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« The package includes:
— The EQPrecipl.1 exe
— MATLAB Runtime Library 3
— Sample Input File Dot o
_ Readme File 481X K Equlibrum Preciitaton Modeb MTA Paper Adobe Acroat Documen
— Supporting Documentation
 Once the library is installed, the executable can run
» Allows for a smaller program operation

e No need for actual MATLAB license
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Qk Installation - Readme File

Snsortium

7| readmets - Notepad =8 B

| File Edt Forrmat View Help

#Continuous Casting Consortium MATLAB Standalone Equilibrium Precipitate model#

wWENTHIS PROGRAM VERSION IS SPECIFICALLY DESIGNED FOR &4bit OPERATING SYSTEMSWW™W

The self extracting archive will produce five files.

1. readmetd,Txt This Readme file

2. MCRINSTAT Bl —mmmm e e e e e ——— The MATLAE Runtime library

3. EQPrecipl_1_64.exe The executeable pPrecipitate program
4, SAMPTEIMPUT , T = o o A Sample Input File élooéansLn

§. *iu kun Equilibrium precipitation Model-mTa paper.pdf-—-—-—- Paper with theory and examples

eefore running EQPrecipl_1_64.exe for the first time, the runtime Library must be installed (#2)

After the library has been installed, all that is needed to run the program is EQPrecipl_1_64.exe (#3)

For additional help please see:

http://www.mathworks. com/products/compiler /mcr/index. html

Copyright 2013 uIuC CCC Kun xuw, Aravind Murali, Brian Thomas
Interface by Matthew L.S. Zappulla

It is important to use the correct version of the program (32bit or 64bit) based on your operating system
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o Program Operation
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* The program contains default settings with
standard options

— Personalized data or use the program

default settings O
— Choice of phases — e | ez =
» Austenite m:m“ =
« Ferrite : ——
« Liquid ‘ e
— Temperature data o —
* Initial and final temperature gnsan P
* Incrementation oo e
« Computer Check o 5 B
— Output of data et
* Excel
e Text

— Plot Control Options
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« User has option to enter specific temperature
data

« User can also choose automatic computer
control of the temperature choices

Custom data Temperature information
| Solubilty Products Indtial Temperature 1600
[ ] Final Temperature 300
| Interaction Parameters
: : Temperature Increment 1
I Reset to Defaults 9 Centigrade Farenheit

Initial T At
Computer Control Check emperature
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tzm.  Solubility Product Options

» Choice of custom phase el 5
Austenie Solubiity Products [Alphabetical by Metal]

dependent solubility products A

104{-ETTO/T([}=1.03

. Aluminum Oxide 104
— Select desired phase s
romum Kerde 10°(-1092T(-1.181)
Ad t I blt d t d t Boron Niride 10%(- 1357 TS5 24)
— Adjust solubility product data as -
. Niobium Carbide 10° ¥
d es I red Hiobum Néeride
Magnesium Chade
— Load the data e
gnesum Sulfide
H o
— Optional Computer Control e 0xse
Hanganese Sulfide 10{-9020/T([1+2.93
'u Solubility Produ. | = 3 Shtoen Uy 10°(-30110/T(j+10.35)
Tanium Carbide 10°(-TOOOT(])+2.75
Custom data Phase Dependent Solubiity Products Tanium Carbide Sulfide 10N TOLST (T
Solubilty Products Teanum Nerde <7
J Austente
- Vanadum Niride
Interaction Parameters Tianksm Cixide
J Ferrie
- Vanadum Carbade
Rezet to Defauls Liguid Teanum Sulfide 10%{-139TST([)+5.43)
Computer Control
e [ Load

o = e e
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Interaction Parameters

 Element to

element iy

interaction
parameters

— Select desired
element

— Adjust
interaction
parameters as
desired

Custom data

Solubilty Products
| nteraction Paramaters |

Use Custom Data
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) tements

u Carbon

Interaction Parameter of main element as affected by sub element.
Carbon

Nitrogen
Carbon
Sulfur
Oxygen
Tianum
Miobium
Vanadum
Alminium
Wanganese
Magnesum
Sicon
Boron

Chromium

~STS0MH
2830/T()
0.045
-0.34
SEIT([)-0.015
1000/T()-0.437
oo
0.043
~S0T0H
-0.07
162T(j)-0.008
oo
-21BBUIT(]}+7 02

Snsortium

Example Problem

- Inputs

e 0.0472% Carbon
e 0.0083% Nitrogen
e 0.0013% Sulfur
* 0.0% Oxygen
e 0.0084% Titanium
*  0.0223% Aluminum
¢ 0.9737% Manganese
e 0.2006% Silicon
¢ 0.0% Boron
« 1600-600°C

— By 1°C
e Default Behavior
e Output to Excel
¢ Output to CSV
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— Weight Percent

Carbon

Sultur
Oxygen
Tianum
Ngoum

Vansdum
Almaym
Masganese
Magnesum

Siicon

Temperature information

Intal Temperatire
Final Temceratare
Temperature Increment f

© Centirade Farenhet

Check ikl Temperature

Frase Cusiom data
9 Austente
Soal Products.
Ferrie —

Ligud
interaction Parameters

Reset to Defauts

Ceemputer Control

Output Options
Text Qutput
Wicreaoft Excel Fie Gutput

* Matthew L. S. Zappulla « <>




Y@= Input Options — Input Files

* Reload old saved cases right back into the program
* Type up an alloy composition in a text editor

* Changes the output file default names automatically to track
different cases

On Button Selection File Navigation File Selection

Load Aoy Fils

Caiculate EXIT ALL WANDOWS
Save Aoy File

,,,,,,
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tme.  Example Problem — Input File
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» Load All Program Behavior From File
— 0.0472% Carbon

— 0.0083% Nitrogen [ ) samplelnput - Notepad e — i
o e |
~ 0.0% Oxygen Tenee a3
— 0.0084% Titanium Icarbon 0.0472
— 0.0223% Aluminum IS Fu2eD. ots
— 0.9737% Manganese jOxvaen 0.9 e
— 0.2006% Silicon Vanadium .6037
— 0.0% Boron ﬁlﬁ’;iﬂﬁl‘e%?é?%?
_ 1600-600°C o3 eon 0. 2606
. By 1°C |Chromium 0. 0354
— Default Behavior
— Output to Excel
— Output to CSV
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Vo= INPUt Options — Save Input Files

» Save your cases in repeatable easy to read format
» Load right back into the program
» Text editor friendly

On Button Selection File Navigation File Selection

Load Aloy Fie

Cakcuinte EXIT ALL WHDOWS —rs
Save Aoy Fie B e

,,,,,,
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vme OQUtput Options — Plot Controls
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» Choice of Plots
— Precipitates (by wt%)
— Dissolved Elements (by wt%)
— Nb-Ti-V Nitride Molar Fractions
— AI-Ti Oxide Molar Fractions
— Mn-Mg Oxide Molar Fractions — R S
— Mn-Mg Sulfide Molar Fractions| = .= | ey g

» Choice of Plot Output Type

Plot Controls

Plct Off Piat Off Piot Of

— Linear (default) N:'fi-im M:;li.w””’m “"E‘T’i‘“"”‘“’"
— Logarithmic Y-Axis Pt oA Pt s

« Suppress Individual Plots KASRXporstis | YA WolkRevssk
Completely o —
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» Before Executing, The

program will verify that the The Initial Temperature Input is Valid
supplied temperature range All Precipitate Formation Will Be Captured
will capture all precipitate - - |
formation !

 If the supplied range is not
sufficient, the program
alerts the user to the
precipitation temperature
and executes with the
proper temperature range

oA Initial Temperature Invalic SRl X

The Initial Temperature Input is Invalid
Precipitates Already Are Forming

Precipitation Starts at 1375 C

Ok
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Example Problem — Output Plots
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Evolution of Precipitate Amounts
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Example Problem — Output
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S Plots

Evolution of Dissolved Elements (N,C,S,0)
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Example Problem — Output Plots

Molar Fractions of Carbo-Nitride Precipitates

(Nb,V,Ti)}{C,N) Molar Fractions
T T T

Temperature (C)

Metals Processing Simulation Lab

e Matthew L. S. Zappulla
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L Example Problem — Output Plots

astin

t’I'rsn::vrtlk.lrr\
Mn and Mg Sulfide Precipitates Mn and Mg Oxide I_Drecipitates
(Molar Fractions) (Molar Fractions)

= — )
s ugs ™ —

I N Al and Ti Oxide Precipitates = = = = ZJia ™ & & =
BT g (Molar Fractions)

LT o Frncms

W e m e e oW e e RE e
Terrperatan Cortgpate)
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% Program Comparison — Example Problem

a&ting
t’I'rsn::vrtlk.lrr\

JMAT Pro EQPrecipl.1

Austenite Precipitates
0o T T T T ' ' (==
|-+-7c
0.030 1 i 1 Il (17 = _:_:l:!
JMat-Pro e
- A MN+M(CN) e n
§ 0.025 - v AN 3 P b oy
H vv MnS - e
E — v Current model E ootz | _:_ :f:
3 o ——(Ti.NbV)XC.N) i bt
E o Toomey { ¥
H ] v I |25
5 0.015 i n, = n ="
= \ i 5 000
E 0.010 - ‘ - B
& \ 4
- \
2 \
© 0.005 - \ B
5 e
2
o
0.000 T T T 1 5
600 800 1000 1200 1400 1600
Temperature (°C)

Tomperature (Cerbgrada)

Evolution of Precipitate Amounts (wt%o)
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bme OQutput Options — Output Files
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» Choice of Output File Types
— Excel as a .xIs
— Text as a .txt

» Filename based off of input filename (if used)

On Checkbox Selection Filename Selection File Save Location Selection

elext Divwctory te Open =|

— Output Options
| Microsaft Exced (TM) File Output

CSV Output

Piot Controls

Cancel
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Ex Problem Output - .xls

* The Output to excel
option generates a
d etai Ied S p read S h eet = tonnﬂa:ln:";. r\m:..ura.mnor:i:; n.na:.r:: ’::: n.szol.n::;.].: Yl'.l'\lul“\l’- ||ml; h'..'mluncarhldr: Nmbu_-r.m-.r.:lt;‘ Niobium Carbide (5

o
1559 0.0083 ooam2 0.0m3 o o o o
H H H H 1558 0.0083 00472 0.0013 o o o o
— Each precipitate is given pres 7 : ;
. . . 1596 0.0083 ooam2 0.0013 o o o o
in a column in relation to comms oom oo 0 0 0
15% 0.0083 o0aT2 0.0013 o o o o
1593 0.0083 ooam 0.0013 o o o o
the temperature column o L : : : :
1591 0.0083 ouoaT2 0.0013 ] o -] [ ]
to the Ieft 1550 0.0083 00472 0.0013 0 o 0 o
1589 0.0083 00472 0.0013 0 o o (]
. . - 1588 0.0083 ooam? 0.0013 o o o o
— Ifa prec|p|tate IS not 1587 0.0083 oo 00013 o o o o
. 1586 0.0083 o042 0.001% o o o o
1585 0.0083 ooamn 0.0013 0 o o o
present It does nOt 1584 0.0083 a2 00013 o o o o
. 1581 0.0083 00472 0.0013 0 [ ] -] [ ]
appear, thls makes 1582 0.0083 ooam2 0.0013 o o o o
. 1581 0.0083 00872 0.0013 o o o o
d h d h 1580 0.0083 ooaT? 0.0013 0 o o o
rea Ing t e Sprea S eet 1579 0.0083 oen 0.0013 0 ] '] 0
H 1578 o.o083 ez 0.0m3 o o o o
much easier s L v : - . ;
1576 0.0083 e 0.0013 o o o o
1575 c.o083 ooan2 00013 o o o o
157 0.0083 ouoaT2 0.0013 o (] -] o
1573 0.0083 o 0.0013 0 o o o

. 152 . ODCIEJJJ 00472 0.0013 L1} o (-] g
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e Ex Problem Output - .txt

e The Output to text

option generates a L — e S e iy
1599 0.0083 0.0472 0.0013 o o o o o a ] ] ] -]
1598 0.0083 0.0472 0.0013 0 0 0 0 0 0 0 0 0 0
- 27 0.0083 0.0472 0.0013 o o o ] L] 4] Q Q Q o
1596 0.0083 0.0472 0.0013 o 0 o L] a a o a a
1595 0.00B1 0.0472 0.0013 0 0 0 0 0 0 0 0 0
1594 0.0083 0.0472 0.0013 (] 0 ] Q Q o o o Q
1593 0.0083 0.0472 0.0013 O o o ] L] a a o a a
- - - 1592 0.0083 0.0472 0.001 o o o a o o o a a a
e Imlte tXt I e 1501  0.0083 0.0472 0.0013 © o 0 [ [ [ a 0 0 0
1590 0.0083 0.0472 0.001 o o o o [ Q Q Q Q <]
1589 0.0083 .0472 0.001 o o o ] a a a a
1585 0.0081 0.0472 0.001 0 0 0 0 0 0 0 o
- - - 1 0.0083 . 0472 0,001 0o L] 1] Q '] '] ] o
1586  0.0083 0.0472 0.00L 0 0 0 o 0 0 o
« Each precipitate is & g i gE i A P33
1584 0.0081 0.0472 0. 0 0 0 9 0 0 0
1583 0.0083 .0472 0. o [ ] a <] o <]
. . . 1382  0.0083 0.0472 0. o [ @ @ @ o o o
1581 0.0083 0.0472 0. 0 0 0 0 0 0 [
iven inacolumnin i i ; i Pl
g 1579 0.0083 0.0472 0. o o o o o [ ] ] 4] a o
1578 0.0083 0.0472 0.0013 © o 0 0 o 0 0 0 0 0 0
. 1577 0.0083 0.0472 0.0013 © 0 0 0 0 0 0 0 0 0 0
1576  0.0081 0.0472 0.0013 © o 0 o 0 0 0 0 0 0 [
re a Ion O e 157% 0.0083 0.0472 0.001 o o o 0 o L] a Q 4] Q a
1574 0.0083 . 0472 0.001 o o [ o L] a a a
1573 0.0083 0.0472 0.001 0 o 0 0 0 [ 0
1572 0.0083 L Q47 0. 0 o L] o o 4] Q o
1571 0.0083 . 047 . o a o a ] a a
temperature column @ @ s : Pos Pos
1569  0.0083 0.0472 0. 0 0 0 9 0 0 0
1568 0.0083 .0472 0. o [ 0 L] 4] Q 4] a
1567 0.0083 . 047, 0. o o o o o ] ] 0 -]
t 1566  0.0083 0.0472 0. 0 0 0 0 0 0 0 [ ]
0 e e 1565 0.0083 . 047, . o o ] ] ] Q Q Q <]
1564 0.0083 0O, o o o o 0 o Q 1] o a ]
1563 0.0083 O ] 0 0 0 [ I 0 0 0 0 0
1562 0.0083 0. o o o [ L Q o a -]
1561 0.0081 O o 0 ] 0 0 0 0 0 [
1560 0.0083 0. o L) o ] Q Q Q Q (<]
1559 0.0083 18 o o o o o ] a a o
1558 0.0083 O. o 0 0 o 0 0 0 0 0
1557 0.0083 B o o 0 Q 1] Q o o o
1556 0.0083 . o o 0 0 o L] Q Q o o Q
155% 0.0083 5 0 o 0 o o [ a o ] a a
1554 0.0081 0.047 o o 0 0 o 0 0 0 0 0 0
1553 0.0083 . 0472 0 o Q L] ] L] Q Q Q Q o
1552 0.0083 0.0472 o o o o o o Q a 4] a -]
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