Viscosity and FactOptimal

The Viscosity module calculates the viscosity of a glass or slag solution at
a given temperature and composition.

The FactOptimal module is programmed to identify the optimal conditions
for alloy and process design using thermodynamic and property databases.

This slide show demonstrates how to call FactOptimal from within the
Viscosity module and calculate the composition of a system that minimizes,
maximizes or targets the viscosity within a set of constraints on temperature
and composition.

In the example the system is SiO, - Al,O, - CaO - MgO, the temperature
range is 1400 °C - 1800 °C , and the composition constraints are 0.25 <

Note that FactOptimal has limited functionalities when called by Viscosity.
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The Viscosity module
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The Viscosity module

G' Viscosity of liquid oxides

" Two databases: Melts and Glasses*
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19 principle is similar to an Excel spreadsheet
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Optimization of the Viscosity

G' Viscosity of liquid oxides = | = P
File Edit Units Options Help
- =1
B Calculate »» | Database: | Mels Glasses| | Include/Remove Fluoride Components || I:Iear.-’-'-.LL| | vl
Enter the amounts of the constituents in the rows below, Then prezs on Calculate to show the viscozity, I— —-1
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FactOptimal and Viscosity - Example 1

What is the composition of the system that has a minimum viscosity:
- within the temperature range 1400 °C - 1800 °C , and
- within the composition constraints 0.25 < Xgjp, < 0.5 and X¢,0+Xyqo < 0.5 ?

ﬁ\ﬁscosityofliquid oxides == %
File Edit Units Options Help
—
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Enter the amaunts of the constituents in the rows below. Then prezs on Calculate to show the viscosity — l
A B c D E F G H | ] K L M N 0 AA AB | A|
5i02 | AI203 | Ca0 MgQ | MnO FeO |Fe203 | Ni0O PbO Zno Haz0 K20 B203 | Ti02 | Ti203 | Temperature vi FFTPH!“ |
1 [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] | [mol] [*C1 -
2 FactOpt Selection 2
3
| 4 |
Ew WwABRMIMG: Factizo will now close and FactOpt will be launched
| 7| Include the following components az variables:
3
9

=

Temperature [C] : |1 00

After clicking on the “OPT” button, a list of —
i | A0S

possible end members appears. Select the s System end members
kA0

[

)

=

@

=

ones to be considered in the optimization and

=

@

= | then click on “OK”. reo
EN Fe203
=1 NiD
2] PbO
Ea Znl
El Ma2l
3 k20
100% Selected database : Melts. ?%DEB
I
Ti203

k. Cancel

™

A
sk
[0 o)
feS)
oQ
D

Viscosity 3.0 www.factsage.com



FactOptimal and Viscosity - Example 1 (cont.)

FactOpt Selection

2

WARMIMG: Factizc will now cloze and FactOpt will be launched
[nzlude the following components az warniables:
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k. : Cancel

The methodology of the
optimization is explained in the
FactOptimal module slide show.

t;r Fact Optimal
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Recent... Function Builder Help

O ptimization

1. Activate FactOptimal
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Properties | Wariables | Constraints Parameters] Hesults]

~

Temperature
tazzdmol...
Activity,
“apor Pressure
Denzity
Wolume:
Wigcozity (Fag)
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| UNITS | Temperature : ®C, Mass : mol
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FactOptimal and Viscosity - Example 1 (cont.)

{3 Fact Optimal = | E 2|

Recent... Function Builder Help

4. Deflne the range Of Properties "'-"'-ifi-it'|'3=5:| Parameters | Results |
-y . Composzition Y aniables
Composmon and temperatu re. Mo.  Species MM ALL | Max AL | InitalValue ALl_L I
4 MgO [ Constant |0 0.75 0.25 -Random
(For a constant temperature, uncheck | Mo i | | |
the temperature option under Additional S - he i elehie
Val'lableS) % 'SEDDS 3 ggg ggg Wariable type :
4 Ma0l 0 0.75 0.25 & REAL
* INTEGER

G Fact Optimal

Recent... Function Builder Help

Properties ] Wanables W] Parameters] Hesults]
Composition constraint: — Properties constraints

E=pression builder

v SUb [Comp. wa

Cal - ADD et | 2| = * ’7
4 pettans J J M J ﬂ ﬂ ! Additional variables
Ma. Expression ‘Walue or expression . - [ —
2 [Ca0Hg0 i — ¥ Temperature MIN: (1400 W& [1800  precision: [10 Iritial Value : |1600 I

I
r |-| |1D 1 ,'I— Mext >»
Mo | Description | * | Bound value I I
! Call ‘= 05 | UNITS | Temperature : °C, Mass : mol
P &

5. Define constraint(s), here: e
CaO+MgO <= (0.5.

(Refer to the FactOptimal slide show

for more details on composition
constraints) -

| UMITS | Temperature : °C, Mass : mol
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FactOptimal and Viscosity - Example 1 (cont.)

‘? Fact Optimal = | = PY

Recent.. Function Builder Help

Properties] Wariables | Constraints

Default

Maw # of Equilib calculations : ’507
Initial zearch region : ’17
Precision : ’37

Time out [minutes] : ’07

 Small ¢ Medium ¥ Large

6. Define the maximum number
of calculations and the initial
region search (See FactOptimal

documentation) ===,
. Calculate »> I
I | UNITS | Temperature : °C, Mass : mol - e e

7. Calculate and display results

After 134 calculations FactOptimal converges
to the minimum viscosity. It displays [1] the
value of the minimum viscosity, [2] the
composition and temperature and [3]

the value of the constraint(s).

Q Fact Optimal = | & &

Recent...

T Function Builder  Help

Properties] Variables] Constraints | Parameters Fesults l

o |

Status : Done.

Continue Run > >

DU 490 9 485 534 180 0.082690741685575 —-16 -
N . 498 3 497 GS0B8 180 0.0B5456755884123 -2 -
Mumber of Equilib calculations: 134150 494 6 491 521 179 0.087596542847790 -9 —
Best answer zo far : -
Factyisc [PaS / Mell[...]: 8.389E-02 1 J i, *
TS
Results
. 0.3
Last zolution : !
Species mol | -
Sin2 0.494 B n
Al203 E.00CE-03 R 1 I S R R S
Ca0 0491 o S S S
kgd 0.009 .
= Constraints : ﬁ ' ]\
Cal+Magl : 0.5 %r.,; o ' ll.__:_ .; ' ' ' '
Ap--"rE R Tl Rttt it o
2 500 : TR e - - -
= 1
Wariable | Walue 3 .
0 T T T T T T
Temperature 1500 0 20 40 &0 80 100 120
# of Calculations

I | UNITS | Temperature: °C, Mass : mol
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FactOptimal and Viscosity - Example 2

e ima =] 2
.ir:cF&n:Dpt“f Fluncticn Builder Help The Same example Can be performed’
IR s | Constabts | Parameters | Resis | but instead of minimizing or maximizing
ket - - | the viscosity, one can target a viscosity
e value with a chosen accuracy.
t'r: rnaimize: - :‘ 4 a y
{* tanget m {+ = [+
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Yapor Pressune E
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|2.5 ™ Calculating... Continue Fun >
Target [ Delta [%):[25 /ﬁ = 02444 1190 5 485 534 180 0.082690741695575 =T6 =
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Mumber of Equilib calculations: 1504150 494 £ 491 521 179 0.087596542847790 -9 —
Inelude cost § Si02 |ARZO3 [Ca0 |MgO |FactVisc Temperature - uiis
" pag _ _ (..} _ « 0 3
O D 0.312] 0.2556 |0.082 0.35 0.19555 1700 @ ﬂ Q
| UNITS | Temperature : °C, Mass : mol B Results
) Last zolution : ' ' ' :
: ” 2 o B TR 7o S N N
FactOptimal returns the composition- a3 02 SaveParetopai i e o
temperature set for which the viscosity fenesee 0% Contirs: 3| | | |
Cal+MgO<=05 5 0002 qi--mmmmmmmmm oo [ T i
corresponds to the targeted value. s — S
“Continue Run” is for calculating another T R e
set of composition-temperature for the e n 90 "o
# of Calculations
sSame target.
| UNITS | Temperature: °C, Mass : mol

thtsagem Viscosity 3.5 www.factsage.com



