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Notes

1) Parts where some operation or checking is necessary are encircled with the following

colors in each window.

Selection or input : Q
Operation of button or icon : C)
Checking S -

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.
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1. Search and Analysis of Property Data

1.1 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,Og |
containing Naz20 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 e = e Choose ‘mass%’ for the unit of composition.

File View Tools Help

EEENEEE INTERGLAD 7: Glass Froperty The default of the unit is mol%.
[ Simple SearchC[_Detail Search >}

e e s T ous e Select ‘Na20’ and ‘K20’ in the same row with

‘Composition
( @ sever O Local )
CEmass>0 mors O Clhumercal | |, . . .
T e | | connection of ‘OR.’ In this case simultaneous
[] |AND 1203 OR OR OR 10.00) 20.00 ] Shape, Feature & Process:
] [anp 20 orlkio > [or R = . . . . .
WS [<hgor  orlooi> |on or E selection is not available on the periodic
] [anD ~ OR OR OR AND
] |AND v OR OR OR - DSnI—GeI

I:D <= Total of Main Components Commercial (User) Glass T table .
Glass System Filler / Crystal / Substrate Sol-Gel Material
CTFrosmae> = . .
A E ¢ Cr Oxides can be selected by selecting ‘Cy’
T R
= frstmavor | © -
Ty = and ‘O’ on the Periodic Table.

[Jnumerical [] Extension Search

Glass ID
[ Specified Unit Value Min | Value Max [ - . .. .
I I ——— w8 - e The order of selection for search conditions is
LAND A .Common -
[AND hd .Common A |
Data Source free °
— .
—_ Clsren Drwsat | e More the search conditions become complex,

longer the search time.

e ‘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 Propertyl window)

AD 7 - Data List of Prop B
File_Tools_Help
: ¢ s
ECEE mreroLan 7: cless poperty | @ Take notice of “Total Number’ of the Data
Data Source List Dotail Information Component
gt | 2D o o o] ]t i Source.
Nuraber of Sources | 59 Property Unit [Common [w | [ unio Acuitiity Equation Structure
Data Source Expasign Coef Ty :
ouoe| w0 | omssno | mamcaure [vewr  Psmree | uos] satTia0 mm | ¢ A table with values of components, property
[0 | 1 |oP20-035418 |sapanese Patent 1956 2036137 1215/ 423 8O%QE 01 |
O | 2 [6PI0-037218  |apanesePatent  [1982 129841 150 550 1200802 E . .
[ | 3 |0420-045104 ) Am Ceram Soc. [1981 [v.064,p.0208 00 225 7440EN1 7 data etc" Whlch are SpeCIfled as the Search
O | 4 |ou20045105 | Am Geram.Soc. 1981 v.084, p.0206 fir22 434 6.670E+0
[ | 5 |os20045284 ) Am Ceram. Soc. 1985 v.0D1,p.0007 1703 129 6.700E 01 L.
O | o |oc200s14ns |coming e (Us) 4602 1400 o0es 54008401 Condltlons appears
O | 7 |oPa0-0esifs |JapanccePatent [1987 4235231 a1 022 98006401 ’ .
[ | & |oPa0-085117 |JapanesePatent [1987 235231 [ 1370 1.070E+03
] | o |oPn0ss120 |iapanesePatent (1987 5235231 1093 1553 1.050E 02 ° If 1 h d 1
T orsomrapmenpaes o b necessary, analyze the dataset using
) | 11 |oP20-065122 |JapanecePatent  [1987 235231 013 333 a4 1.080E+02
[J | 12 |oP20-088123 |Japanese Patert 1987 4235231 10,0 .82 1.230E+02) T Pl XY Pl
O] | 13 |oP2008sizé |Japancse Patent  [1957 235231 183 102 744 1.090E+02 ernary ot or ot.
O] | 14 |oP20-065125 |Japanese Patent 1987 235231 \[ a0 102 7z 1.090E+02
[m] 15 |GP20-067932  |JapanesePatent  [1981 |A051574 10.00) 5.00) 9.800E+01
) | 16 |0P20-067938 |JapanecePatent [1981 051574 1000 500 83006401
) | 17 |oB20-087441 |6lass Hand Book () 175 v.001, p.0136 \ 1700 1800 1100 16608403
O | 18 |oPzones2ie |usPatent 1985 |pasadeT \izos| 1538 12506+
O | 19 [oPan-0sazis |UsPatent 1985 |ad5a4a74 N#1| 1560 12008 2
D 0 o000 sopansseramn[1953 assan N T engln
) | 21 [oP20-102251 |lapanesePatert  [1988 242440 15.00) 220 6 gf0E 01
O] | 22 |oPa0-102253 apanese Patent 1989 A242440 1600 N0 Aange-ai L

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

window)

File Tools Help

Ree

INTERGLAD 7: Glass Property

Costasourcoist_>
Total Number 208 | Component unit massts |~

Detail Information Component

vetete | | et | popeny |
Number of Sources| 50 Propertyunit [Common [+ | | ndo | [ aditityEquation | | stvucture | =
Delefe| No. | GlassNo Datasous | vear|  DHBSOIE | oy ‘ Na20 ‘ KZK:EXM"S‘M C“E"WF
[ =——locangatsns | e (U 4602 1400 B
[0 | 163 |6120-191886R |NGF's Additional N... [2001 v004, p.000g 10.26[4.00E-. 5617E+01
[ | 70 [oPan-i2514s |usPatent 1992 |as173458 1333 201 59348401
O] | e |oP20-125482 |European Patent 192 [s04a2577 1339 201 59348401
] | 13 |0P20-154389 iapanese Patent  [1994 [AD40743 119 180 5.934E+01
O | 7+ |opani2sts |usPatent 1992 |ps1 734586 1196 074 6.040E+01 a
AD 7 : Detail Data of Prop
File Tools Help
Hee INTERGLAD?: Glass Property
Glass No. State Properties
GC20.051404 Glass =] Specified Walue Unit_| Gandiion
0510 |Density at RT 2520.0)kgim3 =
CUiAE iTe 0540 [Young's Modulus at RT 7.036E10[Pa
Condition of Data Glass System 1021 |Expansion Coefl (3-3000) 54.0[10-71K
Target I lisat 1113 [T at1E4 dPa.s (vorking ) 1306.0K
1116 [T al1E7.60.69) dPa.s (@ofF) | 10330k =
Phosphate
CILTED T | [malraEiseras ameang ) 833.0/K
i mass% 1122 [T al1E14 dPa.s (Strain F) 920K
si02 18.37]~| | | Filler /Crystal /Substrate 2018 |Refact Index 589.30m D 151
w1203 1400 T 5010 Water Durabiliy Other 34
Liz0 0.20]— 5011 Water Durabiliy ASTH 34 |
Na20 089 =
Feo 129 Authors
o 417 ‘
sno 268|<| | [ Sol-Gel Material
Data Source

Commercial Glass

Corning 1602

Usage

——

Shape & Feature

Memo

Corning Inc (US)

4602

[wavetengin serector

Thermal Treatment

| ‘HEatAhamhmg

[Detail Data of Property] window

File Tools Help

@ew

INTERGLAD 7: Data Soyc‘bl\ist

Data Source Year | DataSource Number Author Memo yfum of Data

1 |Phys & Chem Glasses 1997 Vel 038 Page 0015 Montagne L, Palavit G, i

2 | material Seience 1997 [vol 032 Page 5851 Donald L., Metealfe B.L 70

3 |European Patent 1390 |An356746 58

4 U Non-Crystaline Solids |2001 Vol 268 Page 0008 Karaulut M., Melnik . 5. Melting - in alurnina crucy.[11 =
5 |UsPatent 2004 [AB784128 10

6 lapanese Patent 2007 |a290886 10 -
7 |pataBookofGlassesC.. [1991 Vol 001 Page 0120 5

6 |GlassPhys &Chem-US.[2004 Vol 030 Page 0425 Batyaey LM, LeanovAY. |Welting: in alundum enf . |1

9 |usPatent 1902 |AS173456 &l

10 [European Patert 2003 |a1275622 10

11 |olass Technology 1991 |vol 032 Fage 0166 Feng Y8, Day DE 5

17 lapanese Patent 1994 |A107428 8

13U Am. Geram Soo 1881 |vol 064 Page 0206 #be Y., Kawashima K. 5 |z

14 apanese Patent 1981 |Ans1574 \ Jo

15 |Us Patent 2003 |an153450 \ 1o

16 |Us Patent 2005 [an159291 Gl

17 U Non-Crystalline Salids |1397  [vol 222 Page 0395 Brow R K, Tallant D R ke

18 [Bull Mater. Sci 2003 [0l 026 Page 0715 Shah K., Sudarsan V... |Melting: in Pt orucible at 8.8\ 5

[Data Source List] window

e Sorting of each column is available. Click an
item label holding down the Ctrl key.

¢ In this example, by sorting ‘Expansion
Coeff’ the glass with the lowest value can be
found. The detailed data of the glass is
checked by selecting its row and clicking

the [Detaill button.

e The [Data Source List] window opens by
clicking the [Data Source List] button in the
[Data List of Propertyl window.

e Number of glasses of each data source is

shown in the [Num of Data] column.
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1.2 Search under complicated conditions on composition and property — Search for

non-alkali glasses with a specified strain point

Search non-alkali glasses with strain point 600+30°C (content of alkali oxides < 0.5 mass%,

data sources except patents).

<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 Property Data B
File View Tools Help
EEIEHEIE INTERGLAD 7: Glass Property
imale Search | Detal 1
DB Sit
State (Gass goneral || [IGoidData [ Glass-Forming Region Data °
INTERGLAD Data
Composition
( ®Sorver O Llocal )
Cmom Oath | PeriodicTable || Clear Component CINumerical || [ yser pata
e o | ol || GO || S |
O [ 20 ORI OR oR T 05 Shape, Feature & Process:
L1 |anp - OR OR oR =l
O o~ or or oR AND
L[] |anp - OR OR R AD
] |aND hd OR OR OR i []So01-Gel
[ ] e votat o sain Components Commereial (user) Glass —
Glass System Filler | Crystal / Substrate: Sol-Gel Material
oR
o TV or
First Author [~
Property
[JNumerical [ ] ExtensionSearch | acqin
\ = UE | v, \ .
(e [Tat1E14 dPas (Strain P) N |Common ~| ( & 6300y = i
OR |~ |Tal1E145dPas @ranp) / [Common |~ 570 63 El
L Common |~
AND - Common ~ | =
Data Source
foi[3] § D= H \
. b compony I

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

AD 7 - Data List of Prop B
File Tools Help
EEIEE] INTERGLAD 7: Glass Property
Data Source List Detail Information Component
starmurwer | 74 1 componentunit frassws | ~] | potets Py Property
Number of Sources E Property Unit [Common [ +| | unio Adaitity Equation Structure
Delete| No. | GlassNo DataSourse | Year DSOS Azl kao| AT E”( g:a O el ng)wa o6
] 1 (B09-010267  |Handbook of Glass Pr... |1986 v.001, p.0246 / 6.260E+02| z
[=] 7 |Mcos051260 |SchattAG (DE) laF-a5 \ 6.270E+02]
5] 3 |6c05-051368  |ComingIne (US) 1976 [1415 | \  ea00een
o 4 (GC05-051408  |Coming Inc (US) 1981 6700 5.750E+02| _|
a 5 (GC03-051416  |Caoming Ine (US) 2003 |7058 0.30] 5.930E+02| B
] B (GC05-051488  |Coming Inc (US) 410 5.930E+02|
] 7 (GC40-051483  (Gaming Inc (US) 8445 6.230E+02|
[ | 8 |ecos051915 |Hoya Corp oy Mg \ / 6100602 [
[m] 9 [6C06-051918 |Hoya Corp () 1989 |LE-30 \ / 6250607
O [ 0 covman o seese RrroBoE AR, ) emew
o 11 |GJ05-056013  |J.Am. Ceram. Soc. 1975 [v.058, p.0300 5.870E+02|
] 12 |GCO3-D6B057  |Hoya Corp () BaCD&-689-613 £.000E +02|
] 13 |GCO3-066063 |Hoya Corp () [BaCD18-639-555 6.050E+02|
] 14 |GCO5-066091  |Hoya Gorp () LaCa-691-547 6.170E+02|
] 1§ |GC05-066092  |Hoya Corp (Jy LaC10-720-503 6.110E+02|
O | 16 |6c0506803¢ |Hoya Gorp Lac12-678-555 0210802
[m] 17 |ecos-066095  |Hoya Corp (r LaC13-694-533 6.300E+02
o 18 |GB09-078435 |Handbookof Glass D... (1983 |v.00A, p.0586 B.260E+02|
] 19 |GJ03-079851 |J. Mon-Crystalline Sali... |1986 |v.080, p.0141 £.200E +02|
] 20 |GCO03-D98665 |Schott Glas (Jena) (DE) D187 6.150E+02|
] 21 |GCO03-098666 |Schott Glas (Jena) (DE) D188 6.100E+02|
] 22 |GCO03-098667 |Schott Glas (Jena) (DE) D189 6.200E+02|
] | 23 |cc03-098868 |Schatt Glas (Jena) (DE) D263 61506402 |7

e Select ‘Glass General’ for the State. Glass
General includes Glass-Ceramics, Modified
Glass, etc.

e Select italic ‘R20’, by which all glasses
containing alkali components are searched.

e Input 0.5 for the [%max] cell as the
maximum content of R20. When in the
[%min] cell 0 is inputted, or none inputted,
glasses not containing alkali oxides are also
searched.

e Strain point has 2 IDs with different viscosity
values. This example connects 2 IDs with OR.
If necessary, select an ID. To select a
property item, select using a keyword is

convenient.

e 74 glasses are listed as the search result.
e All the alkali oxide components contained in
the listed glasses are shown in the table. ‘R20’
with the normal style means alkali oxides

written as R20 in data sources.
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3) Utilization of the search result

AD 7 : Data List of Prop B
File Tools Help . .
EIECIEE] GG INTERGLAD 7: Glass Property e Sum values of alkali content in each glass
\w‘ Detail _Information Component
[rata vt | 70 | componantunn z Popery can be calculated and listed in ascending
Number of Sources | 63 Property nit[Common || [ uindo . naaiy Equation Stucture
Delete| No. | GlassNo Data Soure | Year| %o S84Ee aZO‘KZOAeTEHEM(gTS(S" ””EW?S)“P“( Na2 Order. USlng the [Arlthmetlc Operatlon]
[] | & |ocos0s1416 |Cominglnes) 2003 058 / 03 59308402 |
O] | 58 |oB03-174788 |DataBookof Glass..|1081 w001, p012s | 040 6.200E+02 .
O | 10 |ocos0saass |itoBosek ) NITTOBOE-GLASE: 050\ eimE) button, flI‘St Calculate NaZO+KZO, then
T | 1 |oB0%-010267 |Hanoookor Glass..| 986 [v001,p02a6 | \ 6260Ev02 |
O | 2 |woos051260 |senottao € lpF-45 \  samen:
T [ & Jocumosoe comngmews o | - calculate (NaZO+KZO)+R20, and sort.
o] 4 |0C05-051408 |Corning Inc (US)  |1981 |5700 5750E+02 [
O | & |ocos0sises [comingine s) a0 56306402
] | 7 |6C40-051488 |Corning Inc (US) 8445 632305402 <Refer 2'2 (2) (C) 10) Of Chapter 4>
[m] 8 005051915 |Hoya Comp () A48 6.100E+02)
O | 9 |ecososiare Hoyacamw te89 |LE-30 5.2506+02
O | 11 [o005056013 |1 Am Geram Soc. 1975 v58, p03on 5870E02 e Most of comp051t10n data are unknown due
O | 12 |ocos0as0s7 |Hoyacom () BacDs-530.61 6.000E+02
[0 | 13 |6C0a-086068  |Hoya Com ) B4CD16-630-6k5 | 6.050E+02
[0 | 14 |ocos-086091 |Hoya Com () Lacs-691-647 | | 6.170E+02
[ | 15 |ocos-08e0az |Hoya com ) Lact 0-720-603| | 6.110E+02 to catalogue data'
O | 16 |ocososengs |HoyaComp () Lac12-678-555 | | 6.240E+02
[ | 17 |ocos-ossnes |Hoya com o) Lac13-604-533 \ / 6300E+03]
O] | 18 |oB00-078435 |Handhookoi Glass..[1983 [v00A p0S88  \ 62605402
T | 19 |oJ03.070851 L) NonCrystaline 5. [1086 |v.080, p01at 6.280E+02
[ [ 20 |oc03-088665 [Schott Glas (ena) (. 187 \ / 6.150E+02
O | 21 |ocns0smees [senot olas wena) ¢ D188 B100Ev 02 |+l
[ i D

New Column Name: [Na20+K20+R20 |

@lculme I_D:ancel |

[Arithmetic Operation] dialog box

4) Detailed data ([Detail Data of Property] window)

ED.L: Detal Dute ot 2o e Detailed data of a glass can be checked in the

File Tools Help

[EIEI INTERGLADYT: Glass Property

P e — [Detail Data of Property] window from the
GC03-051416 Glass D Specified Value Unit Condition
0050 [Shear Modulus 2B17E10|Pa el '1 b f 1 M 1
Compostion Detail] button after selecting a glass row.
Condlition of Data Glass System 0160 |Fracture Toughness 0.8|MPa.m1i2 _
Target ialine-oarh Sileats 0215 [Stress Gorrosion Resist 184 stress o
_ 0510 Density atRT 2752.0|kgim3
Boro-Silicate —
Components I licat 0540 Young's Modulus at RT 6890.0|kgfimim2
i mass% 1021 [Expansion Coeff (0~300C) 46.610-7/K
5102 48.85| | [ Filler fCrystal / Substrate 1113 [T at1E4 dPa.s (Working F) 14330[K
B203 14.96 i Ratio Shape 1116 [T at 1E7 B(7 B5) dPa.s (Sof P) 1117.0[K
[41203 9.97| 1119 T at1E13 dPa.s (Annealing P 812.0/K |
Ba0 24,83 11 T at1E14 ce: h =t " hd
INaz0 0.30| Authors
45203 1.00) |
Data Source

I : [

Corning Inc (US)

Memo
Usage Shape & Feature |
[Maskdor Photolitnograpty | | | [Pewderfrit | ‘
| | [sneetciass | | hote

| [ [ won waii | |Fusmn Glass Substrate ‘

Thermal Treatment
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1.3 Ternary plot analysis of property data — Thermal expansion -coefficient of

Si02-TiO2-Naz0O glasses

Investigate relation between

Si02-TiO2-Na20 glasses.

composition and thermal expansion coefficient on

<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)

—  Search

File View T el

©le

INTERGLAD 7: Glass Property

[ Simpo search | Dexansearon |

State |Not Specified : [ Gold-Data [] Glass-Forming Region Data

Composition

DB Site
INTERGLAD Data

Property

( ®server CiLocal )
® mass%) O mor% O ath | Periotic Table || Clear Component [ Numerical
[] user Data
7 rmponent Component Component Component | %min | %max| |
anD ~ [sio\, OR OR OR = Shape, Feature & Process
b [vnazo | [oR or oR
AND ~[noz | OR OR OR AND
O |ap [~ oR oR oR AND
O [ao |~ ] o= or oR E [ sokcel
%<= Totaldf Main Components Glass Develop
=] |
GlasS Filler [ Crystal | Substrate Sol.Gel Material

Numerical [] Extension Search
Glass D

[ | — SpemEr—_ unit Value Min | value ax ]~
| (|Expansion Coefi Typical ) [Common v 107 |~
D[~ Comman |~ E| Max Data
aND |~ Common |~
D[ Common [+ E
Data Source

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

File Tools Help

=ama (ke

oo

INTERGLAD 7: Glass Property

[_smesmcetin | =

oot | |_companem. | E

TotalNumber | 200 D Componentunit masst | v [ pecte | | P

| [ proeny |

s o sowrces] a7 | properyune ommon =] [ o] [ pautayEwation ] |_swucure |

Dot no. | omssne | osmsawce |vea| DdeSwso | qop | ago | miog [Beanlon cootry
[5] 1 |6B02-006032 |Handbook of Glass. 1985 w01, p.0163 6708 1521 17.71 8.400E+01
o] 2 |0B02-008033 |Handbookof Glass. 1986 w001, p.0163 5185 1556 32.58) 1.100E+02
[m] 3 |GB02-006034 |Handhook of Glass..[1986 v.001, p.0163 40.04) 20.56| 30.40) 1.120E+02|
a 4 |GB02-006035 |Handhookof Glass..|1986 w.001, p.0163 3556) 20.57| 43.87| 1.080E+02|
[=] 5 |6B02-006036 |Handbook of Glass. 1985 01, p.0163 4228) 7144] 3627 11606402
o] 6 |0B02-008037 |Handbookof Glass. 1986 (w001, p.0163 6961 2338  6.99) 1.100E+02 I
[m] 7 |GB02-006038  |Handhook of Glass..[1988 \v.001, p.0163 5068) 2261 2681 1.070E+02|
a 8 |GB02-006033 |Handhookof Glass..[1986 w.001, p.0163 3071] 22.63| 46.66] 1.150E+02|
[=] 9 |6B02-006040 |Handbook of Glass. 1985 01, p.0163 5800 2568 16.31 1180402
[J | 10 |oB02-008041 |Handbookof Glass. 1888 [+001, p.0163 4281) 2603 31.36) 1.160E+02
[m] 11 |GBO2-006042  |Handbook of Glass..|1988 (v.001, p.0163 5326/ 26.93] 19.80| 1.270E+02| |

3) Ternary plot

File Help

mele

May 1.620E+02
Upper : 1.620E+02

Lower : 2.690E+01

Expansion Coeff (Typicaly  10-7/K

INTERGLAD 7: Ternary Plot

sio2
{100%)

602252328 Solid State onics

massh

5i02 : 3562
Naz20: 17.92
TiO2 : 46.45

Tioz
{100%)

‘ Glass-Forming Region ‘

Min 2 680E+01
220
o
(100 /D) Total of 3 Components = more than 90.0%
Component Mode
Linear -
setent 3 components ) Detail ‘ =
nonent 1 5102 Delete
8 Companent 2. |Na20 ) PO
ent3 [Tio2 LIRS
Tatal min %: oo [+D Zoom Reset
Htem

ﬁxpansmn Coeff (Typicall > ]

Close

e Choose ‘90’ mass% as the minimum Total of
Main Components, SiOgz, TiOz2 and Naz0.

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

e 200 glasses are searched.

e Open the [Ternary Plot] window by clicking
the [Ternary Plot] icon. Select SiO2, TiO2 and
NazO0 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
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center region and decreases as the position
moves to the upper right (near to SiO:

100%).

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%.

e 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
Si02 (100%), Naz:0 (50%), TiOz (50%) is

shown by using the [Zoom] button.



INTERGLAD Ver. 7

1.4 Ternary plot analysis of pseudo-ternary system — Patent investigation of

Si02-P205-(MgO+CaO) glass system
Show a ternary plot of SiOz-P20s-(MgO+Ca0) pseudo-ternary system for patent investigation.
<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

—  Search

File View Tools Help

B [7Els) INTEReLAD7: GlassProperty | o Select ‘Glass General for the State.

Sl Search_| Detai Search |

DB Site:

e —ass jeneral >3 0ld-Data lass-Forming Region Data : :

) e nTERLAD o e Select ‘MgO’ and ‘CaQ’ in the same row with
P Gum G el [ )
OR connection.

L2 w0 [~]sio2 = o o || | [Shane, Feature & Process

AND ~ |P205 orR[ \ OR OR = . ..
C i R W o E e Specify 90% as the minimum value for the
0 |sno_ T~ oR ] ler oR 5}
] |anD - OR / OR OR = []Sol-Gel

e —— - Total of Main Components. Check the

Glass System Filler / Crystal / Substrate Sol-Gel Material

OR .
E [Numerical]l checkbox to search only
oL —

.
o — numerical data.

[] Numerical [] Extension Search | gace 1

I Specified Unit Valug Min | Value Max - ¢ ’
A conn [+ 2 — e Select ‘Patent’ for the Data Source.
LAND v |Common s
AND - Common - v
Data Source
( AND Year N ]
| i AND Pat. Company T Im

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

S © 900 gl 1 d
EEIEE] [EEE INTERGLAD 7: Glass Property asses are listed.
Data Source List Detail \/lnmmmmn ‘ ‘ Companent ‘ = . 5 - .
e 9] s (e e When ‘MgO+CaO’ is specified and calculated
oo 53] propatyo conman =] || | scioiyEmon ] |_svucre_|
Delete | No. Glass No Data Source | Year Daﬁii"e'fg i02 | Mg0 | Ca0 | P20§ m the [Arlthmetlc Operatlon] dlalog bOX
] 858 |GP20-264501 |Japanese Patent 12005 4008439 0.20 1.03) 45.81) 5311 z
[ | e50 [P03-265073 |[apanese Patent  |2005 118131 5050 1610 3240 100 . . oo ] b h
T oo ros sesos horamnepar e i ors R R after clicking the [+, -, *, /] button, the
] | #81 |oP0s-2e5344 apanese Patent  |2005 as0aos 5273 27| 269 |
o 862 |GP03-265345 |Japanese Patent 12005 4504708 64.02| 26.87 2.59| .
o 863 |GPO3-265346  |Japanese Patent 12005 |A504708 57.01 33.23| n Calculated Va].ues are llstedu
o 864 |GPO3-265347 |Japanese Patent 12005 |A504708 B5.51 26.96| 2.59|
] 865 |GP03-266066 |US Patent 12005 |A0079226 50.60) 16.10 32.40| 1.00|
o 866 |GP03-266067 |US Patent 12005 |A0079226 4950/ 1570 31.80| 1.00|
o 867 |GPO3-266031 U5 Patent 12005 |A0095303 62.73] 26.77 2.59|
o 868 |GP03-266092 |US Patent 12005 40095303 f4.02| 26.87 2.59|
] 869 |GP03-266093 |US Patent 12005 40095303 87.01 33.23| 21
O] | o70 |oPo3-zes0as |us Patent 2005 40095303 G551 268 259 L
a 871 |6P20-268528 |Japanese Patent (2005 [A255517 620 3516 505 4504
o 872 |GP20-260725  |US Patent 12005 40233888 6.28) 35.16| 5.05 45.94|
o 873 |GP20-269974  |European Patent 12005 41580172 629 325.16| 5.05 45.84| <]
Ope 0 onditio
Mg + v |Ca0

New Column Name&_|Mg0+Can >
d Calculatei Cancel

[Arithmetic Operation] dialog box

10



File Tools Help
ﬁ' [EIEE] INTERGLAD 7: Glass Property
Data Source List Detail Information Component =
[rouarumser | oo [ | I e e
Number of Sources | 143 Property Unit Common v | | urio ity Ea Structure
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a BB3 |GP03-265348  |Japanese Patent 12005 |A504708 3323 5701 33.23 3
o 864 |GP03-265347 |Japanese Patent 2005 |A504708 2686 6551 26.86 2.59|
] 865 |GP03-266066 |US Patent 2005 ADD79226 4850| 50500 1p.10| 3240 1.00|
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[] | es9 |oPo3-266093 |US Patent 2005 [0095303 \ 3323 st | 3323 3
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] 872 |GP20-268725 |US Patent 2005 AD233888 40.21 E?y 3516 5.05| 45.04)
=] B73 |GP20-269974  |European Patent 12005 |A1580172 4021 E/Q 35.16| 5.05) 4504 I~
AD =
File Help
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@
o
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=
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(100%) Total of 3 Components = more than 50.0% (100%)
Component Mods . .
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Select 3 Components Detail
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\
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e Open the [Ternary Plot] window by clicking

the [Ternary Plot] icon. Select SiOs2, P20s,
(MgO+CaO) for the 3 Components, 90% for
the Total min, and ‘All Glasses’ for the Item.
(The Default is AllGlasses)

A Ternary Plot of SiO2-P:05-(MgO+CaO)
pseudo-ternary system appears.
Compositions of registered patents are
visualized. This result does not include data
S102-P20s,
P205-(MgO+Ca0), and (MgO+Ca0)-SiOs,

because the search is conducted under the

of the binary systems,

condition that the 3 components including a

component ‘MgO or CaQ’ are necessary.

11
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1.5 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

—

File View Tools Help

Search

INTERGLAD 7: Glass Property

=us Pes
I \

State | Glass: v} [[]Gold-Data [ ] Glass-Forming Region Data
ComposT

O masstt @ mot O ath [] Numerical
ain | Campanent Component Component Component| %min | %max
[ |anD ~ 1
[0 [0 [+ oR oR oR =
aND v R R oR
a0 |~ oR oR oR
[0 Jao |~ oR oR oR <]

Glass System

Filler | Crystal / Substrate:

-

Sol.Gel Material

DB Site
INTERGLAD Data

( ®Server O Local )
[Juser Data

Shape, Feature & Process:
AND
AND

CIsolel

Usage

or
OR

First Author |~

Property
Humerical ) | Extension Search |

I [ unit Vale Min | Value Max [ J-

Refract Index 567.6nm mmon |~ B
[AND_\_ [Atise Value (ni-1)/(nF-nC) mmon |~ 1= Max Data
a0 v Common |~
|~ Common |~ =
D
[vor [~ ] ( AND Year H ]
Patent AND Pat. Company [ Search Reset

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

A B IGIEIC] INTERGLAD 7: Glass Property
Dalg §E EEEL st Detail Information ‘Component =
Tetat amber | 02 1) Gompanens it fwons | v | | peiein — Praperty
Vv o Sovrees zeon | perty urw [Comman | =] [_undo ] [_asaiy struoturs
Sete| no | otssne | Dutwssue | vew|  DERSOUE [t sar. | avte Vet Gt
[=] 1 |Gdus-uubbzs  |Glastech. ber. 19/ s, p.UZ3S 1502 6.55UEUT =
[m] 2 |GJ05-000627  [Glastech. Der. 1907 [v.060, p.0234 1.502| 5.620C1 01 =
] El | GJUS-UUBE Y (Glastech. Ber. (1987 [vUbU, p.UZ34 1.503] B.ESZE+T
=] 4 |0J05-000628  |Glastesh. Der. 1907 [v.060, p.0234 1.502] 5.665C 1 01 _|
] Ll | GJUS-UUBE3U (Glastech. Ber. (1987 [vUbU, p.UZ34 1.503] B.EFUE+DT
[m] 5 |GJ05-000621  [Glastech. Der. 1907 [v.060, p.0234 1.50| 5.659C1 01
] [ | GJUS-UUBES L (Glastech. Ber. (1987 [vUbU, p.UZ34 1.5U4) B.bEoE+UT
[m] 0 |GJ05-000623 1907 [v.060, p.0234 1.504] 5.722C101
] El |GJUS-UUBES 4 (1987 [vUbU, p.UZ34 1.503] b e23E+T
[m] 10 |cJ01-014072 an[1905 [v.092, p.0430 1.462| 5.750C1 01
] 11 (GBU3-UT/32Y  Handbook of Glass... [198/ wUUC, p.uY1U 1611 5.350E+01
[m] 12 |0D03-017230 |l landbook of Olass... [1907 [v.00C, p.0910 1.621 5.220C1 01
] 14 |GHIE-IT 7441 |Han S5 [TUHS U1, p T 1 k| f ZAIEI -
[m] 14 |0D03-017232  |llandbook of Olass... [1907 [v.00C, p.0910 1.644] 5.190C1 01
] 16 |GHIE-IT 7443 |Han S5 [TUHS U1, p T 1 k3| A A1
[m] 16 |0003-017334 |l landbook of Olass... 1907 [v.00C, p.0910 1.661 5.100C 01 =]

3)

Fil§¢ Tools ) Help

XY Plot Analysis ([XY Plot] window)

EE@ee

INTERGLAD 7: XY Plot

Refract Index 587.6nm d

5232 6120-257854 Pros. 106
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|Abb5 valug ne-1)50] ‘F{eﬂ'a:l Inttex 587,61 Detail
Delete
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o 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 [Numerical] 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.

¢ 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.
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1.6 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

ECIENEE

INTERGLAD 7: Glass Property

Simple Search | Detai Search |

Composition

sabGass 5D [lcobaa Claiss.Forming ragion bta

|

O mass% @ mol% O at% | Periodic Table Clear Component [ Numerical
Main Component Component Component Component | %min | %max| |
[ |anp v &
O o [~ oR oR oR
[ |anD ~ oR OR OR
[ |anp - oR OR oR
L1 |anD ~ oR oR oR ~
[T e totation Componerts_ Commersl s oo
Glass System Filer | Crystal | Substrate Sol.Gel Material
oro-Silicate )
Property
[] Numeric: Extension Search
I | ——smesilad_ Unit Value Min | Value Wax
I Uiscosity at 7ooc__2 Common |+ dFas |-|
AND ~ ‘Common ~ =
D |~ Common |+
D |~ Common |+ =
Data Source

DBSite
INTERGLAD Data

( ®server Clocal )
[luser pata

Shape, Feature & Process
AND
AND

CISolGet

Usage

Glass ID

Max Data

Coowen 1) e |

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

AD 7 Data B
File Tools Help
EEISE) [@)=] me e INTERGLAD 7: Glass Property
| vatasouwrcetist | [ oot || wrormation | [ component|
“Total Nurnber a68_| omponent it ot |~| [ peiete | | P | [ propery |
Number of Sources ’E propertyunt [Common [+| | undo | | adaitity Equation | | stucture |
Delete | No Glass N DataSource | Year Dmx‘;‘”* V‘“z;:/;;;mc
O | 1 |0002000026 |olastech. Ber 1893 |v.056, p 0125 &
O] | 2 [0BO4DIG70 |Handbookof Glass.. 1988 v001, p.0209 =
O] | 3 |0B04004680 |HandhookofGlass.. 1988 v001, p.0299 26026401
] | 4 |0B04D04681 |HandhookofGlass.. 1988 v001, p.0299 10601
] | & |0B04014662 |Handbsak ofGlass.. 1988 v001, p.0299
T | 6 [0B0+004683 |Handbook orGlass.. 1986 001, p.0208
O] | 7 |oBO4DI46E4 |Handbookof Glass.. 1986 v0DI, p.0208
[ | 8 |cJ05005435 |J.Am Coram Soc. 1980 v0B3,p.0128 206410
] | @ [0J05010069 |4 Am Coram Soc. 1974 v057,p.0108
] | 10 |0J05010070 |J.Am. Coram Soc. 1974 v057,p.0108
[0 | 11 |oB0S010245 |Handnook of Glass.. 1986 w001, p.0243
[m] 12 |GBOS5-010246 |Handbook of Glass... 1986 |v.001, p.0243
O] | 13 [0BOS 010247 |Handbook of Glass.. 1988 v001, p.0243
] | 14 [0BOSDI0248 |Handhookof Glass.. 1988 w001, p.0243
] | 15 [0B05010249 |Handhookof Glass.. 1988 v001, p.024¢ 16226403
] | 16 |0B05010280 |Handbsak ofGlass.. 1988 v001, p.0244
T | 17 [0B05010253 |Handbook orGlass.. 1986 001, p.0244 31026403
] | 18 |0BOSD10284 |Handbook of Glass.. 1986 v0DI, p.0244
O] | 18 |0BOS010265 |Handbookof Glass.. 1988 v001, p.0244 15146404
] | 20 [0B05010255 |Handhook ofGlass.. 1988 v001, p.0244
] | 21 |0B05010257 |Handhook of Glass.. 1988 v001, p.0244 21886405
[ | 22 |0B05010289 |Handbsak ofGlass.. 1988 v001, p.0244 27596408
[ | 23 |0BO5010280 |Handbook of Glass... 1986 [v.001, p.0244 2.6026+07) =l

e Select ‘Boro-Silicate’ for the Glass System.

e Select ‘Viscosity 700C’ for the Property, and
check in the [Extension Search] checkbox
shown in the window example.

e Search of viscosity data at 700C can be
performed, also when the user selects the
bold type item ‘Viscosity(100-1000C).’ In this
case data in a wide temperature range

100-1000°C are searched.

e As the search result, all the boro-silicate
glasses which have registered viscosity data
at high temperatures are listed. 868

glasses appear.

e When the search is performed using a
keyword ‘Viscosity (100-1000C), all the
glasses which have one or more data of
viscosity at 100-1000°C are listed. In this

case 489 glasses appear.

13
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3) Data interpolation or extrapolation

E;Selecl Data Interpolation Gondition
Specify interpolation method.

e Set conditions in the [Data Interpolation

Condition] dialog box, which is opened by

Viscosity
Inter|

Avoid to interpolate beyond Tg:  Rough Ty C

Avoid to interpolate too away : Limit = + = dey

Interpolati

[ Property ‘

Condition

clicking the [Data Interpolation] icon. In this

example the default of variable y (viscosity)

e is logy, and that of variable x (temperature)

(@ linear interpolation

) n-th order polynomial interpolation iS 1/x. Check the [USG absolute temperature

Variabhle .

(K)] checkbox. Then click the [OK] button.
v {property}: Dy Oy @ logy
« (temperature or viscosity: O x @ 1k O logx

se absolute temperature {K)

o) omen |

e Interpolated or extrapolated data at 700°C

57+ e U o e 5
te_toopeg appear in red-purple color in the list
E O SENEIEE @ee INTERGLAD 7: Glass Property pp purp
T — T T . .
) | | e The glasses with no value are those which
[Totainumber | 868 | componentunit moke || [ peiete | | - | [ property |
Number of Sources | 163 Property Unit ‘Cnmmnn ‘ " ‘ Undo ‘ ‘ Additivity Equation ‘ ‘ Structure ‘
; e | has only one value at another temperature,
elete No. Glass No. Data Source Year [ — (dPas)
] 1 GJ02-000026 Glastech. Ber. 1983 |v.056, p.0125 Z . .
5] 2 |0B04-004678 |Handbook o Glass._|1986 |v001,p.0299 = or Wthh has no data 1n the range Of 700 +
] 3 GB04-004680 |Handbook of Glass... {1986 |v.001, p.0299 / 2.692E+01
[ | 4 |0B04004681 |Handbook of Glass..|1986 001, p 0289 1001
] | 5 |oBos0046s2 |HandoookofGlass. 1985 v001,n0298 / (] ( T4y )
o B GB04-004683  Handbook of Glass... {1986 |v.001, p.0209 I 1.167E+03| 200 C default condltlon M
] 7 GB04-004684  |Handbook of Glass... {1986 |v.001, p.0299 I
O | 8 [osson 1550 v 0p3,p 0176 | 206410 VA :
<: 9 GJ05-010069 . Am. Ceram. Soc.  |1974 [v.057, p.0109 T.973E+07 L4 When the user SearCheS for VlSCOSlty
01 | 10 |6J05.010070 1 Am Cerar Sor. (1074 [v.087, p.0103 7311E+09)
=] 11 GB05-010245  |Handbook of Glass... 1986 |v.001, p.0243 - b : :
R e (100-1000C),” the calculation is done also for
] 13 |GB05-010247 |Handbook of Glass...|1886 v.001,p.0243
] 14 |GB05-010248 |Handbook of Glass...|1986 v.001,p.0243 o
=] 15 |GB05-010248  |Handhook of Glass...|1986 (v.001, p.0244 1.622E+03 the Other temperatures eXCept 700 Cn
O | 6 Jomus01uasn [ransmokoroiass. rass aur.pazes Lovseeos
[m] 17 |GB05-010253  |Handbook of Glass...|1986 (v.001, p.0244 \ 3.162E+03 .
T | 1o |on0s0i025¢ |Handtnok ofciass..[1326 vour.paaat { e The interpolated or extrapolated values can
] 19 |GB05-010255 |Handbook ofGlass..|1986 v.001,p.0244 \ 1.514E+04|
[J | 20 |oB0s010256 |Handbook o7 Glass..|1 986 v.001, p0244 \ . . .
[ | 21 |0B05-010257 |Handbook of Glass..|1986 001, p 0244 \ 2eses be saved 1n the user ’S PC by Cllcklng the
O | 22 Jouis0nuass [ranmmokorotass. rass ar.pazes \ zrsien
] 23 |GB05-010260 |Handbook of Glass..[1986 [v.001, p.0244 \Q.SQQE’ z

[Save] icon. In case of the Internet edition,

the save is unable.

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

14

e Select a glass in the list, and by clicking the

AD 0 0100 |
o [Temperature-Property Plot] icon (the right
IGIEE INTERGLAD?: Plot .
[PLOT] icon), the [Temperature-Property
Viscosity  (Glass No.: GJ05.010069)
1.000E+10
Plot] window is shown.
1.000E+09
e In the XY Plot, the interpolated or
1.000E+08
£ extrapolated  plot-points appear in
L b ae red-purple color. The style of plot-points and
wariable y (property): lag y
o e B DR axis-scales can be changed on the pulldown
e menus under the graph.
1000.00 95000 90000 &50.00 B00.00 75000 F00.00 650,00 BO0.00
Temperature C
@w "‘y: |Iugarilhm ‘v|sly|g: |Iine&pnin| D | Close ‘ (Ver. 7.21.0.05)
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1.7 Analysis of high temperature properties — High temperature viscosity of silica glasses

Investigate temperature dependence ( >1100°C) on viscosity of silica glasses.
< 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

EEIE]

Bee

INTERGLAD 7: Glass Property

Simpie Search_| Detail Search |

Composition

(Sato] Gass D[]

O mol% O atth | Periodic Table Clear Component
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INTERGLAD Data
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< IR oR or AND
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Sol.Gel Material

Property
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Data Source

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

AD 7 - Data B
File Tools _Help
RG] ) 1 INTERGLAD 7: Glass Property
Data Source List Detail Information Component =
{Total humber 91 [ Scomponent unit mass% |~ | [ pelete -y Property
Number of Sources | 24 Property unit Common [~ | | undo Adeitvty Equation Structure
AR amsouss | vew|  D#@Soume [ oo | Viscosiyat1100C | vissosiyat1150c | Viscosiya
Number (dPas) ¢ (dPa
[ | 1 |oC01-052423 [Tashiba Ceramics .. 1980 |T-1030 9390 4[4l
O | 2 [6C01-052431 [Toshiba Ceramics 100 10000 7
[ | 3 |oC01-052434 |Tashiba Geramics .. 1980 |T-2030 10000 1]
) | 4 |GJOI056008 |J.am Geram Soc. [1977 v.080,p.0238 10000
[] | 5 |cJ01-056010 |J.am Ceram Soc. [1977 080, p.0238 10000 -
[m] 6 |GJ01-05504  |JAm. Ceram. Soc. 1983 [v.066, p.C134 10000 1
) | 7 |cJ01-056050 |JAm Ceram Soc. |1983 v086,p.C134 10000 1
) | 8 |cJ01-056051 |J.Am Ceram Soc. [1983 v086,pC134 10000 1
) | 8 |6J0I-056052 |J.am Ceram Sac. |1983 v086,p.C134 10000 1
) | 10 |6J01-056053 |J.am Ceram Soc. |1983 [v086,p.C134 10000 1
) | 11 |GJO1-05605¢ |J.am Geram Soc. |1983 [v.086,pC134 10000 1
[] | 12 |cJ01-056055 |J.Am Ceram Soc. [1983 v086,p.C134 10000 1
O | 15 [cJo1-056056 | Am. Ceram. Soc.  [1983 v.066, p. 0134 0000 T
) | 14 |6J01-056057 |J.Am Ceram Soc. [1983 v0B6,pC134 10000 4
) | 15 |GJO1-056058 |J.Am Ceram Soc. [1983 v086,p.C134 10000 2] (I
) | 16 |GJOI-05605 | Am. Ceram Soc. |1983 v08E,pC136 10000 1
] | 17 |GJ01-056060 |J.Am Ceram. Soc. |1983 [v086,pC134 10000 1] |[<]

E’:Selecl Data Interpolation Gondition
Specify interpolation method.

Property
’V\ﬁscosﬂy

Inter

Condition

Avoid to interpolate beyond Tg: Rough Ty C

Avoid to interpolate too away : Limit= = = degy

Interpolati

Equation

[®) linear interpolation

(Z) n-th order polmomial interpolation

Variahle

¥ (property):

® (temperature or viscosi

Ty D1y @ logy
ity L & 1k ) log

use ahsolute temperature {K) ||

e In this example, glasses with SiO2 > 99
mass% are searched as silica glasses.
e For viscosity, ‘Viscosity (1100-1550C) is

selected.

¢ 91 glasses are listed.

e Clicking the [Data Interpolation] icon opens
the [Data Interpolation Condition] dialog
box.

e In case of viscosity, the default of variable y
is logy, and that of variable x (temperature)
is 1/x. Check the [use absolute temperature
(K)] checkbox.

[Data Interpolation Condition] dialog box

15
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File Tools Help

= =ams

INTERGLAD 7: Glass Property

[ ouaswcotis

[T rerer

Hake(gk 28 Dee
|

(o1 | componentnt frassss |

Information

—

] [comonan ]

| [ property |

[amberorsowess] 24 |

s [T

| adatnty Equation |

Structure

Ds\ak‘ No.

J— Vwaco(s:ymmnc

1 6C01-052423 1.238E+14]

24786413 4.000E+12]

9.491E+11

2700611 6.084E+10][~

GC01-052431 1.004E+13]

25826412 7.400E+11

1912E+11

4.800E+10) 1951E+10|

6001-052434
6J01-056008

5.193E+14)

7.987E+13) 1.300E+13]

27326412

6.900E+11 1417E411]

_\w_‘

1417+

[u](=}{s]|a][=}is]

GJ01-056049

1.349E+09]

0J01-056050

2
3
4
5 |GJ01-056010
6
7
& |GJo1-056051

1.778E+09)
1.047E+09]

9 GJo1-0s6052

1.905E+09]

10 |Guni-056053
11 |6u01-056054
12 |6J01-056055

1.905E+09]
1259E+09]
1.2026+09]

13 |GJoi-056058

1.000E+09

14 |GJ01-056057
15 |6J01-056058
16 |GJ01-056059

O0|00(0|o|oDoDoo

4.266E+08]
2630E+08]
1.202E+09]

17 |GJni-056060

1.1226+08]

e Interpolated or extrapolated values are

shown in red-purple color in the list.

3) Temperature-property plot ([Temperature-Property Plot] window)

» = B
File Tools Help
@l INTERGLAD7: Plot
viscosity  (Glass No.: GCO1-052431)
1.000E+13
1.000E+12
o
s
2
T q000E1 Aﬂ(ewo\slwn
é method: linear
¥ variable y (propery) log ¥
; variable s b
S pooE+io ¥ = 28368 72245 » + -7.0072
1.000E+09
1550.00 150000 1450.00 140000  1350.00 1200.00 125000 1200.00 11560.00 110000
Temperature C
% ‘ilwerse ‘ = ‘ i |Inuarithm ‘ = | style: |Iine & point | v| | Close ‘
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e Select a glass (No. 052431) with interpolated
click the [Data
the

or extrapolated values,

Interpolation] icon, and

[Temperature-Property Plot] window opens.
The registered (measured) values are in
light-blue color, and the calculated values
are in red-purple color.

e In this example,

data of the specified

temperature range 1100-1550°C are

interpolated or extrapolated, as the

temperature range for calculation is £200°C

(default condition) of the temperatures

(1200,1300,1400°C) of the registered
viscosity values. The interpolation or
extrapolation equation is linear,
logy=a(1/x)+b (where X: absolute

temperature), which is shown in the figure.
o A Temperature-property plot shows data for
each glass. When the user needs to compare
data of glasses in a graph, save the data list
by clicking the [CSV] icon, and make XY
plots with data of specified glasses by using

a spreadsheet software like Microsoft Excel.
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1.8 Figure of property equation — Refractive index dispersion of lead-silicate glasses

Investigate refractive index dispersion of lead-silicate glasses with 4 g/cm3 of density.
<Refer to B of Chapter 3, 2.3 of Chapter 4, and 3 of Chapter 6>

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

—  Search

AD arch Property Data =]
File View Tools Help
EEIEHEIE INTERGLAD 7: Glass Property
Simple Search |
DB Site
State [NotSpecified | ~|  [JGola-bata ] Glass-Forming Rogion Data
INTERGLAD Data
UL ( @senver OlLocal )
O mass% @ mo O atth [ Numerical | | [Juser Data
ain | Gomponent Gomponent Gomponent Gomponent | Srrin | Srmax
= Shape, F
O o |- oR oR or =
L[] |anp - OR OR OR =
[0 ||+ oR oR R FARD)
O o |~ oR oR oR JA0)
] |anp ~ OR OR OR =l [ Sol-Gel
e ——— -
Glass System Fillor /Crystal Substrate Sol.Gel Material
@
<~ —
= -
Ea—r
Property 1
[INumerical [ ] Extension Search | Giass ID
I Specified Unit Value Min | vam i
Density at RT Common |~ X} 4gemy |4 MaxData
[AND % [Dispersion Formula (n-L curve) |Common ~ 1=
D |~ LGommon—— ot
D |~ Common |~ =l
Data Source

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

File Tools Help

BICCIEEREN

GG

INTERGLAD 7: Glass Property

‘ Data Source List ‘ C Detail | ) Information H Component ‘
ot urnier 39 PCnmpnnem nit ‘mul% ‘v‘ ‘ Delete ‘ ‘ — ‘ ‘ Property ‘
Number of Sources | 39 Property Unit [Common | v | | Undo Additvity Euagi re

Delete| MNo. | Glass No DataSource | Year| D3 S0UIGE BEEy a‘V GonstafDisp FAD | Constol DRRF AT | 1
Number (o3

[ | 5 |600+043695 |schotiAG (DE)  |1981 |BasF52-702410 396 2824 -1.308E%g] |2
O | 15 |ecosnssns |oharaine () 1987 |BaF01-683447 VAT 2775 ~1.480E-00)

[ | 16 |ecosn4g307 onaraine ) 1987 |BaF03-686440 / 3.98) 2777 1141602

O | 17 |6Co0s048328 [Oharalne () 1087 [BasF 2664358 / 396 2603 ~0.014E03

) | 10 |6C0604a758 |schotiaG (OE)  |1981 |BasF13-698385 / 397 2808 1058607

[ | 23 |5C0+048338 |Oharainc () 1987 |BasF01-702401 / 397 2822 -a918E03) | |
[ | 33 |ecoanrises |Cominginc (Us)  |1a85 [FDD-C7-33 | 3.98 2693 -8.394E-03)

(] 11 |eco4-04a760  [Schottac (DE) 1981 |BasF14-700350 40 2804 -1.012E-02)

) | 14 |6C04-048305 [Oharalnc () 1387 [BaF13-668450 40 2723 -0.936E-03

O | 30 [6C06066186 |Hoya Com i) FD19-667-331 101 2607 1023801

[ | 4 |oC0+044692 |schottAG (OE)  |1981 |SF19-667330 402 2694 9428603 |
[ | 19 |6c0+04833¢ [oharalnc () 1987 |BasF7-T02412 102 26823 1090802

O | 22 |ecosn048337 |oharaine ) 1007 [pasFi2-6703a3 | | 402 2718 0673603

[ | 27 |6C0+-048357 |Oharalnc () 1367 |5F19-667331 \ 102 2606 1026602

O | 28 [6C08088157 |Hoya Com i) BaFD2-664-350 \ 102 2602 7 716E03

) | 3% |6C0+071568 |Cominglnc (US)  |1985 |FB-CAT-48 \ 403 2717 7780603 [
O | 38 [6c04074774  |Pikington (UK) E0F 699301 \ 404 2788 9375603

[m] 3 [6C04044888  [SchottAG (DE) 1981 |SF15-639301 \ 4.08) 279 1026507

) | 35 |6C08071571 |Cominglne (US)  [1885 |FeD-C72-52 N\ 0 2708 7977E

O | 1 [6Co0t042678 |schottaAG (OE)  [1981 |SF5-673322 107 2711 -012203] |

[« Il N Il

e Select ‘Lead-Silicate’ for the Glass System.

e Select ‘Density at RT’ and ‘Dispersion
Formula (n-L curve)’ for the Property. Enter
3.9 and 4.1 in the cells of the Value Min and
Value Max for ‘Density at RT’ respectively.

e 39 glasses are listed with the coefficient
values of the equation.

o If the user sorts the values of the density,
he/she finds 2 glasses with 4.0 g/cm3.

o Sellmeier Formula is also registered as

When the

another dispersion formula.

search using Sellmeier Formula is
performed in this case, no glass is found.

e In this example, a one-time search is not
available under the condition of connecting

the 2 formulas by OR.

17
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3) Display of refractive index dispersion figure

=
File Tools Help
BIEIE INTERGLADT: Glass Property
Glass No. state Properties
GC04-044760 Glass D Specified Value | unit | condtion
0060 |Poisson Ratio 0258 =i
Composition 0171 [Knaop Hardness 4116E9)Pa L
Condition of Data Glass System 0510 |Density st RT 40000 ka2 )
G T 0540 [voung's Modulus at RT 77E10lPa
T ||| [2[pwensin coen@-3000) 80.010-7K
T ] 1026 |Expansion Coeff (-30-70C) 700[107K
i mass% 1121 [Tg (Expansion, The) s110[K
502 | | Fier icrystal ssubstrate 2011 |Refract Index 366.0nm i 1755
Ba0 0w || e 2012 [RefractIndex 404 7nm h 1738
Nazo E 2013 [Refract Index ¢35.8nm g 1728, ||
K20 3 s
Zn0 E Muthors
PbO E |
Sol-Gel Material
‘ Data Source
c
Schott AG (DE)
Mema
Usage Shape & Feature |
[opties, optoetectranics T[T [ ‘
|opticar Use I I | | hote
Thermal Treatment
‘ | Clrguee =TDclose
AD ]

File Tools Help

Aee

INTERGLAD?: Plot

Refractive Index

1.950

1.600
o
K] 1,850
=
g 1.800

1,750

4.700

4.000E+02 5.000E+02 S.000E+02Z 1.000E+03 1.200E+03 1.400E+03
A nm
= ‘Iinear |v ‘ ¥ |Iineal ‘v ‘ style: ‘Iine ‘v| ‘ Close |

[Plot/ Refractive Index] window

18

e Open the [Detail Data of Property] window of
a glass with 4.0 g/cm3 of density (No. 44760).
Click ‘CONST. DISP FORMULA’ in the
[Figure] pulldown menu on the bottom of
the window, and a graph of the wavelength

dispersion of refractive index appears.

e The user can know the tendency of the
refractive index change on wavelength by
checking the curves of the other glasses in
the same manner.

e In this example all the searched data are of
catalogues and with no composition data. If
the user searches by selecting only ‘Density
at RT with 3.9-4.1 g/cm3 of ‘Lead-Silicate’

in NOT Catalogue’,

assume the composition of the glass.

glasses he/she can
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1.9 Patent search — Low refractive index glasses

Investigate compositions of low refractive index (1.4 or less ) glasses on patents
<Refer to B and C.5 of Chapter 3, and 2 and 3.4 of Chapter 4>

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

—

File View Tools Help

Search

ECIENGIEIE)

INTERGLAD 7: Glass Property

Simple Search | Detail Search |

[~
<[z a—

DB Site
st [l Gakoota. ] nss ormingRegionata
INTERGLAD Data
Composition
2 ( @sever Clocal )
O mass% @ mol% Cath | Periodic Table Clear Component [JNumerical | | []yser Data
hain Companent Cormpanent Companent Compenent | %min | %max
O [ ]~ o o R |a| | |Shane, Feature & Process
[ |anD > OR OR OR S
O [ao [~ oR oR oR 5D}
[ |aND ~ OR oR OR 5D}
] |anD v OR OR OR = []sol-Get
L ormsermms | s e
Glass System Filler / Crystal | Substrate Sol-Gel Material
R
(R oR
First Author [~]
Property I
[JNumerical  [] Extension Search | giass I
I on—— m -
Refractive Incex (Typical) |Common A 1.4 | _
Max Data
T E o [1]
aD v Common |+
aND |~ Common [~ -
Data Source

( AND Year [N) |
AND Pat. Company J

Coern T

E

2)

Search result ([Data List of Property] window)

File Tools Help
EEEE] e e INTERGLAD 7: Glass Property
Data Source List [ oot || miormation | | component | =
ovsnen it [oore ] [ oete | [ ] [ prosery |
property unit Common |~ | | undo | [ adateity Eqvation | [ stveure |
Delete | No. Glass N DataSource | Year Dﬁi”h“;fe Refractive Index (Ty.
o 1 (GP25-048746  |Japanese Patent 1979 |A139917 1.356|
] 2 (GP25-048747  |Japanese Patent 1970 |A139917 1.394|
] 3 (GP25-048748  |Japanese Patent 1979 |A139917 1.355|
] 4 (GP25-048748  |Japanese Patent 1979 |A139917 1.343|
] 5 (GP20-056965 |US Patent Owens.. 1979 |A4142986 1.356| |
O 6 |OPI0-056366 |US Patent Owens.. 1979 4142985 1304 B
] 7 (GP20-056867  |US Patent Owens.. (1970 |A4142086 1.355|
] 8 (GP20-056968  |US Patent Owens.. (1979 |A4142086 1.343|
o 8 [TP01-0610564 |USPatent Battelle. |[1987 A4704283 1.4
] 10 |GPEO-070409 |Japanese Patent 1983 |A135152 1.383|
] 11 |GPEO-070410 |Japanese Patent 1983 |A135152 1.377|
[0 | 12 |oPeno7ostz lJapanese Patent . [1983 [a135152 IET
[m] 13 |GPBO0-095243  |European Patent ... [1987 [A0234455 1.337)
] 14 |GPE0-0895244  |European Patent 11987 |AD234455 1.332|
] 15 |GPEO-190181  |European Patent 1999 |AD912453 1.4
] 16 |GPE0-180182 |European Patent 1999 |ADB12453 1.4 1
] 17 |GPB0-130183  |European Patent 1999 |AD912453 1.38| <1

3) Utilization of the searched data

File Tools Help
sma EE @ INTERGLAD 7: Glass Property
Data Source List veta | Q_nrormaton X componen: | =
[Totaiumber [ 17 | componentunit ol [~| | peree | | P | [ Propery |
Number of Sources | 6 propertyUnit [Common [+ | [ uno | | aaditity Equation | | siucture |

Delete| Mo. | Glass No DataSourze | Year| " 5% Giass System 1 [Glass System 2 502 | Naz0 | P05 | LF | NaF
T | 1 |oP25-049745 |apansesPatent . [178 (4139917  |Fluoro-Fhosphate E 24
O | 2 [oP25:048747 lapanessPatent |17 [A138917 |Fluoro-Phosphate 1 15
O] | 3 |oPa5-04g748 JapanessPatent |17 [4130917 |Fluoro-Phosphate L 251
O] | ¢ |oP25:048748 apanessPatent . [197 [#130317 |Fluoro-Phosphate T 1o
O] | 5 |oP20-056985 |USPalent Owens..|1973 [44142985 |Phosphale Fluorids 1 2 |
O] | 5 |oP20-056986 |USPalent Owens..|1978 44142985 |Phosphale Fluoride 1 15|
[0 | 7 |oP20-05957 |UsPatent Owens..|1973 44142085 |Phosphate Fluorice 1 254
[m] 8 |6P20-055968 |US Patent Owens.|1379 [a4142985 |Phosphate Fluorice 7 R 16
O] | o |TPOI-0B105¢ |USPatent Batielle.|1987 (44704208 [Silca 10000
O] | 10 |oPe0-070408 |dapaness Patent . [1983 [4135152 |Fluorice
O] | 11 |oPe0-070410 |apanese Patent . 1983 [4135152 |Fluorice
O] | 12 |oPe0-070412 lapanesePatent . 1983 [A135152 |Fluorice
] | 13 |oPe0-035243 |EwropeanPaleni .. 1967 [A0234455 |Fluoride
] | 14 |oPe-0ss244 |European Patent . |1987 [A0234455 |Fluorice
[m] 15 |GPBO-190181  |European Patent  |1999 |AD912453 [Fluaride .00
O] | 16 |oPe0-130182 |EuropeanPatent  |1998 [40912453 [Fluorice ooo el
] | 17 |oPe0-130183 |EuropeanPaeni  |1998 40912453 |Fluorice 1200 120

e Select “Refractive Index (Typical)” for the
Property to collect many refractive index
data. Enter ‘1.4’ for the Value Max of the
Refractive Index.

e Select ‘Patent’ for the Data Source.

e 17 glasses are listed.

e In the [Data List of Property] window, by
‘Glass the

[Information] button, glass systems of the

selecting System’  from
glasses are shown. And by clicking the
[Select Alll button from the [Component]
button, all the components of the listed

glasses appear.

19
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4) Element analysis

D D )
File Help
EE Dew INTERGLAD 7
Distribution in Glass Data Cn
H He
- Numb: fData: 9 |
g umber of Data g
Li | Be B c N o F | Ne
3 i} Element a 1} o 1 8 a
Na | Mg ‘ Count Al | Si | P S | cl | Ar
2 6 g 1 o o o o
K |Ca|Sc |Ti | ¥V |[Cr |[Mn|Fe |Co |Ni [Cu|Zn |Ga|Ge|As |Se |Br|Kr
2 5 0 0 0 a a 1} 0 0 0 a a 1} 0 0 0 a

Rb | Sr | Y [ Zr [ Nb [Mo | T¢ |RU |Rh |Pd |Ag [Cd | In | Sn | Sb | Te I Xe
a 3 3 o o a a 1} o o o a a 1} o o o a
Cs |Ba |[L-S | Hf |[Ta | W [Re | Os | Ir Pt |Au |Hg [ TI |Pb | Bi | Po | At |Rn
o 3 o o o o o [t} o o o o o 2 o o o o

a o 0 La |[Ce | Pr [Nd |Pm |Sm |Eu |[Gd | Tb | Dy | Ho | Er |Tm | Yb | Lu
1) a a 3 o o 1) a a 1} o o 1) a a
Ac |[Th |Pa | U [Np |[Pu |[Am [Cm Bk | Cf | Es |[Fm |[Md | No | Lr
o o o [t} o o o o o [t} o o o o o

[ I I

0 025 050 075 1.00
0count 8Counts

(moPs)

e

e Elements of components of the searched
glasses can be analyzed.

e By clicking the [Element Distribution] icon
in the [Data List of Property]l window, the
[Element Distribution] window opens. By
selecting ‘All Glasses’ of element in the
[Distribution in Glass Data Containing]
column, element distribution of all the listed
glasses can be overviewed.

e In this example fluorides are main, and most
of the glasses contain Al.

o As the Glass System, approximately half of
the listed glasses are Phosphate or

Fluoro-Phosphate, but the number of P is 0

in the Periodic Table of the [Element

Distribution] window. Because in these

cases P is registered as NaPOs, a complex

oxide, and in such a case the calculated
value of P20s is not registered, and only >

for P205 appears. Compositions including *

do not appear in the [Element Distribution]

window.

5) Search glasses with low refractive index except patents (for reference)

AD 7 - Data List of Prop B
File Toals Help
| B8 gk Ly 2E e INTERGLAD 7: Glass Property
D is information [ componen |
Total Number 51 D component urit [mors || .Y | property |
Number o Sources | 23 | Propertyunit |Common [ v | Augitty Equation
Delete| No. | Glassho Datagourcs | vear| P SUT Rafracte inder| Glass System 1 Glass Syetern 2
[J | 32 [0J60-145421 |Phys & Chem Cla... [1901 v.032,p.0231 1.34[Fluoride =]
C] | 33 |GJ01-148861_|J Non-Crystalling 5../1991 v128, p.0080 134/silica
] | 3¢ [oU60-152063 |J Non-Crystalling 5..11993 v 161, p.0210 1 2[Fluoride
O] | 35 |oU10-57836 ) Non-Crystalling 5../1994 v 167, p.0180 13395 Oerde Phos)
[] | 3 |G0-157837 | Non-Crystaline 5.[1984 v167, p.0180 1 forate Other Oxide Phosp)
[m] 37 [6J02-165498  |Glastech. Ber 1996 |v.069, p.0216 1.387|Alkali Silicate (Other Oxide
) | 38 [0J0x165090 |Glastech Ber 1096 |v.088, p.0216 1.387 |Alkal Siicate Other Oside
) | 38 [6J0z165600 |Glastech Ber. 1996 [v088,p0216 | /1369 Akl Silcate Other Oxide
O] | 40 |cJ0w172325 | Non-Crystalline & [1997 v 212,p.0055 | /- 1 silicate \
O | 41 |os0317232¢ |2 Non-Crystalline &../1997 [v212, 1.0055 1 silicate \
O | 42 [cd03-172325 |1 Non-Crystaline . [1997 v 212, p.00S5 1 Silicate \
] | 43 |oB60-174011 |DataBookof Glass..[1981 v.0bd, p.017 1.27|Fluoride \
) | 44 [cJ0-207463 [Glastech Ber 2001 [v.074, p.003 1.35[Borate |
] | 45 |6Jo0-235305 |Materials Science F..[1985 v.005, p.01¢ 1.4[Fluoride |
) | 4 |GJI0-239888  |Bull Mater Sci  [1999 v022,p.1055 1.25[porate Halide (Except Fluoride) | |
O | 47 |cizr-z39945  |Buil Mater. sci 2003 [v.026, p.0538 13|Lead (Other Oxide /
O | o0 Jouzrzmnsr o waer 55 [oona oz, peas Er omer ouse yal
] | 48 |Wi02268020 [lass Phys. & Chem, 2005 [v031, p.0802 | \ 1 4[alkali ilcate )
] | &0 |MJ0Z268030 |Glass Phys. & Chern 2008 031 p0B02 |\ 1.3[aikall ilicate
O] | 81 |MJ0z268031 |Glass Phys. & Chem 2005 v031, p.0802 1 3[alkall silicate
[ | 52 |6J28:292328 |J. Material Science 2008 v.044, p.5800 Naue Telluite Other Oxide
O | 5 |os28202330 s waterial Science [2008 044, p.5800 T gglurie over 0ug””  [herOie]
_ [l I I D]
==
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e When the search i1s performed under
condition of ‘Not Patent’ for the Data Source,
54 glasses are listed.

e The Glass Systems of these glasses are

Alkali-Silicate, Alkaline-earth

Patents of these

glasses are not registered in INTERGLAD.

Fluoride,

Silicate, Tellurite, etc.
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1.10 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 Data] window with [Detail Search] tag)

—  Search

AD arch Prop Data =]
File View Tools Help

ECIENERE] INTERGLAD 7: Glass Property o Select ‘Fiber’ after opening

Simple Search | Detail Search |

e e —— o st ‘Appearance/Shape/Linear’ in the [Shape,

INTERGLAD Data

Composition ( @ Server O Local )

Omass ®mos O atth [JNumerical | | []user Data Feature & PI‘OCGSS] COlumn.

inl Campanent Component Component Component|smin | %max| | P
|} AND - OR OR OR | g
[] [anD - OR OR OR [3 : ) 2 (3 : b : :
o = = = ¢ Select ‘Plastics, FRP in ‘Material’ by clicking
Lo AND - OR OR OR
_[D%<=TmzlmlenCnmpnnEMs [= |[ peveion t’he [Usage] COlumn'
Glass System Filler / Crystal / Substrate: Sol-Gel Material
3 b
[
Select ‘Catalogue’ for the [Data Source]
(T E—
o N column.
[]Numerical [ ] Extension Search | Glass ID
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2) Search result ([Data List of Propertyl window)
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[]0070 Bulk Modulus
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0120 Tensile Strength
[]0172 Mohs Hardness
(10180 Vickers Hardness (Typical) —
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5 A ANONN Ot

L
Select All || Clear All || Expand All H Collapse...

C o) [Select Property] dialog box

e By sorting the ‘Tensile Strength’ column,
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3) Investigation of a searched glass

File View Tools Help

ECENEER

INTERGLAD 7: Glass Property

Simple Search | Detail Search |

State [notSpeciied | |

[J6old-Data [] Glass-Forming Region Data

DB Site

Composition

@mnm Cath | Periodic Table || Clear Component
E : m

] Numerical

Glass System

Main J( " Component| _m&{. Smax
I |anp 02 OR [or | [or| 65.00] 65.00[=F Shape, Feature & Process — |
[ [anp ~|ai203 oR OR OR 2500 zanni>
[ [ap [+ oR Ot oR 100 T AND
O o |~ oR - m %& D
[J]_|anp ~ OR OR OR - []Sol-Gel

Ol s o aas —

usage

INTERGLAD Data
( ®Server ©Local }|
(] User Data

Filler / Crystal / Substrate

0T Gel Material

(il

File Tools Help

BIECEE]

! [@ele

INTERGLAD 7: Glass Property

EE ]

| Detail tormation | | component =
[Totattumber | o [component unit masste || [ perete it \( Property )
Number of Sources | 9 Property unit [Common |~ | | uno Adatty Equation | | ST
o Tensis ST
Data Source Densi Voung's Modulus. | Tensile STETDMALGu =
cetee| o | ciason | Dwmsmee | vem| PSS | gy | aaos | o | CarapiaenTiounds o FRE
) | 1 |5B0B-001731 |Handbook of Glass.. /1986 001, p.0093 6500 2500 10 25
a 2 PW03-032345  Glass Phys. & Che... |1980 [v.006, p.0444 65.00 25.00, 00) 25|
O | 3 [ocoe0s1555 |comingIne Us) s-Glass 6500 35001000
[ | + |5c05052225 owens Coming (US)1989 |5-Glass 6500 25.00[ 10.00) 246 8550E+01 45856403
a 5 |0B06-164715 |Fundamentals Inor... 1994 [v.001, p.0003 65.00] 25.00)\ 10.00)
) | 5 |o006172038 L Non-Crystaline 5..1997 v209, p.0068 65002500 \(0.00)
a 7 |GBO6-174772 |Data Book of Glass..|1991 [v.001, p.0134 6500/ 2500 1THNQO| 249 8.624E+01] 4.606E+03)
a 8 |OP06-205434 lapanesePatent  |2000 233942 6500 2500 10.00)
0 | o |oPooaon0i7 |curopean patent |2010 2221335 e500| 2500 1009 g
AD arch Property Data =]
File View Tools Help
ZEE Ao INTERGLAD 7: Glass Property
State |Not Specified ﬂ [ Gola-Data [ ] Glass-Forming Region Data DB Site: u
Composition INTERGLAD Data
( @ server (O Local
® mass% (Jnol% O ath | _Periodi [ Numerical
[] user Data
Main Compenent Cormponent Component Component | Sérrin
aND [~ [zi02 OR OR oR 63.00] 6700 =T\ Shape, Feature & Process
L[] |anD ~ 203 OR OR oR 23.00
L] |anp ~ |mgo OR OR OR 8.00)
< oR oR oR
] [ap__ |+ oR > []SolGel
[T e votat o i omponents Commercial quser) Glass
Usage
Glass System Filler [ Crystal | Substrate: Sol.Gel Material
oRr
Eﬁ-g_ oR 7
Prapery
[JNumerical []Extension Search
Glass D
I Spesified Unit Value Min | Value Hax ]
Common |+ =
W]~ Common [~ & e Dota
aD_ |~ Common |+
D |~ Common |+ =]
Data Source
vor [~ ( AND Year ] ]
slem b I
I D Pt Company o] Useuon 1D st | L
— 0 [ v |

22

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] click the

[Develop] button. Then search with no

column, and
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. Dbesides
catalogues are also searched.

e By clicking ‘Select All’ button in the [Select
Property] dialog box from the [Property]
button, all the property data registered are

shown in the list.

e 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.
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Data Source Number :

Glass Phys. & Chem.-USSR

Vol 008 Page 0026 (1982)
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Component Unit
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q]

[ D

Close

[Glasses from a Data Source] window

INTERGLAD Ver. 7

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.

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

composition are shown.

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.
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1.11 Estimate of a commercial glass composition

Composition values are usually not given in commercial glasses. However the compositions

may be estimated from patent data. Here, the composition of PD200 of Asahi Glass is

estimated.

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

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

—  Search

AD Da B
File View Tools Help
EEIENEER INTERGLAD 7: Glass Property
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DBSite
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INTERGLAD Data
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Glass System Filler | Crystal / Substrate “SolGeThaterial
or
oo -] [
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T e g fow ]
o |~ Common |~
b |~ Common |~ =
Data Source
o ——— e | > ﬁ
AND Number PD200
< ASahi Olass | [ soarn |
Q| sounn || Jor |

e Select ‘Asahi Glass (J) in ‘Catalogue’ of the
Data Source, and select ‘PD200’ in the [AND
Number] column, which appears on the
right side of the [Data Source] column.

e Instead of the above search condition,

selection of ‘P/PD200" in the [Commercial

(User) Glass] column brings the same result.

2) Search result ([Data List of Property] window — [Detail Data of Property] window)
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e The glass data of PD200 appears.

e Check the properties and usages of the glass
in the [Detail Data of Property] window, and
print the window.

e The above procedure can be replaced with
the following. Exhibit all the property data
in the list by selecting ‘Select All’ in the
[Select Propertyl dialog box from the

[Property] button. And save the data of the

table from the [CSV] icon or save the

window using the [Save] icon.
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3) Search for composition estimate ([Search Property Datal window — [Data List of Property]

window — [Detail Data of Property] window)
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] 3 [6PD3-179367 |Japanese Patent |1997 4255354 2489 B.500E+01 lm
] 5 |6PD2-2054D8 |Japanese Patent |2000 4226233 2.77| B300E+01 =
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File Tools Help
EBIEIE INTERGLADT: Glass Property
Glass No. State Properties
GP03-225008 Glass 1D Specified Walue Unit Condition
0160 |Fracture Toughness 0.65/MPa.m1/2 il
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Go back to the [Search Property Datal

window, and click the [Reset] button.

e Select ‘Density at RT’ and ‘Thermal Coeff
(Typical) for the [Propertyl column as
typical items of the searched properties of
PD200.

e Set value ranges (min% and max%) of the
properties of PD200 as follows.

Density: 2.7-2.9 g/cm3
Thermal Coeff: 81-85 x 107/K

e Select ‘Patent’ for the [Data Source] column,

and ‘Asahi Glass (J) for the [AND Pat.

Company] column.

e 44 glasses are listed, and 4 of the glasses
have the same values of Density and
Thermal Coeff as those of PD200.

e To select a fit composition, add data of
“Young’s Modulus at RT" and ‘T at 1E14.5
dPa.s (Strain P)’ to the list using the
[Property] button.

e 2 glasses with the same Strain P as that of
PD200 are found (190520, 225008). Note the
difference of C and K temperature units.
The composition of the 2 glasses is almost
the same. ‘Display’ and ‘Substrate’ are

registered as Usage in the [Detail Data of

Propertyl window of 225008. This usage is

fit to that of PD200. In this way the user can

estimate the composition of the commercial

glass PD200.
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1.12 Search from usage (application) — Seal glasses for semiconductor package

Investigate seal glasses for semiconductor package.
<Refer to B, C.2 and C.5 of Chapter 3, and 2, 3.2 and 3.4 of Chapter 4>

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

— Search— Search result ([Data List of Property] window)
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e Select ‘Electronics, Electrical/ Solder Glass,

Sealing Glass/ for Semiconductor Package’

for the Usage.

e 1703 glasses are listed. From the Data

Source, it is found that most of the glasses
are of Patent, 59 glasses are of Catalogue,
and 35 glasses are of Journal. In case of
Catalogue, the user can have information of
commercial name (No., etc). from the Data
Source Number.

By adding ‘State’ to the list from the
[Information] button, the user knows that
‘Glass-Ceramics,” ‘Composite’ and ‘Modified

Glass’ are included besides ‘Glass.’

¢ By adding ‘Shape, Feature & Manufacturing

Process’ from the [Information] button,
various information is shown, ‘Powder,” ‘Frit’
for the Shape, ‘Non Lead,” ‘Non-Alkali’ for
the Composition, ‘Low Melting’ for the

Property.
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2) Analysis ([Element Distribution] window, [XY Plot] window)
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Delete a Source:

Zoom
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e To obtain information about component, open

the [Element Distribution] window by
clicking the [Element Distribution] icon, and
select ‘All Glasses’ in the [Distribution in
Glass Data Containing] column.

e Compositions containing B, Si, Zn, Al, or V
(except O) are comparatively many.

e Return to the [Data List of Property] window,
and add data of ‘T at 1E6 dPa-s (Sealing P)’
from the [Propertyl button. The Sealing

Point varies greatly from 280 to 1130°C.

e Open the [XY Plot] window from the [XY
Plot] icon. Select ‘PbO’ for the X axis and ‘T
at 1E6 dPa-s (Sealing P) for the Y axis. The
plot-points of the Sealing P are distributed
in a wide range of temperature. When the
PbO content is high, the Sealing P is

in a of low

concentrated range

temperatures.

e Draw a XY Plot of Sealing P vs. Expansion
Coeff. The thermal expansion coefficient
varies widely in the low Sealing P. range. So,
in such a Sealing P. range, the user can
select a sealing glass according to the
purpose of application.

e Value range and style of axes can be changed
by using ‘Tools/ Option’ as shown in these
figures. Ex. Style of Sealing P: 5.0E+02 —
500.

e The [XY Plot] window can be saved as a
JPEG file in the user’s PC by clicking the

[Save] icon.
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3) Investigation of sealing glasses with non-lead and non-alkali ([Search Property Datal window,

[Data List of Property] window, [Element Distribution] window)

File View Tools Help
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NoT |~ |Pb oR oR OR || | [ Shape, Feature & Process
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D v Common__|v
AND [~ Common |~ ~l
Data Source
TR
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INTERGLAD 7: Glass Property

e Select ‘at%’ for the component unit. Select Pb,
Li, Na, K, Rb, Cs in the [Periodic Table]
dialog box, and select ‘NOT’ in each [AND,
OR, NOTI| pulldown menu. Selection of
alkali elements like the example window is
also available.

e 389 glasses are listed. Search with plural
‘NOT takes time especially in the case of CD
Full Function edition.

e By adding ‘State’ and ‘Glass System’ to the
list, it is found that ‘Glass,” ‘Composite’ and
‘Glass-Ceramics’ for the State, and ‘Borate,’
‘Boro-Silicate,’ ‘Alumino-Silicate,’

“Zinc-Silicate,” ‘Tellulite,” etc.
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¢ )
e — g Phosphate,
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2. Property Prediction by Additivity Equations

INTERGLAD Ver. 7

2.1 Property prediction of glasses with a specified composition — Boro-silicate glasses

Predict density, thermal expansion coefficient and refractive index of boro-silicate glasses with

SiO2 40%, B203 30%, Al203 10%, Na20 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)

Condition of Equation

(m

Comperent [ WM ————lax

ol% }

: \‘m/»\

R
A1208
As203
B203

Predictive Value
comen

Predictive Value 2.458 giem3

=

[«

o[ Young's Modulus

Na20 oo
Total o [ Surtace Tension

o [ Lingar Expansion Coemcient

o [ Thermal Conductivity

o [ specific Heat

o [ Viscosity (Standard Poing

o[ Transition Temperature
[ viscosity

} =] Refractive Index

o [9 Abbe's Nurnber

o ] Mean Dispersion

o [ Elestric Condustivity

o[ D Volume Resistiity

File Help
g e INTERGLAD?: Predictive Equation
Compaosition [ Towe, Tanaka and Minami (Si-AsRe Chalcogenide)
[} Toge, Tanaka and Minami iGe-4s-TA Chalcogenide)
Component [0 Towe, Tanaka and Minami ¢4s-Te-Se [ halcogenide)
5102 / s00[=] [) Towe, Tanaka and Minami (Ge-Te-S¢ Chalcogenide)
A203 I T00l— [ Tanaka and Minami (4s-5 Chalcogénide)
8203 | E
0 \ 100 i {Fluoride
<] [ Huggins (Silicate)

2) Prediction of thermal expansion coefficient

conmon’ =

Predictive Value

(==

6.862E+01 10-7K

¢ [ Specific Heat
o [ vistosity (Standard Point)
o 7 Transition Temperature
& [T viscosity

o [ Refractive Index

o [ mbbe's Number

& [ Mean Dispersion

o [ Electric Conductivity

o 3 DG Volume Resistivity

File Help

8 e INTERGLAD7: Predictive Equation

=7 Predictive Equation

§ [ Density
‘Composition [ Toge, Tanaka and Minami (3-As-Te Chalcogenide)
[0 Tage, Tanaka and Minami (Ge-As-Te Chalcagenide)

Cormponent % [ Tage, Tanaka and Minami (4s-Te-Se Chalcogenide)

& 20.0E [0 Tage, Tanaka and Minami (Ge-Te-Se Chalcomenide)
A203 100% [ Tanaka and Winami (4s-5 Chalcogenide)
B203 200 [ Appen cilicate)
o 100 [} Gan Fusi (Fluoride)
20 e [ Huguins ilicate)

¢ 3 Young's Modulus

W= e [ Inaba, Fujino and Morinaga (Silicate)
Condition of Equation [n] ima and Mackenzie (Silicate)
(mol%) "
mponent Hin
e D
k63 = [} Winkelmann and Schott (Silicale)
e - : ‘ [ Takahashiin-100C) (Silicate;
. - : [ Takahashii-400°C) (Silicaty
- 3 Tanaka and Minami (@ Chaleogenide)

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 in the
[Composition %] column. Plural components
can be selected in one time by using the Ctrl
key. In this example the component unit is
mass%.

After clicking the [Calculate] button, the
predictive value 2.458 g/cm3 appears in the

[Predictive Value] column.

In case of prediction of the other properties
the

prediction

for same composition, property
can be performed only by
reselecting the property equation.

Select ‘Appen(Silicate) after developing
‘Linear Expansion Coefficient’ in the
[Predictive Equation] menu.

Clicking the [Calculate] button shows the
predictive value 6.862 X 106 /K in the

[Predictive Value] column.
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3) Prediction of thermal conductivity

f‘nmmrr_—mn‘\n&i

102
Al203
B203
Ba0

Predictive Value

Tl

Applicable Temperature 30 C

Predictive Value 6.966E-01 WH(M.K)

v

File Help
BIEE) INTERGLAD?: Predictive Equation
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[} Towe, Tanaka and Minarmi (Si-As-Te Chalcogenide)
[} Towe, Tanaka and Minami (Ge-As-Te Chalcogenide)
Component % | D Toge, Tanaka and Minami (4s-Te-Se Chalcogenide)
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AZ0O3 10.0|=] [ Tanaka and Mirami (423 Chalcogenide)
B203 300 [ Appen (Silicate)
Na20 100 [ Gan Fuxi Fluoride)
Bal 100] > [ Hugains (Silicate)
Total o[ Young's Modulus
& [ Surface Tension
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o [ Viscasity (Standard Foing
o [ Transition Temperature
o [ Viscosity

o [ Refractive Index

o [] Abbe's Nurmber

o[ Mean Dispersion
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4) Prediction of refractive index

File Help

Aol

Comperet— T
L0z -
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Component %
5i02 400
Al203 10.0
8203 30.0
Na20 10.0
Ba0 10.0
Total
Condition of Equation

Alz03

As203
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Predictive Value
comen

Predictive Value

==

1.508

INTERGLAD?: Predictive Equation

3 Predictive Equation
¢ [ Density
[ Toge, Tanaka and Minami (3i-4s-Te Chalcogenide)
[} Toge, Tanaka and Minami (Ge-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (4s-Te-Se Chalt ngenite)
[) Toge, Tanaka and Minami (Ge-Te-Se Chalcogenide)
[} Tanaka and Minami (4s-3 Chalcogenide)
[ Appen (Silicate)
[ Gan Fu Fluoride)
[ Huggins (Silicate)
o [ Young's Modulus
o= [ Surface Tension
% [ Linear Expansion Coefficient
[ Appen (Silicate)
[ winkelmann and Schott (Silicate)
[} Takahashi(0-1007C) (Silicate)
[0) Takahashi(0-400°C) (Silicate)
[ Tanaka and Minami (4s-5 Chalcogenide)
3 Thermal Conductivity
[ Ammer (silicate and Borate)
[ Ratclifie (Silicate)
[ Russ (gilicate)
o [] Specific Heat
o= 9 Viscosity (Standard Point
& [ Transition Temperature
Tosity
T3 Refractive Index
D
[ Gan Fui Fluoride)
[ Huggins (Silicate)

30

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

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

In this example, equations  of
‘Ratcliffe(Silicate)’ and ‘Russ(Silicate)’ can
also be used, and 8.349 x 10t 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.

Select ‘Appen(Silicate) after developing

‘Refractive Index’ in the [Predictive

Equation] menu.
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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2.2 Comparison of calculated values by an additivity equation with fact data — Refractive

index of fluoro-glasses

Compare refractive index values of fluoro-glasses calculated by Gan Fuxi equation with the

fact data of the glasses.

<Refer to B and D.1 of Chapter 3, 2 and 4.1 of Chapter 4, and 1 of Chapter 6>

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

— Search

File View Tools Help
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2) Search result ([Data List of Propertyl window)
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[Select Additivity Equation] dialog box

o Select ‘Fluoride’ for the Glass System,

‘Refract Index 589.3nmD’ for the Property,
and set ‘NOT Patent’ for the Data Source.

e In this example, ‘689.3nm D-line’ is selected

as the Refractive Index, because Gan Fuxi
equation is that to calculate refractive index

of D-line.

e 649 glasses are listed with the data of the

refractive index.

e By clicking the [Additivity Equation] button,

the [Select Additivity Equation] dialog box
opens. Select Index/ Gan

Fuxi(Fluoride) and click the [Calculatel]

‘Refractive

button. In this example ‘0.5’ mass% is set as

‘Total of trace compositions (impurities) <.’

Therrmal Conductivity
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INTERGLAD 7: Glass Property

e vet | | womaton | | componen e The values calculated by the additivity

Total Numpber | 649 | Componentunit ot |+ [ pelete H 40 Property
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3) XY Plot to compare predictive values with measured values ([XY Plot] window)

'si"@@ NTERGLAD 7 %7 Prot e Open the [XY Plot] window from the [XY

Plot] icon, and select ‘Refract Index 589.3nm
o D’ for the X axis and ‘Refractive Index

o
18 o

ot (Fluoride)’ for the Y axis. Relation between

""i“ 333 the measured values and the calculated

Refractive Index {Fluoride)

e
¥
- . -~ values are shown.
i -
) e To delete 2 separated plot-points, click the 2
e " Rﬂramln&:xﬁﬂﬂ.anmn " .

plot-points after clicking the [Delete] button.

Vs Mode Fitting
d:maﬂ ‘Reﬂ'acllvemuex(ﬂu‘ Detail H
Delete
[Linear <] [Linear [+] || peteteasource Undo
zoom [ Reset | | cose |

e After clicking the [Close] button, reopen the
— = [XY Plot] window. Select ‘y=alx+a0’ in the

File Tools Help

[EIEIED INTERGLAD 7: XY Plot

[Fitting] column, and a fitting curve appears.

68

The user can obtain a good fitting equation

x
186 v=1.268

- of the measured and calculated values in
- this example.
§ .
H
& P

a1: 2813601
a0 : 1.681E02

158
R2: o ze0Eat
1a
s 135 a 15 s 15 6 165
Refract Index 589.3nm D
K axis Y axis Mode Fittiy
fietindex 588 anm D] |Five index (Fluorice)| Detail y=atx+ad D
Delete
|Linear |~ |[Linear [+] || petete asource Undo
Zoom [ Reset | | cmse |
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3. Property Prediction & Material Designing (Composition Optimization)

by Multiple Regression Analysis

3.1 Obtaining an additivity 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

=ms #ee

INTERGLAD 7: Regression Analysis

C

INTERGLAD Data
( ®sever O Local )
Main Component Component Component Component | %min | %max [l user Data
| ] |anD - OR OR OR ]
O |anp ~ OR OR OR L
L1 |aND - OR OR OR
] [anp ~ OR OR oR
L1 |AND - OR OR OR
] |AND - oR OR oR
[ |anp ~ OR OR OR
L1 |aND - OR OR OR
] [anD ~ OR OR OR =i
I:D % =< Total of Main Components Glass System Zinc-Silicate
Property
[_| Extension Search
pecified Specifled unit Value Min | Value Max
ensityat RT__> OR | OR | |common ~ glem3
anD_ |~ oR OR Common |~
aND |~ OR OR Common |~

|1 Il I D]

#iv Fatent >

Search

Haxoata

Reset

e 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

Eee

INTERGLAD 7: Regression Analysis

asamamver | 579 1 componentura oot [ =] | wtomaton | | 1,71
Number of Sources | 110 Property Unit (Common |~ { cnmpnnemi Anatyze

Selectiion of 1-Component Terms:

If necessary, change the following condition :
Win. num. of glasses = |1 % of total retrived glasses
in. num. of glasses = |2 glasses to one

e o 3D comet |

Select All Component ‘ | Clear All Component ‘
Component | Number of Glasses | Max. Content %
Si02 325 £5.000) =
B203 123 50.000;
4203 153 22500
g O 1 30.000)
Cca0 Ell 30.000 T
Ba0 44 30.000)
Li20 23 35000,
Naz0 120] 40.000) L
K20 97, 35,000,
Mno E 45.000
[] [re0 1 0.540)
cuo E 2140
0 312 70.000)
510 18 30.000;
[ |cdo 1 40.000)
oo = 0000 Component Terms: 2
2.Component Terms: 0
[ |sno 0 0.000; 3.Component Terms: 0
[] |cr203 0 0.000) =

o] e | owono | ommsowe [l Pt | cxmvam | svumr | omwar |
a 1 GB02-000500  |Handbook of Glass... (1986 [v.001, p.00BS 2.74 =
=] 2 GB02-000501 Handbook of Glass... (1986 v.001, p.0065 2.867) B
[m} 3 GB02-000502 |Handbook of Glass... (1986 [v001, p.00BS 2.99]

a 4 GB02-000502  |Handbook of Glass... (1986 [v.001, p.00BS 31185
[m] 5 GB02-000504 |Handbook of Glass...|1986 [v001, p.0065 2.405) Wl
[m} B GB02-000505  |Handbook of Glass... (1986 [v001, p.00BS 2.51
=] 7 GB02-000506 |Handbook of Glass... (1986 [v001, p.00BS 2.636)
] 8 GB02-000507  |Handbook of Glass...[1986 [v001, p.0065 2.885|
[m} 9 GB02-000508  |Handbook of Glass... [1986 [v.001, p.00BS 2.439)
=] 10 |GB02-000509 |Handbookof Glass... 1986 [v001, p.00B5 2.55) =
[Z Select Gomponent Terms =

= ok Thrancer |

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.

¢ 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.

lz‘ Selection of Explanatory Variables in Multiple Regression Analysis:
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File Tools Help

e [mEmE

Bele

INTERGLAD 7: Regression Analysis

Detail n
Total Number 579 | componentunit fmots |~ | [ information | [+, %1 |
Number of Sources| 110 Property Unit |C | component |(_anaze )
Delete| No Glass No. DataSource | Year Daﬁm‘ﬁg Si02 | B203 | AI203| MgO | €a0 | Ba0 | Li20 =
[J | 1 |oB02000500 [nobock o7Glass.. 1986 v.001, p.00sS 65.00) 15.00
[0 | 2 |oBo2000501 [nobook o7Glass.. 1088 v001, p.00Bs 60.00 15.00
[J | 3 |oB02000502 [nobook o7Glass.. 1986 v.001, p.006s 55.00 15.00
[0 | ¢ |oB02000503 [nobook o7Glass.. 1088 001, p.00Bs 50.00 15.00
[J | 5 |oB02000504 [nobook o7Glass... 1986 v001, p.00ss 75.00 20.00
[J | & |oB02000505 |nbook ofGlass...|1086 001, p.00GS 70.00 20.00
(] | 7 |oB0z000506 [nobok o7Gless... 1986 v.o01, p.ooss 65.00 20.00
[J | & [oB02000507 |ndbookofGlass...|1086 v.001, p.00GS 55.00 20.00
[J | & |oBoz000508 [nobok o7Glsss.. 1988 vo01, p.o0ss 70.00 2500
[J | 10 [oBO2000508 |ndbook of Glass...|1086 |v.001, p.00GS 65.00 200 | |7

e By clicking the [Analyze] button, the
[Execution of Regression Analysis|] window

opens.

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

File Tools Help

Fee
Property

0510 Density atRT ( Common )
Analysis Condition

INTERGLAD 7: Regression Analysis

Result

Select Components

Analysis Method : () ¥=22 +K

34

| seloct ancomponent | clear Al Component | [ any |
@Yy-Taxray Tx >% entterms less than[s | data
variabley: ®y O 1 O gy |« [component terms undor 1=
Campansnt — Companent
Select Companent Coeficient st Error tvalue v Propery e
Conelation ailER D’;:tm”
-0.38737 315 Figure il
019047 123 Figure
0.20620 153 Figure
-0.03803| 1" Figure
0.05536 91 Figure
0.28831 48| Figure
-0.18686 23 Figure T
-0.38027| 120 Figure
-0.23308, 97| Figure
0.10783 5 Figure
-0.08197) 5 Figure
041101 322 Fgue | |
0.08525 18] Figure
0.25174 17) Figure
015693 10 Figure
0.08022 45 Figure
0.31102 13, Figure =

All components of some glasses have the same values.
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
GG INTERGLAD 7: Regression Analysis
e —
0510 Dorsity AT (Common) | beeu((]_vertyresn | )
Analysis Condition I BT
Analysis Method : O Y=Xak | setect i component | ciear an Component | [ awoy |
@yraxrax, rx >% Exclude component terms less than |3 data
e ®y O 1 O gy |~ [component terms under -
Component — Cvimp?f"in"y‘
Select Gompanent Gopffcient St Eror tva v Property i
Conslation
Cortelation ofData Flot
2.28304E00 0019 121609 -0.38737 307 Fgwre |-
2.08361E00 0.05 sire0)\ 018047 107)  Figure
2.49130600 0108 23404 \ 00420 143 Figure
J4B167E00 0441 24607\ -0.09903 " Figure
3.50233E00 .09 a0\ 0.05535 92| Fgure
6.68162E00 0.081 82132 0.28831 19| Figure
2.34708E00 0072 32684 -0.18636 33 Fgure =
2.86601E00 0,063 41367 -0.39027] 119 Figure
248826600 0.064 38.908 -0.23398 97| Fgure
4.73846E00 0.098 19.162 010783 5| Fgure
\ 4.02683E00 1505 2678 [ 00917 5 Figure
\ 4.79427E00 0,030 158267 | natiot 304 Fguwe | |
\ | szest1E00 0428 1615 | n0os2s 18] Figure
8.227 20600 0158 saan| / oz 17| Fgure
1.63275€02 95312 1.704) -0.15693 10| Figure
N 260116€00 6699 0.3 0.08022 45 Figure
g5 49E00 0438 pdan 03110z 23| Fogwe |7

e Execute the multiple regression analysis at
default setting by clicking the [Execute]
button.

e A [Question] dialog box appears. Check the
dialog, and click the [OK] button.

e The regression coefficients, the standard
errors and t values appear in the table after
the calculation.

e By clicking the [Verify Result] button, open
the [Verification of Regression Analysis]

window.
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4) Verification of regression analysis ([Verification of regression analysis] window)

File Help

e

INTERGLAD?: Regression Analysis

Property : Density at RT ( Common ) Predictive Value
R 0813
yFaxrax,
xi al Sto.Eror | tvalue
si03 2289 1ar7E-07 1316E+02]4] s
8203 2064 6400E-02  2175E+01
1203 2491 1064801 2340E+01
g0 3482 1410E-01 2469E+01
a0
cao 3507 O074E-02  28B0Es01
a0 6682 8135E-02 B313E-01
Lizo 2347 TAGIEDZ 3309E-01
25
a0 2866 6928E-07  4137E+01
k20 2488 6390502 2800E+01
ino 4736 0634E-02  4816E-01
cuo 4027 1505 2675|_| 0
Mode
Detail
Delete
23 a0 25 an 45 50
Delete a Source Measured Value

5) t value check —» Recalculation

File Tools Help

@ele INTERGLAD 7: Regression Analysis
Provery
e 0510 Densityat RT (Common )

Analysis Condition Select Components

Analysis Method : ) ¥-Eax+k ‘ Select All Component | Clear All Component ‘ | Apply |

@y Faxrax, Tx>oo vy Exclude component terms less than 3 data
Exclude cnmpunemterms under [tj=

variable y: ®y O w Olooy
Gomponent - Cvi??fﬁfn"y‘
Select W\Tmem St Emrar ﬂ ws Property [
Correlation iDELE) Plot
nazg 2.8RR46E0D 0.069 4145k -0.39027) 19| Figure |
K2p 2501 NEDD 0.05 39.08 -0.23398 97| Figure
Hho 47450800 0.09 48.820 040783 5 Figure
uo 4.08609E70 1508 2709 -0.09197) 5| Figure
Zno 48088 2E0p 0030 160,583 | 041101 304/ Figure
I 510 5.25717EQI 0137 41.553] 0.09525) 18] Figure |
8.21832E0 01}a 51.762 0.25174 17| Figure
o] -0.15693 10 Figure
[m] 0.08022| 45| Figure
B8.3067 DEOD| 0158 60.087| 0.31102| 23] Figure
[m] -0.04732 20) Figure _
1.08485E0] 0240 15.273 021123 3| Figure
4.00807Eq 014 20471 0.05634 19 Figure
757807500 137k 5.858 0.08257 4 Figure
14796300 noad 17.86 -0.08961 6| Figure
982471 E00 +058 237 -0.08364 8| Figure
TN 958 32E00 2011\ g4 Figue ||

4

File Help

G

INTERGLAD7: Regression Analysis

Property : Density at RT { Common Predictive Value
R 0.9808])
y-Faxrax °e
TN St Enor | tvalue
102 3373 1843800 1.234Ew074) s
203 N5t es00e02] 3 1ssE-01 Y,
A1203 2943 1.070E01| 23396401
MO 348y 1419601 2.457Ev01|= o /
cao 3512 0020602 3.847E4D1 N
Ba0 6644) 7440802 8.030E+01 »
Lizo 2366) 7.196E-02] 3.28TE+01 .,
as
nazo 385§ 6013601 41496401 «
K20 2500 BADIEDZ  3.900E-01 -
Mno aghs] ormenr| ssazee0n v
a0
cuo Aoss 1.508 2v0a|_| ‘rg‘; v
o i
Detail 25 E
Delete
25 20 as a0 as 50
Delete a Source Measured Value

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 R? is recommended.

e 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, As:0s and
Sb20s are <2. First, delete v' in the
checkboxes of As20 and Sb2Os with |t | <1,
and recalculate. Second, delete v' in the
checkbox of Fe:0s |t|<2, and

recalculate. By these

with
procedures the
component terms with |t | <2 are removed

from the multiple regression equation.

o Verification of the multiple regression

analysis is performed again. R? decreases a

little, but it is still high (0.98).
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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 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), (B20Os) ,---

e The analysis results can be saved in the user’s PC from the [Savel] icon in the [Data List for

: mole ratio of each component (20 components except others)

Regression Analysis] window. The save is available in the cases of Standard edition and CD Full

Function edition, but not Internet edition.

3.2 Property prediction — Density of zinc-silicate glasses
Predict density at RT of a glass with SiO2 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 3.1 is used because of the same zinc-silicate glass
system.

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

File Tools Help

(EpEe

i (=)l [ele

INTERGLAD 7: Regression Analysis

Number of Sources | 110

Delete | No. Glass No. Data Source

Total Nurmber 379 | component unit ok

Property Unit [Common |~

Detail n

‘vH Information H S ‘

[ compomars_] [_anobra

Vear|  DataSource gioz | B202

Number A1203| MgO | CaO | BaO | Li20

6B02-000500  |Handbaak of Glass.

1986 |¢001,p.0085 65.00, 15.01

Tl ]
L

GB02-000501  |Handbook of Glass.

1986 [«.001, p.00B5 60.00, 15.01

6B02-000602  |Handhaak of Glass.

1986 |¢001,p.0085 55.00, 15.01

6B02-000503  |Handbaak of Glass.

1986 |+ 001, p.00B5 50.00, 15.01

Handbook of Glass.

1986 w001, p.00B5 75.00) 2001

6B02-000505  |Handhaok of Glass.

1986 |v001,p.0085 70,00, 20.01

©B02-000506  |Handhack of Glass.

1986 |v.001,p.0085 65.00) 000 ||

1
2
3
4
5 |6B02-000504
6
B
2

GB02-000507  |Handbaak of Glass.

1998 |v.001,p 0085 55.00, 2001

9 |6B02-000508  [Handbook of Glass,

1986 |v001,p.0085 70.00, 25.00

10 |6BO2-000509  |Handhook of Glass,

1986 [«.001, p.00B5 65.00) 25.01

11 |GBO2-000510  |Handbook of Glass,

1986 |¢001,p.0085 50.00, 3131

12 |6BO2-000511 |Handhook of Glass,

0|D|0|0|0|0|0|0|D|O|D|a

1986 |+ 001, p.0085 65.00, 300 |3

IE‘ Select glass for composition modeling;

otherwise,

starting composition value will remain blank.

o D

2) Calculation of a property value

36

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 3.1 saved in the

folder of the user’s PC.

e Here do not select any glass row. By clicking
the [PROP] icon, a [Question] dialog box
appears. Click the [OK] button, and the

[Property Prediction] window opens.

5 I e Enter the specified component values of the
File Help
[EIEIE] INTERGLAD?: Property Prediction composition to predict a property value in
Regression Equation
Companent  Density at RT = Initial CH;NEW 0\I%' the [NeW] Cel].s Of the [Content] Column. By
5i02 2.273E00
o s [ clicking the [Calculate] button, the
My 2.487E00
Cal 3.512E00 . . .
a0 B aaiEn calculated value appears in the [Predictive
Li20 2.366E00]
MNaz0 2.862E00 0.000]
e s = | Value] cell of the [Property] column.
} O L\ W \—Mm e The predicted density: 2.798 g/cm3.
Property

Specified Unit m
® [Density atRT icms| 2798
*
Close
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3.3 Composition optimization — 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 SiO2, B203, Na20, and ZnO.

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

The multiple regression equation obtained in 3.1 is used because of the same zinc-silicate glass

system.

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

RGLAD 7 : D R Ana
File Toalg Help
BHE)CEE] 4 INTERGLAD 7: Regression Analysis
Detail B
Total Number 379 | ComponentUnit [mot || [ information | [ +,-0) |
Number of Sources | 110 Property Unit [Common | v | component | | anaze |
Densityat RT Densityat RT Density atRT
Delete| Mo | GlassMo. 03| La203| Ti02 | 202 | P205 | Wo2 ) e )
[ | 172 |odoz-071ees g 2612 -aroe]=]=
O | 288 |oBO7-174738 26 2602 2410E-
O | 244 |oioz-191766R 26 2544 5578E-
o 45 __|0B0Z000930) EL 676 -6.579E-
[] | 165 |oJ02-062095 2861 2622 -1.453E =]
R moEreT
O | 158 |ocor-nsases 267 H
O | 222 |oBor-0sssid 262 2605 “6534E-
O | a0 [oi0r-1s72aR 263 2708 8015
[ | 381 |olozi3g6sr = 235 027 252 2675 5515
[ | 28 |oB0z000768 2624 2608 1597E-
[ | 253 |olozisieerR g 284 026 253 2659 28808 |3

2) Composition optimization

File Help
el INTERGLAD7: Composition Optimization
Regression Equation
Coefficient 0% )
Companent,” Density at RT Initial New =
si02 2773600\ 7400 o6 2971
Na2o [ 28seE0n] | 16 g 14334
mo \ 4806E00] /' 10joo 10414)|_
8203 2051E00 odq £.050)
AI203 L505ET0 0000~—__000er”
1g0 3.487E00 0.000 0.000
ca 3512600 0.000 0.000
[ 6644500 0.000 0.000
L0 2366E00 0.000 0.000
20 2502600 0.000 0.000 Calculate
o T amancen annn @ nnnll = = —
< TCiear New Contert_T>
Total 100000 100000 %
Property
Specified Uit |7 Tt prédoe vaie
@ |Density 2t RT gfern3) AN 25602
L4
~ N— o
. . Clee=e D
b
Target K )
1o -
e © © ©o ® @ ©o ©o o 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 3.1 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 order, and select a glass,
No.165 (GJ02-062095) with 2.61 g/cm3 of
density as a model.

By clicking the [COMP] icon, the

[Composition Optimization] window opens.

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

of the [Property]l 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.
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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, B203s, Na20O and ZnO referring the initial (model)
values. In this example enter the close integral numbers of the initial values for SiO2, B203 and
ZnO, and 10 for B20s. Here sort the [New] column in descending order for checking.

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.

¢ In final the Density at RT becomes 2.602 g/cm?3 in case of the following composition.

The composition: SiOz 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
e e By using the [Glass-Forming Region] button,
SH e e INTERGLAD 7: Ternary Plot the [New] and [Initial] composition can be

Si02
{100%)

# |nitial
O Mew

Na20
{100%)

Zn0
(100%)

38

shown in the [Ternary Plot] window. In this
[Initiall and [Newl]
plotted  with  the

example the
compositions  are
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 1is 100%. So note that the
difference  increases as the  other

components besides the 3 components

increase.
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3.4 Property prediction by a linear equation — Young’ s modulus of alkaline-earth silicate

glasses

Predict Young’s modulus at RT of alkaline-earth silicate glasses with the composition of SiO2
45%, Al203 12%, MgO 13%, CaO 20%, Y203 7% and TiO2 3% (mol%).
<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

[ZINTERGLAD 7. Search for Regression Analysis

File Tools Help

=es Bee

INTERGLAD 7: Regression Analysis

[C DB Site
INTERGLAD Data
( ®server Cilocal )
Main | _——eTTRonent Gompanent Gomponent Gomponent | ormin | BMEe—L.__[ ] User Data
[ |anp C [+ |sioz OR oR oR 20,00 8000/2]
aND |~ Loz oR oR — |
[~ oR oR oR
aND |~ oR oR oR
D[~ oR oR oR
aND | OR oR oR
aND |~ oR oR oR
B TTES oR oR oR
O [+ oR oR oR =
I:D % =< Total of Main Components Glass System
werty
(] Extension Search
__Sneciieq Snecified Unit Value Min | Value Max
[voung's Modulus atRT or (Common - GPa
awp [~ OR O ‘Commen ~
a |~ OR OF Common ~

lax Data 5000 |

G Search | ) Reset |

e  Specify  20<SiO2<80mol%  for the

Composition. Select ‘Young” Modulus at RT’
for the Property, and ‘NOT Patent’ for the
Data Source. Various search conditions for
the composition are available in this

example. Here a simple composition

condition by which many data can be

collected is selected.

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

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

AD 7 : Data B
File Tools Help
2@ @  INTERGLAD 7: Regression Analysis
Detail
TotolNumber | 2486 |_Zomponentunit mofs || [ iformation | [+ |
‘Numher\ﬂSnur:es H 228 ‘ Property Unit ‘C\lmmnn ‘v‘ ( cnmnnnem\j ‘ Analyze
Data Source Youngs ORI 2L Youny's Modulus at.| Young's w

Delele| No. | Glass o Data s | e Do 5102 o i | el

O | 1 |oJ0-003208 L Ceram. Soc. Japan 1388 095, p.1012 67.00 83126401 [«

T | 2 |oJ02003208 |4 Geram. Soc.Japan| 1368 1096, p.1012 3000 To57Er02 =

O | 3 |o003003210 |J Ceram. Soc. Japan 1888 1095, p1012 3000 10320

O | 4 |o00-003211 |1 Ceram. Soc. Japan 1388 095, p.1012 71.00 e

[ | 5 |0B02004773 |Handbook of Glass.. 1366 001, p.0310 55.00 8.044E+01

O] | © |oB02004774 |Handbookof Glass..|1986 [1001, p.0310 52.00 7 880801

O | 7 |oB02004775 |Handbookof Glass..|1366 1001, p.0310 70.00 782901

O | © |0B02004776 |Handoook of Glass.. 1386 1001, pO310 72400 7.783E-00

O | o |oB02004777 |Handbookof Glass..1386 1001, p.0310 75.00 7708801

] | 10 |oB02004778 |Handbook of Glass... 1386 001, p.0310 50.00 7.545Er00

O] | 11 |6B02004773 |Handbookof Glass... 1886 (001, p03i1 85.00 o.126E w01

[ | 12 [0B02004780 |Handbook of Glass... 1386 (001, po3it 70.00 7es1Ew0

T | 13 |0B02004781 |Handbook of Glass... 1386 (w001, po3i1 80.00 7659501

] | 14 |oB02004784 |Handbookof Glass..|1986 [¢001, p.0312 50.00 =773

] | 15 |0B02004785 |Handbook of Glass..1386 1001, p.0312 55.00 s s18Ew0

] | 16 |0B02004786 |Handbook of Glass.. 1386 001, p.0312 70.00 593301

O] | 17 |oB02004787 |Handbookof Glass..1986 1001, p.0312 75.00 SorrEem

] | 18 |oB02004788 |Handbook of Glass..1366 001, p.0312 50.00 610801

O] | 18 [0B02004781 |Handoook of Glass.. 1866 1001, p0313 7500 4845ED0

] | 20 [oB02004783 |Handbookof Glass..1386 1001, p.0313 50,00 £o04Ew =

B [AT 1 D

Sgloeti
1-Component Terms: 24
2-Component Terms: 0
3-Component Terms: 0

atagy Variables in Multiple Regression Analysis:

e 2486 glasses are listed.

e Specify only 1-component terms for

explanatory variables at default setting.

1-componet terms: 24.

[Z Select Component Terms

Selectiion of 1-Ci Terms:
If necessary, change the following condition :
Min. num. of glasses = |1 % of total retrived glasses
Min. num. of glasses = 2 glasses to one
Select All Component ‘ ‘ Clear All Component |
Component | Mumber of Glasses | Max Content %
5102 2426 20.000 =]
B203 577 80.000
41203 1110 55000 =
Mgo 469 46.150
¥ |cao 538 53.300) m
Ba0 184 45000,
Lizo 445 57.280)
Haz0 1395 50,000,
K20 494 35.480
[ |ouzo 4 12,500,
[ |csz0 7 25.000
O [nzo 8 53.350)
Be0 73 39.700
O |mno 1 3.050
[ |Fen 3 1.800
O |ewo 2 3.550
Zno 19 33.330,
S0 171 45.000 =
‘ BACK ‘ ‘ Next G oK D Cancel ‘
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3) Execution of regression analysis ([Execution of Regression Analysis] window —

40

of Regression Analysis| window)

File Tools Help

CIENEN=CIE

Property
0540 Voung's Hoduius £ RT (Common) (e ]
Analysis Condition

Select Components

INTERGLAD 7: Regression Analysis

Analysis Method : O ¥=Ea%+k | seloct Al Component | Clear al Component | | away |
@y-Eaxrax Ex >% Exclude component terms less than|3 data
variable y: ®y O w Olooy Exclude cnmpunemmms under ftf=
Gomponent - Cvirx;;;:y‘
Selert Companent Coeffieient m\% vs Praperty ey
Correlation iDELE) Plot
si02 eAfan1ED 0.950 67.4%] -0.20330 1681 Figure
B203 . 50870E01 1992 27651 -0.34749 368  Figure
1203 1.25092E02 3378 x|\ 067243 a25|  Figure
Mgo 1.61881E02 3222 s0as|  \ 062297 433 Figure
ca0 VARREETI 3076 37.573 \o.z0899 488, Figure
Ba0 / 8.43462E01 5125 16.454 Y.0anas 145 Figure
Lizo 1.18817E02 3668 3157 11766 302 Fgure
Na20 6.47158E01 2110 20810 28034 at6]  Figure
K20 281088E01 4780 5880 -da0127] 392)  Figure
Be0 1.98321E02 5293 37.090 34720 61 Figure
200 \ 1.00472E02 4463 10617 Juoasan 8 Figure
510 \ | arnsen 4674 20.778 Joozsan 136 Figure
cdo 7.82071E01 12118 6455 /-n0aetz 16| Figure
PO 3.00328E01 3041 1203 / -0zarag 102 Figure
Fe203 s 535 /000024 37| Figure
5203 -hz6apEn: 649,450 031 003307 59| Figure
202 e TOTTT ey 0.33347 63| Figure
AD
/INTﬁADh Regression Analysis
Property : Young's Modulus at RT { Common ) Preictive Value
y-Taxsax,
% ai Std.Eror | tvalue
5102 640BE+01|  8.490E-01| ET4TE-01|4]
203 5509601 1992 2768E-01
w1203 12516402 3378 2703E+01|
g0 1.619E+02 3222 SO0ME+01|
ca0 11566402 3078 arsrE0l
a0 8.435E+01 5126 1.645E+01|
Li20 11888402 3668 2156E+01
Na20 64726401 341 2081E01 P
k20 2811E+01 478 5.8
20 1.983€ 0] 5203 3700E+01
izn0 1.005E+02 9.463 1.0626+01)_|
Mode
Detail
Delete 2 500ENN S000EF01 7H00ED! 10000 1250802
ettea sce g erotvate

File Tools Help

B

Property
0540 Young's Modulus at RT ( Common)

(e vamosa

Analysis Condition Select Components

INTERGLAD 7: Regression Analysis

Analysis Method : ) Y==ax+k ‘ Select All Component | Clear All Component ‘ | Appl

v |

@y-Zaxsax Ix >% Exclude component terms less than|3 data
Exclude [2.63- |~ [component terms under K-

variable y: ®y Oy O logy

Component o Cvzr;?;;:rx

Select Companent Coefficient st Eror talue v Propery Comaraon
Cortelation ofData Plot
si02 6.30111E01 0948 67.308 -0.20330) 1681 Figure
8203 5.49433E01 1994 27568 034749 369 Figure
1203 1.24461E02 3372 36.911 057243 95|  Figure
M0 1.62314E02 3222 50.371 052297 433 Figure
ca0 1.15733€02 3073 37590 0.20693 488  Figure
Ba0 8.41214E01 5132 16.393 004085 45| Figure
Lizo 1.16499E02 2654 31782 011786 302l Figure
Naz0 6.52037E01 3108 20878 -0.28934 as|  Figure
K20 2.80163E01 4786 5.854 -0.29127] 392)  Figure
B:0 1.96489E02 5299 37.083 0.34720 61 Figure
zn0 1.00206€02 a.474 10.588 -0.03591 70| Figure
50 9.71581E01 4678 20763 -0.02530) 13| Figure
cdo 7.84947ED1 12129 6.472 -0.04617 16| Figure
Pho 3.8760E01 3045 12,733 -0.23736 102|  Figure
| _Fe203 1.11324E02 21075 5.282 0.00024 37| Fgure
[ |asips -0.03302 59 Figure
—&—7203 2.34177€02 10213 32.029 033347 63| Figure

[Verification

e In the [Execution of Regression Analysis]
window, click the [Execute] button. Click the
[OK] button in each [Question] dialog box
which appears one after another. Finally the

regression coefficients, etc. are shown.

e Open the [Verification of Regression
analysis] window by clicking the [Verify
Result] button. The contribution rate R? is
0.8188. A lot of plot-points concentrate near
a line of y = x. If recalculation is performed
after deleting separate plot-points, R? will
increase, but the effect on the regression
equation would be small. In this example a
simple prediction is performed without such

a data delete.

o |t| of As20s is 0.312, which is < 2. Delete v/
in the checkbox of As20s, and click the

[Execute] button again.



W' Regression Analysis

File Help
Ao el
Property : Young's Modulus at RT { Common ) Predictive Value
i 0.318)
y-Taxrax
i ai St.Emor | tvalue n:2s0gf02
sioz 63016401 0.483E-01]  B740E+01|4]
8203 5.404E+01 1804 2786E+01
w03 12456002 3377 3691EM onoEv0z
Mo 16236403 3221 5037E+01|
cao 11676402 3078 3750E+01
Ba0 8412601 ERER RECE] |
Lizo 1.165E+02 3664 31TIEDI
a0 6.520E+01 3108 2008E+01
K20 2802601 4799 5854
ooEvat
B0 19656402 5299 3708E+01
zno 1.003E+03 9474 1059Esm|_|
Mode 2500801
Detail
Delete
Delete a Source

INTERGLAD Ver. 7

e In this case R2is 0.8183 (> 0.8).
o | t| value of each component term becomes >
2. The multiple regression equation is

completed.

4) Property prediction ([Property Prediction] window)

File

Help

][]

INTERGLAD7?: Property Prediction

Regression Equation

Coefficient Content ( mol )
ComponenVoung's Modulus at Initial ews
5i02 6.391E01 45000
8303 5.494E01 [ 0.000
AI203 1.245E02 [ 12.000||= e
Mgo 1.623E02 \ 13000
ca0 1.167E02 20000
Ba0 8.412E01 00041
Liz0 1.165E02) 0.000]
Na20 6,520E01 0000
K20 2802E01 0.000
Beo 1 9B5E02 0.000 3l
7on T nnzEns A nan P —

Total 0.000 100.000 %
Property
Specified Unit | —PTEditive ValTe—.
# [voung's Modulus st RT afa 1 DE?EDZ>

e Return to the [Data List for Regression
Analysis] window, and without selecting any
glass, click the [PROP] icon. In the opened
[Question] dialog box, click the [OK] button,
and the [Property Prediction] window opens.

e Enter the specified component values (SiOs
45%, Al203 12%, MgO 13%, CaO 20%, Y203
7%, TiOz 3%) in the [New] cells, and click
the [Calculate] button.

e 108.7 GPa for Young’s modulus appears in
the [Predictive Value] cell of the [Property]

column.
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3.5 Property prediction by a cubic equation — Refraction index of boro-silicate glasses
Predict refraction index of glasses of SiO2-B203-R20-RO system with the following composition.
SiO2 65%, B20s 10%, MgO 5%, CaO 4%, Na20 7%, K20 5%, Al2Os 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

AD
File Tools Help

s Pele INTERGLAD 7: Regression Analysis e Specify the following condition of
S

. composition.

Cs
P —Component Component Component o omin | %max ‘Du:ernm - Sloz + BZOS + (NaZO or KQO Z O)
Z D « [Si02 OR OR OR el
o T R e o o + (MgO or CaO > 0) > 95 mass%.
[v] |AND ¥ MgQ OR |CaQ QR OR o
AND A OR OR OR ¢ . . ,
o T c = o e Select ‘Refraction Index (Typical)’ for the
AND - OR OR OR
e = = = > Property, and ‘NOT Patent’ for the Data
LT —

Property Source
[JExtension Search N
= Specified B Specified Unit Walue Min | Value Max
[refraciive Index (Typical) | OR oR Common |~
AND —  —o= oR Common |~
|~ oR OR Common |~
L i ] D]

Daty
Pt | s Dt

( Search et

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

AD 7 : Data or Regression Ana (=]
File Tools Help
« =@REa &4k = INTERGLAD 7: Regression Analysis 3
ECIEE] =0 g ly e 740 glasses are llsted‘
[Yota mumner | 740 | omponent it fmass [ [ mrormation | |_arerini | First 1 1vsi b li
— ° 1rst, regression analysis y a linear
NUMEETTSOUCES [ 118 | PropertyUnit [commen [~ Gomponent Analyze
Data Gource . . . .
Delete| o Glass No DataSource | Year st e e A R - equatlon is Carrled Out for COmparlsOIl.
[ | 1 |osos008626 [Glastech. Ber 1987 1¢060, p.0234 7303 1692 10.04) [
[0 | 2z |oios00es27  [Glastech. Ber 1987 D60, p.0234 7265 163 899 152 = .
[0 | 3 |osos008638  [Glastech. Ber 1987 14060, p.0234 .91 1668 691 a5t ° In case Of Selectlon Of Only l-component
[ | 4 |oJos00629  [Glastech. Ber 1997 1v.060,p.0234 54| 1658 50| 59
=] 5  |GJO05-008630  |Glastech. Ber. 1987 (060, p.0234 71.47) 16.49 oo 7aq (102 .
[0 | 6 |oso5008631 [Glastech. Ber 1987 w0, p.023¢ 081 1641 389 s terms at default Settlng 1 8 Component
[ | 7 |ois00e632  [Glastech. Ber 1987 D80, p.0234 048] 1633 201 1031 ’
[ | & |oJ6008633 [Glastech. Ber 1987 [¢060, p 0234 69.75) 1615 0.9 1312
[0 | 9 |osos008634 [olastech. Ber 1987 1v060, p.0234 63.41) 16.08 1451 terms are Selected
[ | 10 |oB05010781  [Handbook of Glass... 1986 001, p.05ag 450 1631 °
[0 | 11 |oB05.010782  |Hanobook of Glass...|1986 w001, p.05ag 8381 1619
[ | 12 |eBos-01ares |Handhook of Glass.. 1986 (w001, p.0548 rrae| 2248
[ | 13 |eBos-010784  |Handbook of Glass. 1986 w001, p.0548 6471| 3528 [E5elect Component Torms g‘
[ | 14 |6B05-0107685 |Handbook of Glass..|1986 w001, p.0548 6332 3668 rSelectiion of 1-Component Terms
[ | 15 |oB0g-010786  [Handbook of Glass.. 1986 (001, p.054E 498 8501 . .
If necessary, change the following condition :
[ | 16 |oB0S010787 |Hanbook of Glass.. 1986 001, p.0Sag 488 1531
[0 | 17 |oB05-010735  |Handbook of Glass...|1986 w001, p.054a 5715 4283 [#] Win. num. of glasses = 1 8 of total retrived glasses
[ | 18 |6B05010787 [Handbook of Glass...|1986 001, p.05aa 51.76) 4821
] Min. num. =
[0 | 19 |6B05.010788  |Handbook of Glass...|1986 w001, p.05aa 4477 5528 i e e ot ok 2 jglassesto one
E 20 |GB05-010798 |Handbook of Glass... 1986 [v.001,p 0548 4001 5998 = Select All Component H Clear All Component ‘
[ L I DJ
. . . . Compaonent Mumber of Glasses | Max. Content %
3) Regression analysis by a linear equation sioz T EXTE
B203 740 43 080/
MyO 27 5500
Cal B4 16.000]
MNa20 532 39910
K20 271 42.940 T
AI203 109 5.000
E Selection of Explanatory \fariables in Multiple Regression Analysis: s s 000
Component Terms: 18 @
2.Component Terms: 0 Li20 18 4.960
3-Component Terms: [ |uno 1 0.004 [
O |Feo 2 0.085
[] |ceo 4 0370
O |Nio 1 0.370
zno 12 3.000
[ |Puo 2 0.420
Fe203 41 0860
As203 28 1.700
5h203 10 1.200 -
‘ BACK ‘ ‘ Hext Q OK | |) Cancel ‘
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mle @

2010 Refractive Index {Typical) { Common )
Analysis Condition
Analysis Method ; () ¥=28% *k

INTERGLAD 7: Regression Analysis
P —

(oo G

Select Components

| setect a1 component | crear i cormponent | [ ooy |
@yTaxrax Ix >% Exclude component terms less than| 3 data
variabley: ®y O w Oy Exclude |~ Jcomponent terms under -
Component — Component
45 Property
Gelect Gomponent Goeficient . Error tyalue s Propery
Correlation
Correlation of Data ot
5i02 1.47356E00 0.002 910995 -0.19661 s48|  Fgwre |-
BI03 1.46609E00 0.003] 512.800| -0.26647, 548 Figure
MgO 1.44104E00 0.113] 12779 014233 26, Figure
a0 1.82452E00 0.027 67.969 027275 a1 Figure
Ma20 1.67562E00 0.006 290579 057557 35| Figure
K20 1.6226EE00 0.005] 307179 017377 204 Figure
|AI203 1.36068E00 0.065] 20820 -0.18826, 96, Figure
Ba0 2.00095E00 0438 14.450 0.02816 15| Figure |
Li20 211308E00 0136 15559 001464 14| Figure
|Zn0 1.48695E00 0.242] 6143 0.01392 11 Figure
Fe203 1.56358E00 0.867] 1803 013034 38 Figure
45203 1.27696E00 0.339 3770 -0.01974 25| Figure
5h203 9.58643E-01 0,551 1473 0.04018 10| Figure
o203 1.71867E00 0.066 26003 012850 14| Figure
S03 -7 BB0BBE-01 1.842] -0.406| 008738 10, Figure -
H20 -2.73134E01 18.213 -1.500| -0.32268| 13] Figure
R203 450009E00 1.609 2796 0.02324 17| Figure <
File Help
Bee INTERGLADT: Regression Analysis
Property : Refractive Index (Typical) { Common ) Predictive Value
0.7469
y-EZax+ax 1575
1l ai St Eror | tvalue
8i02 1.474] 1H18E-03)  9.108E+02| =~/
B203 1488 2858E-03 51296402 .
MyQ 140 1.128E-01]  1.278E+M . "
.
Ca0 1.825] 26B4E-02)  B.799E+01|—| - V',’ -
Na20 1.676| 5.767E-03  2.806E+02) v “
1525 oy e,
K20 1623 5.282E-03  3.072E+02) L -
- % 2
|Wz03 1361 B6536E-02)  2082E+01} .i
Ba0 2001 1386E-01)  1445E+01 . % d
Li20 2.113| 1.358E-01|  1.556E+01 15 ! .
1Zno 1.487| 2421E-01 6.143) =
e
Fe203 1.564] BE72E-01 1.803) .
ra7s
Mode
Detail
3
3
Delete
(—— 175 5 1625 1.5 1875
Delete a Source Measured Value
File Help
EIEE INTERGLAD?7: Regression Analysis
Praperty : Refractive Index (Typical) { Common ) Predictive Value
0.7857| 188
yFaxrax,
% al St Eror | tvalue
Si02 1.474| 1.443E-03)  1.021E+03| =]
6203 1467| 2550503 5751E+02) 1525
oo 1475 1.006E-01) 1.466E-01
Ca0 1.834| 2.395E-02)  T.BSTE+01|=|
Na20 1.673| 5153E-03  2247E+02)
K20 162 4715E-03)  2.43BE+02)
lAI203 125 5931602 2108E+01| B
Ba0 2.035] 1.235E-01)  1.648E+01
Li20 1.98| 1.218E-01)  1.626E+01
1Zn0 1.502| 2A59E-01 5957
Fez03 1552 7735601 2007|_| 178
Mode
Detail
Delete
175 15 1525 125
Delete a Source Measured Value

INTERGLAD Ver. 7

e Execute the regression analysis in the
[Execution of Regression Analysis] window,
and open the [Verification of Regression
Analysis] window. The contribution rate R2
is relatively low, 0.7469, and the plot-points

have some difference from y=x.

e After removing 2 separated plot-points from
y=Xx, execute the regression analysis again.
The obtained R2 is still low, 0.7897. So this
linear regression equation is not sufficient

for good prediction.
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4) Regression analysis by a cubic equation

E Selection of

“Component
2-Component

Terms: 18
Terms: 15

xplanatory Variables in Muttiple Regression Analysis:

(o Jyemen

FioTools H
e e INTERGLAD 7: Regression Analysis
Propery
2010 Refractive Index (Typicaly { Cornmon )
‘Analysis Condition Select Components
Anatsis ehod; O Y-EaEEb s EE e kst ok
v e s ran, xofen <
warabey:  ®'y Oy O logy
/ Y — ]
Select Companent Coeflicient Std. Error tvalue vs Property DAY
Conaon
Carrelation of Data e
vl |sio2 1.45942E00, 0.002 I 772 Z[M\ -0.21997| 546 Figure =]
¥ [p203 1.45517E00 0003 512770 | -0:34200) 54|  Figure
¥ Moo 1.56346E00 007 218w | 015980 26| Figure
vl ca0 1.68703E00, 0.32: 5.244) \ 031492 81 Figure
¥ |Nazo 111817E00 002 12808 052650 83| Figure =
vl |k20 1.33035E00, 0.02f 53.938| 0.20000] 203 Figure
141203 £.10373E00, 2.43) 2503 -0.20908, 95/ Figure
BaO 1.89497E00| 0.07] 25.843] 0.03445) 15| Figure =
Li20 2.34043E00, 0.07) 33634 -0.03637, 13 Figure
vl |zno 1.62611E00, 0.12] 13.047| 0.00992| " Figure
vl [Fe203 2.4461BE00, 0.47 5.160) 0.14379) 38 Figure
W |as203 1.02791E00) 018 5708 | 002981 251 Figure.
¥l |s0203 1.72576E00 034 4978 | 0o4ssg 10| Figure
Nd203 1.82067€00 0033 4301 | o1s7ag 14| Figure
503 1.06650E00, 1 [|37\ 1.028| I 010674 10] Figure
H20 3.45007E01 1o790] \ 3208 028171 13 Figure
R203 3.68107E-01 o\ 045 0.02703 17| Figure =

File Help

ENEICI

Properfy+Felractive Index (TypICaT-Gommon )
g 09381
y-Tax s DBl s TET e KKK 4

X ai St Evor | tValue
502 1450 1890E-03 7722E+03]4]
B203 1455 2841603 51236402
Moo 1563 742607 2189E+01|
ca0 1E87) 3217ED1 5248 |
Nazo 118 2853802 43s1Eem
K20 133 246602 5394E+01
41203 6104 2438 2503
Bao 1805 7333502 2584E+01
L0 234 0959E-0Z  3.363E+01
o 1626 1.246E-01) 13056401
Fe203 2488 4740EDI 5.16(_|
Mode

Detail

Delete

et 0 source

INTERGLAD?: Regression Analysis

Predictive Value
185
1826
15

1ars] oy

ball
bty
1475 15 1525 165
Measured value

Scale [Linear | v

File Help
BIEIE] INTERGLADT: Regression Analysis
Property ; Refiactive Index (Typical) (Comayon ) Predictive Value
R 0,936 1o
Ny
y=Ea s+ Th Pow
*y,
] al S Eror | {value R

502 1450 1777603 8211E+02[4] év
B203 1455 2854503 5.098E+02 1025 . A_lk'p o,
g0 1503 go20E02  2603E+01|- i
ca0 1788 2714807 6613E §’ 0
Na20 1122 2534602 4427Ew01f— -,",‘l"'
K20 1335 2419600 6451Ewm . ix
203 1827 805602 2084E+01
Bao 193 7233602 2880601
Lizo 2338 6934602 3372E%01
zn0 1608 1236601 12006401
Fe203 2383 4510801 5215]_| ra7s
Hode

Detail

Delete

1475 15 1620 165
Delete aSource Measured Value
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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.

o Execute the regression analysis in the
[Execution of Regression Analysis] window,
and open the [Verification of Regression
Analysis] window. R2 is found to be 0.9381, a
good result.

e Check t wvalues [Execution of

in the
Regression Analysis] window. Component
terms with |t|<2 are 11 (I1-component
terms: 2, 8,

2-component terms:

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 | t | values become >2.0, and

R2=0.9364.
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5) Property prediction ([Property Prediction] window)

AD B
File Help
Aee INTERGLAD?: Property Prediction
Regression Equation

Coefficient Contefit (massi)
Component| Refractive Inde Ty, Initial new | N
5i02 1.459E00 65.000/[~
8203 1.455E00 | T0.000/|=
a0 1.795E00 \ 4000
M3 1.123E00 7.000
K20 1.336E00 N\ 5000
Cornponent| Refractive Index (Ty. Initial
SI07°B203 -2030E-02 0065 ﬂ
802080 0.026 =
Si02Naz0 7.01BE-01 0.045 :{ alcua)
iAo SrorE a1 ) TR Coront

Total 0.000 100.000 %
Property
Specified it Predictive Value
® |Reftactive Index (Typical) N 1,513
* ———
Close

e Return to the [Data List for Regression
Analysis] window, and open the [Property
Prediction] window from the [PROP] icon.

e Enter component values (SiO:2 65%, B20s
10%, MgO 5%, CaO 4%, Na20 7%, K20 5%
Al:O3 4%) in the [Newl] cells of the
[Regression Equation/ Content] column, and
click the [Calculate] button.

e 1.512 for the calculated refractive index
value appears in the [Predictive Value] cell

of the [Property] column.

3.6 Composition optimization by linear equations — Soda alumino-silicate glass with

specified properties

Optimize composition of soda alumino-silicate glass with 80x10-7/°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

File Tools Help
EEICNER INTERGLAD 7: Regression Analysis
oo oms |+
- Compositi DB Site
INTERGLAD Data
(®) mass% )C) mof () atth | Periodic Table || Clear Component
{ ®Server (’lLocal )
Main Component Component Component Cormponent gmax [] User Data
7 |aND [~ [Naz0 oR .00 25004
AND w |a1203 OR OR OR 1.00] 2500|_|
AND |~ [si02 oR oR oR 10,00 2000
o |~ oR oR oR
O |a 2 OR OR OR | —
[ [anD - ToRT oR]
1 |anp - OR OR OR
O (w0 [+ oR oR oR
[] |anD ~ OR OR OR v
Qoo_[~ | #-<Total of Main ¢
Property
[] Extension Search
Specified Specified Unit Value Min | Value Max
Reftactive Index (Typical) |0 o Common |~
[aND ~ [Espansion Coerf (Typica)  |or |~ OR Common - 107K
AND > OR OR |Common [~
1l il ] D]
|
| (nor [ patert ) ] Max Data
I Search ) Reset

e Specify a wide composition condition to
collect many related data. For example set
up composition conditions as follows.
10 < Si02<90%, 1 < Al203< 25%,

1 < Na20 < 25%, S102+Al203+Na20 > 90%
(mass%).

e Select ‘Expansion Coeff (Typical) and
‘Refractive Index (Typical) for the Property.
Specifying properties with “Typical’ is
effective to collect many data.

e Select ‘NOT Patent’ for the Data Source in

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

D]

[«

AD 7 : Data N — B
File Tools Help
EERE] @  INTERGLAD 7: Regression Analysis
Detail
[retaltumber [ 43> Component unit fnassts |~ ‘ Information ‘ [— ‘
‘ Number of Sources H 8 | propertyunt [common [ | Q component )T nalyze )
Data Source T ——TExpansion CTRMY-Epansion Ca

Delote| No. | GlassHo. DataSouce | Year o 802 | M203| Na20 s ]

O | 1 |ooozoisezs o non-GCustaline 5..[1877 [wozs, p.os17 788 115 1387 7 800E+01

O | 2 |o002032287 |1 ustal Ceramic ..[1384 [«020, 0053 g7 156 1222 8690E+01

O | = |oooz0sz270 |1 Austal Ceramic .. [1384 [«020, p.0053 7387 156 1482 8660E+01

O |+ |oooz0szz71 |o.Austal Ceramic .. [1884 [+020, p.0053 a8 156 1513 80508401

O | 5 |o002032272 |LAustal Ceramic . [1884 [¢020, 0053 7338 1.6 1543 9 140E41

O | & |ocososi1s0 [schotas F) 32 seon| 300 300 27508401

O | 7 |ocoza513¢8 [comingIne US) ooz 7200 100 17.00 83508411

O | & |ocozos132 [comngine Us) 1978|0317 s100 1700 1300 9600E+01

O | o |ooozossess [olasech Ber 1980 [v053,p.0140 0338 1203 2458 12108407

O] | 10 |o0os-055408 [olastech Ber 1980 w053, p.0120 6204 1569 228 1080640

O | 11 |ooos0s5407 [slastech Ber 1980 [v053,p.0180 o167 1338 1045 1 000E+02

O | 12 |osos0s5408 _[olasiesh Ber 1980 1v053,p.0148 o038 2308 1658 8200E+01

O] | 13 |oJ05-055408 [olastech Ber 1980 4053, p.0140 004 2420 1598 88508401

O | 14 |oJos082265 [lass Phys. & Chem 1882 [«008, p.0121 8535 1563 047 7 500E+01

O | 15 |oJ06-082268 [Glass Phys, & Chem.[1882 (w008, p.0121 eee 1652 1048 7500841

O | 16 |oJos082267 [Glass Phys. & Chem 1382 w008, p.0121 ee70| 1711 1040 720001

O | 17 |oJos082268 [olass Phys. & Chem 1382 [«008, p.0121 oo 74 1944 1182 7 000E+01

O] | 18 |oB02088542 [Technical Glasses [1861 |00, 0265 rood 114 218 10308403

O] | 19 |oBo2006084 [Properties ofGlass [1354 [«001,p.0232 7212 398 1877 811001

O] | 20 |oBo2086085 [Properiies of Glass [1854 [v001, p.0232 7222|687 2087 9380E+01

— [ i ] D

3) Regression analysis by a linear equation

t Gomponent Terms

S of 1-Component Terms—————————
Ifniecessary, change the following condition :
Min. num. of glasses = |1 % o total retrived glasses
Min. num. of glasses = 2 {glasses to one component|
Setect anl Component || ciear an Component |
Component | Number of Glasses | Max Content %
si02 84410
203 43 24.430)
Na20 e 24500
6103 3 10000
Mo 7 4000
ca0 7 9050
O |se0 1 1940
b |Lizo 5 3390
b |k20 6 6.540
vl |peo 4 9.310)
zZno 2] 6.080
O |sro 1 1.050)
[ |cr2o3 1 0320
vl |Fezos 1 0430 . .
Sh203 ! o200 1.Component Terms: 13
o : o 2-Component Terms: 0
= : i 3-Component Terms: 0
Next oK

e 43 glasses are listed.

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.

File Tools Help
B INTERGLAD 7: Regression Analysis
Property [
2010 Refractive Index (Typical) ( Common ) w )
Analysis Condition Select Companents
Analysis Method: ) Y=>axtk | setect ancomponent | ciear At component | [ ooy |
@y=Taxrax ¥x >% [¥] Exclude component terms less than |3 data
variable y: @y Oy Ology - wcumpunem terms under [tj=
/ \ Component e Companent
Select Companent sficient Std. Error tValue vs Property B (FETY
Corelation
Canelation aiiEE Plot
/| 1aes0zEn0 0.005 270165\ -0.47664 43| Figure
/ 1.50377E00D, oot 142807 \ 012083 43 Figure
/ 1.61568E00 .01 g7a77  \ 02403 43 Fgure
/ 1.50262E00 0.048 31585 \-055167 3 Figure
1.58360E00, 0.100] 16811 0.06615 7| Figure
1.75877E00 0.026 67881 0.40283 27| Fgure
2.15028E00 0118 18180 035608 5 Figue
188227E00D, 0.208] 8.222 0.26234 B Figure
\ 1.73841E00 0.048 36.353 | n.anss7 4 Figure
\ 165808500 0.087 19168/ 0478 2 Figue
\ | aarmezEo 2788 01se [ oatsm 1a]  Figure
N\ | 1843seeng 0.093 19798 /027654 5| Figure
776641E00, B.536] 0910 0.06029 3| Figure
318588500 6604 K Figure
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e After clicking the [Analyze] 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.

e 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



File Help

e

INTERGLAD?: Regression Analysis

Praperty : Refractive Index (Typical) { Common Predictive Value
15
y-Eaxrax,
il al Sto.Eror | tvalue 152 &
si02 1486 5426603 27026022 >
41203 1504 1.053E:02 1.426E+02 -
Na20 1618 185302 erieE0l 151 d
203 1503 4757602 3159601 3
g0 1584 005302 1501E01|_
) 176 2.502E-02 6.7ESE+01 18 3
% v
Lizo 215 1183801 1818601 B
20 1682 2046601 8222 -
.
20 1738 4785602 3635E+01) | 120
zn0 1658 e656E-02 1817E01
Fe203 ~4318E.01 2758 1.565E-01)_|
140
Mode
Detail
rar
Delete
v
Delete a Source
AD B
File Help
Ao e INTERGLAD?7: Regression Analysis
Property : Refractive Index (Typical) ( Common ) Predictive Value
/e 09209 183
y-Taxra,
s ai St Enor | tvalue 152 ]
sioz 1466 5.228E-03 28046024 >
Ai203 1507 e.s3e-03| 1.6a7E+0Z] -
Naz0 161 152307 .816E+01 11 *
6203 1503 40BE02] 3.084E-01
Mge 1596 9522602 1.676E-01
ca0 1766 2.361E-02 7.482E+01|= 16 o
v
L20 2132 1120601 1.80¢E+01 Ly
K20 1673 1.sssE00 8428, -
Be0 1718 a757E0Z 4575E01 1.
zn0 1662 8393601 1.881E+01
oz Tet6]  o0s0E02) 2042601
1
Mode
Detail
a7
Delete
i@ 1e 1w s 1s1 1w s
Delete a Source Measured viaiue
AD =]

File Tools Help

@ele

Property
1020 Expansion Coeff (Typical) { Common )

Analysis

is Condition

Analysis Method: () ¥-Zax+k

®y-Faxrar Tx>

[~k =
i o - s ST

INTERGLAD 7: Regression Analysis

NTERGLAD T R
D)

Select Companents

| Select All Component | Clear All Component ‘

[ apy |

variable y: ®y Oy Clogy
Component — S
select Component Coefitient_—ST BB —~—~_ tValle ve Property prte
Coelation of Data Plot
asoauent 5719 s -0.45276, 43 Figure
5.75887E01 11.088 51 -0.00193 43 Fgure
Na20 3.71495E03 19.533 19.019 0.87370) 43| Figure
B203 VAREIT AT 50,138 apd \ 067225 3| Figure
Mo / 8.40238E01 104.893 o0\ -001a47 7| Figure
ca0 | 1.29383E03 27.322 4738 | 001007 27| Figure
Lz0 | 289079E02 124.653 2150 | -0.20707] 5| Figure
K20 | 2.37011E07 215,648, 1003 | 041775 6| Figure
EBoO \ 283875601 50,427, 0563 | 01134 3| Figure
zno \ 6.88804E01 91.223 0755 | 0453t 2| Figure
Fe203 \| -sa0z06e03 2907728 2374/ nasoag 14| Figure
Tio2 1.08108E03 95.136, 1071 -0.13504 5| Figure
s02 3.02863E04 8995748 Iy 0.00778, 3| Figure
px Dqoa16E04 6959997, A1 Figure

INTERGLAD Ver. 7

Coefficients, Std. Errors and t-Values
appear in the table after the success of the
calculation.

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 wvalues. Component terms with

|t|<2are2.

e Delete checks in the [Select] checkboxes of
the component terms with low | t | value, i.e.
Fe203 with -0.156, SO3 with 0.910, and
execute again. Then all the |t| values
become > 2, and R? is 0.9209. By this

the equation of

operation regression

refractive index is completed.

e Next execute the regression analysis in the
[Execution of Regression Analysis| window

of thermal expansion in the same manner.
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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

File Help
BRI INTERGLADT: Regression Analysis
Property : Expansion Coeff (Typical) { Common ) Predictive Value
R 0.9613)
yraxrax, .
] ai Std. Errar tvalue
802 2851E+01 6719 4.884%/ 1000402 -
|AI203 5.760E+01 1 110E+01 518
A
Na2Q 3.715E+02)  1.953E+01 1.902E+01 4 @
B203 -7 440E+01 5.014E+01 -1.484)
MyO 8.402E+01 1.049E+02| B.010E-01)_| .
cal 1.294E+02)  2T732E+01 4.736] 7 S00ED1 L
"
Lizo 2BI1E+02| 1.247E+02| 2.159]
K20 2370E+02|  Z.156E+02| 1.099)
BeO 2.840E+01 5.043E+01 5.631E-01) |
rajle] 6.889E+01 9.122E+01 7.552E-1
Fe203 -6.902E+03| 2.908E+03| -2.374| ||| SO00EO1
Mode
Detail .
Delete
Delete a Source Measured Value
scale
D =
File Help
EIl INTERGLAD?: Regression Analysis
Property : Expansion Coeff (Typical) { Common ) Predictive Value
R 0.8017] 1.200E+02
V’ZZ‘X‘OZXXX
.
Ed ai Std. Error tvalue
sio2 2 5B0E+01 6.412) EXE | -
|A1203 B.452E+01 11256401 5.735) .
INa20 3.662E+02 2.043E+01 1. 7A2E+01 - -
ICa0 1.556E+02 2. 7B4E+01 5.627)
o 1.050E+01| 5085E+02) -2100En2 | 1O°°FT? -
.
. .
S
é
Mode -
.
Detail
N
Detete —
e smoner ememar romecs msec  1ameo:
ecosme oo
scae

the [Applyl 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 | =‘1.0’ again.

3) Exclude ‘all’ component terms under
|t|=1.5.

Finally all the | t | values become >2.0, and

R2=0.9017. The regression equation 1is

completed.

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

Optimization] window)

e Tools_telp
ECIEE] B EENEEE INTERGLAD 7: Regression Analysis
[ o |
[rotamummber | 43 | comporentunt frass# =] [_nsormation | [_s1s"r_]
[umber o Sources | 18 | property un [Common [+ | [ companent_| [ ananee
Expansion Coeff (Ty.|Expansion Coeff (Ty..| Expansion Coeff (Ty. Refractive Index (Ty... Refractive Index (Ty.
Doe | e e 107K (Predictive Value) ®esiouay | PN prodinive vaiue) | |
[m] 6 |GC05-051160 2.750E+01 1.459| 1.475| -6.252E-0 4
[m] 43 |GB05-245444 3.690E+01] 1.476| 1.476| 2.228E-0)|
[m] 42 |GB02-245443 7.370E+01] 1.483|
[m] 17 |GJ06-082268 7.000E+01 7.343E+01 -3.434| 1.489| 1.491 -2.015E-0|
[m] 38 |GI02-215714 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 |GB02-096095 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|
[ —se—mmr T066E+0 1041E+02 4704 407 D —
0 13 |GJOB-055409 B.850E+01 8.905E+01 -5.486E-01 15 1.499| 1.204E-0—
il G 055408 9.200E+01 9.096E+01 1.041 15| 1.4 =0T
[m] 28 |GB02-098904 9.570E+01 9.280E+01 2.899] 1.501 1.497| 4.208E-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 |GJ0B-055407 1.000E+02| 9.921E+01 7.930E-01 1.502| 1.502| 5.474E-0)
[m] 10 |GJOB-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 |6J02-055405 1.210E+02) 1.140E+02) 5985 1504 1.508] -2.095E-0|
[m] 32 |GJOB-116081 1.100E+02| 1.135E+02| 3.47] 1.505| 1.509| -3.773E-0|
O | s |ooozostae: as00E+D1 1506 1507 103380
[d] I I D]
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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 [COMPI] icon, and open the [Composition

Optimization] window.



File Help

mele INTERGLADT: Composition Optimization
Regression Equation
55t
c Coefr (Ty..| Refractive Indiex (Ty. Ini New
sioz 2560E01 /59040 5,940 [
1203 6.452E01 / 233m0 24200
Na20 2662602 [ 15860 15880 T
8103 [ oo .00
Mo | 0.000 0000/ T
cao 1.658E02 | 0000 0000
Lizo \ 0.000 0.000
K20 \ oo .00
Be0 \ oo 0.000
o AN .00 @
“““““ N = 7 Clear New Content
Property
Specified ﬁvu—et\ W
® Expansion Coefl (Typical) AN s/ 8.05E01
® [Reftaciive Index (Typisal) D] 1439
L
.
/ \ % 0%
an \ / -m
Target .
an
L] =] (=] =] @ @ Close
File Help
BIEIC INTERGLAD7: Composition Optimization
Regression Equation
Congént ( mas¥p)
c Coefl Ty, Iniial Hew
sio2 2560601 59040 | 67004
1203 6.452E01 24200 18.247
Nazo 3.662E02 1560 13069
8203 0.000) 0000
Mg 0.000) 0.000)
ca0 1.886E02 0000} 0000
Lizo 0000 0000
K20 w000 0000
BeC 0000\ 000
mo oo \ o0 Calculate
“““““ — 0 Clear New Content
100.000 % -
Property
specified Target Predictive Valug
® [Expansion Coeff (Typical) 0 7.995E01
® Refiaciive Index Typical) 148, 1.433
/\ §
LY.
.
/ \fur s0%
“
s o
Target
%
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e In the [Initiall and [New] cells of the

[Regression  Equation]  column, the
composition of No. 55409 appears.
e 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.

e In this example the composition optimization
is performed by increasing SiO2 content and
decreasing Al203 and Na0O contents with
high regression coefficients of thermal
expansion.

e An optimized composition is as follows: SiO2
67.88%, Al2O3 18.25%, Na20 13.87%. This

79.95x107°C  of thermal

glass has
expansion coefficient and 1.493 of refractive

index.
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3.7 Composition optimization by cubic equations — Boro-silicate glass with specified

properties

Design a composition of boro-silicate glass with 70 GPa of Young’s modulus and 700°C of
deformation point. The glass is composed of Si02(30-70 mol%)-B203-Al203-CaO-BaO-Naz0.
< 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

AD
File Tools Help

ECIENEER INTERGLAD 7: Regression Analysis
state

o B
INTERGLAD Data
( @Server O Local )
Main = CERAERT || Companer || ComamenT geras ||| [Juser Data
Rl ~|si02 OR oR OR 30.00] 70.00/4
O |anp > OF li§ i _
L1 |anD - OR OR OR
[T [anD ~ OR oR OR
L1 |anD - OR OR OR
ER - OR OR OR
| [ |ano > OR OR OR
L] |anD - OR OR OR
[T [anD ~ OR oR OR E
I:D 5 =< Total of Main Components Glasssystem |

Property

[_| Extension Search
— Gpeoned . —t— Speeified Uit walue Min | Value Max
/~|voung's Modulus at RT OR[N\ OR [Common - GPa
AN\ [ v |sorF @eformation P, v | O0R| /' oR Common - c
AND OR Common -
I

] Il

Data Source
‘n Patent )

D]

wasvata

Search Reset

e Select ‘Si02’ for the Component, and enter
30% for the minimum and 70% for the
maximum.

e Select ‘Young’s Modulus at RT” and ‘Sof P
(Deformation P, TMA)’ for the Property.

e Select ‘NOT Patent’ for the Data Source.

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

AD 7 - Data List for Resression Ana B
File Tools Help
EEEIEE] @ @  INTERGLAD 7: Regression Analysis
 Jroatnamtor | 163 [ Romponontne joors [ ] [ mormaton | [ +,0m0 |
|Numher of Sources H 15 | properyunt [commen| -] Ccomponent_ 1) anatyee
Delete| Mo Glass Mo Data Source | Year Dmiﬁh‘gf si02 V““"g‘s( g‘sg‘;“‘s a Vi‘;’:s;xm‘:‘is V”“"f:g’;
O | 1 |oB02022365 (MiastnosliSkel 1996 {1001, p0306 50.24 8.076E-01 =
a 2 (GJ0E-D45724 Glass Phys. & Chem 1881 v.007, p.0287 70.00| 8.500E+01 _|
[m] 3 (GJ06-045728 Glass Phys. & Chem 1381 \v.007, p.0287 65.00] B.636E+01 i
[m] 4 (GJ0B-045731 Glass Phys. & Chem 1881 v.007, p.0287 70.00| 7.992E+01
] 5 (GJ03-046433 ). Mon-Crystalline S..|1883 [v.066, p.0147 33.40) 1.364E+02]
[m] B (GJ03-046440  |J. Mon-Crystalline 5..|1883 |v.056, p.0147 34.80| 1.289E+02]
[m] 7 (GJ03-D46441 1. Nan-Crystalline S..|1983 v.056, p.0147 36.40) 1.186E+02]
] 8 (GJ03-D46442 ). Mon-Crystalline 5..[1983 [v.056, p.0147 38.10} 1.152E+02]
O | o |od0e048443 [ Non-Crystaline 5., 1883 1056, p.0147 3000 1114E+02
a 10 |GJ03-046444 L) Mon-Crystalline S..|1983 |v.056, p.0147 40.00] 1.022E+02
] 1" (GJ03-046445 ). Mon-Crystalline 5..|1983 [v.056, p.0147 40.00] 1.057E+02
[m] 12 |GJ09-082416 Glass Technology 1964 v.005, p.0142 39.83) 5.492E+01
] 13 |GJ02-08536G L. Mon-Crystalline S..|1986 |v.080, p.0468 60.00] B.781E+01
[m] 14 |GJ02-085370 L. Mon-Crystalline S..|1986 |v.080, p.0468 70.00] 6.615E+01
[m] 15 |GJ02-085371 1. Nan-Crystalline S..|1986 v.080, p.0468 60.00} 7.213E+01
] 16 |GJ02-085372 L. Mon-Crystalline S..|1986 |v.080, p.0468 60.00} 7.291E+01
[m] 17 |GJ02-085373 ). MNon-Crystalline S..|1986 |v.080, p.0468 60.00] 6.47BE+01
a 18 |GJ02-085374 L) Mon-Crystalline S..|1986 |v.080, p.0458 60.00} 6.880E+01
] 19 |GJ02-085375 | Mon-Crystalline S..|1986 |v.080, p.0468 40.00] 7.007E+01
[m] 20 |GJ02-085376 ). Mon-Crystalline S.|1886 v.080, p.0468 50.00] 7.056E+01 =
- [] T I D]

3) Regression analyses by linear equations
([Select Component Terms] dialog box

— [Execution of Regression Analysis] window]

— [Verification of Regression Analysis] window) C%\)
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¢ 163 glasses are listed.

[Z Select Component Terms 53
rSelectiion of 1-Ci Terms:
If necessary, change the following condiition
Min. num. of glasses =1 [% of total retrived glasses
<Te[Min_rum.of glasses - |3 |tasses to one componeni]

‘ Select All Companent | | Clear All Component |
Component | Number of Glasses | Max Content %

] |sno 7 0.230 il
[] [Fe203 1 0.040
[0 |6az03 1 10.000!
As203 38 0.240
[0 |inz03 1 1.720
[ |sb203 1 04120
Tio2 1 8.520

Gez 3 10,000 [
zro2 1 3.100
Teoz 3 10.000!
P205 1 5.290
[ |Nb205 1 10.000!

Hf02 4 0.030 r
[0 [Thz03 1 0.920
[] |carz 2 3.070
O F 1 6.270
1 0.010

O 5 33.300) <]
‘ BACK ‘ | Next ﬂ oK D Cancel ‘




erms: 0
3-Component Terms: 0

. B
File Help
Ao e INTERGLAD?: Regression Analysis
Property : Sof P (Deformation P, THMA) ( Common) > | Predictive Value
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" 08142 9000E+02
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s al St Emor | tValue S amEne .
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xi al Sto.Eror | tvalue
=102 63026401 1751 3.6008+01]]
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1203 1.2506+02 5672 220301
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In the [Select Component Terms
(1-Component Terms)] dialog box, enter 3 for
the minimum number of glasses that
contain the component in the cell of the 3rd
row, and click the [Apply] button. Delete
check in the checkbox of AIN which is not
oxide in the list.

Note that 1-component terms are 18 in the

[Question] dialog box.

In each [Execution of Regression Analysis]

window of the 2 properties, execute the

regression analysis at default setting, and

verify the result

in the [Verification of

Regression Analysis] window.

In the [Verification of Regression Analysis]
window of deformation point, R2=0.8142.
In the [Verification of Regression Analysis]
window of Young” modulus, R2=0.7749.
R2 by linear equations for deformation point
and Young’s modulus are both < 0.82, not
sufficiently high. So regression analyses by
cubic equations are tried.
Plot-points with yellow colored star in the
graphs mean highly reliable ‘Gold Data.’
<Refer to 2.1 (2) (C) 2) of Chapter 4>

Close the [Verification of Regression
Analysis] windows and the [Execution of

Regression Analysis] windows.

4) Regression analyses by cubic equations ([Select Component Terms] dialog box — [Execution of

Regression Analysis] window) — [Verification of Regression Analysis] window)

Selection of

xplanatory Variables in Multiple Regression Analysis:

“Component Terms: 18
2.Component Terms: 45
3-Component Terms: 20

) cancel

In the [Data List for Regression Analysis]
window, click the [Component] button, and

open the [Select Component Terms] dialog
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box.

e Select the same 1-component terms as those
for the linear equation, and 2, 3-component
terms at default setting.

e 18 of 1-component terms, 45 of 2-component
terms and 20 of 3-component terms are

selected.

e In the [Execution of Regression Analysis]
window of deformation point, execute the

regression analysis.

e In the [Verification of Regression Analysis]
window, R2? is 0.9357.

e Delete a separated plot-point from y=x by
clicking the plot-point after clicking the
[Delete] button. Return to the [Execution of
Regression Analysis] window, and click the

[Execute] button to recalculate.

e As the result, R? increases to 0.9739.
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e Next, in the [Execution of Regression

analysis] window of Young’s modulus,

Execute the regression analysis.

e R2is 0.9554 in the [Verification of Regression
Analysis] window. No plot-point is separated

largely from y=x

e Good results that R2 for both properties are >
0.9 are obtained. Then remove component
terms which have low | t | value.

e First in the [Execution of Regression

Analysis] window of deformation point, set

up an excluding condition of component

terms with low |t| values, click the [Apply]
button and then [Execute] button in the
following order.

1) Exclude ‘2-&3-’ component terms under
|t|="0.5"

2) Exclude ‘2-&3- component terms under
| t | = ‘1.0’ again.

3) Exclude ‘2-&3- component terms under

|t|=1.5.
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4) Exclude ‘all’ component terms under
|t|="0.5"

5) Exclude ‘all’ component terms under
|t|=1.5.

6) Exclude ‘2-&3- component terms under
|t|=1.5.

After these procedures, the | t | values are >

1.4 for 1-component terms, > 1.9 for

2-component terms, and > 2.0 for

3-component terms. It is difficult to have a

regression equation with |t| > 2 of all the

component terms. Finally a regression

equation with R2=0.9644 is obtained.

e Eli. oL ez o 0 e Next in the [Execution of Regression
& e w INTERGLAD?: Regression Analysis . .
gty oo ot (conmomy [ resveon Analysis| window of Young’s Modulus at RT,
Y . ..
T set up an excluding condition of component
kg ai Std. Error tvalue o00Er0R
T [l I I terms with low |t| values, click the [Apply]
|AI203 1.404E+02) 5.209] 2.695E+01 B P—
e s ] | e button and then [Execute] button in the
Bal -1.057E+02)  5.704E+01 -1.853) Y,
Nt e assl roma] || T following order.
K20 2526E+01 5522 4.574] ?"
bo = mawria - IR 1) Exclude ‘2-&3- component terms under
Mode / . .
- L | t | =‘0.5.” Perform this procedure 3 times.
Delete BOOOE+D
DekiooSouce oz vae 2) Exclude ‘2-&3- component terms under

| t | =‘1.0.” Perform 2 times
3) Exclude ‘2-&3- component terms under
| t | =‘1.5.” Perform 2 times
4) Exclude ‘2-&3- component terms under
|t|=2.0.
5) Exclude ‘all’ component terms under
|t|="0.5"
After these procedures, the | t | values are >
1.9 for 1-component terms, > 2.2 for
2-component terms, and > 2.3 for
3-component terms. It is difficult to have a
regression equation with |t| > 2 of all the
component terms. Finally a regression

equation with R2=0.9399 is obtained.
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5) Composition optimization([Data List for Regression Analysis] window — [Composition

Optimization] window)

File Tools Help
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e Return to the [Data List for Regression
Analysis] window, and select a model glass
with near properties to those of the target.
Sort Sof P in ascending order in this
example. Select a glass row of No. 196688R
in which the predictive value of Sof P is
708°C and which contains BaO. Click the
[COMP] icon, and open the [Composition

Optimization] window.

e Enter the target values, 70 GPa for Young’s
Modulus and 700°C for Sof P in the [Target]
cells.

e After clicking the [Calculate] button, the
predictive values of the model composition
appear in the [Predictive Value] cells and
the differences to the target values are
shown in the graph.

¢ Enter values for necessary components with
0 and 0 for unnecessary components in the
[New] cells referring the composition of the
model glass. The operation becomes easy by
sorting the [New] column.

e Repeat the calculation changing the
composition and checking the differences to
the target values in consideration of the
values of the regression coefficients

e An optimized composition is as follows: SiO2
43.3%, B203 11.6%, Al203 17.0%, CaO 4.9%,
BaO 13.6%, Na20 9.6% (mol%). This glass
has 69.6 GPa of Young’s modulus at RT and
699°C of

softening (deformation)

temperature.
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4. Search and Analysis of Structure Data

4.1 Investigation of structure information — Germanate glasses

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

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

File Tools_Help
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e Select ‘Germanate’ for the Glass System.

2) Search result ([Data List of Structure] window and the [Detail Data of Structure] window)

>
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¢ 437 glasses of 55 data sources are listed.

To know what kind of information is

.
registered about the searched glasses, click
the [Structure] button, and select the [Select
All] button in the [Select Structure] dialog
box.

e It is found that data of each glass are few but
that more than 100 property items are

registered in total. Below, several data are

explained including some notices for use.

The left figure is the [Detail Data of
Structure] window of S-02641. 6 values of
wave number for IR-Visible (Peak, Valley)
(OH) are shown. In such a case only the first
value is listed in the [Data List of Structure]
window. In the Structure Database, check of

the [Detail Data of Structure] window is
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of the

similar data registration in many glasses.

occasionally necessary because

Figures of spectroscopy are usually not
stored in INTERGLAD.

3) Utilization of search result ([XY Plot] window and [Ternary Plot] window)

File Tools Help
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e The figure is an XY Plot of content of GeOz vs.
(Ge-Ge). In this
example ‘Coord No. (Typical)’ means 1st
With

increasing the content of GeOs, coordination

coordination number

neighbour coordination number.

number of Ge around Ge increases.

e The figure is an example of Ternary Plot, and
it shows values of the 1st interatomic

(0-0) with 10

Ge02-P205-K20 system.

This figure is a zoomed Ternary Plot of GeO2

(100%) - P205 (50%) - K20 (50%).

distance colors 1in
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4.2 Investigation of correlation between composition and structure — SiO2 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

File Tools Help
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O 16 |S-00560 - Chem. Sac. Japan |1981 |v.088, p.0599 5.760E+01
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a 19 |s-00756 Fall Meet. Ceram. 5...1993 |v.001, p.0078 1.380E+01 6.200E+01 1.370E+01
O | 20 |so0757 Fall Meet, Ceram. 5...1993 |v.001, p.0078 2.050E+01 4100E+01 1.860E+01

1|21 lsoomse Fallest. Ceram 51993 [+001. p.0078 6280801 24806401~

e Specify ‘BO/ [totalO] for the Description, and
Si-0-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.



3) Utilization of search result ([XY Plot] window)
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e An XY plot of SiO2 content vs. BO/[total O]
(Si-0O-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.

4.3 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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o 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 XOs ‘NBO/ [totalOJ
means fraction of non-bridging oxygen to the

total oxygen.

e 37 glasses of 5data sources are listed.

e As NBO/ [totalOl, not only NBO/ [totalO] (O)
but also those of (Si-O) and (Ca-0) 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)

'sﬁi“@@ ] An XY Plot of Q2/totalX(Si) vs. NBO/

< > [totalO](O) is shown.

e With increasing Q2, NBO fraction increases

70.00 -

almost proportionally. When the 2 glasses at

80,00

#
g am . separated positions from the others are
g oo . . checked in the [Detail Data of Property]
. windows of the corresponding Glass No.
S (Property), it is found that they are both
T coroaxiy v rapid-quenched glasses. This is the reason
e ose Fiting
NETTED T pot | povumgcine ] why the plot-points are separated from the
e o[ o] [ oneeasouss [ umo | others.
Zoam (Rt ]  [ome]
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. e For comparison, an XY Plot of Q4/totalX(Si)
vs. NBO/ [totalO](O) is shown.
“ ¢ The figure shows a reasonable tendency that
% nE . NBO fraction decreases with increasing Q*.
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4.4 Investigation of correlation between structure and property — Coordination number of

Al-O and properties

< 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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(Typical) for the
Description of the Structure, and ‘Al-O’ for
the This

number of O around Al.

e Specify ‘Coord No.

Element. means coordination

e 113 glasses of 19 data sources are listed.

e By clicking the [Search Property DB] icon,
Glass Nos. of the corresponding glasses in
the Property Database appear in the list.

e To check the corresponding property data,
click the
‘Refractive Index (Typical) and ‘Sof P
(Deformation P, TMAY [Select

[Property] button, and select

in the
Property]l dialog box opened. The data
columns of Coord No. (Typical), Refractive
Index (Typical) and Sof P (Deformation P,
TMA) are dragged to the left for easy

confirmation like the list of the figure.
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3) Correlation between coordination number of Al-O and properties ([XY Plot] window)
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e An XY Plot of Coord No. (Typical) (Al-O) vs.
Refractive Index (Typical) is shown.

e The relation between the coordination
number and the refractive index is not clear
due to data scattering. It seems that the
refractive index decreases with increasing

the coordination number.

¢ This window shows an XY Plot of Coord No.
(Typical) (Al-O) vs. Sof P. The tendency is
not clear due to data scattering, although it
seems that the curve has a peak around 5.6

of the coordination number.

e Under present, INTERGLAD has few glasses
which have structure data and property

data both.
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4.5 Investigation of structure data analyzed by a specified method — 4-fold coordinated B

atoms of boro-silicate glasses analyzed by NMR

< 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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e This

e Select ‘Boro-Silicate’ for the Glass System,
‘Coord No.4” for the Description of the
Structure, and ‘B-O’ for the Element. ‘Coord
No.4 (B-O) means 4-fold coordinated B
atoms.

e Check in the checkbox of ‘NMR’ in the

[Measurement Method] column.

¢ 69 glasses of 5 data sources are listed.

e Click the [Component] button to open the
[Select Structure] dialog box, and select
‘Select All'. It is found that all the glasses
are those of Si02-B203-Na20 system. 4
glasses contain less than 3 mol% of Al20s.

e Click the [Information] button, and select
‘Measurement’ in the [Information Select]
dialog box. The user can know that all the
fractions of the 4-fold coordinated B atoms

are data analyzed using NMR.
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3) Utilization of search result ([XY Plot] window)
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e This window shows an XY Plot of ‘Coord No.4
(B-O)Y vs. Na20 content. The fraction of
4-fold coordinated B atoms has a large

scattering in the range of over 10mol%
Na20.
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