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Abstract. In the past couple of decades, the casting industry has been substantially relying on simulation software to 

improve the as-cast product quality. However, accurate predictions are often difficult, due to the complexity of phase 

properties evolution during solidification and subsequent solid-state transformations, especially for multicomponent 

alloys. In the current paper, we aim to alleviate these difficulties by coupling THERCAST
®

 casting simulations with 

thermodynamic and thermo-mechanical data calculated by JMatPro®. The approach is particularly suited for 

predicting chemical segregations. 

1 Introduction  

Solidification simulations require accurate and 

realistic thermo-physical, and thermo-mechanical 

input data in order to predict defects such as porosity 

and hot cracking. The first official release of 

THERCAST® in 2012 featured a material database 
with the most common industrial steel grades. The 

data came essentially from experimental benchmarks 

provided by research consortiums. However, due to 

the limited number of available alloys, a new 

package of material files properties with an extended 

array of alloys (e.g. aluminium alloys, magnesium 

alloys, …) is also available (not included in 

THERCAST®). This additional package is the result 

of calculations made with the material software 

JMatPro®. Using the latter, central parameters to 

finite element solvers are made available, covering 
thermophysical data (e.g. thermal conductivity, 

density, …) and thermo-mechanical data (e.g. 

modulus of elasticity, flow stress, …). With the 

introduction of segregation prediction models in 

THERCAST® version 8.2 (2014), promising results 

were obtained for binary alloys using a linearly 

approximated Sn-Pb phase diagram [1]. However, 

such approximations are more complex to perform 

with multicomponent alloys due to the inherent 

complexity of their respective multidimensional 

phase diagrams. To assuage these difficulties, 

THERCAST® version 9.0 (2016) features a new 
implementation of data input based on JMatPro® 

thermodynamic calculations. In this paper, we lean 

on existing work in the solidification literature [2,3] 

that focused on coupling thermodynamic software 

with microsegregation models, as well as on the 

current tabulation methodology already used for 

thermo-mechanics in THERCAST®. We discuss the 

importance of the new implementation with respect 

to previous versions, in predicting better final 

segregation patterns for multicomponent alloys. 

 

2 Tabulated mapping approach 

The key to reliably predict macrosegregation is an 
accurate calculation of transformation paths during 

solidification [4]. For each phase,  , the main variables 

involved are the phase fractions,   , the phase 

composition,   
 

. The idea is to pre-compute all possible 

solidification paths as follows: 
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where *〈  〉   +  is a multi-dimensional mapping that 

associates for each value of temperature ( ) and average 

composition (〈  〉) per solute species ( ), the 

corresponding values of phase fractions and phase 

compositions, following a given equilibrium state. In this 

paper, only full equilibrium is considered. The input 

mapping values are bound by limiting values: 
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The choice of tabulation temperature step and 
composition step sizes should be small enough to capture 

as much as possible the solutal variations due to 

macrosegregation, but also thermal variations due to high 

cooling rates. Moreover, in order to optimize the data size 

required for a macrosegregation simulation, the tabulated 

domain is limited to the values of interest, namely those 

close to the nominal composition. The bounding values 

for composition, 〈  〉    and 〈  〉    , are typically close 
to the segregation range limits expected from the 

simulation, whereas the bounding values for temperature, 

     and      , are chosen according to the type of 

simulation. For solidification simulations, the freezing 

range is sufficient while for simulations reaching solid-

state transformations,      needs to be less than the 

lowest transformation temperature. With the help of 
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JMatPro® 8.0, all the needed data are successfully 

calculated for a given alloy (corresponding to a given 

value of the nominal composition in a mapping). 

However, in the current approach, the number of alloys to 

compute makes it very difficult to accomplish the task 

using the graphical user interface. The alternative is to 

use JMatPro®’s application programming interface (API) 

in the simulation preparation step in order to compute a 

batch of thermodynamic data associated with a number of 

composition-temperature points. 

3 JMatPro® API 

Development of the JMatPro® API started in late 2013 to 

answer the need to incorporate specific functionalities of 
the JMatPro® software into third-party applications. 

Currently at version 2.0, it comprises a set of modules for 

the calculation of thermodynamic and physical properties 

of multicomponent alloys, solidification, and TTT/CCT 

diagrams (for steels only). The thermodynamic solver and 

the properties calculation module form the basic building 

blocks of the API. The former is devoted to calculations 

of stable and metastable phase equilibria (including 

single point, temperature and concentration stepping, 

isopleths, among others), as well as nonequilibrium 

Scheil-Gulliver calculations, and extensions that take into 
account the effect of back diffusion in a primary solid 

phase. The latter module allows for the calculation of 

physical, thermophysical, and room-temperature matrix 

mechanical properties. The remaining API modules all 

make use of these two in some way. One of the great 

strengths of the JMatPro® API is precisely its modular 

nature. Users can freely combine calculations to create 

custom models, tailored to their specific needs. The 

JMatPro® API is also particularly suited for task 

automation, such as batch data generation or, more 

generally, anything that requires the systematic 
application of a given calculation to different sets of input 

parameters (obtained by varying alloy compositions, 

temperatures, cooling rates, and so on). The output data 

can be readily harvested and processed into any desired 

format, allowing for the development of custom export 

tools. It may also be used to streamline third-party 

materials simulation tools, by directly feeding more 

complex schemes that require thermodynamic or 

physical/mechanical properties as an input. 

4 Preliminary results 

A solidification test case inspired from [5-6] is performed 

to demonstrate some preliminary microsegregation 

results, using the newly implemented approach of 

tabulating data obtained with JMatPro®’s API. The alloy 

is steel with a nominal composition of Fe-0.1wt.% C-

0.6wt.%Mn-0.25wt.%Si. Reference values for the 

Boussinesq approximation are taken as the initial values 

for liquid phase compositions and temperature, knowing 

that the latter is 1550°C. The main material properties of 

the simulation (obtained without JMatPro®) are 

summarized in table 1. 

Table 1. Main material properties 

Property 
Val

ue 
Unit 

Density 
780

0 
Kg.m-

3 

Thermal conductivity 31 
W.m-

1K-1 

Thermal expansion 
coefficient 

10-4 K-1 

Solute expansion coefficient 
C 

4.1
0-3 

(wt.%
)-1 

Solute expansion coefficient 
Mn 

5.1
0-4 

(wt.%
)-1 

Solute expansion coefficient 
Si 

3.5.
10-3 

(wt.%
)-1 

Solute diffusion coefficient 
C 

3.1
0-9 

m2.s-1 

Solute diffusion coefficient 
Mn 

5.1
0-10 

m2.s-1 

Solute diffusion coefficient 
Si 

1.5.
10-9 

m2.s-1 

Dendrite arm spacing  
60.

10-6 
m 

Regarding the data generated by JMatPro® API, a 

20% offset around nominal composition is taken for each 

solute as bounding values, hence considering a mapping 
of 10 composition values. For temperature, a range of 

[200, 1600]°C is considered with a mapping of 1401 

values, i.e. a temperature step size of 1°C. The first 

microsegregation results using a full equilibrium 

calculation with JMatPro® API are given in figures 1 to 

5, showing respectively the liquid composition maps 

predicted by the API (figures 1 to 3), which show the 

result of a full equilibrium solidification path, together 

with the liquid fraction (figure 4), as function of the 

predicted temperature (figure 5) and average composition 

(not shown here). Finally, the average liquid velocity 
(figure 6), considering a fixed and rigid solid phase, 

shows a damped flow in the mushy, due to the lower 

solid fraction predicted by microsegregation, hence lower 

permeability. 

5 Conclusion 

In THERCAST® 9.0, a new implementation of 

thermodynamic mapping generation using JMatPro® API 

will be available. Based on existing literature, the method 

proved its advantages. Preliminary results of 

microsegregation are presented. 
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Figure 1: Liquid phase composition (carbon) 

 

 
Figure 2: Liquid phase composition (manganese) 
 

 

 

Figure 3: Liquid phase composition (silicon) 

 

 

 
 

 

 

 

 

 
Figure 4: Liquid fraction 

 

 
Figure 5: Temperature field 

 

Figure 6: Average velocity in the liquid 


