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Notes

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

window.

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

2) Refer the User’s Manual for detailed operation. The corresponding 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.8.2.0.2 of INTERGLAD (with GP_42_2020.mdb and GS_37_2020.mdb) is used

for these examples.



Search and Analysis of Property Data

1. Search with a complicated composition — Thermal expansion coefficient of phosphate glasses

Search thermal expansion coefficient data of phosphate glasses with Al,O;3 of 10-20 mass%, containing

Na:20 or K=20, 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
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2) Search result ([Data List of Property] window)
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INTERGLAD 8: Glass Property
Information Component

Property

Additivity Equation

e Open the [Search Property Datal window by clicking
the [Search Property Datal button in the [Main]
window, select the [Detail Search] tub, and specify
search conditions.

e Select ‘mass%’ for the unit of composition. The default
of the unit is mol%.

e Select ‘Na20’ and ‘K20’ in the same row with
connection of ‘OR. In this case the simultaneous
selection of Na20 and K20 is not available on the
periodic table.

e Cr Oxides can be selected by selecting ‘Cr: O’ on the
Periodic Table.

e The order of selection for search conditions is free.

e More the search conditions become complex, longer the
search time.

e ‘Expansion Coeff (Typical) is selected for the
[Specified] of the [Property] column. The selection of

‘Linear Expansion Coeff’ (a middle category item,

boldtype) brings the same result.

e Take notice of “Total Number’ of the Data Source, 258.
e A table with values of components, property data etc.,

which are specified as the search conditions, appears.



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

[Data Source List] window

e Sort 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 expansion coefficient of the lowest value can
be found. The detailed data of a glass can be checked
by selecting its row and clicking the [Detail] button.

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

e Number of glasses of each data source is shown in the

[Num of Datal column.

¢ If necessary, analyze the result using Ternary Plot or
XY Plot.



2. Ternary plot analysis of property data
— Thermal expansion coefficient of Si02-Na20-TiO: glasses
Investigate relation between composition and thermal expansion coefficient on SiO2-NazO -TiO: glasses.
<Refer to B and C.1 of Chapter 3, and 2 and 3.1 of Chapter 4>

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

—  Search
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2) Search result ([Data List of Propertyl window)
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3) Ternary plot
e Open the [Ternary Plot] window by clicking the
€ INTERGLAD : Ternary Plot - x

*\”@I@ NrenaLAD o ey Bt [Ternary Plot] icon. Select SiO2 Na20 and TiOs for the

Sin2
100%) )
Max 11.750E+02 Sio2 :
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Lower : 2.690E+01

3 Components, ‘90’ for the Total min%, and ‘Expansion

e Value levels of thermal expansion coefficients can be
overviewed by plot-points with ten steps of colors in
the diagram. Thermal expansion coefficient is high in

the center region and decreases as the position moves

Expansion Coeff (Typieal]  10-74K
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% INTERGLAD 8: Ternary Plot
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e The Glass No. and Data Source of each plot-point are
indicated in a balloon by putting the mouse-pointer at
a plot-point. The detailed data of each plot-point can
be checked by clicking a plot-point with the [Detaill
button active.

e The Glass-forming region data are shown by clicking
the [Glass-Forming Region] button. O indicates 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 the total of 3
components is 90-100%.

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

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

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 <
100.4x107/K, and the ternary diagram with SiO:
(100%), Na20 (50%), TiOz (50%) is shown by using the
[Zoom] button.



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

Investigate a relation between refractive index and Abbe value of glasses.
<Refer to B and C.2 of Chapter 3, and 2 and 3.2 of Chapter 4>

1) Specification of search conditions ([Search Property Datal window with [Detail Search] tag)
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| | User Data
Main Companent Component Component| | Component | %min  Ssmax |
|AND - orR| oR| = Appearance, Feature, Process
AND OR| |or |oR =
AND or| oR Jor AND
AND | =] =] el
AND - or| OR OR b3 Sol-Gel
Commercial (User) Glass —
Glass System Filer | Crystal | Substrate Sol-Gel Material
OR
AND_ |+ oR
AND |+
First Author -
Property e -——
Extension Searcn
- Glass 0
Specied unit Value Min | value Max |
Common |+
Al | Common v
AND_ v Common |+ G
Data
Specined wearro.| veargo)|  numoer PatCoi Cat o,
NOT |- |Patent E

2) Search result ([Data List of Propertyl window)
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e Select ‘Glass’in the [State] pulldown menu.

o 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’ in the [Data Source] column.

e Select ‘5000’ in the [Max Datal pulldown menu.

¢ 3399 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 3399 glasses 1is
visualized.

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

from the [Tools/ Option] menu.



4. Search using data interpolation for high temperature properties

— Viscosity at high temperatures of boro-silicate glasses

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

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

—  Search
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2) Search result ([Data List of Propertyl window)
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3) Data interpolation or extrapolation

& Select Data Interpolation Condition X

Specify interpolation method.

Property
[\Fiscosity ‘
r Interpolation Condition

Avoid to interpolate beyond Tg: Rough Tg C

Avoid to interpolate too away : Limit= = deg

r Interpolation Equati

@ linear interpolation

) n-th order polynomial interpolation

r Variable

¥ (property): Ty Oy @ logy

X (temperature or viscosity): ) x  ® 1x O logx
use absolute temperature (K}

8 Co) s

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

e Select ‘Viscosity 700C’ for the Property, and check in
the [Numerical] and the [Extension Search]

checkboxes shown in the window example.

e As the search result, all the boro-silicate glasses which
have registered viscosity data at high temperatures
are listed. 1017 glasses appear.

e Search of viscosity data at 700°C can be performed,
also when the user selects the bold type item
‘Viscosity(100-1000C).” In this case, all the glasses
which have one or more numerical data of viscosity at

100-1000°C are listed. 551 glasses appear.

e Set conditions in the [Data Interpolation Condition]
dialog box, which is opened by clicking the [Data
Interpolation] icon. In this example the default of
variable y (viscosity) is logy, and that of variable x
(temperature) is 1/ (absolute temperature). Then click

the [OK] button.
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INTERGLAD 8: Glass Property
Information Component

Property

4

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

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

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

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

the Internet edition, the save is unable.

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

& INTERGLAD 8: Temperature-Property Plot : Glass No.: GJ05-010069 - O X
File Tools Help
gd e e INTERGLADS: Plot
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e Select a glass in the list, and by clicking the
[Temperature-Property Plot] icon (the right [PLOTI
icon), the [Temperature-Property Plot] window is
shown.

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

menus on the bottom of the graph.

5. Search commercial glasses — High strength glass fibers for FRP

Investigate high strength glass fibers for FRP.

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

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

—  Search
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mass% @ mom () ats | Poriogic Table | | Clear Component Numerical
| User Data
Main Component Component Compenent | Companent | %min _ Smax
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Select  ‘Fiber’ after opening ‘Appearance’
—‘Shape’—‘Linear’ in the [Appearance, Feature,
Process] column. Or select ‘Fiber’ after inputting
‘Fiber’ in the [Keyword] column.

o Select ‘Plastics, FRP’ in ‘Material’ by clicking the

[Usage] column. Or select ‘FRP’ after inputting ‘FRP’

in the [Keyword] column.

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



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

K INTERGLAD 8 Dota List of Property - o x

e o e 18 glasses are listed. These are found to be data of 10
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e Open the [Select Property] dialog box by clicking the

Deiste Mo | Glassho. Data Source Vear‘ Detaseures

Nifto Boseki (J)
Owens Coming
Owens Coming

Young's Modulus 3L ,
s Pa

[Property] button.

ool _Eow | meel s o Check in the ‘Tensile Strength’ and ‘Young’s Modulus

Nifto Boseki (4) NITTOBOE-GLASS 3AIE03

TR S at RT” checkboxes, and both the data are shown.

Nifto Boseki 22546403
= S — Tensile strength and Young’s modulus are important
Camoain 1 ; i properties for high strength glass fibers.
H e By sorting the Tensile Strength column, glasses with
high strength can be found. INITTOBO T-Glass and S-
PR » Glass are the highest.)
=1 Property 1=
¢ [ 010000 Mechanical, Physical
[[]0510 Density at RT
[]0050 Shear Modulus
["]0070 Bulk Modulus =
[] 0060 Poisson-Ratio
[]0540 Young's Modulus at RT
10120 Tensile Strength |
[]0172 Mohs Hardness
[]0180 Vickers Hardness (Typical)
[_]0170 Vickers Hardness (Miscell) =
Select All ” Clear All || Expand ... || Collaps...
Co

3) Investigation of a searched glass

e Here S-glass with high tensile strength and high

& INTERGLAD &: Search Property Data - O ®

o View_Tois iy Young’s modulus is investigated.
=dE Mee = INTERGLAD 8: Glass Property
sl Seach | Dot seach e Go back to the [Search Property Datal window, select

sc::n:::cm - [] Gold-Data [ ] GlassForming Region Data D:‘.Sm'“ﬁmuum ' '

e e i | 4 8o Ot 3 ‘S-Glass’ in the [Commercial (User) Glass] column,
e AND '('§Eﬂ? E . OR. mw”-miﬂﬂ 65.00| ";:‘" Appearance, Feature, Process . . < 9
o :C.m v o] fo] ECED o and click the [Develop] button after selecting ‘mass%
O [anp “SS=lugo OR| OR| |oRr | 1000 10 AND

T R E—" o) o | . .
Olme T o] = o < | | Do for the Unit. Not specify the Data Source.
|: ‘Commercial (User) Glass S-Glass Develop —
— e——— %1 ¢ In this case values of %min and %max are the same,
AND - OR
— R - because the glass compositions registered have no
Specea L um ] e [ 1 - difference‘

T s - g P T
AND - Common - 1
LAND - Common - -
== Specified Year (Wo... Year (o) ‘Number Pat Co/ Cat No. |
o[~ | = .
|AND - - Search Reset

R —— ¢ 9 glasses (9 data sources) are listed. When the search

i

© @a58  AkHe W B Dee INTERGLAD 8 Gless Property is performed without clicking the [Develop] button,

N — m’,‘;;’m only 3 glasses are listed. By developing the
e —

Year ) sioz | A203  Mgo

.. |1986 |v. 001 p 0083

composition, it is found that data of Journals, etc.

1511289
n..[1904 |y 001 p. 0003 85.00)

R BN NN besides catalogues are also searched.

BAMEW|  4608E+03

e By clicking the [Select Alll button in the [Select

Propertyl] dialog box from the [Property] button, all

the property data registered are shown in the list.
10



4) Investigation of data around S-Glass

INTERGLAD &: Search Property Data
perty

File View Tools Help

W& e -+

Simple Search | Detail Search

INTERGLAD 8: Glass Property

State ot specifies ||
Composition

® massh D) moms O aty

Periodic Tadie

() Gold-Data (] Glass-Forming Region Data

08 Site
¥ INTERGLAD Data
( @ Sewer O lLocal )

— (] User Data

Spedified
E
o —

Main Component Component | companent | smin
a0~ sioz = |or| lor| | 5300 6700~ APpearance, Feature, Process
1 [anp__ |~ 4203 OR| [ |or]|
ol 3 m— i
B M — AND
1 |anD -~ ) ] solGel
[ Commercial (User) Giass usage
Glass System Fillor | Crystal | Substrate Sol-Gel Material
— =]
D |~ il
AND v
First Author -
Property -
LI Mumerical [ Extension Search | -
Specied unit Value Min | Valus Max
Common |~ 4|
D v Common |~ | Max Data 1o I
AND__ |~ Common |~
AND_ |~ Common |~ -
Data Source

Pat Coi Cal Mo

Year(fro.| Year(o)|  Number |

i Tools Help

TS INTERGLAD 7 : Data List of Praperty

v waR@() sk ke bWl [2E el

INTERGLAD 7: Glass Property

Canmponsal

Data Source List . —_—
Total Manives 32 | sqmpunent unit masste |w| | Dot
v of Sources | ) Progerty Uni, Commen | e

Dot Nn‘ Olass No. Dta Gous Data o

I
—

182 o, po0zs

File Tools Help

e -
T —
a0 ps £E

[E1CIC)
Data Source :

Data Source Number :

Glass Phys. & Chem.-USSR
Vol. 008 Page 0026 (1982)

Aslanova M.S., Dorzhiev D.B., Sapozhkova LA,

INTERGLAD 7: Data Source

HNumber of Data: 5

Component Unit

Author : Gorbachew i\, Bystrikov A.5., Petrakov VN, Property Unit EE
Fertikov V..
Memo :
Glass No 5i02 203 Mgo Wickers Hardness DE(f:(?;I[Nmajt)RT Younha's Modulus at, R

1 |edoe-073518 69.50 1692  13.58 2.510E+03 9.300E+10
2 GJ0B-073519 B8.11 19.90] 11.99] 6.174E+09 2.492E+03 9.100E+10|
3 [cdoe-073520 66.00  24.30) 951 5 880E+09 2.485E+03 9.100E+10
4 |eJop-073521 6408 2658 8.44 6.174E+08 3.495E+03 9.200E+10
5 |cdog-073522 63.58) 2956 6.85 6.370E+09 2.500E+03 9.400E+10

4]

>

[Glasses from a Data Source] window

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

e Select ‘NOT Patent’ for the Data Source.

¢ 40 glasses of 26 data sources are listed. When patents
are also included for the search condition, 119 glasses
of 57 data sources are listed.

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

composition are shown.

e Clicking the [Glasses from a Data Source] icon after
selecting the glass ‘GJ06-073521° with the highest
Young’s modulus opens the [Glasses from a Data
Source] window of the glasses. All the data (5 glasses)

in this data source can be checked.

11



Property Prediction by Additivity Equations

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

Predict density, thermal expansion coefficient and refractive index of a boro-silicate glass with SiOz 40%,

B203 30%, Al203 10%, Naz0O 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)

1% INTERGLAD &: Addiivity Equation for Property Prediction - X

File Help
g e INTERGLADS: Predictive Equation
=7 PredigiiveEquation
¢ [P Density
Composition [ Toge, Tanaka and Minami (Si-AsNe Chalcogenide)
[} Toge, Tanaka and Minami (Ge-As-Tg Chalcogenide)
= —~ [ Toge, Tanaka and Minami (As-Te-S4 Chalcogenide)
S0z EOTNER / ool [ Toge, Tanaka and Minami (Ge-Te-§fe Chalcogenide)
503 [ 300% [ Tanaka and Minami (As-S Chalgifienice)
A203 | 100
Na20 \ 10.0 o
Bao

T00l= [ Huggins (Silicate)
o 3 Young's Modulus
o (7 Surface Tension

o [ Linear Expansion Coefiicient
& [ Thermal Conductivity

Total

Condition of Equation

o [ Specific Heat
v~ T Viscosity
=] =/ || &= CJ Mean Dispersion

—
__eempgmen | Min \“%7 o [£9 Viscosity (Standard Point)
[ Refractive Index
o (7 Electric Gonductivity

92 - 1R | - 3 Transition Temperature
AI203 = - =
As203 - -
B203 B B - [ Abbe’s Number
&~ [3 DC Volume Resistivity

Predictive Value

conmen]
Predictive Value 2458 glcm3

2) Prediction of thermal expansion coefficient

& INTERGLAD 8: Additivity Equation for Property Prediction - *
File Help
E ee INTERGLADS: Predictive Equation

] Predictive Equation
¢ ] Density

Composition [ Toge, Tanaka and Minami (Si-As-Te Chalcagenide)
[ Toge, Tanaka and Minami (Ge-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (As-Te-Se Chalcogenide)
Companent %
s wwol= [ Toge, Tanaka and Minami (Ge-Te-Se Chalcogenide)
[ Tanaka and Minami (4s-S Chalcogenide)
B203 30.0|= [ Appen (siicte)
Appen (Silicate
AI203 10.0 P
[ Gan Fuxi (Fluoride)
20 1049 [ Huggins (Silicate)
Ba0 100l- 9

& [3 Young's Modulus

Total

- inear Expansion Coeffl
Condition of Equation

me” D oo e
Component Win [

Si02

A1203 =

B203

o
2
o

[N\

o= (] Viscosity (Standard Paint)

Predictive Value o= [ Transition Temperature

= & [ Viscosity
& [ Refractive Index
o [ Abbe's Number

o= ] Mean Dispersion
o (7 Electric Gonductivity
&~ [3 DC Volume Resistivity

Predictive Value 6.862E+01 10-7/K
Clmm.e ) Reset |

12

Open the [Additivity Equation for Property Predictionl]

window by clicking the [Property Prediction] button in
the [Main] window and [Additivity Equation for
Property] button. Select ‘Appen (Silicate)’ after
developing ‘Density’ in the [Predictive Equation]
menu on the right-hand part of the window.

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.

Select components required for the property prediction,
and enter each value in the [Component %] column. 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 for the

same composition, property prediction 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 68.62 x 1077 /K in the [Predictive Value] column.



3) Prediction of thermal conductivity

K% INTERGLAD &: Additivity Equation for Property Prediction
File Help

Flelw|

Predictive Value

common] =]

Applicable Temperature 30 C

8.968E-01 WI(m.K)
‘:c,.m.e 1) reset_|

Predictive Value

Composition
e[
Companent %

si02 40.0[=
8203 30 U%
AI203 10.0
Na20 10.0
Ba0 10,0/

Total
Condition of Equation
(mass )
—
fponent Win

INTERGLADS: Predictive Equation

=3 Predictive Equation
(3 Density
[ Toge, Tanaka and Minami (Si-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (Ge-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (As-Te-Se Chalcogenide)
[ Toge, Tanaka and Minami (Ge-Te-ge Chalcogenide)
[) Tanaka and Minami (As-S Chalcogenide)
[ Appen (Silicate)
[ Gan Fui (Fluoride)
[ Huggins (Silicate)
o= 3 Young's Modulus
o (7 Surface Tension
(7 Linear Expansion Coeficient
[ Aopen (Silicate)
[) winkeimann and Schott (Silicate}
[ Takahashi(0-100°C) (Silicate)
[) Takahashi(0-400°C) (Silicate)
[} Tanaka anc-ina
% ¥ Thermal Conductvity
0
[ Ratcliffe (Silicate)
[ Russ (Silicate)
o [ Speciic Hea
o (] Viscosity (Standard Point)
& [ Transition Temperature
o (] viscosity
o= ] Refractive Index
o (] Abbe's Number
= [ Mean Dispersion
- [ Electric Conductivity

Ai(AS:S Chalcogenide)

1

4) Prediction of refractive index

K INTERGLAD &: Additivity Equation for Property Prediction
File Help

[Alelw]

Composition

Companent %

si02 40.0[=

8203 30 U%

AI203 10.0

Na20 10.0

Ba0 10,0/
Total %

Condition of Equation
(mol

%

ponent Min

Predictive Value

common]=]

Predictive Value

cacume | reser |

INTERGLADS: Predictive Equation

=7 Predictive Equation
% [ Density
[ Toge, Tanaka and Minami (Si-As-Te Chalcogenide)
[} Toge, Tanaka and Minami (Ge-As-Te Chalcogenide)
[ Toge, Tanaka and Minami (As-Te-Se Chalcogenide)
[ Toge, Tanaka and Minami (Ge-Te-Se Chalcogenide)
[ Tanaka and Minami (As-S Chalcogenide)
[ Appen (silicate)
[ @an Fuxi (Fluoride)
[} Huggins (Silicate)
o (3 Young’s Modulus
o (7 Surface Tension
# (7 Linear Expansion Coeficient
[} Appen (Silicate)
[} winkeimann and Schott (Silicate)
[ Takahashi(0-100°C) (Silicate)
[} Takahashi(0-400C) (Silicate)
[) Tanaka and Minami (4s-S Chalcogenide)
(=3 Thermal Conductivity
[} Ammer (Silicate and Borate)
[ Ratcliffe (Silicate)
[ Russ (Silicate)
o (7 Specific Heat
&[] Viscosity (Standard Point)
o [C] Transition Temparature
v
927 Refractive Index
0
[ Gan Fuxi (Fluoride)

\ [ Huggins (Silicate)

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

e By clicking the [Calculate] button, the predictive value
0.8968 W/(mK) (30°C) appears in the [Predictive

Value] column.

¢ In this example, equations of ‘Ratcliffe (Silicate) and
‘Russ (Silicate)’ are also available, and 0.8349 W/(mK)
(0°C) and 0.9256  W/(mK) (0°C) are obtained
respectively. The user can compare the results by the

difference of additivity equations.

e Select ‘Appen (Silicate)’ after developing ‘Refractive
Index’ in the [Predictive Equation] menu.

e By clicking the [Calculate] button, the predictive value
1.508 appears in the [Predictive Value] column.

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

<Refer to 1 of Chapter 6 >
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Property Prediction & Material Designing (Composition Optimization)

by Multiple Regression Analysis

7. 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

K INTERGLAD 8: Search for Regression Analysis

File Tools Help

x

e Open the [Search for Regression Analysis] window by

a8 e

INTERGLAD

8: Regression Analysis

3

clicking the [Property Prediction] button and then the

DB Sits

[Multiple Regression Analysis| button in the [Main]

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.

[¥] INTERGLAD Data
( @ server ClLocal )
Main Component ‘Gomponent Component ‘Component | S6min | %max [ user pata
[ [anD - OR OR OR =
[ O [0 T~ OR oR OR |
[ |anD - OR OR OR
[ O [a0 |~ OR oR OR
[ |anD - OR OR OR
[ O [a0 |~ OR oR OR
[ |anD - OR OR OR
[ O [a0 |~ OR oR OR
O [T+ OR oR OR B
[T w=<Totator main components Glass System Zinc-Silicate
perty
(] Extension Search
Specied Specified nit Value Min | Value Max
DensiyatRT_—> OR OR Common - glem3
A0 [+ oR oR Common |~
AND > OR OR Common |~

1 ] D]

Data Source
b Patent

o [ [

 searcn ] Reset

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

Component Terms] dialog boxes)

K INTERGLAD 8 : Data List for Regression Analysis

File Tools Help

o x

ECIEE]

iE

& [9@|@ INTERGLAD

8: Regression Analysis

e 535 glasses (147 data sources) are listed.

14

N .
e T\ comorantne o ] [ | o] e Open the [Select Component Terms] dialog boxes by
Mumber ot sources | 147 )/ property unt [common | | Component L. .
o] o T v ey DS | DA wwas  omns - clicking the [Component] button, and specify
umber glemn e dictive Value) esidu:
[m] 1 GB02-000500  [Handbook of Glass...[1986 |v. 001 p. 0065 274 =l
[w] 2 |GB02-000501 |Handbook of Glass...|1986 [v. 001 p. 0065 23867 = Component terms for a multlple regreSSIOH equatlon‘
[m] 3 GB02-000502  [Handbook of Glass...[1986 |v. 001 p. 0065 299
[m] 4 GB02-000503  [Handbook of Glass...[1986 |v. 001 p. 0065 3.115|
[w] 5 |GB02-000504 |Handbook of Glass...|1986 [v. 001 p. 0065 2405| Y In thlS example’ Cth the [OK] button n the [Select
O | & [cB02000505 |Handbookof Glass... 1986 v 001 p.0065 251
O | 7 [eB02000508 |Handbook of Glass... 1986 v 001 p.0065 2636
5] 8 GB02-000507 |Handbook of Glass... 1996 [v. 001 p. 0065 2:885| i Component Terms] dlalog box for the Selectlon Of 1-
[J | @ |6B02000508 |Handbookof Glass... 1986 v 001 p.0065 2439 2
component Terms at the default setting.
e By this command the explanatory variables are limited
& Select Component Terms X
Selectiion of 1-Component Terms —————————————— _
If necessary, change the following condition : to 1 Component terms. CheCk the number Of the
¥] Min. num. of glasses =1 % of total retrived glasses . . .
100 mum. ot asses |2 Josses o anecomsonent component terms in the [Question] dialog box.
select All Component || Clear All Component |
Component | Number of Glasses | Max. Content %
5102 470 85.000 [~
B203 173 50.000
1203 207, 25.000
oo ECIETTT B auesToN * 1-Component Terms: 31.
c=0 2 32200 E Selection of Explanatory Variables in Multiple Regression Analysis:
Ba0 73 30.000 H
Lizo 33 35.000 S Compoment-Ferms<]
Na20 177 40.000 3.Component Terms: 0
K20 142 35.000 —
1no 5 45.000 ‘m.
[ [Fe0 1 0.540)
[ |ce0 2 1.790)
cuo 5 2140
20 475 70.000
0 28 30.000
O [eso 1 40.000
PbO 25 40.000]
O |sno 0 0.000) =
srck || wot ok T cancal |



K INTERGLAD &: Data List for Regression Analysis - o x
File Tools Help
EEIRE | @@ INTERGLAD 8: Regression Analysis
Detail B
Total Number 535 | componentunit ot || [ mformation | [ .00 |
Number of sources| 147 | property unit component ([ naiyze )

Delete| No. Glase No. DataSource | Year Dﬁi‘:‘;"‘ 502 | B203| AI203| Mgo | cao | Bao | Lix ||
O | 1 |cB02-000500 |Handbook of Glass... 1985 |v.001 p. 0065 65.00 5[]
O | 2 |cB02-000501 |Handbook of Glass...| 1986 [v.001 p. 0065 50.00 15
O | 2 |cB02-000502 |Handbook of Glass... 1986 [v.001 p. 0065 55.00 15| (L]
O | ¢ |cB02-000503 |Handbook of Glass... 1986 [v.001 p. 0065 50.00 1
O | 5 |cB02-000504 |Handbook of Glass..| 1985 [v.001 p. 0065 75.00 20
[ | & |cB02-000505 |Handbook of Glass.. 1985 [v.001 p. 0065 70.00 20
[ | 7 |cB02-000506 |Handbook of Glass... 1985 [v.001 p. 0065 55.00 20
O | e |cB02-000507 |Handbook of Glass... 1985 [v.001 p. 0065 55.00 20
O | 9 |cB02-000508 |Handbook of Glass... 1986 [v.001 p. 0065 7000 25| |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)

(€ INTERGLAD B: Exccution of Regression Analysis - X
File Tools Help
e INTERGLAD 8: Regression Analysis
Property
0510 Density at RT (Common ) ‘
Analysis Condition | _ selectc
Analysis Method : () ¥==a;+k Select All Component | _Clear All Component | [ mwoiy |
®yTaxrax Ex 2% Exclude component terms less than|2 data
i @y O O logy component terms under [tj=
comomn || o
Select Component Coeflicient Std. Error tvalue vs Property C E':nm
Correlation of Data Flot
-0.37383 470|  Figue |2
032153 173 Figure
003013 207|  Figure
-0.08656 30| Figure
007754 123 Figure | |
018052 73| mgure
-0.09843 33 Figure
-0.27175 177| Figure
-0.20754 142| Figure
0.05356, 5| Figure
-0.07595 5| Figure
041719 75| Figure
011720, 25| Figure
049581 25| Figure
004727 25| Figure
-0.00182 43| rgure
016244 23] Fgure o
D INTERGLAD &: Execution of Regression Analysis - x
File Tools Help
e INTERGLAD 8: Regression Analysis
Property
0510 Density at RT ( Common ) ‘ ot ey Resalt
Analysis Condition | _gelect (¢
Analysis Method: (O ¥=Zax;k ‘ Select All Component | Clear All Companent ‘ ‘ Apply ‘
@ y=Taxsax Tx 2% Exclude component terms less than|3 data
variable y: ®y O O legy |~ |component terms under -
Component | yumper ssov;'?;n;
Select Component Coggiient sta. Emor tvan vs Property 2D
Correlation wEza Plot
/ 2.26435E00 0.032 70.848, -0.37983 438 Figure el
2.58839E00, 0.089 20.204| \ 032153 148] Figure
2.66068E00 0.161) 190] Figure
/ 3.29622E00) 0.275| 25| Figure
I 3.11707E00| 0.145| 109 Figure £
6.79839E00 0.150 56|  Figure
243577E00 0133 33| Figure
287075E00 011§ 170 Figure
2.50035E00 0114 137 Figure
\ 4.81958E00Q 0.186 5| Figure
\ | saraeeEn 29039 5| Figure
\|  4ss743e00 0.044 a43|  Fgure
5.53116E00) 0.229 26 Figure
\ 9.26409E00) 0.272| 25 Figure
&40 1323E00 1418 2 4Uy -0.04727 20| Figure
933E01 13.152| w3 -0.00182| 43 Figure
532530600 0237, 35138 016244 23] Figue ||

¢ Execute the multiple regression analysis at the default
setting by clicking the [Execute] button.
o [Question] dialog boxes appear one after one. Check

the dialog, and click the [OK] button for them.

QUESTION x

All components of some glasses have the same values.
Are the last 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.

Gl

‘QUESTION X

All selected components of some glasses have the same values.

Are the last data used for analysis, and are other glass data notused?
510 GJO7-382495 [except]
511 GJO7-382496

(B Themen]

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)

& INTERGLAD 8: Verification of Regression Analysis - x

File Help

GG INTERGLADS: Regression Analysis

Property : Density at RT ( Common ) Predictive Value
R’ 0.9813
y=Tax+ax, faksad
X ai Std Emor | tValue o4

si02 2264 3196602 7.085E+01]4] e

B203 2588 886302 29206401

M203 2681 161101 18526+01=)
50

Mgo 3296 2749E-01  1.199E+01

cao 3117 1447601 2184E+01] |

Bac 6708 1500801 4533601 48 4

Lizo 2436 1335601 1.8256+01

Na20 2871 1159E-01) 2477E+01 40

K20 26 1137601 22886401

uno 482 1854601 28856401 35 e -

cuo 5.274) 2939 1794)_| N
R o v

Mode
Detail al
257 e
Delete
oot ouree [T e e

5) t value check —

Recalculation

K INTERGLAD 8: Execution of Regression Analysis

File Tools Help

- X

Bee

Property
0510 Density atRT (Commen )

Analysis Condition

Analysis Method : () Y=EaX*k

INTERGLAD 8: Regression Analysis

Select Components

| setect alicomponent | _clear A Component | [ aooty |
®¥Taxrax Tx e[ vl Exclude component terms less than|2 data
variable y: ®y Oy O logy Exclude |2 component terms under m:
Component — Cnrgonnent
s?x\ Companent Coeficient Std. Error tvalue Vs Property o "':I::n"yn
Comelation @bz Plot
no\ 481749800 0.187] 25771 005356 E Figure. | ~|
[0 Jouwo | -0.07595 5| Figure
4.65827E00) 0.04f) 106.250]| 0.41713 443 Figure
5.52833E00 02 24.069 0.11720 26| Figure
9.22885E00 [ 33748 0.49581 25| Figure
347512600 14§ 2443 0.04727 20| Figure
o] -0.00182 43 Figure
8.31845E00 02§ 35002 0.16244 23| rgure
[m] -0.04834| 20} Figure
1.13702E01 0391 32.420 0.23396| 17| Figure =
1.74739E01 0.5 29710 0.28640| 7 Figure
474106E00 0. 33‘ 14.335 I -0.02339 54 Figure
3.56507E00 0.10: 34778 0.04774| 13| Figure
526550600 0583 1074 -0.05324 27| Fgwe ||
3.56801E00 0.102 35.10 0.18568 5| Figure
1.88816E00 0.145] \ 13074 -0.06330) 8 Figure
7.31627E00) [EZ AN 9 f55 0.18251 21 Figue |+

K INTERGLAD 6 : Verification of Regression Analysis

File Help

- x

Eles

Property : Density at R { Common )

INTERGLADS: Regression Analysis

Predictive Value

2 0.9608
() -
00
(] 3 Std Eror | tValue
Foz 220 2167602 7.1526+01]2] -
B203 2587\ 8313602 2036E+01
203 2666 \1602E01 1664E-01|_
50
Mg 3291 Ars7E01] 11946401
ca0 31 lstE01] 2136E+01] | .
a0 6802 1peaE01| 4880E+01 *
Lizo 2433 fs3E 01 1821E+01
Na20 2878 150E-01] 2502E+01 40
K20 2603 /1138501 2288401 R
uno 4817/ 1850501 2877E+01 as s .
o 4654 4303E02| 1.063E+02) | ,
vt
LT <
Wode
Detail
25
Delete =
25 90 a5 4D 45 50 85 60
felele Sours, Measured Value

¢ In this example a high contribution rate R2(0.9613) 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. R2 value of

>0.8 1s recommended.

e Return to the [Execution of Regression Analysis]
window, and check if the absolute value of t for each
component term i1s low <2 or not. |t | value is
recommended to be >2 (1).

o In this example, |t| of CuO, As20s, Sb20s and Ho20s
are <2. First, delete v' in the checkboxes of As20s3,
Sb20s and Ho20s with |t|<1, and recalculate by
clicking the [Execute] button. Second, delete v of CuO
with | t | <2, and recalculate. By these procedures the
component terms with |t | <2 are removed from the

multiple regression equation.

o Verification of the multiple regression analysis is
performed again. R2 decreases a little, but it is still

high (0.9068).

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.

¢ The obtained equation:

Density at RT (g/cm3) = 2.266x(Si02) + 2.587x(B203) + 2.666x(Al203) + -+
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(Si02), (B203) -+ : mole ratio of each component (27 components except others)
e The analysis results can be saved in the user’s PC from the [Save] icon in the [Data List for Regression
Analysis] window. The save is available in the cases of Standard edition and CD Full Function edition, but

not Internet edition.

8. Property prediction — Density of zinc-silicate glasses
Predict density at RT of a glass with SiO2 60%, Li20 20% and ZnO 20% (mol%).
<Refer to D.2 of Chapter 3, 4.6 of Chapter 4>

The multiple regression equation for the zinc-silicate glass system obtained in Example 7 is used.

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

% INTERGLAD 6 : Data List for Regression Analysis - [u] X
Fie oo _tely ~ . en a [Data List for Regression Analysis| window,
E] @ INTERGLAD 8: Regression Analysis Op [ g y ] ’
’——H‘ sl . . . .
. —— —— and by clicking the [Open] icon open the [Data List for
g""””““’“‘"mﬁm P'“"“:""“ Regression Analysis] window of the result of 3.1 saved
Delete | No, Glass No. e(';i‘:'yni’ (Pvez“;'vyj\‘/;zﬂ Df;:;m;w Si02 | B203 | AZO3| MgD | Ca0 | Ba |
D 1 GB02-000500 274 2771 -3116E-02| 65.00| Z P .
D 2 GB02-000501 2.867| 2.891] -243E-02| 60.00 = 1n the folder Of the user,s PC.
|:| 3 GB02-000502 2.99| 3.011] -2143E-02| 55.00
|:| 4 GB02-000503 3.115| 3132 -1.657E-02| 50.00
|:| 5 GB02-000504 2.405| 2419 -1.411E-02| 75.00
o 6 GB02-000505 2.51 2539 -2.925E-02)  70.00| m
] 7 GB02-000508 2.626 2659 -2.338E-02)  65.00)
] 8 GB02-000507 2.885 29 -1.465E-02)  55.00|
] 9 GB02-000508 2.439 2.427| 1.153E-02]  70.00|
] 10 |GB0O2-000509 2.55 2548 2397E-03  65.00
I:l " GB02-000510 2.66| 2768 -1083E-01| 50.00| =]
e Here do not select any glass row. By clicking the
[PROP] icon, a [Question] dialog box appears. Click
QUESTION *
] Seectass for composton mosein: the [OK] button, and the [Property Prediction] window

otherwise, starting composition value will remain blank.

o [Deancer | opens.

2) Calculation of a property value

K INTERGLAD 8: Property Prediction - X

fie_ep e Enter the specified component values of the
lelal INTERGLADS: Property Prediction . )
Regtession aton . S composition value in the [New] cells of the [Content]
Component Density at RT Initial
sz = column to predict a property. By clicking the
Al203 2.666E00 .
nae sameed [Calculate] button, the calculated value appears in the
Ba0 6.802E00
Lao. EEe [Predictive Value] cell of the [Propertyl column.
K20 2.603E00
" s - CIMC:::'ZZEM o The predicted density: 2.780 g/cm3.
Total 0.000 %

Property

Specified Unit m
@ |Density atRT glema| \_ 2780
Ld

Close
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9. Composition optimization — Zinc-silicate glass with a specified density

Obtain a composition of zinc-silicate glass with density of 2.6 g/cm3 at RT. The components of the

glass are SiOz, AloOs, Ca0O, Na20, K20 and ZnO.

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

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

system.

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

[ 10 NTERGLAD o : Duta List o Regrssion Anatyss

| File Toois Help

- o x|

Total Number 535

Humber of Sources | 147

Delete| Mo,

+(@pas Ak L)

el He e INTERGLAD 8: Regression Analysis |
{
Detad
Component Unit [mo% | [ intormation |
Proporty Uni [Common |+ Componen | | Anaiyze
Density at RT Density at AT Density at RT |
e s St e e L e (giom3 ) (Pradictive Valug) (Residual) |
248 =
. - 324500
137 1032 1026 081 1555 263

INET

4023

6 816 B14 o064
oss| 704 704 051

239 284 3412 601
a7 1348601 ||

3704 raize0]| ||

3708 134601

3708 1256601
307 2161601
1os4e01]| ||

2) Composition optimization

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

and by clicking the [Open] icon open that of the result
of 3.1 saved in the folder of the user’s PC.

e 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. 503(GJ07-
381993) with density of 2.83 g/cm3 as a model.

By clicking the [COMP] icon, the [Composition

Optimization] window opens.

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

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

visualization.

o Next sort the content values in the [New] column, and

correct the values of B203, MgO, BaO and Fe303,

K& INTERGLAD 8 : Composition Optimization - x
File Help
REREIE INTERGLADS: Composition Optimization
Regression Equation
Coefficient ent ( Mol )
Componenf__ Density stRT |nmg/ N
si02 2.266E00) /gB 840 58.8 Al
B203 2587E00 / 0.090 0.090
A203 2.666E00 JRED) 1370
Mgo 3.291E00 I 2680 2680
cao 3.100E00 ' 10.320 10320
Ba0 6.802E00 | 00w 0.040
Li20 2.433E00 \ 0.000 0.000
Na20 2.878E00) \ 10.260 10.260]
K20 2.B03E00| \ 0.810 0810
MnO 4817E00 \D 000 0.0 Calculate
oo \\4/ CarmEwTHent
Total 100.001 0.000 %
-REssl
Property
Specified Unit /‘rarge‘\ redictive Value
@ Density atRT gem3l\_ 2N 23826
L]
ertical Scale
Lk
@ o
-
Target
5%
& © © © e © e © ©o o
% INTERGLAD 8 : Composition Optimization - X
File Help
=28 De e INTERGLADS: Composition Optimization
Regression Equation
Coefficient Content (mol% )
Component oy atR%, Initial e D |
sioz / 2266EN) 50840 /%7.480\]
cao 3.100E0] 10320 [ 11837 X
Na20 2878E00)\ 10260 [ 11.768)|7
2n0 4668E00] | 155850 |  6.407|
a203 | 2666E00] | 1370 \ 1572
K20 | 260300 | 0810 \\E_ﬁz
8203 25a7E00] | 0000  0.00)
Ng0 3291€00)/ 2680 [ 0000
Ba0 I\ 6.802E00) 0040 | 0.000)
Li2o N\ 243k 0000 \_ 0000 Calculate
mnn o Anl nannl ]
—" ot — o000l % Clear New Content
otal 5 (s ]
Property
Specified Unit Targat Predicive Value
@ |Density atRT glem3| 2 2600
*
Vertical Scale
L
1%

50%)

Close.

which are not included in the target composition with
6 components, to 0.

e By clicking the [Calculate] button, the property value

1s 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, decrease the content of ZnO with a high coefficient little by little.

e In final the Density at RT becomes 2.600 g/cm3 in case of the following composition.

The composition: SiO2 67.49 mol%, AloOs 1.57%, CaO 11.84%, Na20 11.77%, K20 0.93%, ZnO 6.41%.
e The composition with the target property is not only one. Therfore calculate changing the other components

also, and optimize the composition.

10. Composition optimization (Automatic calculation)— Zinc-silicate glass with a specified density
In the same example as 3.3, obtain a composition of zinc-silicate glass with density of 2.6 g/cm3 at
RT. The components of the glass are SiOz, Al2O3, CaO, Naz20, K20 and ZnO.

<Refer to D.4 of Chapter 3, and 4.8, 4.9 of Chapter 4>
Composition optimization is performed by the least squares method using a new multiple regression

equation from the search result in Example 7.

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

Component Terms] dialog boxes)

K& INTERGLAD 8: Data List for Regression Analysis - O X ° Open the [Selection Of 1 Component
File Tools Help
= A )] (1] Lo Lo £l] | L] o] - ji i . . .
« mREE A 8K 55 5 R 7@ @ INTERGLAD 8: Regression Analysis Terrns] dlalog box by Cthlng the
Total Number | 535 | componentunit jmo || [ mformation | [ +,-=s | [ ] :
Component] button, and specify
Number of Sourr.es@ Property Unit |Common |~ Component T) Anaiyze
Data Source Density at RT Density atRT Density at R . .
Delete|| No. || Glassha Data Source | Year Number e e (Rss'wyauani Component terms fOI' a multlple regression
[J | 501 |6J03-381758 |J. American Cerami..|2015 |v. 098 p. 0748 2.481 =
[J | 502 |6J03-381992 |J. Mater. Sci.: Materi.. 2017 |v. 028 p. 4064 257,
[J | 503 |oJ07-381993 |J. Mater. Sci. Materi.. 2017 |v. 028 p. 4064 263 equation‘
[J | 504 |oJ07-3819%4 |J. Mater. Sci. Materi.. 2017 |v. 028 p. 4064 269)
] | 505 |oJ07-381995 |J. Mater. Sci. Materi.. 2017 |v. 028 p. 4064 275 . . .
] | 506 |GJ07-381996 |J. Mater. Sci- Materi.. 2017 |v. 028 p. 4064 284
O] | 507 |eJo7-382¢82 |J. Waterials Science |2018 |v.053 p. 011204 3835 o In thls example’ flrSt C1lck the [Clear All Component]
] | 508 |oU07-382¢83 |, Waterials Science |2018 |v.053 p. 011204 3845
[ | 509 |cJo7-382494 |1 wiaterials Science |2018 |v.053 p. 011204 3830 button in the [Select Component Terms] dialog bOX for
] | 510 |cJo7-382495 |, Waterials Science |2018 |v.053 p. 011204 35835
] | 511 |cJo7-382496 |, Materials Science |2018 |v.053 p. 011204 3832 .
[0 | 512 |clo2-382603  [Ceramics-Silikay |2013 |v.062 p. 0188 2.354] the Selectlon Of 1-Component Terms’ and Check the 6
] | 513 |cU07-282604 |Ceramics-Silkaly |2018 |v. 062 p. 0188 3007,
] | 514 |cU07-282605 |Ceramics-Silikaly |2018 |v. 062 p. 0188 3051 .
] | 515 |cu0s-283138 |J. Non-Crystalline S...2018 |v. 502 p. 0190 273 Checkboxes Of 8102 A1203 Cao NaQO KZO and Zno
] | 5% |GU07-283155 |J. Non-Cnstalline S...2018 |v. 502 p. 0190 266 ’ ’ ’ ’ .
O] | 517 |cU07-283156 |J. Non-Crstalline S...2018 |v. 502 p. 0190 284
] | 5%8 |GU07-283157 |J. Non-Cstalline S...2018 |v. 502 p. 0190 224 = Cllck the [OK] button
] | 519 |cU07-383158 | Non-Cnstalline S...2018 |v. 502 p. 0190 2.2 =
[« I I}

o Check the number of the component terms in the
[Question] dialog box.
1-Component Terms: 6.

e Click the [Analyze] button.
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& Select Component Terms X QUESTION X

Selectiion of 1-C Terms li‘
If necessary, change the following condition :

Min. num. of glasses = 1 % of total retrived glasses

Selockerruf-Expiesatary Variables in Multiple Regression Analysis:
1-Component Terms: 6

2-Component Terms: 0
3-Component Terms: 0

Min. num. of glasses = |2 glasses to one component
Select All Component H Clear All Component | )
N c Number of Glasses | Max Content %
[ |sio2 470 85.000 =
I [H] \9203 173 50.000
1203 207, 25.000
O meo 30 30.000 C
30 123 38.200
[ ) 73 30,000 -
[0 2o 33 35.000
220 177 40.000
k20 142 35.000
0 funo 5 45.000
[ |re0 1 0.540
[ Jceo 2 1790
\ O [lcwo 5 3140
\/ zno 475 70.000
Y |so 28 30000
[ ceo 1 40.000
[ lpso 25 40,000
[ =0 o 0.000 =
‘ BACK H Next ﬂ oK )| Cancel ‘

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

File Tools Help

K INTERGLAD : Execution of Regression Analysis - X

Property

Analysis Condition
Analysis Method : (0 Y=T3;

0510 Density at RT (Common )

@\@l@ INTERGLAD 8: Regression Analysis

Verify Resuit

Select Components

Xtk ‘ Select All Component | Clear All Component | ‘ Apply ‘

@ y=Taxrax Fx % Exclude component terms less than |2 data
variable y: @y Oy O logy Exclude oomponennem:s under ti=
Component — Cnl;lmn ent
Select Companent Coeficient Std. Error tvalue vs Property gorv’:\:;omn
Correlation of Data Plot
8i02 2.27863E00| 0.034 66.480 -0.37083 439 Figure
lAI203 2.88409E00 0.158 18.284] 0.03013 190, Figure
Ca0 3.37441E00, 0.167| 20.253 -0.07754| 109 Figure
Na20 2.85652E00 0106 27.034) 027175 170, Figure
K20 2.55682E00 0.098 26.132 -0.20754] 137, Figure
lzno 4.69083E00 0.061 77.080) 0.41719| 444 Figure
X 7.97694E00 4970, 1.605 Figure
[ INTERGLAD 8: Verification of Regression Analysis - X
File _Help

& mele

INTERGLADS: Regression Analysis

Property : Density at RT ( Common ) Predictive Value

y-Eaxrax, 75
xi ai Std Error | / tvalue N
sioz 2270 3.428603 6.548E+01
1203 2884 15776-0f  1828E+01 e *
Ca0 3ar4|  1e00e-ch]  2.025E+01 b =
Na20 2857 1.057E-0Y  2.703E-01
K20 2657 o784E-0d 2513E+01 228
zno 4501 5.087E-02)\ 7.706E+0
x 7977 107 s
0
.
275
Mode
Detail 25
Delete
25 275 a0 225 25 275
DelelanSore, Measured Value
s [ —
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e Execute the multiple regression analysis with the
default setting by clicking the [Execute] button.

¢ 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. Confirm

R2=0.9091 and t value>18.3.



3) Composition optimization by automatic calculation

K INTERGLAD & Data List for Regression Analysis. - o X
File Tools Help
EEISE] EEEE) [A€]@ INTERGLAD 8: Regression Analysis
[Total number | 535 | componentunt fmom || [ tormation | [ +.-vi ]
Delefe| No. | Glass No. Si02 | A203| Cad | Na20 | K20 | zno |DeNSIVEIRT| DensiyatRT |- Densiyatit
(glom3) (Residual)
o 10 |GB02-000509 65.00| 10.00| 255 =
o 11 |GB02-000510 50.00| 18.75| 2.66| =
O | 12 [eeoz-000s11 L[ [.[ e5.00 500 247
O | 13 [oBozooosiz |[.[.[ e0so 1000 2574
O | 14 [oB02000513 | ||| 5500 1500 2675
O | 15 |oBo2000514 ||| | 6000 500 249
O | 15 |oB02:000515 55,00 10.00) 2597,
O | 17 |eBo2-000516 50.00 15.00 2705
=] 18 |GB02-000758 50.00| 15.00] 35.00| 3.215) 3.21 5.418E-03)
=] 19 |GB02-000759 50.00| 20.00| 30.00| 3.091 3.118| 2 68TE-02|
=] 20 |GB02-000760 50.00| 25.00] 25.00| 2,979 3.026| -4.715E-02,
[m] 21 |GB02-000761 50.00| 30.00] 20.00| 2.87| 2934 5.444E-02,
=] 22 |GB02-000762 50.00| 35.00 15.00| 2776 2.843| -5.672E-02,
=] 23 |GB02-000763 50.00| 40.00| 10.00| 2851 2751 9.999E-02,
=] 24 |GB02-000764 60.00| 10.00| 30.00| 3.173] 3.06| 1.129E-01
[m] 25 |GB02-000765 60.00| 15.00] 25.00| 3.057| 2.968| 8.864E-02,
[m] 26 |GB02-000766 60.00| 20.00| 20.00| 293 2.877| 5.335E-02
[m] 27 |GB02-000767 60.00| 25.00 15.00| 2.818] 2.785| 3.307E-02
[m] 28 |GB02-000768 60.00| 30.00 10.00| 2717] 2.693| 2.378E-02
oo e [l Il [¥]
& INTERGLAD 8: Property Prediction: Composition Optimization (LSM) - x
File Help
[BEIEE INTERGLADS: Composition Optimization (LSM)
Regression Equation
Coefficient Content (mol% )
Component Density at RT Initial Result Fix
Sioz 2.279E00| 65.000) 65000 []
AI203 2.884E00 0.000 0.000 (] o
Ca0 3.374E00| 0.000| 0000 []
= —
Naz0 2.857E00| 0.000| 0.000| t
K20 2557600 0.000 0.000 (1 ‘-—)
Zno 4.691E00| 20.000| 20000 [] a 4
X 7.977E00| a Calculate
Range(%) 1000
Factor 0.1
i 85000 o000/ Max Iteration |1000
Property Convergence [12-2
Specfied Unit &e‘\\r’remmve Value | Select
@ |Density atRT gema|  \_ 26] ]
. a
5] [ close |
quesTon *
lz‘ Do you set the imitial valus of 2 not equation to 07
Companent vaes thai are ot i i
% INTERGLAD 5: Result of Composition Optimization (LSM) - o x
File °
~ ~ INTERGLADS: Result of Composition Qptimization (LSM)
fiass N\ | Defsity atRy |Density atRT (R.| ¢l Prop (Res s5i02 | A a0 | Na20 Zn0
205 | gBor-17463p | [ 2.5004) 155821E-4| A | 1.55921E4 |4 73613 00 0017157 9.22023~ |
29 | pBog-00076y | [ 2601 5T7309E-4| A | 57730964 0, oo oo 3500 00\ 50
133 | foB0200s2ze\| | 250825 6730364 A | 6730354 A||60.5625] 00125 0.00704[22 511 [0.02022] 7,947 36,
185 ||cBo2-096229|[|  250809|\  734616E-a[ A | 7.3a616E-4] A|[74f59._|0.02652 0.0202616.238..|0.01936 9.33N14
134 || cB02-006227 250802 | 7600E4) A 7.600E-4| A|7/005._|0.00582|0.01654[20.678. | 0.01837| 8275 |
111_| 6B02-016306 250796 |  7.86126E-4| A | 7.86126E-4) A[9.010.|0.01562)0.00975(23.309. [ 0.00975| 7.6442
55| GB02-000840 260206 7.906E-4) A 7.906E-4] A |[i0.311..| 4.99835| 4.00658| 0.0107722.383 .| 720972
388 | GJoe-359367 260208 | 8.00263E4| A | 8.00263E4| A[64.560.6.11763]6.11404[11.339. [ 6.18153) 5.66649
25| GBoz-n0078s 260211 81102E-4] A | 8.11926-4| A|72.702.[5.11554 5738332 45402| 5.71759 | 8.27228
57 | GB02-000342 260214 | 82217464 A | 8.22174E-4| A|55.143_] 500078 4.99807[0.01035] 28.2179] 6.62901
93| Glo7-359372 260216 | 8.314456-4] A | 8.31445E-4] A 74196 500556 5.20956(0.00834| 6.49252) 8.99785
173 | GJo2-071993 250781 | 8.40768E4| A | 8.40768E-4| A|k3798.0.00773) 0.00836[30.172. 0.01733] 5.99502]
50 || GBo2-000844 260219 |  B.40915E-4| A | 84091564 A B42.| 49889)5.00703| 0.0028[47.783. 4.375F
121 |\cBo7-022502f| | 260219]]  a4273e4[a|  saz7aca|alsAi07.[23.863.]4.99731| 1.05-5(4.38325 4.648f6
67 | \eBo2-0008s3f| \  250781)  s4d0asE-a[A| B.4d044E-a| a]65 N0 [0.00905 0.00950) 4. 99194[19.497 07568
77 | &eo2-o0006f | \ 26022 848938E-4| A | 8.48938E-4)All43.150 [557704[5.57704]  0.0[40.926. 46115
60 | OB02-000945 | \ 250778  8.49496E-4[ A | 6.49496E-4|A 69684000971 0.01948) 4 97779[15.012 A0.296
227 | cBgz3sgos |\ 2s507f9]  esoteeE4|a| asoiose4||d [eesie 27] 0.0093|2.26455/20,586..10.301.. < |
il T v D

e Go back to the [Data List for Regression [Analysis]

window, and by clicking the [LLSM] icon open the
[Composition Optimization (LSM)] window.

e Input the target value in the [Target] column (in this

example, Density at RT=2.6 g/cm3).

Click the [All Calc (LSM)] button. The [Question]
dialog box, ‘Do you set the initial value of a component
that is not an explanatory variable of multiple
regression equation to 0? opens, and click the [OK]

button.

After calculation, the [Result of Composition
Optimization (LSM)] window opens. In the table, sort
the [All Prop (Res.)] values in ascending order by
clicking the title column, All Prop (Res.). In this
example 153 glasses with density values lower than
0.1% to the target value are obtained. They are
marked as A and their background color of Glass No.
is indicated in the

i1s blue. Each composition

component columns in the right-hand side of the table.

¢ One of examples of composition optimized is as follows.

In case of No. 388 (The model glass, GJ02-359367),
S102 64.58 mol%, Al203 6.12%, CaO 6.11%, Na20
11.34%, K20 6.18% and ZnO 5.67%. Its density at
RT is 2.602 g/cm3.

e The user can use also the multiple regression equation

obtained in Example 7. for automatic calculation. In
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11.

this case, compositions with 27 components as the

explanatory variables are obtained.

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

Predict Young’s modulus at RT of an alkaline-earth silicate glass with the composition of SiOz 45%,
Alz03 12%, MgO 13%, CaO 20%, Y203 7% and TiOz 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

INTERGLAD & : Search for Regression Analysis
g y:

File Tools Help

%

=es Pee

INTERGLAD 8: Regression Analysis

s owss ||

® 08
INTERGLAD Data
( @ Server (local )
Main O TpOTErT Component Lo [] user Data

O | ~ |sio2 OR OR OR 2000 60.00|~]

~ oR OR or

~ oR OoR OR

~ oR OR or

~ oR OoR OR

~ oR OR or

~ oR OoR OR

~ OR OR oRr =

—<Total of Main Components Giass System Alkaline-sarth Siicate >
Property
[] Extension Search
Specified ‘Specified unit Value Min | Value Max
Young's Modulus atRT oR [cCommon [~ cPa
AND |+ OR oR Common |~
AND |~ OR oR Common |~
L« il ] D]

o [ [

(| searcn iesel

o Specify 20<S102<80 mol% for the Composition. Select
‘Alkaline-earth Silicate’ for the Glass System, ‘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)

e 573 glasses are listed.
e After clicking the [Component] button, specify only 1-

component terms for explanatory variables at the

default setting.

1-componet terms: 27.

& Select Companent Terms %
Selection of 1.Component Terms:

i necessary, change the fallowing condition: | Apply

K INTERGLAD 6: Data List for Regression Analysis o x
File Tools Help
EEIEE S [71/@ @ INTERGLAD 8: Regression Analysis
< [Total Number 573 | Domponentunit[mots || [ nformation | [+, |
Number of Sources|| 96 Property Unit Ccomponent ) Canaiyze )
Data Source Young's Modulus at.| Young's odulus at.| Young's
Delete| MNo. | GlassNo Datasource | vear| D32 Sou sio2 e Preddivaue | R
O | 1 |cJ02003208 |J.CeramicSoc Ja.. [1988 fv.095 p. 1012 3000 10676402 [4]
O | 2 [eJ03:003210 |J CeramicSoc Ja.. [1988 [v.095 p. 1012 3000 10326402 =
O | 3 |cB02:008471 |Handbookof Glass...[1985 [v.001 p.0326 5880 60301
O] | 4 |cB02-008474 |Handbookof Glass...[1985 [v.001 p.0326 5230 659501
[ | 5 |cB02:008477 |Handbookof Glsss...[1988 [v.001 p.0326 59.00 621501
O] | & |cB0200847¢ |Handbook of Glass.. 1988 [v. 001 p.0328 55.80 8.68E-01
O | 7 |oB02008480 |Handbookof Glass... 1986 . 001 p.0326 5320 .83E-01
O] | 8 |oB02008485 |Handbookof Glass.. 1986 |v.001 p.0326 5060 .86E-01
O] | 9 |oB02006487 |Handbookof Glass.. 1986 |v.001 p.0326 56.60 7.0E-01
O] | 10 |oB03-006508 |Handbook of Glass.. | 1986 |v.001 p.0336 5000 81E-01
O] | 11 |6B03-008508 |Handbookof Glass... 1986 fv.001 p.0336 5000 825E+01
O] | 12 |6B03008510 |Handoook of Glass... 1986 [v.001 p.0338 5000 826601
O] | 13 6803008511 |Handbookof Glass... 1985 [v.001 p.0336 5000 B4E01
O] | 14 |6B03-008512 |Handbookof Glass... 1985 [v.001 p.0336 5000 830501
O] | 15 6803008513 |Handbookof Glass... 1985 [v.001 p.0336 5500 803E+01
O] | 16 |6B03-008514 |Handbookof Glsss... 1985 [v.001 p.0338 5500 810801
O | 17 |6B03-008515 |Handbookof Glsss... 1985 [v.001 p.0338 5500 822601
O] | 16 |GB03-008516 |Handbookof Glass... 1985 [v.001 p.0336 5500 832801
O] | 19 |6B03-008517 |Handbookof Glsss... 1985 [v.001 p.0336 5500 781E01 L
- [41 [ IO
QUESTION X

] Min. num. of glasses = 1

#] Min. num. of glasses = 2

%+ of total retrived glasses
plasses to one component

Seloe e
E 1-Component Terms: 27
2-Component Terms: 0
3-Component Terms: 0
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Select All Component || Clear All Companent
Component | Number of Glasses | Max Content%

@ sz 573 50,000
»l |B203 TU‘ 35.000|
v |a203 a2 36,100
W g0 25 46,150
W |ca0 e 55,000
W a0 81 45,000
W |uzo 50 24400
vl Na20 204 31.500)
vl k2o ) 24400
¥l |peo 5 39700
n0 1 3050

Feo 1 0130

@ |z0 18 31330
@ |so ) 45000
¥l |cdOo 5 33 330
Foo 3 0600
€203 1 0004

W |Fe203 15 4900




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

Regression Analysis] window)

e Open the [Verification of Regression

s ]

& INTERGLAD 8 Execution of Regression Analysis - x
File Tools Help
Pee INTERGLAD 8: Regression Analysis
Property —
0540 Young's Modulus at RT (Common ) Erecute [Dyerity Resui
Analysis Condition et Componsats
Analysis Method : Y=tk | setect At component | clear Al component | [ aomy |
wy=Taxsax Ix 2-1. Exclude component terms less than |3 data
—
Component R S:';:’:T:;
Select Component CoefperEnt St Ermor ue ve Property E
Correlation
Correlation ofData Plot
si02 /| 70420801 2518 279 053734 515  Fgure ||
B203 9.74954E01] 7235 13.476| -0.19922) 70| Figure
|AI203 / 1.27794E02 4534 28184 \ 031651 398 Figure
g0 / 1.50469E02 3399 3g580 | 066954 304 Figure
cao i 1.11249€02 3707 30013\ 003850 313 Figure
Ba0 6.80630E01| 5848 11.639) -0.27821 73| Figure =]
Lizo 150233602 11032 12501 0.05758 50| Figure
Naz0 2.80877E01 7323 3835 053609 192]  Figure
k20 2.61444E01 a681 2701 -0.36504] 82 Figure
Be0 \ 2.07404E02 5202 39670 | 0.49975 47| Figure
lzno \ 1.09489E02 15617 7011 | 00807 15| Fgure ||
510 \ 8.76814E01 5.484) 15990 / -0.22008 66|  Figure
ca0 \| 82602601 17.305 4787/ 0oeate 3| Figure
Fe203 -4.75316E02 56552 —Ellﬂ; -0.18667 15 Figure
|As203 1.49198E01] 1427 956| —UMU -0.12060 18| Figure
v203 29455702 19.288 Asar 029927 a2 Figure
La203 9251258 175050 -0.528 -0.05015| 6 Figure =
& INTERGLAD 8: Verification of Regression Analysis - X
File Help
@ mession Analysis
Property : Young's Modulus at RT ( Commeon ) Predictive Value
R 03825
FZA‘X‘4AXXX
Xi ai Std. Errar tvalue
5i02 7.042E+01 2518 2.797E+01|%|
B203 Q.750E+01 7.235  1.348E+01 'S v
|AI203 1.278E+02] 4.534) 2.818E+01|—| - v €
g0 1505E+02 3800 3850E+01 o
Cal 1.112E+02] 3707 3.001E+01| |
-
820 6.806E+01 5848 1.164E+01 .a A
120 1502E+02] 1103601 1250E+01| | | 1000Ew02 =5y
W s
Na20 2.809E+01 7.323| 3.835| ‘ﬂ’
K20 2.614E+01 9681 2701 k-‘y .
BeO 2074E+02] 5202 3987E+01) o af 4‘2
\zno 1.095E+02  1.562E+01 7.011| | *
Mode
Detail
e 25008001
2500401 DGQE01 7 S00E+01 1000402 1 250407 1 500E#02 1386002

Close.

1 INTERGLAD 8: Exccution of Regression Analysis

File Tools Help

e

Property
0540 Young’s Modulus at RT (Common )

Analysis Condition

Analysis Method : () Y=Z8X;*K

INTERGLAD 8: Regression Analysis

oo D v

Select Components

| select Al Component | _Clear All Component | [ awmty |
@y Eaxrax Ex 2-/. Exclude component terms less than 3 data
e ®y O 1y O gy Excluge [2.83-| v |component terms under 1=
Component — Component
Vs Property
Select Component Coeflicient Std. Error tvalue vs Property e
Correlation wizEe Plot
Sr0 9.42283E01 4316 /ZT 831 ~0.22006| 66 Figure d
cdo 8.04820E01 13348 [ eo2g \ 00318 3| Figure
Fe203 451331E02 43723 [ 10551 \ 08667, 15| Figure
[As203 | \ -0.12080 6]  Figure
v203 3.08915E02 14831 | 20694 | 02027 42| Figure
La203 0.05015 6 Figure
N203 251317602 70420 3568 0.07490) 10 Fguwe | |
[mio2 147284502 6.948 21.204) 0.13222 93| Figure
lzr02 2.22362E02 18.103 12283 023143 o] Figure
Sn02 -3.33742E03 1292065 -2.583| -0.11327| | Figure
P205 -0.18592 38| Figure
BaCI2 9.82670E01 14949 \ 6.574 ’ -0.06350| 7 Figure =
N 4.18528E02, 26.052| \ 16.065| l 0.19848| 5 Figure
[N 25038902 1758\ 2133 | oamem 7| Figure
sic 1.48839E02 32333\ 4503 [ oo2e3 5| Figue
EEN 4.95383E02 ap208  \ 10257, 015111 o Figue
X -4.51299E02 346.422 Sl Figure <

[Verification of

e By clicking the [Analyze] button, the [Execution of
window opens. Click the

[Execute] button, and click the [OK] button in each

Regression Analysis]

[Question] dialog box which appears one after another.

Finally the regression coefficients, etc. are shown.

analysis]
window by clicking the [Verify Result] button. The
contribution rate R2 is 0.8826. A lot of plot-points
concentrate near a line of y = x. If recalculation is
performed after deleting separate plot-points, R2 will
increase, but the effect on the regression equation
would be small. In this example a simple prediction is

performed without such a data deletion.

o | t | values of As203, La203 and P205 are <2. Delete v/

in the 3 checkboxes, and click the [Execute] button

again.
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K INTERGLAD 6 Verification of Regression Analysis -

File Help

x

@@@ Wression Analysis

Property : Young's Modulus at R ( Common ) Predictive Value
R’ 09268
V=Eax+ax,
xi ai Std Eror | tValue
sio2 6.591E+01 205 32156+01|4]
6203 9506601 5817 1634E+01
Ai203 1.208E+02 3489 37146+01| | « i
g0 1.533E+02) 3083 4972E+01| | - .q"%
cao 1.161E+02 2074 387T1E+01 e
Ba0 7.361E01 4508 1634E+01 | .
Lizo 14556102 1.083E+01  1331E701
AR
Na20 5.738E+01 7.192 7978 b eV
k20 1.954E+01 8115 2408 3
Be0 2074602 4004 5181E01 e
zn0 1.084E021.186E+07 a.038]_| R
VK
Wode M
L2 3t
Detail >y
Delete
Msqoeo1 1oooEez 1asomcz 1swomoz 175gEe
ooleoa Sourco \ /ﬁasm Vol

e In this case R?is 0.9265 (> 0.8).
e |t| value of each component term becomes > 2. The

multiple regression equation is completed.

4) Property prediction ([Property Prediction] window)

K INTERGLAD 8: Property Prediction -

File Help

X

Ble e INTERGLADS: Property Prediction

Regression Equation

Coefficient Confeatigol% )

Companent Young's Modulus at Initial few =

sio2 6.591E01 45.000)

cao 1.151E02| 20.000)

g0 1.533E02| 13.000||=|
203 1.296E02| 12.000)

Y203 3.069E02) 7.000)

TiO2 1.473E02| N\ 2000

B203 9.506E01 0]

Ba0 7.361E01) 0.000)

Property
Specified Unjp—""Predictive valie—
# [Young's Modulus atRT (@ 1141 E02>
L

Close

Li20 1.455E02| 0.000)

Na20 5.738E01 0.000]_| Calculate
"t | clear New Content

Total 0.000 100.000 %

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.

o Enter the specified component values (SiO2 45 mol%,
AlxO3 12%, MgO 13%, CaO 20%, Y203 7%, TiO2 3%) in
the [New] cells, and click the [Calculate] button.

e 114.1 GPa for Young’s modulus appears in the
[Predictive Value] cell of the [Propertyl column.

12. Property prediction by a cubic equation — Density of boro-silicate glasses

Predict density at RT of a glass of SiO2-B203-K20 system with the following composition. SiOz 40%, B20s

30%, K20 26%, Ca0 3%, Als0s 1% (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

K INTERGLAD 8: Search for Regression Analysis - X

File Tools Help

\E‘“ﬂ“@ @\ﬁ“ﬂ‘ INTERGLAD 8: Regression Analysis

C i bB

INTERGLAD Data
( O server ® Local )
Gomponent Component Component Component | %min | %max [ user bata

aND [ [sioN oR oR OR =

AND (~]B203 ) [OR oR oR |
| [anD|~k20 / OoR OoR OR
< R orR orR
~ oR oR oR
~ oR OR OR
< R or or
~ oR oR oR

a ~ oR oR oR =

f« - % =< Total of Main Componsals Glass System
Property
[] Extension Search
ecified Specified Unit Value Min | Value Max
C__ [pensiy atrp) oR R Common ~ /em3
D |~ oR OR Common |~
AND |~ OR OR Common |~
LT 1 J ]

Data Source
B i —— -

[ search Skesei
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e Specify the following condition of composition. SiO2 +
B20s + K20 > 95 mol%

e Select ‘Density at RT for the Property and ‘NOT
Patent’ for the Data Source.



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

KD INTERGLAD 8: Data List for Regression Anslysis - 0 x ° 351 glasses are 1ISted
Fée Tools Help

o Total Number )

Nuember of Sources | 47

o Deiete Mo Glass No Data Source

- a8 A855 S5l (2 @ @ INTERGLAD 8: Regression Analysis

e First, regression analysis by a linear equation is

carried out for comparison.

—

—

3) Regression analysis by a linear equation

I #® Select Component Terms %

[ Selectiion of 1-C: T i

L If necessary, change the following condition :

Min. num. of glasses = [1 (% of total retrived glasses
b Min. num. of glasses = |2 |glasses to ane component F
4 ‘ Select All Component | | Clear All Component ‘ ;
[ Number of Glasses | Max Content %

Si02 351 97.210 [=f
8203 351 82.000 i
K20 351 62.500 :
AI203 28 3.190 L
O |mg0 1 0.310 L
ca0 9 3390 L
[] |sao 2 1.280 L
Li20 13 4.500 2
Na20 68| 5.000] 3l
[] |Feo 1 0.160] il
Zno 3| 1870 i
O |poo 1 0.110 i
[ [Fe203 1 0.004) i
As203 0] 0.550 i
[ |sb203 2| 0.090 i
O [rio2 1 0.020 mil
[ loH 2| 0.140 i
uo2 4 0.500 7:

1 ‘ BACK ‘ ‘ Next (H OK. H) Cancel ‘ o

o After clicking the [Component] button, specify only 1-
component terms for explanatory variables at the
default setting.

10 component terms for 1-componet terms are selected.

QUESTION x

E‘ Selectio afatery Variables in Multiple Regression Analysis:
“Component Terms: 10
2.Component Terms: 0

K INTERGLAD 8: Execution of Regression Analysis -

File Tools Help

x e By clicking the [Analyze] button, the [Execution of

Property
| Execute Verify Result

0510 Density at RT (Common )
Analysis Condition——————————————————| salect ¢
Analysis Method : () y=EaX;+k | select Al Component | _Clear All Component | | ooy |

@yTaxsax Tx 2% Exclude componentterms less than|[3 | data
ey @10 Oy e 2251 ompern s w00

e miele INTERGLAD §: Regression Analysis Regression Analysis] window opens. Click the

[Execute] button and the [Verify Result] button. The

contribution rate R2is relatively low, 0.5806.

Component Component
Number S
Select Component Coeficient Std. Error tValue s Property B
Correlation
Correlation of Data Plot
2.42180E00 0.014) 171814 0.22752| 278 Figure
1.97499E00 0.024) 81.004) -0.57124] 276 Figure
K20 261713E00 0.039 72181 0.47259) 276 Figure
|A1203 -1.22568E-01 1607 -0.077| -0.17345| 27 Figure
ca0 1.76864E00) 2252 0.785| 0.02108 9 Figure.
Li2o -1.31340E00 1105 -1.188) -0.19504] 13] Figure
MNa20 1.84135E00 0.383] 4814 -0.12867| 64| Figure
zno 6.47575E00) 4250 1.524) 0.02616, 3 Figure
45203 -4.91010E00 12073 -0.407] -0.05368 10 Figure.
uoz 3.04447E01 15.747 1.933] 0.07717] 4 Figure
X -1.99327E01 13.317| -1.497| Figure
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[ INTERGLAD 8: Verification of Regression Analysis

File Help

Cl

INTERGLADS: Regression Analysis

v oy
v
WS
wr .
v "
o
A
o
v
r:
PO
-
- !I. R _'
PLSNYe
.
Y
§
aes

Property : Density at RT ( Common ) Predictive Value
& 0.5806 26
y-Taxsax,

X ai Std.Eror | tvalue 25

sio2 2422 1.410E-02] 1718E+02
5203 1975  2438E-02] 8100E+01 2

K20 2817]  3903E-02 7218E+01

A203 -1.226E-01 1601 -7.657E-02)
22

ca0 1759 2052 7.853E01

Li20 1313 1.105, 1188
Na20 1841 3825601 4814 22

zn0 6.476] 4.25 1.524]
las203 491 1207E+01] -4067E-01 21

uoz 30446401 1575E401 1.933]
i 1.993E+01]  1.332E+01 -1.497 -

Mode
Detail 19
Delete
18 20
Delete a Source

25 28

Measured Value

4) Regression analysis by a cubic equation

K Select Component Terms X | K Select Component Terms x
|| Selectiion of 1-C ] Selection of 2.C T s
ié I necessary, change the following condition : | If necessary, change the following condition :
Min. num. of glasses = |1 % of total retrived glasses in.num. of glasses = |7 %4 of otal retrieved glasses
1 Min. num. of glasses = |2 |ptasses to one component| = 1| L yin. num. ot glasses = |10 e L
i T ——— ‘ ‘ e —— ‘ E i Max. num. of components = |50 % of num. of 1-component terms| :‘
F B 3 Select All Component || Clear All Component E
C Number of Glasses | Max Content % C Mumber of Glasses | Max Gontent %
sio2 351 97.210| el Si02 351 97.210 s
B203 381 82000 5203 351 82.000 T
K20 351 62.500) 7 K20 351 62.500 |
(1203 28 31%0 : A1203 28 3190 |
Mgo 1 0.310] L O [mgo 1 0.310 |
ca0 9 3.300 L O |cao 9 3.390 |
Ba0 2 1-280) L [ |pso 2| 1.280 |
Li20 13 4.500) O |u2o 13] 4500 1]
Na20 68 5000 L Na20 58 5.000 1
[ [Feo 1 0.180) L 0 |Feo 1 0160
zn0 3 1870 L 0 |zo 3| 1870 [
] |poo 1 0.110) L 0 |roo 1 0110 r
O] Fe203 ! 0.004 L [ |Fe203 1 0.004] i
[As203 10 0550 L [ |as203 10 0.550 i
0] |s0203 2 0090 L 0] [sez03 2 0.090 [
0 oz ! 0020 Ik [ [rioz 1 0.020 mi
g on 2 0140 L O Jon 2 0.140 ]
uoz 4 0.500] =il 0 |uoz 4 0.500 -
1 [ mac(][ wemt |[) ox || cancar | Eo [ mace(T[ oxt 1) ox ][ cancer | L
9| K select Component Terms X
| setection of 3.Component T |
g If necessary, change the following condition
Min. num. of glasses = 15 % of total retrieved glasses
1 .num. of glasses = |10 glasses to one component
3 Max. num. of components = |30 % of num. of 1-component terms |
]
3 Select All Component | | Clear All Component £
E Number of Glasses | Max Content %
sio2 as1 97.210) =
B203 351 52.000 i
K20 351 62500 i
O |u=o3 28 3190 i
] |Mao 1 0310 L
[ |ca0 9 3390 L
[ |eao 2 1280 L
O |uzo 13 4.500 L]
0] |mazo 68 5.000 I
[] [Fe0 1 0160
] |znO 3| 1.870 il
] |poo 1 0.110 il
[ |re203 1 0.004) i
] |As203 10 0.550 : QUESTION x
[ |sp203 2 0.090 L Selegiioa-ofExplanatary Variables in Multiple Regression Analysis:
O [rio2 1 0.020 [ 1L T.Compoenent Terms: 10
0 o 2 0.140 L 2.Component Terms: 10
o |uoz 1 0.500 = Component Terms: 1
| [oacx || e (([_ox ) camcer | L
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e Return to the [Data List for Regression
Analysis] window, and select the 1, 2, 3-
component terms at the default

settings. The numbers of the selected

component terms are shown in the

[Question] dialog



o Execute the regression analysis in the [Execution of

Regression Analysis] window, and open the

[Verification of Regression Analysis] window. R? is

R INTERGLAL: 5 Execubon of Regression Anslysis - X
File Tools Help

B8 - [es INTERGLAD 8: Regression Analysis
e
e Selact Components.

Analysis Method : ) Y388+ 50, o3 E -6, X% X, oK selectllComponent | Clear Al Componen: | C_aoay D

®VTaxsTEO T T e e rax Tx2ag vy | [¢] Exciude component terms less than 3 data
Camponent  yumver Component
Seleat Component Coemcient Sta. Emor v vs Proparty '&:’x;:’n
Comelation ofDulg Plot

w S0z 233276E00 0.027 86349 021148 276 Figure. -
@ 8203 169433600 0.049 EEE 054908/ 275 Figure b
W x20 1.40634E00 0.082 17.208 0.44020 276 Figure

w203 5 a4s21E02 108811 2767 01783 21| hgue

@ a0 315090600 1288 2.458] 002668, o Figure

W Lz 153100£00 0658 2477 0231808 13} Figure

W nNa2o 9.06973E00 18.585 0488 010844 4] Figure.

W _zn0 23759900 3324 o715 002920 ) rigure

W As203 303789600 6524 0,466/ 006520 10| Figure

W oz 263662601 443 3123 008926 | Figure

¥ sic2'8203 137953601 a1r? 0781 038814 26| Figure

@ si02%20 209567E00 0221 2478 077970 276 Figure

¥ so27a203 577188E02 207853 2781 -0 1882 BT L
¥l sio2'nNaz0 ~336807E00 19525 0173 012000, e Figure

Wl sz0wz0 27858500 0258 2343 -o0saeT 75| igure

W 8203203 513687602 182879 2784 021751 27| Figure

W B203Ma20 149483601 19415 0770 0 16654 5 migwe -

found to be 0.8848, a good result.

Check t values in the [Execution of Regression
Analysis] window. Component terms with |t|<1 are
7 (1-component lterms: 3, 2-component terms: 4, 3-

component terms: 0).

o In the third row of the [Select Components] column in

N\

K INTERGLAD 6: Verification of Regression Analysis

File Help

- X

Ao e

INTERGLADS: Regression Analysis

File Help

Property : Density atRT ( Common ) Predictive Value
[ 0.8843]
Y Eax T Eb XX +T EEC, XXX a X 28
% Uas] X
i ai Std.Emor | tvaiue
si0z 2333 2702602 6.635E+01|4] 24
B203 1694 4891E-02) 3.484E+01
K20 14068 8172602 1721E+01
| 23
4203 5.446E+02]  1.968E+02) 2767|
cao 3.15 1.285) 2.458]
Li2o 1631 6585601 2477) | 22
Na20 007 1850E-01| 4.380E01
zno 2376 3324 7a48E01 . "
21
45203 3.038 6524  4.656E-01
uo2 2637E+01 8.443 3123
si02'8203 | 1380601 1767601 7.807E01| | 20
.
Mode
Detail 18
Delete
48 20 21 22 23 24 28
e ——
scale [near [ v|
€ INTERGLAD 5: Verification of Regression Analysis - X

Beel

INTERGLADS: Regression Analysis

Property : Density atRT ( Common ) Predictive Value
& 08750
VEaXIT ID XX EEC XXX DX, 2
u ai Sta Eror | tvaiue

sioz 2324 1537602 15126+02]4] 24
8203 1643 3.006E-02] 5.465E+01
k20 1371 7.589E-02  1.806E+01 s
203 3857E+02 1510E+02) 2530
ca0 2308 1289 1791]=
Lizo 1765 6.450E-01 273g] 22
Naz0 3518  2348E-01)  1.438E+01
uo2 2711E+01 85631 3141 . [}
siozk20 2108 1672601 1315E+01
SiI0Z°A203 | -4.110E+02]  1613E+02) 2547
B203°K20 3078 2111601 1.457E+01|_| 20
Mode .

Detail e

Detete 18 28 21 22 23 24 28

Delela Souis, Measured Value

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

| t | =‘1.0’ again.
Finally all the | t | values become >1.0, and R2=0.8759.

A cubic multiple regression equation is complete.

5) Property prediction ([Property Prediction] window)

i INTERGLAD 6: Property Prediction - x
File Help
EI INTERGLADS: Property Prediction
Regression Equation
Coefficient ftent (MO )
Componen]  Density at RT Initial New |\
sio2 2324E00 / 40.000[4]
8203 1643E00 [ 30.000 |
AI203 3857E02 \ 1.000)
ca0 2308E00 3.000)
Li20 1.765E00 0.000)
Componen{__ Density atRT Initial -
5028203 0.120/[4]
Si02°K20 2138E00 0.104||=
Si02'A1203 -4110E02 0004:{ (=D
Qin*NAN nannl X Clear New Content
Total 0.000 100.000 %
Property.
Specified U | Predictve vais
@ [Density atRT (giem3| 2771
*
Close

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

e Input component values (SiO2 40 mol%, B203 30%, K20
26%, CaO 3%, Al:Os 1%) in the [Newl] cells of the
[Regression Equation/ Content] column, and click the
[Calculate] button.

e 2.771 g/cm?3 for the calculated density appears in the
[Predictive Value] cell of the [Property] column.
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Search and Analysis of Structure Data

13. Investigation of correlation between composition and structure — Bridging oxygen fraction vs.

SiO2 content

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

1) Specification of search conditions ([Search Structure Datal window) — Search
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2) Search result ([Data List of Structure] window)
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3) Utilization of search result ([XY Plot] window)

K INTERGLAD &: XY Plot

File Tools Help
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o Specify ‘BO/ [totalOJ’ for the Description and ‘Si-O-S7’
for the Element in the [Structure] column. ‘BO/
[totalO] (Si-O-Si)’ means fraction of Bridging Oxygen
bonding with Si to the total oxygen.

e 159 glasses of 15 data sources are listed.
e BO/[totalO] data of not only Si-O-Si but also Al-O-Al,
S1-0-B, Si1-O-Al etc. appear in the list.

e An XY plot of SiO2 content vs. BO/[total O] (Si-O-Si) is
shown. In this example, the linear equation is selected
as a fitting curve.

¢ In this example, as composition is not specified in the
search condition, various components are contained.
It is found that the bridging oxygen (Si-O-Si) increases

with increasing SiOz content.
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14.

alkali-silicate glasses

Investigation of correlation between structure factors — Q? vs. non-bridging oxygen fraction of

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

1) Specification of search conditions ([Search Structure Datal window) — Search
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2) 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 XO4. ‘NBO/ [totalO]’
means fraction of non-bridging oxygen to the total

oxygen.

e 42 glasses of 9 data sources are listed.
e By clicking the [Search Property DB] icon, the Glass
Numbers of the corresponding glasses in the Property

Database appear in the list.

3) Correlation between Q2 and NBO ([XY Plot] window)

K& INTERGLAD &: XY Plot

File Tools Help

- x

g e e

INTERGLAD 8: XY Plot
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e An XY Plot of Q2/totalX (Si) vs. NBO/ [totalO] (O) is
shown.

o With increasing Q2, NBO fraction increases almost
proportionally. If the 2 glasses at separated positions
from the others are checked in the [Detail Data of
Property]l windows of the corresponding Glass No.
(Property), it is found that they are both rapid-
quenched glasses. This could be the reason why the

plot-points are separated from the others.
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KD INTERGLAD &1 XY Plot

File Tools Help
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e For comparison, an XY Plot of Q4/totalX(Si) vs. NBO/
[totalO](O) is shown.
e The figure shows a reasonable tendency that NBO

fraction decreases with increasing Q4.

o All the searched glasses in this example contain alkali
components. Relation between content of alkali oxides
and fraction of non-bridging oxygen is checked in this
XY Plot of content of LizO+Naz0+K20 vs. NBO/ [total
0] (0). It is found that the NBO fraction increases

proportionally with increasing the alkali content.

(October 26, 2022)
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