by clicking the

Main Component Compenent Component Component | %rmin [ %max| |

o o - . hape, Feature & Process

[ |ano ~ oR oR oR [U ] 1

1 |anD - OR OR OF Sage column.

[ |anD - OR OR OR

[ |anp ~ OR OR OR - S 1 ¢ C 1 ’ f h [D S ] 1

L —— e Select ‘Catalogue’ for the [Data Source] column.

Glass System Filler | Crystal | Substrate Sol.Gel Material

o -]

Cra—
Property I
[INumerical [ Extension Search | Glass ID

[ Specified Unit Value Min | Value Max i
I Common - 1= Max Dat _

AND - Common - = o m:

D |~ Common |~

AND (v Common |~ H

Data Source

faro [~ ( AND Year 1 ]
Catalogue ) @)

2) Search result ([Data List of Property] window)

e 18 glasses are listed. These are found to be data of 10
ECEE] mee INTERGLAD 7: Glass Property
PSR [T SEE— R 1 manufacturers in the ‘Data Source’ column.
<TmalNumher 18 | Component unit fmoks || | pecte | | Y] ((_Provery
ot tzona] 0] poryinfomeele] e ] [semereosmn [] e Open the [Select Property] dialog box by clicking the

Delete| Mo, Glass Mo DataSource | Year it e e

[m] 10 |GC0B-052345  |Ritto Boseki () OBOT-GLASS 4.655E+03

O | 4 [6005082225 |owens Coming (ua)waags.@ak 8.550E+01 450501 [PI‘OpeI‘ty] button.

O | 3 |600305222¢ |owens Corming (US)[1988 [E-lass 7230601 3415603

O | & |0C03052249 |nsahiFiverGlass ()| |E-Glass 72528401 3430603 . .

) | 7 |5C03-052260 |asahi Fiber Glass () ECR-Olass 72336401 34308403 L] Check 1n the ‘Tens]le Strength’ and ‘Young’s MOduluS
O | 8 |oc0305234 i Bosski () NITTOBDE-GLASS 34306403 |

O | 5 |0003052226 |American Biomaterl. 1983 [c-Olass 66906501 33106403

[ | 12 |sC02:052348 |Nitto Boseki () NITTOBOC-GLASS 3.067E+03 at RT’ Checkboxes and both the data are Shown‘
O | 11 |ocos0s2348 |nito Boseki () NITTOBOD-GLASS 2259403 ’

O | 8 |ocososz20z [centalGlass () coLAsEFBER 72528001 1 950+03 . s .

O | 13 |6003082753 |PPGInd (US) FiBER oLASE 1700803 Tensile Strength and Youngs modulus are 1mportant
O | 2 |ac0305207¢ |nippon Sheet Glas E-Glass 7350601 14706403

01 | 14 |6c03071205 |Minpon Electrc Gla.. 1889 [EF 72526001 14706403 . . .

O | 1 |6c0305155¢ |ComingIne US) E-Glass 7400E401 pI‘OpeI‘tleS for hlgh Strength glass flbeI‘.

[J | 15 |5C05-071206 |Nippon Electric Gla...|1889 [D-40

O] | 16 |oC03-144895 |saint-Gobain Ry |1983 [12418

O] | 17 |0C05-144895 |saint-Gobain Ry |1983 0320180 [

O] | 18 |0C05-144897 |saint-Gobain PRy |1985 [12508 :

[Eselect Property ]
Pronerty = ¢ By sorting the ‘Tensile Strength’ column, glasses with

¢ [ 010000 Mechanical, Physical
[]0510 Density at RT

10050 Shear Modulus high strength can be found. (NITTOBO T-Glass and

[] 0070 Bulk Modulus
(50060 Poisson Rati - S-Glass are the highest.)
0540 Young's Modulus at RT
0120 Tensile Strength
[[]0172 Mohs Hardness
[_10180 Vickers Hardness (Typical) 4
[]0170 Vickers Hardness (Miscell)
o= £ 020000 Thermal -

5 020000 Antical

Select All ” Clear all ” Expand All H Collapse...

C o) [Select Property] dialog box




3) Investigation of a searched glass

4)

File View Tools Help

=uE nee INTERGLAD 7: Glass Property

arch | 1 =
State [NotSpeciied || []GoldData [ Glass-Forming Region Data DB Site
Composition INTERGLAD Data
@ ( ®@Server O local )~
®masst Ty mol% O ath | Periodic Table Clear Component [] Numerical
[Juser Data

SrpaneT TP

AND 02 OR OR OR Shape, Feature & Process ——|

n
[m]
] |anD ~ 4203 oR OR OR 2500 2500
[ |anD = OR OR OR 10.00) AND
[ |anD - OR. TR 1S AND
O fawo |~ or or or ene
[D <= Total of Main Components ‘Commercial (User) Glass 8-Glass Develop T
sone
Glass System Filler / Crystal f Subsfrate: ol-Gel Material | I,
il I DN
o ToolsHolp
« =ama © dodw by (22 Pele INTERGLAD 7: Glass Property
[_osasaccauss | Cooat P e [
[rotttamser | 5 | Ncamponentun asse_[=] [ potete ot | oy
anter ot sources | 8 |/ rovertyunn common [ ] [ undo| [_ sty Eqiation.| | - STre
Bt P T —— . SR
oot Mo | Glsea | Gumsouns | Yoo P3SN | qoa | waos | wgo | CapTTenst o =
a 1 |6BOE-001791 |Handbook of Glass... 1986 |v.001, p.0093 6500 25.00] 10, 25|
O | 2 povsuszs oiass Py & cte. 1980 1v006,p 0848 ss00] 2500 oo 25
=] 3 |GC06-051555 |Coming Inc (US) 3-Glass 65.00 25.00f10.00|
a 4 |6C06-052225 |Owens Corning (US)|1989 |S-Glass 65.00 25.00f 10.00| 2.46) 8.550E+01 4.585E+03
O | 5 [oBocissris Fundamentat nor 1994 001,003 6500 2500\ 1000
a 6 |GJ06-172039  |J. Non-Crystalline S..1997 v.209, p.0069 65.00 25.00] \J0.00|
a 7 |6BOG-174772  |Data Book of Glass... 1991 |[v.001, p.0134 65.00 25.00] 10| 2.48| B.624E+01 4.606E+03
a 8 |GP0G-205434 |JapanesePatent 2000 |4233942 6500/ 25000 10.00)
0 | 9 |oP05-300017 |european patent  [2010 42221335 6500 2500 10,00 g

Investigation of data around S-Glass

File View Tools Help

e nee INTERGLAD 7: Glass Property

@ [Not Specifie old-Data lass-Forming Region Data
State |Not Specified [[]Gola-Data [] Glass-Fi Region Dat EBED u

T INTERGLAD Data M

( ®Senver © Local

® mass% ol O ath | _Periodi [] Numerical
[] user Data

Main Camponent Component Component Component | Serin e |

anp [~ ]sioz oR Ot oR 63.00_57.00| T Shape, Feature & Process
O [awp = |anos oR or oR 2300
[ |anp ~ M0 OR OR R 800
~ OR Ot OR
[ o |+ [ 9 - ] solGel
e Tt Components_ Comercel Qs lss v |
| [omwm | | e
Glass System Filler | Crystal | Substrate Sol.Gel Material

OR
—
o ]
ey ETTTa—

[INumerical [] Extension Search
Glass ID

[ Specified unit Value Min | Value Max -
Common |~ o
o ]v Common [ El M Dota
o |~ Common |~
W |~ Common |~ =l

Data Source

vot || ( AND Year - J “|
Patent | anD Pat.company T @m

T L [ vl

[ZINTERGLAD 7 : Data List of Property EEX
o Touis Help

v wape(@)sk-" K 2R Dee INTERGLAD 7: Glass Property

S e st oot [ womaion ] |_comporent |

Tamumer ] 32 T~Squorsctnt s || o | | (v >
\

[ orsowces] 25 |_oropertyr comman =] [~ unto_| [ oty saton

[ s oatesource o] oo Goungs o st ronstesvenan =
] 0073521 _|olass iy & Chem USSR 1982 je008, 0020 T T | o >
[=] 21 |GJ06-073520 Tass PTiT & TOUETOT,

[0 | 30 |oBOB-174772 |pata Book of Glasses Composition () [1991 v.001,p.0134 6500 2500 1000 8.624E401 asoee+03| ||
a 23 |6B06-089932 [Glass Hand Book (J) 11975 |v.001,p.0218 6436 24.82) 1031 8.575E+01)

a 18 [6C06-052225 |Owens Corning (US) 11988 [s-Glass 85.00] 25.00[ 10.00] 8.550E+01 45856403

a 1 |6BOB-0017687 |Handbook of Glass Properties 11986 [v.001, p.0093 6300, 25.00[ 1200] =

[0 | 2 [oBOB-001780 Handbook of Glass Properties [1985 001, 0083 6630 2230 10.40]

a 3 |GBOB-001781 |Handbook of Glass Properties 11986 [v.001, p.0093 8500, 2500/ 10.00

[0 | ¢ [0806-001782 |Handbook of Glass Properties 1986 [v001, p 0023 6550 2500 050] =

e Here S-glass with high tensile strength and high
Young’s modulus is investigated.

e Go back to the [Search Property Datal window, select
‘S-Glass’ in the [Commercial (User) Glass] column,
and click the [Develop] button. Then search with no
specification of the Data Source.

e In this case values of %min and %max are the same,
because the glass compositions registered have no

difference.

e 9 glasses (9 data sources) are listed. When the search
is performed without clicking the [Develop] button,
only 3 glasses are listed. By developing the
composition, it is found that data of Journals, etc.
besides catalogues are also searched.

e By clicking ‘Select All’ button in the [Select Propertyl
dialog box from the [Propertyl button, all the

property data registered are shown in the list.

¢ Information of glasses around S-Glass is collected.
e 2% values of %min and %max are set as a search
condition.

e Select ‘NOT Patent’ for the Data Source.

¢ 32 glasses of 23 data sources are listed. When patents
are also included in the search condition, 87 glasses of
43 data sources are listed.

e List the values of ‘“Tensile Strength’ and ‘Young’s
Modulus at RT from the [Property] button, and sort
the values of Young’s Modulus. By this procedure the
mechanical property of the glasses around the

S-Glass composition are shown.
10



File Tools Help

Author :

gl gal el INTERGLAD 7: Data Source
Data Source : Glass Phys. & Chem.-USSR Number of Data: §
Data Source Number:  Vol. 008 Page 0026 (1982) Companent Unit

Aslanova M.S., Dorzhiev D.B., Sapozhkova L.A.,
Gorbachev V.V., Bystrikov A.S., Petrakov V.N., Property Unit Elz'
Fertikov V1.

vickers Hardness (| DensityatRT | Young's Modulus at
Glass Mo, 5i02 Al203 Moo Fa) (kgim3) Pa) R|

GI0A-073518

8 60 16.42] 1368 2510E+03] 8 300E+10]

GJOE-072510

6811 18.90] 11.99] B.174E+08) 2.4092E+03) G100E+10]

GJ0G-073520

66.09) 24,30/ 9.67 5.880E+09) 2.485E+03) 9.100E+10]

GJOE-073521

£4.98 26.58 8.44) 6.1T4E+09 2.495E+03 9.200E+10/

GI0E-073522

£3.68) 29 86 B85 B.3T0E+0S) 2500E+03] §.400E+10]

I | »

[Glasses from a Data Source] window

e Clicking the [Glasses from a Data Source] icon after
selecting the glass GJ06-073521 with the highest
Young’s modulus opens the [Glasses from a Data
Source] window of the glass. All the data in this data

source can be checked.

6. Property prediction of glasses with a specified composition by additivity equations
— Boro-silicate glasses

Predict density, thermal expansion coefficient and refractive index of boro-silicate glasses with SiO2
40%, B203 30%, Al203 10%, NazO 10% and BaO 10% (mass%) .
<Refer to D.1 of Chapter 3, 4.1 of Chapter 4, and 1 of Chapter 6>

1) Prediction of density ([Additivity Equation for Property Prediction] window)

Component

File Help

=] (Sl INTERGLAD?: Predictive Equation
Compasition [} Toge, Tanaka and Minarmi (Si-4s™¥e Chalcogenide)

[0 Toge, Tanaka and Minami (Ge-As-TY Chalcogenide)

[} Toge, Tanaka and Minami (4s-Te-Se Chalcogenide)

8i02

[ Toge, Tanaka and Minami (Ge-Te-8¢ Ghaleogenide)

Al203

[ Tanaka and Mirami (423 Chalcogénide)

B203

Appen (Silicate)

Ba0

Fluorid

Na20

Condition of Equation

100l [ Hugains (Silicate)
] U o 3 Young's Modulus
o [ urface Tension
o [ Linear Expansion Coefficient
o [ Thermal Gonductivity
o [ Specific Heat

. —
Compemem | T \%7 o [ Viscosity (Standard Point)

o[ Transition Temperature

g0z
Al203
As203
B203

Predictive Value’

B =

Predictive Value

=

- [0 Viscosity
- [ Refractive Index
- /o~ [ Abbe's Number

& [ Mean Dispersion

v o [ Eleetric Ganductivity

o 3 DG Volume Resistivty

2.456 glem3

2) Prediction of thermal expansion coefficient

e Open the [Additivity Equation for Property
Prediction] window, and select ‘Appen(Silicate)’ after
developing ‘Density’ in the [Predictive Equation]
menu on the right-hand part of the window .

e The [Condition of Equation] appears on the left-hand
part. Check if the values of the components of glasses
to be predicted are included in the condition.

e Select components required for the property
prediction, and enter each value 1in the
[Composition %] column. Plural components can be
selected in one time by using the Ctrl key. In this

example the component unit is mass%.

e After clicking the [Calculate] button, the predictive

value 2.458 g/cm? appears in the [Predictive Value]

column.

e In case of prediction of the other properties for the

same composition, property prediction can be

performed only by reselecting the property equation.

e Select ‘Appen(Silicate)’ after developing ‘Linear

Expansion Coefficient’ in the [Predictive Equation]
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File Help

e

INTERGLAD?: Predictive Equation

[ Predictive Equation
¢ [ Density

comnon =

Predictive Value B.B62E+01 107K

cocumte || oot |

Composition [ Toge, Tanaka and Minami (Si-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (Ge-As-Te Chaltogenide)
Cormponent % [y Toge, Tanaka and Minami (4s-Te-Se Chalcogenide)
502 40.0[= [y Toge, Tanaka and Minami (Ge-Te-Se Chalcogenide)
1203 0 D% [y Tanaka and Minami (As-5 Chalcagenide)
E203 20.0] [ #ppen (Silicate)
Ea0 100 [ Gan Fusi (Fluoridey
Nazg T00l= [ Huggins (Silicate)
T 9 [ oung's Modulus
[ Inaba, Fuiin and Morinaga (Silicate)
Condition of Equation [ Makishima and Mackenzie (Silicate)
S — {malt )
Frponent Min .
502 s b
21203 = [y winkelmann and Schatt (Silicale)
5203 - - [ Takahazhig-100C) (Silicats)
a0 - - [ Takahashit0-400C) (Silicatg
- = ami (Ag#Chalcogenide)

o [ Specific Heat

o [ viseosiy (Standard Pointy
o= ] Transition Temperature
& C]viseosity

o [ Refractive Index

o [ Abbe's Number

o [ Mean Dispersion

o [ Eletric Gonductivty

o [0 D¢ Walume Resistivity

3) Prediction of therm

al conductivity

el [ Takahashi(o-100C) (Silicate)

AD =]
File Help
Gl INTERGLAD?: Predictive Equation
[~ Frecictive Equation =
Composition ¢ [ Density
[ Toge, Tanaka and Minami (Si-As-Te Chalcogenide)
[) Toge, Tanaka and Minami (Ge-As-Te Chaleogenide)
Component % - [} Toge, Tanaka and Minami (4-Te-Se Chalcogenide)
502 400) = [) Towe, Tanaka and Minami (Ge-Te-Se Chalcogenide)
Al203 10.0f=] [ Tanaka and Minami (4s-5 Chalcogenide)
B203 3000 [ Appen (Silicate)
Naz0 100 [ Gan Fuxi tFluoride)
Ba0 100l= [0 Hugains (Silicate)
Total o[ Yaung's Modulus
o [ Surface Tensioh
Condition of Equatien ¢ [ Linear Expansion Coefficient
(masst ) [ Appen (Silicate)
rmmmn——'ﬂnn—‘\uk [ winkelmann and Schatt (Silicate) =
|02 -

[ Takahashi(o-400C) (Silicate)
b T tAs-Shalcogenide)

{5 Thermal Conductivity

Alz03
B203
Ba0

Predictive Value

common <]

Applicable Temperature 30 C

Predictive Value 8.968E-01 WIm.K)

Ccocaon |y

[ [smmer (Silicate and Borate)

[ Ratcliffe (Silicate)

TsiSHents
o 7 Specific Heat

o [ Viscasity (Standard Point)
o= ] Transition Temperature
o [ Viscosity

o [ Refractive Index

o= ] Abbe's Number

o[ Mean Dispersion

& [ Electric Conduetivity

(I

4) Prediction of refractive index

File Help

G

INTERGLAD?: Predictive Equation

Comperrent—Mm———iax
L-e02 - >

[T Predictive Equation ]
¢ [C7 Density
Somensiioy [ Toge, Tanaka and Minami (3i-4s-Te Chalcagenide)
[} Towe, Tanaka and Minami (Ge-As-Te Chalcogenide)
Companent o [ Toge, Tanaka and Minami (4s-Te-Se Chalcogenide)
5102 2002 [ Toge, Tanaka and Minami (Ge-Te-Se Chaleogenide)
A1203 0 DE‘ [ Tanaka and Minarni (45-3 Chaltogenide)
5203 300 % Appen (S\\l:a‘e).
Na20 100 s Gan Fuxi (Fluaride)
Ba0 T E Huggins (Silicate)
o [ Young's Modulus
Total % | o [ Surface Tension
Condition of Equation 9 ] Linear Expansion Coeficient

[ Appen (Silicate) =
[ winkelrann and Schoft (Silicate)
- [ Takahashi(o-100C) (Silicate)
= Or 400°T) (Silicate)

[) Tanaka and Minami (4s-8 Chalcogenide)

=3 Thermal Conductivity

Al203
As203
B203

[0 Ammer (Silicate and Borate)

R

Predictive Value

Predictive Value 1.508

[ Reatelifie (Silicate)
[ Russ (silicate)
o [ Speeific Heat
o [ Viscasity (Standard Foing
o [ Transition Temperature
Cosity
T3 Refractive Index
i

[ Gan Fuxi (Fluoride)

[ Huggins (Silicatey

menu.
e Clicking the [Calculate] button shows the predictive
value 6.862 x 106 /K in the [Predictive Value] column.

e Select ‘Ammer(Silicate and Borate)’ after developing
‘Thermal Conductivity’ in the [Predictive Equation]
menu.

e By clicking the [Calculate] button, the predictive
value 8.968 x 101 W/(mK) (30°C) appears in the

[Predictive Value] column.

e In this example, equations of ‘Ratcliffe(Silicate)’ and
‘Russ(Silicate)’ can also be used, and 8.349 x 101
W/(mK) (0°C) and 9.256 x 101 W/(mK) (0°C) are
obtained respectively. The user can compare the

results by the difference of additivity equations.

e Select ‘Appen(Silicate)’ after developing ‘Refractive
Index’ in the [Predictive Equation] menu.
e By clicking the [Calculate] button, the predictive

value 1.508 appears in the [Predictive Value] column.

e Predictive values of various properties can be
calculated for a composition as described above, but
in many cases calculations are not possible owing to
various composition limitation of equations.

<Refer to 1 of Chapter 6>
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7. Obtaining an additivity equation (multiple regression equation) of a property

— Density of zinc-silicate glasses

Obtain a multiple regression equation of density at RT for zinc-silicate glasses.

<Refer to D.2 of Chapter 3, 4.2-4.5 of Chapter 4>

1) Specification of search conditions ([Search for Regression Analysis] window) — Search

File Tools Help

=Es #ee

INTERGLAD 7: Regression Analysis

e

<

INTERGLAD Data
{ ®Server (local )
[ Main Component Camponent Cormponent Component | Srmin | %max (] User Data
Ol |awp [+ R =
1 |anD v OR OR OR L
] [anD ~ OR OR oR
O |anp > OR OR OR
[ |anp - OR OR OR
O [ap_ |~ oR oR oR
[ |anp - OR OR OR
] [anD - 0OR OR OR
1 |anp ~ OR OR OR =
I:D % =< Total of Main Companents Glass System Zinc-Silicate
Property
[] Extension Search
necified Specified Unit Value Min | Value Max
nsityat KT oR oR Common |~ o3
A |~ oR R Common___ |~
AND ~ OR OR |Common [+

[<] i I

Data Sour

i
patent_J ]

.

Search Reset

¢ Open the [Search for Regression Analysis] window.

e Select ‘Glass’ (default) for the State.

e Select Zinc-Silicate’ for the Glass System, ‘Density at
RT for the Property, and ‘NOT Patent’ for the Data

Source.

2) Search result ([Data List for Regression Analysis] window) — Selection of explanatory variables

([Selection of 1, 2, 3-Component Terms] dialog boxes)

File Tools Help

1-Companent

If necessary, change the following condition :
Min. num. of glasses = |1 % of total retrived glasses

Min. num. of glasses = 2 |

Select All Companent | ‘ Clear All Component ‘
Component | Number of Glasses | Max. Content %
5i02 315 85.000 =
B203 123 50,000
H303 153 32500
My0 11 30.000!
cao 91 30000 r
Ba0 49 30.000;
Lizo 23 35.000
Na20 120 40.000 L
K20 a7 35.000
hin0 5 45.000
[ |Fe0 1 0540
Ccuo 5| 3.140
Zn0 322 70.000;
el 18 30000
[] |cdo 1 40.000
PhO 17 0000
[] |sno [ 0.000
[1 |cro3 0 0000 =

\E‘\E‘@@ 2l @h@@ INTERGLAD 7: Regression Analysis
| votal Number 379 [ Component Unit mol% | v | | Information P
e arsone] 70 I s
Data Source Denesity at RT Density atRT Densityat k

Defete]| o[ Olasshio DataSource | Year Numper (aiem3) Preciciive Yalue) Resigua) |~

o 1 GB02-000500 | Handbook of Glass... (1986 v.001, p.00BS 2.74) =

[m] 2 GB02-000501  Handbook of Glass... (1386 v.001, p.00BS 1867 H

[m] 3 GB02-000502 | Handbook of Glass... (1986 |v.001, p.00BS 2.88)

o 4 GB02-000502 | Handbook of Glass... (1986 v.001, p.00BS 3.115]

[m] & GB02-000504 | Handbook of Glass... (1386 v.001, p.00BS 2.405) I

[m] 6 GB02-000505  |Handbook of Glass... (1986 v.001, p.00BS 251

o 7 GB02-000506 | Handbook of Glass... (1986 v.001, p.00BS 2536

[m] 8 GB02-000507  Handbook of Glass... (1986 v.001, p.00BS 1885

[ | o |oB02-000508 |Handhookof Glass.. 1386 (001, p.0085 2439

[m] 10 |GB02-000503  |Handbook of Glass... 1986 v.001, p.00BS 2.55) =
[ZSelect Component Terms 3]

e 379 glasses are listed.

e Open the [Selection of 1, 2, 3-Component
Terms] dialog boxes by clicking the
[Component] button, and specify
component terms for a multiple regression
equation.

e In this example, click the [OK] button in the [Select
Component Terms] dialog box for the Selection of
1-component Terms at default setting.

e By this command the explanatory variables are
limited to 1-component terms. Check the number of
the component terms in the [Question] dialog box.

1-Component Terms: 23.

E Selection of Explanatory Variables in Multiple Regression Analysis:
“Component Terms: 2
2.Component Terms: 0
omponent Terms: 0

oK TDxance |
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e : e By clicking the [Analyze] button, the [Execution of

@  INTERGLAD 7: Regression Analysis

et = Regression Analysis] window opens.
Total Number 370 | componentunt fmos [ | [ itormation | [+, |
Number of Sources| 110 Property Unit [ component |(_anavee )
Delete| o olasshn | Damsoure | Year DS | g0y | B303| w203 Mo | ca0 | Bao | Lo E
O | 1 |oB02000500 |nbookefGlass..[1988 v001, p0DES 55.00 1500
O | 2 |oB02000501 |ndbook ofGlass..[1988 [v001, p0oas 5000 1500
O | 5 |0B02000502 |ndbook of Glass...[1988 [v001, p0DBS 5500 1500
O | ¢ |oB02000503 |ndbook ofGlass..[1988 [v001, p00Gs 5000 1500
O] | 5 |oB02000504 |ndbook ot Glass...[1988 v001, p0DBS 7500 2000
O | © |0B02000505 |ndbookofGlass..[1988 [v001, poDBS 7000 2000
O | 7 |oB02000506 |ndbook of Glass.. 1988 [v001, p00ss 65,00 00
O | & |0B02000507 |ndbookofGlass..[1988 [v001, poDBS 5500 2000
O | o |oBoz000s0s |ndbook ofGlass..1988 [v001, ponss 7000 2500
O] | 10 |oB02000509 |ndbook ofGlass..1988 v001, p0DS 8500 20 | [+

3) Execution of multiple regression analysis ([Execution of Regression Analysis] window)

File Tools Help . . .
EEE INTERGLAD 7: Regression Analysis e Execute the multiple regression analysis at default
Property
T T (e setting by clicking the [Execute] button.
Analysis Conition Select Components
Analysis Method : (3 ¥=-2%+k | Seloct Al Component | clear Al Component | [ oy |
@Y-Iaxrax Ix ’% xclude component terms less than[3__ | data
variobley: ®y Oy Clogy Exclude 2-83- |~ [component terms under -
Camponent Nurmber Component
Select Companent Coeficient Std. Errar tvalue vs Property OB P
Carrelation
Contelation of Data Plot
502 036737 325 Fgwe ||
203 019047 123 Fgure
\AI203 0.20420, 1463 Figure
MoO -0.03903 1" Figure
a0 00553 o1 Figue
a0 028831 o Figure
Li20 -0.186B6 23| Figure =
Naz0 -0.38027 120 Figure
K20 023388 7| Figue
no 010783 5 Fgure
Cuo -0.09197 5 Figure
\Zn0 0.41101 322 Figure | |
50 008525 18] Figue
PO 025174 17| Figue
Fe203 015693 10| Figure
AS203 0.06022, 45 Figure
Y203 0.31102, 13| Figure =
e A [Question] dialog box appears. Check the dialog, and
All components of some glasses have the same values. Cl]ck the [OK] button,
Are the first glass data used for analysis, and are other glass data not used?
The Delete checkboxes in glass list attach checks to the glass data not used.
File Tools Help . . .
Fele INTERGLAD 7- Regression amaysis | @ 'L Ne regression coefficients, the standard errors and t
Property —
(D o iz [ venoan | 5 values appear in the table after the calculation.
Analysis Condition Select Components
Analysis Method : ©) V=T ax,+k ‘ Select All Component | Clear All Component ‘ | Apply | . . [V . f R ] b
@y=Taxrax, Tx > Exclude component terms less than |3 data b By Cllelng the erl y eSult utton’ Open the
R @y Oy Owgy Exclude component terms under |t . . . . .
T [Verification of Regression Analysis] window.
Selest Companent Cogffcient 8t Error ta v Propety oo
Correlation orData Flot
2.28304E00) 0019 12180} 038737 307/ Figure |~
2.06361E00] 0065 31.750 \ 0.19047| 107) Figure
VARG 0108 22004 \ 020420 1a3|  Figure
/ 348167E00 014 24687\ -0.0%003 1| Figure
I 3.50232E00] 0091 38.508| \ 0.05536) 82 Figure
6.68162E00] 0081 82.132 0.28831 49, Figure
234708500 007 32684 018886 [ Fgue |
2.88501E00 0069 41.367 038027 e[ Figure
2.48B826E0D] 0064 38.998| -0.23398 97| Figure
4.T3646E0D] 0.096| 43162 010783 5 Figure
\ 4.02683E00 1505 2675 | -.0ata7 5| Figure
\ 4.79427E00 0030 158267 | ot s0a|  Figwe | |
\ | sassiiem 0128 aess| | ooes2s 18| Figure
8.22720E00] 0168 62.041 / 0.26174| 17| Figure
-1.63275E02| 895812 =1.704) -0.15693 10] Figure
\\2.60116€00 5699 0.08022 5| Figure
D5 49E00 0138 0at102 | Fogwe ||
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4) Verification of regression analysis ([Verification of regression analysis] window)

File Help
@e e INTERGLAD7: Regression Analysis
Property : Densityat RT ( Common ) Predictive Value
R2 09813
y-raxsax y,
ai Std. Error tvalue
Si02 2283 1.877E-02)  1.216E+02|~ a5
B203 2.064| B.489E-02|  3175E+01
\AI203 2.491 1.064E-01 2.340E+01
g0 3483 1410601 2489E-01)
s
Cal 3.502 8.074E-02| 3.BB0E+D1
Ba0 6.692 B8.135E-02|  8.213E+01
Li20 2.347 TAB1E-02| 3.268E+01
Na20 2,866 B.928E-02| 4.137E+01 i
K20 2,488 B.380E-02| 3800E+01
MnO 4.736| 8.634E-02| 4.916E+01 ¥
cuo 4027 1.505 2676|_| 20 v
o
Mode B -
Detail 2
Delete
23 o a5 an as 5o
Delete a Source Measured Value
5) tvalue check —» Recalculation
AD =
File Tools Help
Hle e INTERGLAD 7: Regression Analysis
Property
0510 Densiy AR (Comman)
Analysis Condition ST
Analysis Method: O ¥=Tax tk ‘ Select All Component | Clear All Component ‘ ‘ Apply ‘
@®y=Taxrax, Tx ’% Exclude component terms less than|[3 data
variabley: ®y O O gy Exclude 2-83-| = component erms under 1=
Gomponent e 35"2&”5:}
Select Amponent Coeffidgnt Std. Error talue v5 Property 0
Caorrelation
Conelation orbata Plot
nafo 2 8E846EN] o.06g [ 41.40. -0.39027 119 Figure =
o 250191ED 0064 28.086) 023308 a7 Figure
n0 474500600\ 0.097 4B.920]| 0.10783 5| Fgure
cuo a.0a609E00 | 1508 20| -noger 5 Fgure
=8 as0s02e00 | 0.03) 160.563 041101 04| Fgure
Sr0. 5.26717E00 012 41653 0.08525 18] Figure I
a Pho 8.21832E00 0.15! 51.762 0.25174 17) Figure
(1] [Fe203 -0.15693 10 Figure
(1) |as203 0.06022] 45 Figure
Y203 B.230670E0D 0.13! 60087 0.31102 23| Figure
\ 5h203 -0.04732 20| Figure |
N \La2o3 1.0a4pse01| | 0.240 45273 021123 3 Fgure
02 4.00807E00 0195 20471 0.08534 I
Z\pz T. 57B97ED9 1.272] \ 5.958 0.09252 4 Figure
Faks 14728364 0083 | 17,861 ~0.06961 6 Figure
Nb20¢ 46242100 4056 \ 2378 -0.06364) 8 Fgure
i a.55942E00 aor| \ aife Figure <]

Measured value

FileHelp
I INTERGLAD7: Regression Analysis
Property : Density at RT { Common ) Prodictive Value
RZ 0.9808))
y=Xagsa °e
al Sta.Enor | tvalue

02 2273 1842502 1.234E+02]4] s
B203 Ngsi|  es00E0z] adssEv0l Y
1203 298| 1070801 233E+m1
) 348 1416501 2457E001|= - /
ca0 3512 si2E0 3847EWDN 4

A
Ba0 6644 7440E0Z] 8.830E-01 ’
L0 2366) 7.96E-02 3.287Ee01| | o,
a5

Na20 2866 6013E02) 4146E-01 «
K20 250 saniE0z 3s08E-m -
1o aghs| armenz] sseEon v
cuo foss, 1508 2.708|_| oo o v

o <P,

Detail 22 ‘f
Delete
25 s 35 4 a5 50
Delete a Source

e In this example a high contribution rate R2(0.98) is

obtained. The scattering of the plot-points is
relatively small from the linear line y=x on the XY
plot of the measured values vs. the predictive values.

Value of >0.8 as the R2? 1s recommended.

Return to the [Execution of Regression Analysis]
window, and check if the absolute value of t for each
component term is low (<2) or not. |t|value is

recommended to be >2.

o In this example, |t| of Fe20s, As203and Sb2Os are <2.

First, delete v in the checkboxes of As20 and Sb20s3
with |t|<1, and recalculate. Second, delete v in the
checkbox of Fe:0s with |t|<2, and recalculate. By
these procedures the component terms with |t|<2

are removed from the multiple regression equation.

Verification of the multiple regression analysis is
performed again. R? decreases a little, but it is still

high (0.98).

6) Completion of an additivity equation (multiple regression equation)

e The equation and the coefficients of its component terms are shown in the [Execution of Regression
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Analysis] window and the [Verification of Regression Analysis| window
e The obtained equation:
Density at RT (g/em?) = 2.273% (SiO2) + 2.051x(B203) + 2.503%(Al203) + -+
(Si02), (B20s) -+ : mole ratio of each component (20 components except others)
e The analysis results can be saved in the user’s PC from the [Save] icon in the [Data List for Regression
Analysis] window. The save is available in the cases of Standard edition and CD Full Function edition, but

not Internet edition.

8. Property prediction by multiple regression analysis — Density of zinc-silicate glasses
Predict density at RT of a glass with SiOz2 60%, Li2O 20% and ZnO 20% (mol%).
<Refer to D.2 of Chapter 3, 4.6 of Chapter 4>

The multiple regression equation obtained in 7. is used because of the same zinc-silicate glass system.

1) Regression analysis result — Transit to the [Property Prediction] window

B2 Cata it e e e Open a [Data List for Regression Analysis] window,

File Tools Help

i sREE h‘g] @@  INTERGLAD 7: Regression Analysis

i and by clicking the [Open] icon open the [Data List
Total Number 379 | componentunt ot || [ wromation | [« |
o o omum_ i is] wi
o sous] v | rrovewom [ocompenen. | for Regression Analysis| window of the result of 7.
Delsie| No Glass No DataSource | Year Dah"z;“h";m si02 | B203 | A203| Mgo | Ca0 | Ba0 | Li20
[m] 1 (GE02-000500  [Handhook of Glass... [1986 [v001, p.0065 65.00 150% = d : h f ld f h ’ C
B | ooowouman Jrarseorcronss e oo poes | cou o saved in the folder of the user’s PC.
[m] 3 (GB02-000502  |Handhook of Glass... 1986 w001, p.0065 55.00] 15.08
[m] 4 (GB02-000503  |Handbook of Glass... (1986 [«001, p. 0065 50.00] 15.08
] 13 (GB02-000504  |Handhook of Glass... |1886 w001, p.0065 75.00] 2008
[m] 13 (GB02-000505  |Handhook of Glass... 1986 |+001, p. 0065 70.00] 2008
[m] 7 (GB02-000506  |Handbook of Glass... 1986 w001, p.006S 65.00] 2001 || . .
[m] 8 (GB02-000507  |Handhook of Glass... 1986 w001, p.0065 55.00] 2008 o Here dO not Select any glass rOW- By Cllcklng the
[m] @  |GB02-000508 |Handbook of Glass.. (1986 v.001, 0065 70.00 25.08
a 10 |GBO2-000509  |Handbook of Glags.. 1986 [v001, p.00B5 85.00} 2508 . . L3 3
T it Jontzoooste Handeotciiee ot hoot cooss S od o [PROP] icon, a [Question] dialog box appears. Click
[m] 12 |GBO2-000511 Handbook of Glass.. (1986 (w001, p.0065 65.00] 30.08 =

the [OK] button, and the [Property Prediction]

window opens.

E‘ Select glass for composition modeling;
otherwise, starting composition value will remain blank.

T

2) Calculation of a property value

e Enter the specified component values of the

— composition to predict a property value in the [New]
g 28 & INTERGLADT: P Predicti .
E\fu R G cells of the [Content] column. By clicking the
Coefficient CWI%' .

Sompanert,_Densw ot iT_ e [Calculate] button, the calculated value appears in
B203 2.051E00| / 0.000]

o T 0 | (=== the [Predictive Value] cell of the [Property] column.

Ca0 3.512E00, 0.000|

i — o e The predicted density: 2.798 g/cms3.

Maz20 2.868E00] 0.000

oo e sl | ()

o A nenEnn Tota — m; ;;; T [ cloar Hew Content

—

Specified Unit m
® |Density at RT w3 \_ 2.798)
Ld
Close

16



9. Composition optimization by multiple regression analysis

— Zinc-silicate glass with a specified density

Obtain a composition of zinc-silicate glass with 2.6 g/cm3 of density at RT. The components of the
glass are SiOz, B20s, NazO, and ZnO.

<Refer to D.3 of Chapter 3, 4.7 of Chapter 4>

The multiple regression equation obtained in 7. is used because of the same zinc-silicate glass system.

1) Regression analysis result — Transit to the [Composition Optimization] window

File Tgals Help

&(ﬁ)ﬂ@é

LEIENE i’%é!%..») = v INTERGLAD 7: Regression Analysis

Delete| No. Glass No. 03

Humber of Sources | 110

La203| TiOZ

Total Number 379 | componentunit fmors [ | [ itormation | [ +,.,%s

101

Property Unit |Common -

P205

nbze§

Densityat RT
{giem3 )

Component Analyze

Density at RT
(Predictive Value)

Density at RT
(Residual)

172 |GJn2-071993

g

2612 1A70E-[4]—

288 |oBO7-174738

if

2.602 -2410E-

344 |GI02191768R

2544 5.578E-

45 _|oB0z 0

25

676 -6.579E-

165 |GJ02-062095

261

2627 -1.153E]

T11 [CCOrIgeraT

159 |6C07-052303

262

212 |oB07-099544

163

-6.534E-

340 [6I07-181722R

262

-B.515E-

351 |ol0z191865R £

163

-6.616E-

29 |oBOZ-000759

2624

1.597E-

O|DjD|ojo|o|oo|o|o|jo/o

383 [ol02101867R =

263

-2.886E-

41

2) Composition optimization

File Help
gE e e INTERGLAD7: Composition Optimization
Regression Equation
Coefficient pniest.{ ol )
Componsrt, Benety RN Inttal 7
502 2.273E00) '\ T4.00pr 66,257
nazo [ 2spgE00 | 1600 14.334
20\ comcen ) ) ) ) I gre——
B203 2.051E00, [IBQ[I 8.950|
A1203 Tl 0000N___000er”
MO 3.487E00 0.000 0.000|
cao 3.512E00 0.000 0.000|
Bao B.E44E00 0.000 0.000|
Lizo 2.36BE00 0.000 0.000|
K20 2.502E00 0.000 0.000|
Men s ueennl ~annl nnnnll X [ =
< Tlear New Contert_T>
Total 100.000 100000 %
Property-
Snecied [ =i PfEictive Value
@ [Densityat RT giems 26 2607
*
I
A~ Ne—’ 508
13 -
(D . Ce=D
X ]
Tarost k )
19 U
e @6 ©6 ©o ® e ©o e o0 o

e Open a [Data List for Regression Analysis] window,

and by clicking the [Open] icon open the [Data List
for Regression Analysis] window of the result of 7.

saved in the folder of the user’s PC.

¢ Select a model glass which has a near density value to

the target and which contains components of the
target glass as possible by clicking the glass row. In
this example sort the [Density at RT]| column in the
ascending No.165
(GJ02-062095) with 2.61 g/cm? of density as a model.

By clicking the [COMP] icon, the [Composition

order, and select a glass,

Optimization] window opens.

e Enter the target value 2.6 in the [Target] cell of the

[Property] column, and click the [Calculate] button.
The calculated value appears in the [Predictive
Value] cell. In the graph on the bottom part of the
window, the difference between the value of the model
glass and the target is shown as a point in red color.
Drag the slider of the [Vertical Scale] to the left 1%,

and the difference is magnified for easy visualization.

e By clicking the [Clear New Content] button, the values in the [New] cells become null. Enter component

values in the [New] cells of SiO2, B20s, Na2O and ZnO referring the initial (model) values. In this

example enter the close integral numbers of the initial values for SiOz, B2Os and ZnO, and 10 for B20s.

Here sort the [New] column in descending order for checking.

17



e By clicking the [Calculate] button, the property value is calculated after the proportional conversion of

total values of components to 100%, and it appears in the [Predictive Value] cell. At the same time a new

red point appears also in the graph, and the difference between the calculated value and the target

value can be checked.

e Next correct the values in the [New] column, and recalculate. Repeat these procedures to bring the

calculated value close to the target value. When the red point becomes apart from the target, click the

[Erase] button to cancel the predictive value, and the red point and the composition return to the

previous state.

Component terms with a higher absolute value of regression coefficient have higher

effect on the increase or decrease of the property value. In this example, increase content of ZnO with a

high coefficient little by little.

e In final the Density at RT becomes 2.602 g/cm? in case of the following composition.

The composition: SiO2 66.3%, B203 9.0%, Na20 14.3%, and ZnO 10.4% (mol%).

e The composition with the target property is not only one. So fix the values of components with some

limitation, calculate changing the other components, and optimize the composition.

3) Investigation of relation between glass-forming region of ternary system and the predicted data

File Help

Sd e e

INTERGLAD 7: Ternary Plot

Si02
{100%)

& |nitial
o Mew

Na20
{100%)

Zn0
(100%)

e By using the [Glass-Forming Region] button, the
[New] and [Initial] composition can be shown in the
[Ternary Plot] window. In this example the [Initiall
and [New] compositions are plotted with the
glass-forming region data of SiO2-Na20-ZnO system.

e Glass-forming region data of the Ternary Plot are
those where the sum of 3 components is 100%. So
note that the difference increases as the other

components besides the 3 components increase.

10. Property prediction by a cubic multiple regression equation

— Refraction index of boro-silicate glasses

Predict refraction index of glasses of SiO2-B203-R20-RO system with the following composition. SiO2
65%, B203 10%, MgO 5%, CaO 4%, Na20 7%, K20 5%, AloOs 4% (mass%).

<Refer to D.2 of Chapter 3, 4.2-4.6 of Chapter 4>

1) Specification of search conditions ([Search for Regression Analysis] window) — Search

18



[Z INTERGLAD 7 : Search for Reeression Analysis

File Tools Help
ECIEREEE INTERGLAD 7: Regression Analysis . . L. o,
b [ ¢ Specify the following condition of composition.
C
s Dot O ath (g‘z“ﬁn’:‘““@“im X SIO2 + BZOS + (NazO or KZO > 0)
Main —Campanent Component Component o Sernin | Semax [] User Data
o <loor o ox o - + (MgO or CaO > 0) > 95 mass%.
AND ~|B203 OR oR OR ~
Z‘ AND w [Na20 OR K20 OR OR 0| p . . s
N L 5 O b E e Select ‘Refraction Index (Typical)’ for the Property,
] |AND - oR OR OR
SN T = o o and ‘NOT Patent’ for the Data Source.
[] |anD - OR OR OR v
w | % =<Tatal of Main Components Glass System
Property [|Extension Search
Specified = Specified unit Value Min | Value Max
[Refractive Index (Typical) OR OR |common ~
 E———— e L1 OR (Common A
OR OR (Common v

Il I D]

2) Search result ([Data List for Regression Analysis] window)

INTERGLAD 7 : Data List for Reeression Analysis =l

e 740 glasses are listed.
@  INTERGLAD 7: Regression Analysis
petal e First, regression analysis by a linear equation is
Total Number 710 | Jromponentunit frasst [ [ iformation | |t |
Number oTSourEes | 118 Property Urit [Common | v Q Component D( Analyze| ‘ CaI‘I‘ied Out for Comparison
Delete| No Glass No. DataSource | Year Dmx“:e 8i02 | B202 | MgO | Cab | Na20 | K30 | Refractive
[0 | 1 |osos-008626  [Glastech. Ber 1987 w60, p.023¢ 7303 1692 10.04 = ° I f l o f 1 -com m
O | 2 |cJo5008827 |Glastech Ber 1987 060, p.023¢ 7265 1683 00| 152 n case of selection of on y 1-co ponent terms at
O | = |oJoso0ss2s |lastacn. Ber 1987 060, 0 0234 7181 1669 092 451
[ | 4 |osos008629 [olastech. Ber 1987 w060, p.023¢ 154 1658 590 538 d f 1 3 1 8 1 d
[} 5 |6J05-002630  |Glasteth. Ber. 1987 w060, p 0234 7147 1649 400 744 1502 €lau t Settlng’ Component terms are se eCte *
O | & |oJos008631 |lastach. Ber 1987 V060, 0 0236 7081 16.41 389 o8
O | 7 |odoso0essz |slastech. Ber 1997 1060, 0.0234 70.46) 16.33 291 1031
O | & |oJoso0es3s |lastech Ber 1987 060, 0 0234 69.75| 1615 006 1312
O | o |oJoso08s34 |lastec. Ber 1987 060, 0 0234 69.41 16.08 1451
] | 10 |oBO5-010781 |Handbook of Glass... 1886 4001, 0548 5468 1531
[ | 11 |oB0S-010782 |Handbook of Glass... 1886 [v001, 0548 8381 1619
[J | 12 |oB05-010783 |Handbook of Glass... 1986 [v001, 0545 754 2249
O] | 13 |oB0S-010784 |Handbook of Glass. 1886 4001, p.0548 6471 3528
) | 14 |oB0S-010785 |Handbook of Glass... 1986 [v001, 0548 6332 3668
[ | 15 |oB05010786 |Handhook of Glass... 1386 [v001, 0548 489 9501
) | 16 |oB0S-010787 |Handbook of Glass... 1886 4001, 0548 8468 1531
) | 17 |oB05-010796 |Handbook of Glass... 1986 [v001, p.0543 5715 4283
] | 18 |oBOS-010787 |Handbook of Slass. 1886 4001, 0545 EECIREEE
3) ) | 19 |oB0S-010788 |Handbook of Glass... 1886 [v001, 0543 4472 6629
) | 20 |oB05-010783 |Handbook of Glass... 1986 [v001, 054 4001 5998 =
- [« il ] D] |

rSelectiion of 1-Ci 1S
If necessary, change the following conditio
Min. num. of glasses = |1 % of total retrived glasses
Min. num. of glasses = |2 ‘glasses to one
Select All Component ‘ ‘ Clear All Companent
Component | Mumber of Glasses | Max Content %
5102 740 97.44D) =
B203 740 98.080!
Mgo 27 5500
Ca0 84 16.000)
Ma20 532 38.910)
K20 271 42.040) T
41203 109 5.000
Bao 15 3.000
Lizo 18 4.960
O |mno 1 0.004 |
[ |Fe0 2 0.085
O |coo 4 0370
[ |Mio 4 0.370
Zno 12 3.000
] |poo 2 0.420
Fe203 41 0660
As203 23 1.700
5203 10) 1.200 <
‘ BACK ‘ ‘ Next ﬂ 0K | D Cancel ‘

Selection of Variables in Multiple ion Analysis:
Component Terms: 18
2-Component Terms
ponent Ter
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AD
File Tools Help
Pee INTERGLAD 7: Regression Analysis
property —
2010 Refractive Index (Typicaly ( Comman ) ‘ (verity Resur. )
N—
Analysis Condition Select Components
Analysis Method : (3 ¥=-2%+k | Seloct Al Component | clear Al Component | [ oy |
@A R TX ’% Exclude component terms less than|[3 data
variobley: ®y Oy Clogy Exclude 2-83- |~ [component terms under -
Companent — iz';i]nnpn:r::
Select Companent Coefficient Std. Error tvalue vs Property ey
Conelation il Plot
502 1.47358E00 1002 910885 019851 s8] Rgwe |4
203 146809500 003 512009 020847 548 Fgure
Mo O 1.44104E00] 0.113] 12.779| 0.14223 26 Figure
Ca0 1.82452E00 0.027| 67.989 0.27275) 81 Figure
Naz0 167562800 000 280579 057557 365 Figure
20 162288500 0005 207179 017377 204 Fgure
v |m203 1.3B0B8EOD, 0.085) 20820 -0.18826 98| Figure
Bao 2.00095E00 0.138] 14.451 0.02916, 15 Figure —|
Lz 211308500 0136 15359 001404 14| Figue
) 1.48895E00 1242 5143 001382 1| Figue
Fe203 1.56359E00 0.867| 1.803| 0.13034 38| Figure
AS203 1.27BI6EOD, 0.338 3.770| -0.01874 25 Figure
50203 85804 3E-01 0651 1473 004015 10| Figue
N#203 1.71887€00 0088 26083 012850 14| Figure
502 7.890665-01 1842 0408 008736 10 P ||
H20 -2.73134E01 18213 -1.600| -0.32268 13 Figure
R203 4.50009E00] 1.608) 2.796| 0.02324 17) Figure =

INTERGLADT: Regression Analysis

1878
Measured Value

File _Help
EHelel
Property : Refractive Index (Typical) { Common ) Predictive Value
[ 0.7469
y-Zax+ax, 1878
i ai St Ermor | twalus
sioz 1474 1818E-03  3103E+02|2)
8203 1488 2858E-03 51296402 .
Mg0 1441 1138E-01) 1278E+01 Y,
-+ v
ca0 1825 2684E-02 B79E+01|— . Veas 1.
haz0 1676 5767E-03  2806E+02) Posia
1525 o i,
K10 1823 52826-03 30726402 . ™ N
RS
wiz03 1381 e536E-02  20826+01| = v
Bao 2001)  1385E-01| 1.445E+01 . *h g
Lizo 2113 1358E-01) 1588E+01 13 Iy
o 1487 243E00 6143 .
e
Fe203 1564 BET2E01 1.603f_| "
v,
1975]cg @
HMode | 3,
Detail
3
3
< Delete
17 15 1825 155
-

File Help

& mee

INTERGLAD?7: Regression Analysis

Property : Refractive Index (Typical) ( Common } Predictive Value
2

R 07887 s

y-raxsax
X al St Eror | tvalue
si02 1474 1443503 102164034
203 1467 2550503 &TSIE-0 125
Moo 1475 1.006E-01]  1.466E+01
cao 1834 2396602 TBSTED1|_
Na20 1673 5153503 32476402
k20 162 4715E03] a43sE+02)
Mz03 125 5931E-02) 2108E+01| '
20 2038 1236601 1B48ED1
Li20 198 1218601 1.626E+01
izno 1502 2159601 6957
Fez03 1653 7rIEEDT z007|_| sy - ?
Mode /
Detail
Delete r.a7s 15 1525 1a5
Delete a Source

Measured Value

4) Regression analysis by a cubic equation

nlanatory Variables in Multiple Regression Analysis:

lz‘ Selection of

“Component Terms: 18

(o Deoms

e Execute the regression analysis in the [Execution of

Regression Analysis] window, and open the
[Verification of Regression Analysis] window. The
contribution rate R21is relatively low, 0.7469, and the

plot-points have some difference from y=x.

After removing 2 separated plot-points from y=x,
execute the regression analysis again. The obtained
R? is still low, 0.7897. So this linear regression

equation is not sufficient for good prediction.

e Return to the [Data List for Regression Analysis]

window, and select the 1, 2, 3-component terms at

default setting. The numbers of the selected
component terms are shown in the [Question] dialog

box.
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e Execute the regression analysis in the [Execution of

Regression Analysis] window, and open the

Fie Tools_Help
ée INTERGLAD 7: Regression Analysis
Property —_—
2010 Reractive Indos Typicai (Gommon) )Y,
Analysis Conltion Select Components-
Analysis Method: O Y=+ b XX #2336, XX K | setectan component | ciear an component | ([ appy )
@V Ta T T it %, T% 20w | B Exclude copnaent temys ess ,
A e T ——
Component Number Component
ws Property
Select Component Coefficient Std. Error tvalue vs Property
Corrclaion
Conelation DEE Plo
5102 1.45942E00) 000z | 72204\ -021997 546) Figure [~
¥ o Lassirenn ) IR Y sie| rigwe
vl |Mg0 1 56346E00) 0.071 21891 \ 015950 26| Figure
W |cao 1.68703E00) 032 5244 | 031403 81 Figure
W a0 Trieizeny 503 ws0s | osen s3] Fiows -
o 13a09sE00 003 53938 | 00000 203 Figws
1203 6.10373E00, 243 2503 -0.20808 85| Figure
beo T aasarend 007 253 | ooass 15| Fowe L
W o 2as0sEny w07 T 13 Fiowe
[v] Zno 1.62611E00, 0.12] 13.047| 0.00892 11 Figure
¥ |Fez03 244518600 047 5160 014378 3| Figure
¥ 03 Tozmaren v sro | ooz 5] rigwe
oo s o core | owas ol rigws
Nd203 1.82067E00, 0.039) 46301 I 0157 46 14] Figure
= 1 osesuEDs s o] oen o] Fwe
o s ssanvenr wra\ e o o rigwe
R203 368107601 0811\ 045 002703 17] Figure S|
AD =
File Help
EIEIE INTERGLADT: Regression Analysis
Propet g fractive Index (Typic: .ommon ) Predictive Value
¢ 0.9381 a5
y-Zaxex
X ai 5td. Errar tvalue
502 1.459 1890E-03)  7.722E+02|%
8203 14855 2841E-03 51238402 1528
Mg O 1.563 71426-02)  2189E+01|7
ICa0 1.687| 3217E-01 524404
Na20 1.118| 2553E-02] 4.381E+01
K20 1.33| 24B6E-02] 5304E+D1
i
203 i 2e8 25w
Ba0 1.895| 7.333E-02) 2584E+D1
Lizo 2.34| B959E-02| 3363E+01
Zno 1.626 1.246E-01 1.305E+01
Fe203 2.446 4.7T40E-01 516) | 1475 ¥
Mode:
s
Detail z:‘
Delete b
s M S ps
bomoasaes R

File Help

Bee

INTERGLAD?7: Regression Analysis

Scale [Linear |~ |

Property 3 RefTactve Indes (Typical {COmagon )
RZ 0.9364)
V=T ax+3 T TweT TTe, X% 4
u al Std. Error tvalue
8i02 1.450) 1.777E-03|  8.211E+02|4/
B203 1.455] 2.854E-03|  5.008E+02|
MO 1.593| 6.028E-02| 2.643E+01|=
Cal 1.795] 2.714E-02]  6.613E+01
Na20 1122 2.534E-02|  4427E+01|—
K20 1.335] 2.449E-02|  5.451E+01
|AI203 1.827| 8.895E-02|  2.054E+01
Ba0 1.93] 7.233E-02| 2.6B8E+01
Liz0 2338 6.934E-02| 3.372E+01
|Zno 1.608] 1.236E-01|  1.289E+01
Fe203 2353 4.510E-01 5.216|
Mode
Detail
Delete
bowtoasoues

Predictive Value

185

1525

14157 v

1475

5 1

s2s 185

Measured Value

[Verification of Regression Analysis] window. R2 is
found to be 0.9381, a good result.

Check t values in the [Execution of Regression
Analysis] window. Component terms with |t|<2 are
11 (1-component terms: 2, 2-component terms: 8,

3-component terms: 1).

e In the third row of the [Select Components] column,

set up an excluding condition of component terms
with low |t| values, click the [Applyl button, and
click the [Execute] button. Exclude not in one time,
step by step as follows.
1) Exclude ‘2& 3’ component terms under |t|=1.0.
2) Exclude ‘2&3’ component terms under |t|=2.0.
3) Exclude ‘all’ component terms under

|t|=1.0"
4) Exclude ‘all’ component terms under

|t|=2.0"
Finally all the
R2=0.9364.

|t| values become >2.0, and

5) Property prediction ([Property Prediction] window)

File Help

(G

INTERGLAD?: Property Prediction

Regression Equation

Coefficient Contéit (masek)

Component Refractive Index (Ty. Initial New
Sio2 1.459E00 656.000| [«
68203 1 465E0D) | 10000 E‘
(S 1.593E00 | 5 00| | [ tazs-Foring region
cao 1.785E00! \ 4.000
Naz0 1.122E00, 7.000
K20 1.335E00, N\ 000
Component| Refractive Index Ty Initial
S8I02°6203 -2.030E-02 0.085 ﬂ
8i02°Ca0 0.026/ =
Sin2*hal0 7.018E-01 0.045 :I Calculate
sinomon e — Clear New Content

Total 0.000 100.000 %
Property
Specified nit Predictive Value
® |Refractive Index (Typical) N 1512
. —

Close

e Return to the [Data List for Regression Analysis]

window, and open the [Property Prediction] window

from the [PROPI] icon.

e Enter component values (SiO2 65%, B203 10%, MgO

5%, CaO 4%, Na20 7%, K20 5% Al:0s 4%) in the
[New] cells of the [Regression Equation/ Content]
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column, and click the [Calculate] button.
¢ 1.512 for the calculated refractive index value appears

in the [Predictive Value] cell of the [Property] column.

11. Composition optimization by linear multiple regression equations
— Soda alumino-silicate glass with specified properties
Optimize composition of soda alumino-silicate glass with 80x107/°C of thermal expansion coefficient
and 1.49 of refractive index.
< Refer to D.3 of Chapter 3, 4.2-4.5 and 4.7 of Chapter 4>

1) Specification of search conditions ([Search for Regression Analysis] window) — Search

T e Specify a wide composition condition to collect many
EFEEREEE INTERGLAD 7: Regression Analysis .

. ] related data. For example set up composition
® masst )C mol% Ot | Periodic Table Clear Component 'gf:::mg‘:uml' CODditiOIlS as fOllOWS. 10 S SiOZ S 90%, 1 S
Main Companent Companent Component Component ~Zrian [[]user Data
d v [ia: 0,
o= = = b ﬁL Al20s < 25%,

AND w |5i02 OR OR OR 10.00]  90.00)
S = = = — 1 < Na20 < 25%, Si02+Al2O3+Na20 > 90%
[ |anD - s O]
o o ox o (mass%).
[] |aND - OR OR OR v
=< Total \ain Compohet Glass System . . .
(o [ — e Select ‘Expansion Coeff (Typical)’ and ‘Refractive
[]Extension Search . . . .
| T T Index (Typical) for the Property. Specifying properties

AND x |[Expansion Coeff (Typical) OF\'/ OR 'Common hd 10-7IK. . ‘ . 5. .

JE—= - - o] _omnn T with ‘“Typical’ is effective to collect many data.

|

|\mm ) ] et e Select NOT Patent’ for the Data Source in this

I Search Reset

example.

2) Search result ([Data List for Regression Analysis] window)

RGLAD 7 : Data List for Regression Ana B
Fio_Took by e 43 glasses are listed.
EE=E) EEE [2 @ ®  INTERGLAD 7: Regression Analysis
oo [ 5> componentunit frosst |+ |_rormaton
Number of Sources ’E Property Unit [Common |+ )

Delste | No. Glass No DataSource | Year Da’\‘z:?ﬂ‘;'fg 502 | 41203 | Naz0 Em”f‘f[:ﬂ;) i X(“;'"E?E""vgnv
[m} 1 (GJ02-015820 | ). Non-Crystalline S..[1977 |v.026, p.0517 75.89 1.15) 1367 7.900E+01 Z
=] 2 (GJ02-032267  |J. Austral. Ceramic ..[1984 |v.020, p.0053 74,57 1.56) 1422 B.690E+01
=] 3 |GJ02-032270  |J. Austral. Ceramic ...|[1984 |v.020, p.0053 7367, 1.56) 14.82] 8.960E+01
a 4 (GJ02-032271 |J. Austral. Ceramic ..|1984 |v.020, p.0053 73.48 1.56) 15.13] 9.050E+01
] 5 (GJ02-032272  |J. Austral. Ceramic ..|[1984 |v.020, p.0053 73.36| 1.56) 15.43] 9.140E+01
[m} B (GCO05-051160  |Schott AG (DE) 8329 84.00| 3.00| 3.00] 2.750E+01 T
=] 7 (GC02-051348  |Corning Inc (US) 0080 73.00| 1.00[ 17.00] 8.350E+01
] 8 (GC02-051362  |Corning Inc (US) 1976 |0317 61.00] 17.00[ 13.00] 8.800E+01
[m} 9 (GJ02-065405  |Glastech. Ber. 1980 |v.053, p.0149 6338 1203 2458 1.210E+02]
=] 10 |GJO6-055406 |Glastech. Ber. 1980 |v.053, p.0149 62.04] 1569 22.26) 1.080E+02] H
=] 11 |GJ06-055407  |Glastech. Ber. 1980 [v.053, p.0149 61.67 18.88) 1945 1.000E+02
a 12 |GJOE-055408  |Glastech. Ber. 1980 |v.053, p.0149 B0.38) 2308 16585 9.200E+01
=] 13 |GJ06-055409  |Glastech. Ber. 1980 |v.053, p.0149 59.94) 24.20) 1586 B.850E+01
[m} 14 |GJOE-082265 |Glass Phys. & Chem 1982 |v.008, p.0121 65.26) 1563 9.47) 7.500E+01
=] 16 |GJOB-082266  |Glass Phys. & Chem 1982 |v.008, p.0121 66.19) 1652 10.05) 7.500E+01
[m] 16 |GJOB-082267  |Glass Phys. & Ghem 1982 |v.008, p.0121 66.70] 17.11| 10.40] 7.200E+01
[m} 17 |GJ06-082268  |Glass Phys. & Chem 1982 |v.008, p.0121 6B.74] 10.44| 1182 7.000E+01
=] 18 |GB02-088942 (Technical Glasses [1961 [v.001, p.0265 70.94| 1.14| 2129 1.030E+02]

] 19 |GB02-096094 |Properties of Glass [1954 |v.001, p.0232 7212 8.95) 18.77) 8.110E+01
a 20 |GB02-096095 |Properties of Glass (1954 |v.001, p.0232 72.22| B.87| 2087 9.390E+01 =
- 4] ] ] T |
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3) Regression analysis by a linear equation

[ZSelect Gomponent Terms (3]
1.Component -
If necessary, change the following condtion :
[¥] Min. num. of glasses = |1 % of total retrived glasses
] Min. num. of glasses = |2 (glasses to one component

Setect Al Component || cioar an component |
Cornponent | Number of Glasses | Max. Content %
sioz 43 84.110
H203 43 24430
Naz0 43 24580
B103 3 10000
Mgo 7] 4.000]
ca0 27] 9950
0 pao 1 1340
Wl |Lizo 5 3390
¥l |k20 § 6540
vl |pec: 4 9310
no E 6.080
0 |sro 1 1.050)
[ lenoz 1 0320
¥l [Fez03 14 0430
1 |sb203 1 0200
W |tioz 5 5690
Wl |soz 3 0250
a F 1 4130
o (e

Selactomortxpia
1.Component Term:
2.Component Term:
3.Component Terms: 0

Cancel
~____~

atary Variables in Multiple Regression Analysis:

AD =]
File Tools Help
meélw INTERGLAD 7: Regression Analysis
Property — —
2010 Refractive Index (Typical) ( Common ) ‘ |Gty resu])
Analysis Candition S TEETIID
Analysis Method : (0 ¥=Zax+k | Select All Component | Clear All Component ‘ | Apply ‘
(alvazalz AR S >% Exclude component terms less than |3 data
TR @y Oy Ology ¢ |2-83- | = |component terms under 1=
Component Number cvgrgfnnn::yt
select Camponent oeficient Sto. Errar tyalue Vs Property 2
Conslation
Carrelation arData Flot
302 /| tassnzEng 0.005 270465\ -0.47664 43| Figure
41203 / 1.60377EN] [ Ta2g07 \ 012003 43| Figure
Na20 / 1.61568E00 0018 87477\ 02493 43| Figure
B203 I 1.50262E00, 0.048] 31.585 \VEI 55167 3 Figure
Mo 1.68360E00 0100 15211 0.08615, 7| Figure
ca0 1.75977E00 0.028 67.881 0.40293 77| Figure
Lizo 216029E00, 0.118] 18.180, 0.35606 5 Figure
Ko 1.68227E00 0.205 8222 0.25234 6 Figure
BeO \ 1.73841E00 0.048 6353 [ n.anss7 4| Figure
|Zn0 \ 1 B5308E00, 0.087] 19.168 / 014678 2| Figure
Fe203 \ | -aarrezEn 2758 0158/ natsm 14 Figure
Tio2 N\ | 1s43seenn 0.093 ta798 /027654 5| Figure
s0z 7.78641E00 8538 0.910) 0.08029) 3| Figure
ox -3.18588E00 6604 0.4 Figure
AD =
File Help

e Open the [Select Component Terms (1-Component

Terms)] dialog box by clicking the [Component]
button, and click the [OK] button at default setting.

e Check that the 1-component terms are 13, and click

the [OK] button.

e After clicking the [Analyzel] button in the [Data List

for Regression Analysis] window, two [Execution of
Regression Analysis] windows of refractive index and
thermal expansion coefficient appear one upon
another.

First, click the [Execute] button in the window of
refractive index. In each [Question] dialog box
which appears one after another, click the [OK]
button. Finally Coefficients, Std. Errors and t-Values
appear in the table after the success of the

calculation.

He e

INTERGLAD7?: Regression Analysis

scale [Linear ||

Property : Refractive Index (Typical) ( Common) Predictive Value
1a3
X ai Std. Error tyalue 162 »
si02 1466 5426603 2702Ev02]4] ol
1203 1506 1053807 14788402 _:
Nazo 1616 1853602 87186401 11
203 1503 4757E02] 3nseEe0t -
Moo 1584 9953607 15MEN01|_ 7
ca0 178 2502602 B78BES01 15 3
Li2o 218 1483E01) 1816E01 o0 N
K20 1682 2.046E-01 8.222 -
) 1731 aresenz| asasem| | 19 5
zno 1650 GESEE-0Z 1.017E+01
Fe203 ~4318E01 2750 -1505E01|_|
1a8
Mode
Detail
Delete -
1@ aw w 18 s s 182
Delete a Source Fropety valus that sach glas data has e

e Open the [Verification of Regression Analysis] window

by clicking the [Verify Result] button.

e Note that the contribution factor R2 is 0.9225, which is

a good value over 0.9.

e Check t values. Component terms with | t | <2 are 2.

23



File Help
EEE INTERGLAD?: Regression Analysis
Property : Refractive Index {Typical) { Common ) Predictive Value
2 0.9209 163
V:Zl‘)(‘tzx)(><
% al Sid Enor | {value o ~
802 1.466| 5.228E-03] 2.804E+02(=| .,/ B
|AI203 1.507| 8.883E-03] 1.68TE+02] .-/
Na20 161 1623602 9916E+01 154 .
B203 1.603 4.606E-02| 3.264E+01
MO 1.506 9.522E-02| 1.676E+D1
ICa0 1.766| 2.361E-02] 7.482E+01|= 15 +*
B
Li20 2132 1.120E-01 1.904E+01 . -
K20 1.673| 1.985E-01 B.428) -
Bed 1.719| 3.757E-02| 4.575E+01 1.48° ®
[Zn0 1.662| 8.393E-02] 1.981E+01
[Tioz 1.848 8.050E-02] 2.042E+01| |
e
Mode
Detail
1.47
Delete
Delete a Source Measured Value
Scale
T 5

File Tools Help

mee

Property
1020 Expansion Coeff (Typical) { Common )
Analysis Condition
Analysis Method: (O V-Zax;+k
@y-Faxrax, Fx> =

INTERGLAD 7: Regression Analysis

Select Components

| Select All Component | Clear All Component ‘

>

variable y: ®y Oy O logy

Component T CVZES;";:;

Select Component Coefficient_—ST B —_ Value v Property Comolata
Corelation of Data Plot
si02 /LasnaiEnt 5718 W -0.45276 43| Figure
A203 5.75887E01 11.008 51 -0.00183 43| Figure
Naz0 3.71485E02 10,633 19.018 0.87370 43 Figure
B203 VARETTIE 50.138 asg \  0e7zs 3| Figure
g / 8.40238E01 104833 0801\ -0.01847 7| Figue
cao | 1.20383602 2322 4738 | 001007 27| Figure
Li2o | 268070E02 124653 2158 | -02e707 5 Figure
K10 | 237011E07 215646 1008 | 017rs 8 Figure
Be0 \ 283075601 s0.427 0563 | o2nim4 3| Figure
zno \ 6.88804E01 91.223 o755 | ntasan 2 Figue
Fel03 \ -6.80206E03 2807.728) -2.374 / 016080 14 Figure
o2 1.06108E02 98,138 1071 013594 5| Figure
503 3.02883E04 8995728 3347 0.00778 3| Figue
[t )QIEH BED4 f959.997 174 Figure

AD B

File Help

[GIEIE]

INTERGLADT7: Regression Analysis

Property : Expansion Coeff (Typical) { Common ) Predictive Value
R 0.9613]
V’ZZ‘X‘4ZXXK .
i ai St Errar tvalue
8102 2851E+01 5719 40842/ 1000402 *
|AI203 5.760E+01 1.110E+01 5.19) .
Na20 3.715E+02| 1.953E+01 1.902E+01 4 @
B203 -7 440E+01 5.014E+01 -1.484)
Mg O 8.402E+01 1.049E+02| 8.010E-01|_| .
Gao 1.284E+02| 2732E+01 4.736) 7 S00E+01 l:
Lizo 2.681E+02)  1.247E+02| 2,168
K20 2.370E+02)  215BE+02| 1.099)
BeQ 2.840E+01 5.043E+01 5.631E-01) |
{Zn0O 6.889E+01 9.122E+01 7.552E-01
Fe203 -6.902E+03] 2.808E+03 -2.374)_||| SO00E:01
Mode
Detail -
Delete
e rawen oo
beeasouce [
. =
File Help
we INTERGLAD7: Regression Analysis
Property : Expansion Coeff (Typical) { Common } Predictive Value
R2 0.9017] A.200E+02
V’ZZIX‘&ZXXX
.
X ai Std. Error tvalue
02 2.560E+01 6.412 3.993)(| 41008402
AlZO3 B.452E+01 TA25E+01 6.735| -
Na20 3.662E+0Z| 2.043E+01 1.792E+01 - -
Cal 1.556E+02  2.764E+1 5627
bex 1260E+D1| 59656+ -2100E-02f | OPOER -
.
. .
-
v
J—
Mode -
.
Detail
v
— f—
ooz swomor someor tomme e 1z
ookte s sowce nessues voe

Scale |Linear |~ |

Close

e Delete checks in the [Select] checkboxes of the

component terms with low |t| value, i.e. Fe2Os with
-0.156, SO3 with 0.910, and execute again. Then all
the |t| values become > 2, and R2 is 0.9209. By this

operation the regression equation of refractive index

is completed.

e Next execute the regression analysis in the [Execution

of Regression Analysis] window of thermal expansion

in the same manner.

e The obtained R2 is 0.9613, sufficiently high.

e In the third row of the [Select Component] column, set

up an excluding condition of component terms with

low |t| values, click the [Apply] button, and click the

[Execute] button in the following order.

1) Exclude ‘all’ component terms under
|t|="1.0.

2) Exclude ‘all’ component terms under

[t]|=1.0again.
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3) Exclude ‘all’ component terms under
[t]=1.5.
Finally all the and

|t| values become >2.0,

R2=0.9017. The regression equation is completed.

4) Composition optimization([Data List for Regression Analysis] window — [Composition Optimization]

window)

o ToolsHelo
ECIEE] B EENEEE INTERGLAD 7: Regression Analysis
Deta
[roamamner [ 43 ] componentntfrasss_[=] [_isormaton | [_rr ]
[umberorsources | 19 | propertyun [common < | [Lcomponent | [Lambes
Expansion Coeff (Ty.|Expansion Coeff (Ty..| Expansion Coeff (Ty. Refractive Index (Ty... Refractive Index (Ty.
Doe | e e (10-7K) (Preniictive Value) ®esiouay | PN prodinive vaiue) (Residua)
[m] B |GC05-051160 2.750E+01 1.459| 1.475| -6.252E-0/4
O | 43 |oBos-2454a8 3.690E+01 1476 1476 222660
O | 42 |oBozaasass 73706401 1.483
[m] 17 |6J06-082268 7.000E+01 7.343E+01 -3.434| 1.489| 1.491 -2.015E-0|
[m] 38 |6I02-215714 9.000E+01 1.489|
[m] 19 |GB02-096094 B.110E+01 9.310E+01 -1.200E+01 1.494] 1.497| -2.846E-0 |
[m] 20 |GBO2-096095 9.390E+01 9.880E+01 -4.899| 1.495| 1.499| -3.958E-0|
[m] 21 |GB02-096096 1.020E+02| 1.031E+02| -1.073] 1.497| 15 -2.791E-0|
=l 3 T088E+02) 1.041E+02) 4.704) 1.497] T |
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o 02 096904 O R T T a7 wa09E 0
[m] 39 |GB02-245348 7.930E+01] 7106E+01 8.241 1.502| 1.503] -1.252E-0|
[m] 29 |GB02-098905 8.320E+01 7.643E+01 5.769| 1.502| 1.492| 1.009E-0)|
[m] 11 |GJ06-055407 1.000E+02| 9.921E+01 7.930E-01 1.502| 1.502| 5.474E-0)
[m] 10 |GJ0B-055406 1.090E+02| 1.075E+02| 1.456| 1.503] 1.504] -1.176E-0|
[m] 16 |GJ0B-082267 7.200E+01 7521E+01 -3.215| 1.504] 1.505| -1.390E-0|
[m] 9 |eJoz-055405 1.210E+02) 1.140E+02) 6.988] 1.504 1.508) -2.095E-0)
[m] 32 |GJO6-116081 1.100E+02| 1.135E+02| -3.47| 1.505| 1.509| -3.773E-0|
O | s |ooozostae: as00E+D1 509 1507 03]
— [« I I 0}
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File Help
[EEE INTERGLAD?7: Composition Optimization
Regression Equation
Coefficient 155% )
Coeff (Ty.| Refractive Index (Ty. Ini New
5i02 2 560E01 1.466E00 /55 940 53.940
Al203 6.452E01 1.507E00 / 24,200 24.200
Na20 3.662E02| 1.610E00 / 15.860 15.860)
B203 1.503E00 I 0.000 0.000|
Mo 1.598E00 | 0.000 o.000(| =
Cad 1.556E02 1.766E00| l 0.000 0.000|
Liz0 2.132E00| \ 0.000 0.000|
K20 1.673E00 \ 0.000 0.000|
BeO 1.719E00 \ 0.000 0.000| .
¢
Zn0 1.662E00 \ 0.000 0.000| CZICHIZIE
””””” < oo Clear New Content
"
Property
Specified Unit Target edictive Value
@ [Expansion Coeff (Typical) 107K sof)( 8.805E01
@ |Refrative Inclex (Typical) 149\ 1.499
L ]
™% 50%

Target
ax
® © © © o @ © o ©o o
File Help

mele

INTERGLAD7: Composition Optimization

Regression Equation

Coefficient

Conént (masso)

C Coeff (Ty..| Refractive Incex (Ty. Initial New
sioz 2560E01 1.466E00 59040 | o7.004|[<)
AlZ0Z B.452E01 1.607E00 24.200 18.247|
Na20 2662602 1.610E00 15880, 13.889
B203 1.603E00 0.000) 0.000|
[} 1.596E00 .00} 0,000
Cal 1.856E02) 1.7BBEDD| 0.000| 0.000|
Lizo 2.132E00| 0.000] 0.000|
K20 1.673E00, 0.000 0.000|
Be0 1.719E00, 0.000 \ 0.000|
Zno 1.6B2E00, 0.000 \ 0.000| Calculate
""""" oo Clear New Content
Total 100.000 "
Property
Specified Unit Target Fredicive VA
® [Expansion Coeff (Typia) 1071k fol 799501
® Refraciive Index (Tyaial) 1.8 1483

=
S
R

0%
Erase|

Close

e Return to the [Data List for Regression Analysis]

window, and select a glass with near properties to the
target property. In this example select a glass row of
No. 55409 in which the predictive value of Expansion
Coeff is the nearest to the target value. Click the
[COMP] the

Optimization] window.

icon, and open [Composition

In the [Initiall and [New] cells of the [Regression
Equation] column, the composition of No. 55409
appears.
Enter the target values in the [Target] cells of the
[Property] column.

Expansion Coeff (Typical): 80x10°7/°C.

Refractive Index (Typical): 1.49.

e By clicking the [Calculate] button, percentages of the

predictive values divided by the target values

respectively are shown in the graph.

e By sliding the [Vertical Scale] to the left, the vertical

scale of the graph is enlarged, and the user can easily
check the difference between the target and

predictive values.

e Enter component values in the [New] cells, click the

[Calculate] button, and check the predictive values.

Repeat these procedures to approximate the

predictive values to the target values as possible.
In this example the composition optimization is

performed by increasing SiO2 content and decreasing
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Al203 and Na20 contents with high regression
coefficients of thermal expansion.

e An optimized composition is as follows: SiO2 67.88%,
Al203 18.25%, Na20 13.87%. This glass has
79.95x107/°C of thermal expansion coefficient and

1.493 of refractive index.

12. Investigation of correlation between composition and structure

— SiO; content and bridging oxygen fraction

<Refer to E of Chapter 3, and 5 of Chapter 4>

1) Specification of search conditions ([Search Structure Datal window) — Search
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2) Searh result ([Data List of Structure] window)

p7-0 BX
EIE) = ee INTERGLAD 7: Glass Structure
Detail | tormation | [ component
T = e | ———
wber of Sources 3 Undo Structure
[— G fiotal 0] BO/ ftatal 0] BO/ [iotal O] BO total O]
Delete | No. Glass No. Data Source. Year ( {A-0-AD) {Si-0-B) (Si-0-Al) (Si-0-8i) >
Nurber % o) ) %) ]
O | 1 lso0503 |pmys schem ola [1990 o3t po00 [ B
O | 2 Jso0s0+ [P schem ola_[1990 031, po00 2500w s s00E+01
O | 3 lso0s05 [P schem ola_[1990 o3t po00 sa s oovE01
O | ¢+ Jso0s06 [P schem ola_[1990 031, po00 sa s 0oE01
O | 5 lso0s07 [P shem ola_[1990 031, po030 sa s 0oE01
O | & |so0s49 |3 chem 5o Japan 1981 voss.posss 7asEnD1
0 | 7 |so0ss0 |3 cnem 5o Japan 1981 voss,posss SetoEnDn
O | © [so0ss2 |1 cnem 5o Japan 1981 voss.posss s s70E w01
O | o |so0ss3 |1 chem soo Japan 1981 voss,posss 5 250E 01
1 | 10 |so0sse |3 chem 5oo Japan 1981 voss,posss 5 -
O | 11 |so0ss5 |3 cnem 5oo Japan 1981 voss,posss s ar0En01
m] 12 [5-00556 |J. Chem. Soc. Japan [1981 |v.088, p.0599 6.800E+01
O | 13 [so0ssr |3 cnem soo Japan 1981 voss,posss 7asE w01
1 | 14 |so0ss5 |3 chem 5oo Japan 1981 v0ss, posss 5 7o0E w01
1 | 15 |so0ss9 |3 chem 5oo Japan 1981 voss,posss 5 as0E01
[m] 16 [S-00560 |J. Chern. Soc. Japan (1981 v.088, p.0599 5.760E+01
1 | 17 [so0ss1 |3 chem 5oo Japan 1981 v0ss,posss womEnD1
O | 15 |so0rst [Failwest ceram 5 [1993 o0t poors ssmEn 3 so0Ew01
O | 19 lsoorse [Fallmest ceram 5 [1993 oot poois = 5200801 TamEnn
O | 20 |s00rs7 [ralimeet coram & [1993 ju0ot, p0o7s 2050801 a00E0n T asoEr01
ml 21 |3-00758 Fall Meet Ceram. 5.../1993 [v.001.0.0078 £.280E+01 2.480E+01/.7

e Specify ‘BO/ [totalO]’ for the Description, and Si-O-Si
for the Element in the [Structure] column. ‘BO/
[totalO] (Si-O-Si)’ means fraction of bridging oxygen
with Si to the total oxygen.

e 23 glasses of 3 data sources are listed.
e BO/[totalO] data of not only Si-O-Si but also Al-O-Al,
Si-O-B and Si-O-Al appear in the list.
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3) Utilization of search result ([XY Plot] window)

File Tools Help
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e An XY plot of SiO2 content vs. BO/[total O] (Si-O-Si) is
shown.

e As composition is not specified in this example,
various components are contained. It is found that
the bridging oxygen increases with increasing SiO:

content.

13. Investigation of correlation between structure factors

— Q2 and non-bridging oxygen fraction of alkali-silicate glasses

< Refer to E of Chapter 3, and 5 of Chapter 4>

1) Specification of search conditions ([Search Structure Datal window) — Search

=
File_Tools_Help
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2) Search result ([Data List of Structure] window)
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e Specify ‘Alkali Silicate’ for the Glass System.
Select ‘Q2/totalX’ of the ‘Qn Distribution’ and ‘NBO/
[totalO] both in the ‘Bridging Oxygen Information’ for
the Description of the [Structure] column. ‘Q2/totalX’
means Q2 fraction in tetrahedra XO4. ‘NBO/ [totalOJ’
means fraction of non-bridging oxygen to the total

oxygen.

e 37 glasses of bdata sources are listed.

e As NBO/ [totalO], not only NBO/ [totalO] (O) but also
those of (Si-O) and (Ca-O) are listed. As Q2/ totalX,
Q2/ totalX (Al) is also listed besides that of (Si).
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3) Correlation between Q2 and NBO ([XY Plot] window)
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e An XY Plot of Q2/totalX(Si) vs. NBO/ [totalO](O) is

shown.

e With increasing Q2, NBO fraction increases almost

proportionally. When the 2 glasses at separated

positions from the others are checked in the [Detail

Data of Property] windows of the corresponding Glass

No.

(Property), it is found that they are both

rapid-quenched glasses. This is the reason why the

plot-points are separated from the others.

e For comparison, an XY Plot of Q4/totalX(Si) vs. NBO/

[totalO](O) is shown.

e The figure shows a reasonable tendency that NBO

fraction decreases with increasing Q+.

e All the searched glasses in this example contain alkali

components.

Relation between content of alkali

oxides and fraction of non-bridging oxygen is checked
in this XY Plot of content of LizO+Na20+K:0 vs.
NBO/ [totalO](0). It is found that the NBO fraction

increases proportionally with increasing the alkali

content.
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