
The Ringberg Unary Workshop 2013: first 

principles, experiments and modeling 

S. G. Fries  
ICAMS, Ruhr-Universität Bochum

and



The Sapiens Concept:

the motivation

2



An example



0-298K DFT (physical contributions, see Hickel, Palumbo)

Undercooled liquid,MD (glass transition, etc  see Pasturel)

Overheated solid, MD (atomistic potentials should be first principle compatible, see Asta)

Ringberg 95 is the 

reference to start

the discussions. 



Historical

-2008,  Freiberg

-2011, Post Calphad Rio Workshop

-2012, Calphad Berkeley Meeting

-2013, Preparation

Scope

-Motivation-Motivation

-Groups

Participants

Results



2008,  

Freiberg



SAPIENS Project  to be supported by ICAMS, RUB



SAPIENS Project  includes  Sundman`s suggestions

done in CALPHAD Finland 2008



2011, Post Calphad Rio Workshop



2011, Post Calphad Rio Workshop –Patrice Turchi



2011, Post Calphad Rio Workshop



For the stable elements the Gibbs energy is expressed as a series in T relative to

the stable state at 298.15 K like for Cr:

Gbcc

Cr − H(298)bcc

Cr = 298.15  T < 2180.00 : −8856.94 + 157.48T − 26.908T ln(T)

+.00189435T2 − 1.47721 · 10−6T3 + 139250T−1

2180.00  T < 6000.00 : −34869.344 + 344.18T − 50T ln(T)

−2.88526 · 10+32T−9

An example

−2.88526 · 10+32T−9

This function lumps together phonon, electronic

and other contributions. (B. Sundman)

Such functions must be agreed upon internationally if researchers want to share

their assessments to create a multicomponent database. The function above is

from a set of pure element data proposed by SGTE 1991. 



-Lattices stabilities, many structures are mechanically not 

stable at OK (intermediate solutions being found see Abrikosov, Ozolin ,

Hickel,  Ackland,  Grimvalletc)

DFT problems

-Magnetic contribution, theory not in the state of the art 

to solve the problems (intermediated solutions see Hickel, Ruban, etc)



Lets take the best of theory 
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Compare to experiments
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2012, Calphad Berkeley Meeting



Scope 
� Fundamental physical understanding of bulk properties of unaries 
� Extension to stoichiometric compounds (end-members) 
� Aim: Free energies as function of temperature and strain tensor (incl. volume) 
� Consider all relevant phases incl. the liquid phase 
� Questions:  

o To what extend can ab initio methods be of use? 
o Can the experimental situation be further improved? 
o How can metastable / unstable phases be described? 

� Convince DFT people that Calphad is useful, strategies for combination 
� Only to a limited extend technical issues like: Is there a need to change SGTE? 
� Keep topic as focused as possible, achieve intensive discussions 
 
� Tutorial like presentation from the different involved fields (Calphad, ab initio, 

experiments, further theories, …) 
� Working groups on different aspects aiming at one publication per group 

o 5-6 groups with 7-8 people 

Presentations 
� Calphad 
� DFT solid 
� DFT liquids 
� Experiments 

 

Topics 
� crystalline phases 

o up to the melting temperature of W 
o there is no indication of melting in the solid phase 
o Jelly temperature for the solid phase in the liquid temp. region 
o down to 0 K 

� liquid phases  
o incl. glass transition, i.e. going down to 0 K 
o matching of heat capacities at melting (T^-9) 
o comparison to bcc phase 
o perhaps extension to binaries 

� enthalpies of formation (incl. stable and metastable/unstable phases) 
� strain dependence (incl. volume, pressure) of free energy 

o perhaps include effect of interfaces o 5-6 groups with 7-8 people 
� one representative of a group goes to another group to discuss 

o give feedback to your own group 
� planery lecture in the morning with a summary what happened before 

Constraints 
� 40 participants (not more, not less) 
� arrival: Sunday 24.03.2013 after 4 pm, no program this day 
� departure: Thursday 28.03.2013 afternoon (Friday is a holiday) 
� funding of 40.000 € available by Suzana 
� webpage? 
� working groups with always  

o one coordinator (young, enthusiastic, willing to fight for paper 
o one theoretician, one experimentalist, one Calphad representative 
o one experienced, one young 

� be open for SGTE 
� Zeitschrift für Metallkunde can be used as a journal 
 

o perhaps include effect of interfaces 
� lambda-shape transition, in particular magnetism 
� trends in the period system of elements  

o discussion group 
� point defects (vacancies, self-interstitials) and their mobilities 
 

Next Steps 
� distribution of information at Calphad XLI in Berkeley 
� discussion of topics within programme committee 
� opening of web page 
 
 
Summary of the Discussion of Suzana Fries, Bo Sundman, Mauro Palumbo and 
Ursula Kattner in Boulder, CO, on 27 June 2012: 
Change sequence of priority and more topic details: 
� crystalline phases 

o up to the melting temperature of W 
o there is no indication of melting in the solid phase 
o Jelly temperature for the solid phase in the liquid temp. region 



The Gibbs energy functions for the pure elements are in very much need of

updating and revision. And there is an interest to extend them down to 0 K

which means including a Debye function.

But considering the effort it was to get agreement on the current set I am a bit

sceptical about the possibility to make all scientists calculating phase diagrams

agree on a new set.

The alternative that each scientist has his own set of pure element data would

mean that the international collaboration to develop multicomponent databasesmean that the international collaboration to develop multicomponent databases

will become impossible.

There are many additional questions to solve about extrapolation of data into

metastable ranges and how to combine pure element data in higher order systems



International  

Ringberg unary workshop 2013 
Ringberg, March 24-29, 2013 

 

Scope 

This workshop is devoted to the thermodynamic properties of unaries, forming the fundamental 
unit for the thermodynamic modeling of materials. 
It accounts for the fact that there have been many 
methodological developments and new insights 
since the Ringberg unary workshop in 1995. As a 
consequence, there is a need to synchronize the 
ongoing research in this field again, in order to 
obtain a generally accepted reference for 
Calphad modeling of alloys.  

Based on a fundamental physical understanding of unary bulk properties, present Calphad 
assessments of unaries will be revisited and new concepts to describe the Gibbs  energy of all 
relevant phases (incl. the liquid phase) as function of temperature and strain tensor (incl. 
volume) will be implemented. During this process central issues are the Calphad treatment of 
undercooled liquids and superheated solids; the description of metastable phases in general; 
the present and future impact of first-principles calculations on assessments; and the limits of 
experimental techniques.  

• strain dependence  
o include full volume/pressure dependence of free energy, 
o parameterization of elastic constants, 

• lambda-shape transition, which is in particular the case for magnetic transitions, 
• point defects (vacancies, self-interstitials).   

Further topics, like the extension to alloys and chemical trends in the periodic system of 
elements will be discussed across the groups.  

The groups will combine the expertise from Calphad, first-principles calculations, experiment, 
and the industrial point of view. Intermediated conclusions will be presented in plenary lectures. 
At the end, the discussions and presentations should result into a paper for each of the topics. It 
is in particular the responsibility of the group coordinators to ensure such a publication.  

Organizational issues 

The conference site, Ringberg Castle, belongs to 
the Max-Planck Society and is beautifully located 
in the foothills of the Bavarian Alps (Germany) 
overlooking lake Tegernsee. The castle provides 
accommodation for 40 people maximum. If 
necessary, a few more participants can be 
accommodated in nearby hotels. We expect that 
we can cover most of the local costs for the 
participants. However, travel reimbursements are 

Scope: Motivation and Groups

experimental techniques.  

A desired side effect is to bring together different groups, the established Calphad community, 
first-principles scientists, experimentalists, and representatives from industry. Within a fruitful 
discussion atmosphere, a better understanding of the point of view by other groups should be 
achieved.  

Working groups 

The topics addressed above will be discussed in 
different working groups. It is currently tentatively 
planned to work on the following  topics: 

• crystalline phases 
o from 0 K up to the melting temperature  
o including the concept of a Jelly temperature 

for the solid phase in the liquid temp. region, 
o including stable and metastable/unstable 

phases 
• liquid phases  

o down to 0K, i.e. including a glass transition, 
o comparison to bcc phase 

 

participants. However, travel reimbursements are 
only possible on request.  

The arrival at the castle on March 24, 2013, is 
between 4 pm and 8 pm. The first scientific discussion will start on Sunday evening. The 
workshop will end on (Good) Friday, March 29, 2013 with departure after breakfast. Arriving by 
plane, you should choose F.-J. Strauß airport Munich (MUC) as your destination. From there, 
please take the S-Bahn to Munich Hauptbahnhof (travel approx. 40min). Afterwards take the 
train to Tegernsee (platform 27-36), departing every hour (always 10min after the hour).  

 
For any further questions, contact the organizers of the workshop: 

Dr. Suzana G. Fries 

ICAMS – Interdisciplinary Centre for Advanced 
Materials Simulations  
Ruhr-Universität Bochum 
Universitätsstr. 90a 
44789 Bochum 
 Tel. +49 234 32 29369 
Fax +49 234 32 14989 
Email: Suzana.g.fries@rub.de 

Dr.Tilmann Hickel 

Computational Materials Design 
Max-Planck-Institut für Eisenforschung GmbH 
 
Max-Planck-Str. 1 
40237 Düsseldorf 
Tel.: +49 (0)211 6792-575 
Fax: +49 (0)211 6792-465 
Email: hickel@mpie.de 

 



Invited participants



Invited participants



http://ruw2013.mpie.de



Version 2013-01-26 at 11.00/GG
Electron heat capacity – general approach
E. Buckingham pointed out (Phys. Rev. 4, 435, 1914) that all physical theories can 
be expressed in equations which have as variables dimensionless ratios of the 
quantities used to describe a certain phenomenon. An example is the lattice heat 
capacity C, which in the Debye model can be written
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All  manuscripts submitted to Physica Status Solidi b





Einstein/Debye 

models 

Parametric modelling of thermodynamic properties

Low order anharmonic + 
High order anharmonic

(more terms can be Magnetic 

�Debye/Einstein models have been implemented in a new optimizer which is part of the Open 

CALPHAD code

� The optimizer is using the Marquardt method for fitting experimental data or first principles 

results

D. W. Marquardt, J. Soc. Ind. Appl. Math. 11 (1963) p. 431

models 

(harmonic 

contribution)

Low order anharmonic + 

electronic excitations
(more terms can be 

included)

Magnetic 

contribution

Calphad 2011 MPalumbo et al












