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Abstract

This lecture explores advanced thermodynamic databases for steel design through
three complementary perspectives: (1) high-pressure phase relations in the Fe-C sys-
tem using Brosh’s experimental and computational work, (2) practical case studies in
computational steel design from the Du-Schmid-Fetzer textbook, and (3) the open-
source MatCalc thermodynamic database. Students will compare the Hallstedt-
Noori database for multi-principal element alloys with the MatCalc database, adapt-
ing both for use with CompuTherm Pandat software.
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1 Introduction
The design of modern steels requires accurate thermodynamic descriptions that can pre-
dict phase equilibria, precipitation behavior, and material properties across a wide range
of compositions and processing conditions. This lecture examines three critical aspects of
thermodynamic database development and application:

• High-pressure thermodynamic assessments extending CALPHAD methods to ex-
treme conditions

• Practical computational design workflows for industrial steel grades

• Open-source database architectures and their adaptation to commercial software
platforms

The integration of these perspectives provides students with both theoretical founda-
tions and practical skills for materials design using computational thermodynamics.

2 Part I: High-Pressure Phase Relations in Fe-C Sys-
tem

2.1 Motivation and Geological Context

The work of Fei and Brosh (2014) [1] represents a significant advancement in understand-
ing the Fe-C system under high-pressure conditions relevant to Earth’s core. The Earth’s
core is composed primarily of iron, with the inner core boundary (ICB) at approximately
330 GPa providing a critical constraint on core temperatures. Understanding the phase
relations in the Fe-C system at these extreme conditions is essential for:

• Constraining the thermal structure of Earth’s interior

• Understanding core formation and evolution

• Predicting the stability of iron carbides at planetary core conditions

• Developing CALPHAD models that remain physically meaningful at high pressures

2.2 Experimental Methodology

Fei and Brosh conducted systematic investigations of phase relations in the Fe-Fe3C sys-
tem at pressures of 5, 10, and 20 GPa, with eutectic temperature determination extending
to 25 GPa. Their experimental approach combined:

1. Multi-anvil press experiments for pressure generation

2. In situ X-ray diffraction for phase identification

3. Textural characterization of recovered samples

4. Diffuse scattering observation as melting criterion
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Key experimental findings include:

• Eutectic temperature increases with pressure from approximately 1420 K at ambient
pressure to higher temperatures at elevated pressures

• Eutectic composition shows relatively weak pressure dependence

• Carbon solubility in solid iron phases varies systematically with pressure

• Agreement between in situ observations and quenched sample analysis validates the
methodology

2.3 Thermodynamic Modeling Framework

The thermodynamic model developed by Brosh extends the CALPHAD methodology
to high-pressure conditions while maintaining consistency with ambient-pressure descrip-
tions. The model incorporates:

2.3.1 Gibbs Energy Formulation

The Gibbs energy for each phase ϕ is expressed as:

Gϕ(T, P, xi) = Gϕ
0(T, P ) +Gϕ

mix(T, P, xi) +Gϕ
mag(T, xi) (1)

where:

• Gϕ
0 represents the reference state Gibbs energy

• Gϕ
mix accounts for solution mixing effects

• Gϕ
mag describes magnetic contributions

2.3.2 Pressure Dependence

The pressure dependence is incorporated through volume terms:

G(T, P ) = G(T, P0) +

∫ P

P0

V (T, P ′)dP ′ (2)

where V (T, P ) represents the molar volume, typically described using equations of
state such as:

V (T, P ) = V0(T )

[
1− K ′

0

K0

P +
K ′

0

2K2
0

P 2

]
(3)

with K0 and K ′
0 representing the bulk modulus and its pressure derivative.
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2.4 Database Structure and Parameters

The Brosh database contains optimized parameters for:

• Liquid phase (Fe-C solution)

• BCC iron (ferrite, α-Fe and δ-Fe)

• FCC iron (austenite, γ-Fe)

• HCP iron (ϵ-Fe, high-pressure phase)

• Cementite (Fe3C)

• Graphite

Each phase description includes temperature-dependent heat capacity, entropy, and
enthalpy terms, along with pressure-dependent volume parameters. The assessment care-
fully balances fitting to experimental data while maintaining thermodynamic consistency.

2.5 Calculated Phase Diagrams

The thermodynamic model reproduces key features of the Fe-C system:

• Eutectic point shifts to higher temperatures with increasing pressure

• Carbon solubility in austenite decreases with pressure

• Stability field of HCP iron expands at high pressure

• Graphite-to-diamond transition occurs at pressures relevant to deep Earth

These calculations provide insights into:

• Core crystallization processes

• Carbon distribution between solid and liquid iron

• Driving forces for carbide formation at planetary conditions

2.6 Implications for Materials Science

Beyond geophysical applications, the Brosh methodology demonstrates:

• Extension of CALPHAD to extreme conditions

• Importance of equation-of-state integration in thermodynamic models

• Validation strategies combining in situ and ex situ measurements

• Database portability across pressure-temperature space
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3 Part II: Computational Design of Engineering Steels

3.1 Chapter 7 Overview: Case Studies on Steel Design

The textbook Computational Design of Engineering Materials by Du, Schmid-Fetzer, and
colleagues [2] provides comprehensive case studies demonstrating integrated computa-
tional materials engineering (ICME) for steel design. Chapter 7 focuses on two industrial
steel grades that exemplify different design philosophies.

3.2 Steel Classification and Processing

3.2.1 Steel Categories

Steels are classified based on composition and application:

• Carbon steels: Plain carbon (C), low-alloy steels

• Stainless steels: Cr-containing corrosion-resistant alloys (austenitic, ferritic, du-
plex, martensitic)

• Tool steels: High hardness for cutting and forming applications

• HSLA steels: High-strength low-alloy grades for structural applications

3.2.2 Production Routes

Modern steel production involves:

1. Primary steelmaking (blast furnace or electric arc furnace)

2. Secondary refining (ladle metallurgy, degassing)

3. Continuous casting or ingot casting

4. Hot working (rolling, forging)

5. Heat treatment (annealing, quenching, tempering)

6. Cold working and finishing operations

Each processing step affects microstructure evolution and final properties, making
computational prediction essential for process optimization.

3.3 Case Study 1: S53 High-Strength Corrosion-Resistant Steel

3.3.1 Design Requirements

The S53 steel targets applications requiring:

• High yield strength (> 1300 MPa)

• Good corrosion resistance in marine environments

• Adequate toughness and ductility

• Weldability for structural applications
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3.3.2 Computational Design Strategy

The design workflow integrates multiple computational tools:

Thermodynamic Calculations Using CALPHAD databases (e.g., Thermo-Calc TCFE
or PanFe), the design team:

1. Establishes composition ranges ensuring single-phase austenite at solution treatment
temperature

2. Calculates driving forces for precipitation of strengthening phases (M2C carbides)

3. Optimizes alloy content to avoid undesirable phases (σ, χ, Laves)

4. Predicts martensite start (Ms) temperature to ensure lath martensite formation

The driving force for precipitation, ∆Gppt, is calculated as:

∆Gppt = Gmatrix+precipitate −Gmatrix (4)
Negative values indicate thermodynamic favorability for precipitation.

Martensite Modeling A semi-empirical martensite model predicts:

Ms = 545− 330xC − 14xCr − 13xNi − 10xMn (5)
where xi represents weight percent of element i. The model ensures Ms tempera-

ture is appropriate for lath martensite rather than plate martensite, optimizing strength-
toughness balance.

Corrosion Resistance Design Corrosion resistance is enhanced by:

• Maximizing Cr concentration in protective oxide layer

• Analyzing Cr partitioning between spinel oxide and alloy matrix

• Enhancing grain boundary cohesion through minor element additions (B, rare earths)

• Avoiding grain boundary Cr depletion zones

Thermodynamic calculations predict oxide composition using gas-phase equilibria:

Fe + Cr + O2(g) ⇌ (Fe,Cr)3O4 (6)

3.3.3 Results and Validation

The computational design predicted:

• Optimal composition: Fe-12Cr-9Ni-4Mo-2Cu-0.01C (wt%)

• M2C precipitation at 450-550°C providing age-hardening

• Yield strength exceeding 1400 MPa after optimal aging

• Pitting resistance equivalent to 316 stainless steel

Experimental validation confirmed computational predictions within acceptable toler-
ances, demonstrating the power of ICME for alloy development.

8



3.4 Case Study 2: AISI H13 Hot-Work Tool Steel

3.4.1 Material Requirements

AISI H13 is a Cr-Mo-V alloyed hot-work tool steel requiring:

• High hot hardness (resistance to softening at elevated temperature)

• Thermal fatigue resistance

• Wear resistance

• Toughness to resist cracking

Typical applications include die-casting dies, extrusion dies, and forging tools operat-
ing at 500-700°C.

3.4.2 Precipitation Simulation

The computational study focuses on carbide precipitation behavior during tempering:

Phase-Field Modeling Phase-field simulations predict:

• Nucleation sites for M7C3, M23C6, and MC carbides

• Precipitation kinetics during tempering cycles

• Coarsening rates at service temperatures

• Carbide size distribution evolution

The phase-field governing equation:

∂ϕ

∂t
= −Mϕ

δF

δϕ
(7)

where ϕ is the phase-field order parameter, Mϕ is mobility, and F is the total free
energy functional.

Precipitation Sequence Computational predictions indicate tempering sequence:

1. As-quenched: Supersaturated martensite with retained austenite

2. First tempering (500-550°C): Cementite dissolution, MC (VC) nucleation

3. Second tempering (550-600°C): M7C3 and M23C6 formation

4. Prolonged exposure: Carbide coarsening, loss of hardness

3.4.3 Property Optimization

Integrating thermodynamic and kinetic simulations enables:

• Optimization of tempering temperature-time profiles

• Prediction of optimal carbide size for maximum hardness

• Design of modified H13 compositions with improved thermal stability

• Understanding of softening mechanisms during service
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3.5 Computational Tools Integration

Both case studies demonstrate integration of:

Table 1: Computational tools employed in steel design case studies

Tool Purpose Output

Thermo-Calc Equilibrium thermodynamics Phase fractions, compositions
DICTRA Diffusion simulations Concentration profiles
TC-PRISMA Precipitation kinetics Size distribution, kinetics
Phase-field Microstructure evolution Morphology, spatial distribution
Ab initio (VASP) Electronic structure Formation energies
FEM Mechanical response Stress-strain, fatigue life

This multi-scale, multi-physics approach exemplifies the ICME paradigm, enabling
accelerated materials development with reduced experimental iterations.

4 Part III: MatCalc Open Fe Database

4.1 Database Philosophy and Structure

The MatCalc open iron database (mc_fe) [3] represents a community-driven effort to pro-
vide freely accessible, high-quality thermodynamic data for steel research and education.
Key features include:

• Open license: Available under Open Database License (ODbL)

• Unencrypted format: TDB file format readable and modifiable by users

• Educational focus: Designed for learning CALPHAD methodology

• Industry validation: Parameters tested against experimental measurements

• Regular updates: Community contributions improve accuracy over time

4.2 Database Contents

4.2.1 Included Elements

The mc_fe_v2.060 database includes thermodynamic descriptions for:

Fe, Al, B, C, Co, Cr, Cu, H, Hf, La, Mn, Mo, N, Nb, Ni, O, P, Pd, S, Si, Ti, V, W, Y

This element set covers:

• Common alloying elements (C, Cr, Ni, Mo, Mn, Si)

• Strengthening elements (V, Nb, Ti)

• Interstitial elements (C, N, O, H)

• Impurities (S, P)

• Special applications (rare earths, refractory metals)
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4.2.2 Phase Models

The database includes:

Solution Phases

• LIQUID: Metallic melt with all elements dissolved

• BCC_A2: Body-centered cubic ferrite (α-Fe, δ-Fe)

• FCC_A1: Face-centered cubic austenite (γ-Fe)

• HCP_A3: Hexagonal close-packed structure (ϵ-Fe at high pressure)

Each solution phase uses the compound energy formalism (CEF) with sublattice mod-
els:

Example: FCC_A1 (Austenite)

FCC_A1 : (Fe, Cr,Ni, ...)1 : (C,N, V a)1 (8)

First sublattice: substitutional metallic elements
Second sublattice: interstitial sites (C, N) or vacancies (Va)

Carbides and Carbonitrides

• CEMENTITE: Fe3C with Cr, Mn substitution

• M7C3: (Cr,Fe)7C3 carbide in chromium steels

• M23C6: (Cr,Fe,Mo)23C6 in stainless steels

• MC: (V,Nb,Ti)C microalloying carbides

• M2C: Mo2C-type carbides in tool steels

Nitrides and Carbonitrides

• MN: (V,Nb,Ti,Al)(C,N) with extensive solubility range

• M2N: Cr2N forming in high-nitrogen steels

• AlN: Aluminum nitride grain refinement precipitate

Intermetallic Phases

• SIGMA: σ-phase (Fe,Cr)10(Fe,Cr,Mo)4(Fe,Cr)16 deleterious phase in duplex steels

• LAVES: Fe2Mo, Fe2W Laves phases

• CHI: χ-phase in high-alloy steels
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4.2.3 Thermodynamic Parameter Structure

Database parameters follow standard TDB format:

PARAMETER G(FCC_A1,FE:VA;0) 273.00
-1462.4+8.282*T-1.15*T*LN(T)+0.00064*T**2+GHSERFE#;
1811.00 Y
-1713.815+0.94001*T+0.4925095E+31*T**(-9)+GHSERFE#;
6000.00 N !

This represents Gibbs energy for pure FCC Fe with vacancies, showing:

• Temperature range definitions (273-1811 K, 1811-6000 K)

• Polynomial temperature dependence

• Reference state function (GHSERFE#)

• Transition at melting point (1811 K for Fe)

4.3 Comparison with Commercial Databases

Table 2: Comparison of MatCalc mc_fe with commercial databases

Feature MatCalc mc_fe Commercial (TCFE,
PanFe)

License Open (ODbL) Proprietary subscription
Format Unencrypted TDB Often encrypted
Element coverage 24 elements 30-40 elements
Ternary systems Selected systems Comprehensive coverage
Metastable phases Limited Extensive (e.g., ϵ-carbide)
Validation Academic publications Industrial validation
Updates Community-driven Regular commercial releases
Cost Free $1000-10000/year

4.4 Strengths and Limitations

4.4.1 Strengths

• Excellent for educational purposes and method development

• Fully transparent parameter provenance

• Good accuracy for common steel compositions

• Compatible with multiple CALPHAD software platforms

• Active user community for support and improvements
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4.4.2 Limitations

• Fewer validated subsystems than commercial databases

• Limited coverage of metastable phases relevant for kinetic simulations

• Less extensive ternary and quaternary assessments

• May require user modifications for specialized applications

• Documentation less comprehensive than commercial offerings

4.5 Using mc_fe with MatCalc Software

4.5.1 Basic Workflow

1. Open MatCalc software

2. Load database: File → Open Database → mc_fe.tdb

3. Select elements: Fe, C, Cr, etc.

4. Select phases: LIQUID, BCC_A2, FCC_A1, carbides

5. Enter composition: weight% or mole fraction

6. Calculate equilibrium at specified T, P

7. Generate phase diagrams, property plots

4.5.2 Example Calculation

For a Fe-0.2C-1Cr-0.5Mn steel (wt%):

1. Equilibrium at 900°C predicts: γ-FCC + M7C3

2. Cooling below A3 temperature: α-BCC nucleates

3. Below 723°C: Eutectoid transformation to pearlite

4. Carbon activity and chemical potentials available for kinetic calculations

5 Student Assignment: Database Comparison

5.1 Assignment Objectives

Students will compare the Hallstedt-Noori multi-principal element alloy database [4] with
the MatCalc mc_fe database, adapting both for CompuTherm Pandat software. This
exercise develops skills in:

• Database format conversion and compatibility

• Critical assessment of thermodynamic descriptions

• Software-specific implementation issues
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• Validation against experimental data

• Understanding database limitations and applicability

5.2 Background: Hallstedt-Noori Database

5.2.1 Motivation and Scope

The Hallstedt-Noori database addresses multi-principal element alloys (MPEAs), also
known as high-entropy alloys (HEAs), within the Al-Co-Cr-Fe-Mn-Ni-C system. Tradi-
tional steel databases assume Fe as the primary element, making them inadequate for:

• Cantor alloy (CoCrFeMnNi) and derivatives

• TRIP/TWIP steels with high Mn content

• Lightweight steels with significant Al addition

• Alloys where no single element dominates

5.2.2 Database Development Approach

Development followed rigorous CALPHAD methodology:

1. Binary systems: Critical assessment of all 21 binary subsystems, modifying exist-
ing assessments where necessary

2. Ternary systems: Evaluation of 35 ternary systems, with new assessments for
missing or inadequate descriptions

3. Modeling consistency: Unified approach to phase descriptions (e.g., σ-phase
using 10:4:16 sublattice model)

4. Validation: Comparison with experimental phase equilibria data from HEA liter-
ature

5.2.3 Key Features

• Element coverage: Al, Co, Cr, Fe, Mn, Ni, C

• Temperature range: 298-3000 K (room temperature to above melting)

• Pressure: 1 bar (standard pressure)

• Composition range: Valid for all compositions within system, not just Fe-rich

• Phases: FCC, BCC, HCP, Liquid, σ, χ, multiple carbides, intermetallics
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5.3 Assignment Tasks

5.3.1 Task 1: Database Acquisition and Format Conversion

Subtask 1.1: Obtain Databases

• Download mc_fe database from MatCalc website (https://www.matcalc.at)

• Access Hallstedt-Noori database (available as supplementary material from [4] or
request from authors)

• Verify database file integrity and version

Subtask 1.2: Convert to Pandat Format

• Study Pandat TDB format specifications

• Identify format differences (magnetic ordering parameters, excess energy notation)

• Convert databases using Pandat import utilities

• Resolve any parsing errors or warnings

• Validate successful import by loading in Pandat

Expected challenges :

• Different function definitions (e.g., GHSERXX# vs. standard element reference)

• Magnetic parameter notation differences

• Phase name conventions

• Multicomponent order-disorder transformation descriptions

5.3.2 Task 2: Comparative Calculations

Select three test compositions representing different steel classes:

Composition A: Low-Carbon Steel

• Composition: Fe-0.1C-0.5Mn (wt%)

• Calculate: Phase fractions vs. temperature (500-1600°C)

• Compare: A1, A3 transformation temperatures

• Phases: BCC, FCC, CEMENTITE, LIQUID

Composition B: Stainless Steel (304-type)

• Composition: Fe-18Cr-8Ni-0.05C-2Mn (wt%)

• Calculate: Phase equilibria at 1000°C, 800°C, 600°C

• Compare: σ-phase stability predictions

• Identify: Discrepancies in carbide types predicted
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Composition C: High-Mn TWIP Steel

• Composition: Fe-22Mn-0.6C-1.5Al (wt%)

• Calculate: FCC stability range

• Compare: Stacking fault energy (SFE) if calculable

• Analyze: Carbide precipitation predictions

5.3.3 Task 3: Quantitative Comparison

For each composition, tabulate:

Table 3: Comparison template for database predictions

Property mc_fe Hallstedt-Noori Difference

A3 temperature (°C)
A1 temperature (°C)
FCC fraction at 900°C
Primary carbide type
σ-phase solvus (°C)

5.3.4 Task 4: Phase Diagram Construction

Generate binary phase diagrams:

Fe-C system

• Temperature range: 400-1600°C

• Composition range: 0-6.7 wt% C

• Compare: Eutectoid point, eutectic point, austenite field

• Overlay: Experimental data from standard references

Fe-Mn system

• Temperature range: 600-1600°C

• Composition range: 0-100 wt% Mn

• Compare: γ/ϵ transformation, α/γ loop

• Assess: Agreement with established phase boundaries
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5.3.5 Task 5: Critical Analysis

Write a technical report addressing:

1. Accuracy assessment: Which database better reproduces known experimental
data for each composition class?

2. Range of applicability: For what alloy systems is each database most suitable?

3. Practical considerations: Ease of use, computational efficiency, software integra-
tion

4. Recommendations: When to use mc_fe vs. Hallstedt-Noori vs. commercial
alternatives?

5.4 Expected Findings

5.4.1 Database Strengths

MatCalc mc_fe:

• Excellent for traditional steels with Fe > 80 wt%

• Well-validated Fe-C system description

• Comprehensive carbide and nitride models

• Good integration with precipitation kinetics databases

Hallstedt-Noori:

• Superior for high-Mn steels (TWIP/TRIP)

• Better representation of complex FCC/HCP transitions

• More accurate for multi-principal element compositions

• Improved σ-phase modeling

• Better Al-containing phase descriptions

5.4.2 Typical Discrepancies

Students should expect to find:

• Transformation temperatures: Differences of 10-30°C common due to different
optimization strategies

• Carbide types: mc_fe may predict M7C3 where Hallstedt-Noori predicts M23C6

in intermediate compositions

• Intermetallic phases: Hallstedt-Noori more likely to predict σ and χ phases in
high-alloy steels

• Metastable phases: mc_fe has better metastable carbide descriptions (ϵ-carbide,
etc.) for kinetic modeling
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5.5 Deliverables

1. Converted database files: Both databases in Pandat TDB format with docu-
mentation of modifications

2. Calculation scripts: Pandat Python/macro scripts for reproducibility

3. Comparative plots: Phase diagrams, property plots for all test cases

4. Technical report: 15-20 pages including:

• Introduction and methodology

• Results and comparison tables

• Critical analysis and discussion

• Conclusions and recommendations

• References

5. Presentation: 15-minute presentation of key findings

6 Broader Context: Database Ecosystem

6.1 Commercial Database Landscape

6.1.1 Thermo-Calc Software

• TCFE: Steel and Fe-alloys database (most comprehensive commercial offering)

• TCHEA: High-entropy alloys specialized database

• MOBFE: Mobility database for diffusion simulations

• Integration: Seamless with DICTRA, TC-PRISMA modules

6.1.2 CompuTherm Pandat

• PanFe: Iron-based alloys database

• PanHEA: High-entropy alloys database

• Strengths: User-friendly interface, excellent visualization

• API: Pandat Python API for automation

6.1.3 FactSage

• FSstel: Steels database

• Strengths: Extensive oxide and slag databases for pyrometallurgy

• Applications: Process metallurgy, refractory-steel interactions
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6.2 Open-Source Alternatives

• PyCalphad: Python library for CALPHAD calculations, database-agnostic

• OpenCalphad: Open-source thermodynamic software

• ESPEI: Automated parameter estimation from ab initio and experimental data

• Community databases: Growing collection of openly available assessments

6.3 Future Directions

6.3.1 Machine Learning Integration

• Automated parameter optimization using neural networks

• Uncertainty quantification in database predictions

• Active learning for efficient experimental design

• High-throughput DFT integration for rapid assessment

6.3.2 Materials Genome Initiative (MGI)

• Standardized data formats (e.g., Materials Platform for Data Science)

• Interoperable databases across software platforms

• Public repositories (e.g., NIST ThermoML)

• Collaborative assessment efforts

7 Conclusions
This lecture has explored advanced thermodynamic databases from three complementary
perspectives:

1. Fundamental science: Brosh’s high-pressure Fe-C work demonstrates extension
of CALPHAD to extreme conditions, with applications in geophysics and under-
standing of fundamental phase stability.

2. Industrial application: The Du-Schmid-Fetzer case studies show how integrated
computational tools enable accelerated steel design, reducing development costs and
time-to-market.

3. Open resources: The MatCalc database provides accessible, educational tools
for learning CALPHAD methodology and conducting research without commercial
software barriers.

The assignment comparing Hallstedt-Noori and MatCalc databases develops practical
skills in:

• Database format conversion and software integration

19



• Critical assessment of thermodynamic descriptions

• Understanding limitations and applicability ranges

• Making informed decisions about database selection

As computational materials science continues to evolve, the integration of high-quality
thermodynamic databases with kinetic simulations, microstructure modeling, and prop-
erty prediction will drive innovation in steel design and the broader materials engineering
field.

Key Takeaways
• CALPHAD databases are essential tools for modern steel design, enabling prediction

of phase equilibria, transformation temperatures, and driving forces for precipita-
tion.

• Different databases are optimized for different applications: traditional steel databases
excel for Fe-rich alloys, while specialized databases like Hallstedt-Noori are required
for multi-principal element alloys.

• Database quality depends on comprehensive assessment of binary and ternary sub-
systems, validated against experimental data.

• Open-source databases like MatCalc mc_fe provide valuable educational resources
and transparency, though commercial databases offer broader coverage and more
extensive validation.

• Practical database application requires understanding of software-specific formats,
conversion procedures, and validation against known benchmarks.

• Integration of thermodynamic databases with kinetic modeling, phase-field sim-
ulations, and mechanical property models enables true integrated computational
materials engineering (ICME).
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• Andersson et al. (2002) - "Thermo-Calc & DICTRA: Computational tools for ma-
terials science"
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facilities"
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A Appendix A: Software Installation Guide

A.1 CompuTherm Pandat

1. Obtain license from CompuTherm (https://computherm.com)

2. Download installer for your operating system

3. Install following provided instructions
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4. Activate license using provided key

5. Verify installation by loading example databases

A.2 MatCalc

1. Download from https://www.matcalc.at

2. Free academic license available for students

3. Install software package

4. Download open databases (mc_fe.tdb)

5. Follow tutorials at MatCalc wiki

B Appendix B: TDB Format Primer
The TDB (Thermodynamic DataBase) format is the standard for CALPHAD databases.
Key elements:

B.1 Element Declaration

ELEMENT FE BCC_A2 55.847 4489.0 27.28 !

Defines element symbol, reference state, molar mass (g/mol), enthalpy (J/mol), entropy
(J/mol·K).

B.2 Phase Definition

PHASE FCC_A1 % 2 1 1 !
CONSTITUENT FCC_A1 : FE,CR,NI : C,VA : !

Defines phase name, sublattice site ratios, and constituent elements.

B.3 Parameter Definition

PARAMETER G(FCC_A1,FE:C;0) 298.15
+77207-15.877*T+GFEFCC#+GHSERCC#; 6000 N !

Gibbs energy expression with temperature polynomial and reference functions.

C Appendix C: Useful Web Resources
• MatCalc: https://www.matcalc.at - Software, databases, tutorials

• Thermo-Calc: https://thermocalc.com - Commercial software and databases

• CompuTherm: https://computherm.com - Pandat software and PanFe database

• PyCalphad: https://pycalphad.org - Python CALPHAD library
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• CALPHAD Journal: https://www.journals.elsevier.com/calphad - Primary
research journal

• SGTE: https://www.sgte.net - Scientific Group Thermodata Europe
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