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Introduction – My interaction with John

Undergraduate 1989 – 1991 Lecturer

Ph.D. student 1991 – 1996 Supervisor

TCS employee 2001 - present Chairman
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A foundation

1. A general treatment relating practical diffusion coefficients to so-called 
atomic mobilities and thermodynamic properties of a phase.

2. Numerical treatment of multicomponent diffusion in one-phase 
regions, i.e. solving a system of coupled PDEs.

3. Numerical treatment of diffusional reactions, i.e. solving a moving 
boundary type problem.

4. A vision directing future development.

Doctoral thesis (1981)



J. Phys. Chem. Solids vol. 43, no.4, (1982) pp. 385-391.
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J. Appl. Phys., 72 (4), 
(1992) pp. 1350-55.

A foundation



Atomic Mobility Databases (in a CALPHAD spirit)

Experiments
Diffusion without a chemical gradient:

- Tracer diffusion coefficients

Diffusion under a chemical gradient:
- Chemical interdiffusion coef.
- Intrinsic diffusion coefficients

Models

Estimates

- Correlation

Theory

- Ab-initio

Parameter optimization

Storage in 
mobility 
database

Applications

Mobility, Diffusivities
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Atomic mobility databases (availability and use)

Today there are several databases 
available and used for different purposes.

Diffusion 
simulations

Precipitation 
simulations

and  more!Phase-Field



Diffusion in dispersed systems – My project!

Simulation of diffusion in multi-
component dispersed systems, e.g. 

 Interdiffusion in compounds

 Gradient sintering

 Internal oxidation, etc.

Gradient sintered hard metal



Implemented model based on a method developed by Bongartz et al. (1980)

Solve
diffusion

Calculate
new average
compositions

Equilibrium
calculations

New matrix
compositions

Engström et al., Met Mat Trans A, v. 25A (1994), p 1127.

Diffusion in dispersed systems

Assumptions:

 Diffusion takes place in 
the matrix phase only.

 Equilibrium holds locally 
in each node.



Carburization of Ni-30%Cr alloy

Engström et al., Met Mat Trans A, v. 25A (1994), p 1127.



Carburization of Ni-Cr-Fe alloys

Engström et al., Met Mat Trans A, v. 25A (1994), p 1127.



Annealing of mismatched Chromium alloy weldment

Engström et al., Met Mat Trans A, v. 25A (1994), p 1127.



Ni-Cr-Al alloys

Engström and Ågren, Z. Metallkd., v. 87 (1996), p. 92.



Engström et al., Acta Mater., v. 45 (1997), p. 1189.

Ni-Cr-Al multiphase diffusion couples



Engström et al., Acta Mater., v. 45 (1997), p. 1189.

Ni-Cr-Al multiphase diffusion couples



Gradient sintering

Engström and Ågren, The Sefström Symposium (1994)



More complex problems

Yu et al., Mater Sci. Eng. A394 (2005) 43.

 Complex problem that involves solving a multicomponent
diffusion problem in a multiphase region.
 Need for multicomponent kinetic data in β-NiAl, γ and γ’.

Coating degradation due to interdiffusion



Homogenization model
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Phase fractions
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Chemical potentials
Mobilities

Flux between slices “n-1” and “n”
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Larsson and Engström, Acta. Mat., v. 54 (2006), p. 2431.



Calculating effective [Mkxk]

Combining rules are frequently used to determine an 
“effective” transport property in a multiphase mixture, from:

1) the transport properties in the individual phases, 

2) the fraction of phases, 

3) and sometimes also from the geometrical distribution.

Exact knowledge of the geometrical distribution is rarely 
known for a real case and it may be useful to study limiting 
cases or bounds (e.g. Wiener, Hashin-Shtrikman bounds).

Larsson and Engström, Acta Mat., 54 (2006), p. 2431.



E. Perez, T. Patterson and Y. Sohn, J. Phase Equilibria Diffus., v. 27(2006), pp. 659-64.

NiAl-coating / Ni-base superalloy system
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Engström et al., 
Advanced Materials Research 
Vol. 278 (2011) pp 198-203.
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Simulation of case-hardening and control of furnace atmospheres

 Carburizing simulation tool

 Recipe design



Engineering solutions

C-diffusion as function of composition and temperature:

Ågren, Scripta Metall., v 20 (1986), p. 1507.

Influence from alloying elements:

Ågren, Personal compilation, (1990).
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Early dissemination (missionary)

 Driven by a desire to make research results come to use.  

Following the first training course in 
Japan about using the Diffusion Module 
(DICTRA).

Visiting Nippon Steel in the late 
80’s or early 90’s



 In 1993 John and six colleagues established a foundation. They donated 
their respective individual rights to the code for the benefit of this 
foundation.

 ”Stiftelsen för Tillämpad Termodynamik”

 This foundation became (and still is) the sole owner of all rights connected 
to the Thermo-Calc and DICTRA software.

 The purpose of the foundation is to support research in the field of 
computational thermodynamics. 

 Today this is done in different ways, e.g. primarily by offering 
approximately $50K annually in travelling grants to young researchers.

Another foundation



 In 1997 a company is created with the 
purpose of handling all administration, 
marketing, sales and support related to 
licensing of the Software.

 The foundation is the majority owner of 
the company with 80% of the shares, 
while the remaining 20% is controlled by 
the researches who had donated their 
individual rights for the benefit of the 
foundation.

 John has been on the Board of Directors 
since 1997, and served as Chairman of 
the Board since 2001.

Establishing Thermo-Calc Software AB



Success by any measure

 Continuous growth

 35 + 5 employees

 > 1250 customers in 60+ countries

 In a review of the 2015 literature, Thermo-Calc software 
products were referenced, mentioned or used in over 
1000 publications, distributed on 231 journals, and by 
organizations from 59 different countries.
 The topics range from the macro- to micro-level, from meteorites to 

platinum jewellery and power plants to nanowire systems. 



 Founded in 2016, headquartered in Stockholm

 Building upon the success of QuesTek Innovations
 Technical activities similar to QuesTek Innovations’ but focused on the European market

 Business model: design, develop and patent new materials; license to 
producers/OEMs/end-users

 Offers materials design and modeling services
 Design of novel advanced alloys

 Optimization of existing alloys

 Applying Ferrium steels to existing platforms

Joint venture between QuesTek (US) and Thermo-Calc (Sweden)

and a new founding



Congratulations to a real Superman
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