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6. Progress within the reporting period 
 

Application of the model of the temperature field 
The application of the 3D numerical model on a transient temperature field requires 

systematic experimentation, including the relevant measurement of the operational 
parameters directly in the foundry. A real 350 x 200 x 400 mm EUCOR block had been used 
for the numerical calculation and the experiment (Figure 1). Temperature measurement 
(using thermocouples) and its successive confrontation with the calculation proved that it is 
possible to apply the numerical model on basic calculations of solidification and cooling of 
EUCOR. It is also possible to determine the temperature gradients, the rate of solidification 
and the local solidification times (i.e. the time for which the given point of the casting finds 
itself between the liquidus and solidus temperatures). The local solidification time θ 
significantly affects – according to the analogy from steels – the forming of the pouring 
structure of the given material. 

Since the research also covered measurement of chemical heterogeneity of the oxides of 
EUCOR, the previous conclusion was used to develop the numerical model of chemical 
heterogeneity. 

 

 
Figure 1 The casting-riser-mould system 

 
 

The model of chemical heterogeneity of corundobaddeleyit material EUCOR 
The principle of the model of chemical heterogeneity has been described in detail and 

explained in the publication concerning the solidification of steels [1], and its utilisation for the 
description of chemical heterogeneity of EUCOR is based on the analogy of the laws of 
solidification of this material with the solidification of steels. The preconditions for the 
application of the model of chemical heterogeneity on EUCOR are: 



 

 
If the analytical distribution of micro-heterogeneity of the oxides of the ceramic material 

are available, if their effective distribution coefficient is known and it is assumed that it is 
possible to describe the solidification of the ceramic material via analogical models as with 
the solidification of metal alloys, then it is possible to conduct the experiment on the mutual 
combination of the calculation of the temperature field of a solidifying ceramic casting with 
the model describing the chemical heterogeneity of the oxides. 

If the Brody-Flemings model [2] is applied for the description of the segregation of oxides 
of the solidifying ceramic material  and if an analogy with metal alloys is assumed, then it is 
possible to express a relationship between the heterogeneity index Ihet of the relevant oxide, 
its effective distribution coefficient kef and the dimensionless parameter α using the equation 
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whose right side, based on the measurement of micro-heterogeneity, is already known and 
through whose solution it is possible to determine the parameter �, which is also on the left 
hand side of the equation in 2αkef = X. The quantity n has a statistical nature and expresses 
what percentage of the measured values can be found within the interval xs ± nsx (where xs is 
the arithmetic mean and sx is the standard deviation of the set of values of the measured 
quantity). If n = 2, then 95 % of all measured values can be found within this interval. 

If the dimensionless parameter α is known for each oxide, then there exists a key to the 
clarification of the relationship between the local solidification time θ of EUCOR, to the 
diffusion coefficient D of the relevant oxide within the solidifying phase and to the structure 
parameter L, which characterises the distances between individual dendrites. The equation 
of the dimensionless parameter α is 

2L/Dθ=α  (2) 
 

Application of the model of chemical heterogeneity 
The verification of the possibility of combining both methods was conducted on samples 

taken from the EUCOR blocks – from the edge (sample B) – and from the centre underneath 
the riser (sample C).  

Both the measured and computed parameters of chemical micro-heterogeneity and the 
computed parameters of the local solidification time θ (according to the temperature-field 
model) were calculated. The local solidification time of sample B is θB = 112.18 [s] and of 
sample C is θC = 283.30 [s]. 

The computed values of parameter α and the local solidification time θ determine, via 
their ratio, the quotient of the diffusion coefficient D and the square of the structure parameter 
L, which means that the following relation applies: 

]s/1[L/D/ 2=θα  (3) 
The calculated values of relation (10) for oxides of samples B and C are arranged in the 

following table I together with parameters α: 
 

Oxide Sample 
B: α

α/θB · 
104 [1/s]

Sample 
C: α

α/θC · 
104 [1/s]

Na2O 0.0732 6.53 0.0691 2.44
Al2O3 0.0674 6.01 0.0662 2.34
SiO2 0.0741 6.61 0.0663 2.34
ZrO2 0.00035 0.0312 0.00008 0.0028
K2O 0.0721 6.43 0.0665 2.35
CaO 0.075 6.69 0.0703 2.48
TiO2 0.0759 6.77 0.0757 2.67

Fe2O3 0.0732 6.53 0.0711 2.51
HfO2 0.0165 1.47 0.00017 0.006

Table I Calculated values of equation (3) 



 

 
It comes as a surprise that the values of the parameter α/θ = D/L2 of the oxides Na, Al, Si, 

K, Ca, Ti and Fe differ by as much as an order from the value of the same parameter of the 
oxide of zirconium and hafnium. This could be explained by the fact that zirconium contains 
hafnium as an additive and, therefore, they segregate together and the forming oxides of 
zirconium and hafnium have the highest melting temperature. From the melt, both oxides 
segregate first, already in the solid state. Further redistribution of the oxides of both elements 
runs on the interface of the remaining melt and the successive segregation of other oxides 
only to a very limited extent. It is therefore possible to count with the fact that the real 
diffusion coefficients of zirconium and hafnium in the successively forming crystallites are 
very small (i.e. DZr → 0 a DHf → 0). On the other hand, the very close values of the 
parameters α/θ = D/L2 of the remaining seven analysed oxides: 
D/LB

2 = (6.51±0.25)·10-4 and D/LC
2 = (2.45±0.12)·10-4 [1/s] indicate that the redistribution of 

these oxides between the melt and the solid state runs in a way, similar to that within metal 
alloys, namely steels. 

It would be possible to count – in the first approximation – with the diffusion coefficients of 
the oxides in the slag at temperatures of 1765 °C (solidus) and 1775 °C (liquidus) with an 
average value of (2.07±0.11)·10-6 cm2/s (the data refers to the diffusion of aluminium in the 
slag with a composition of 39% CaO-20% Al2O3-41% SiO2). For these cases, and using 
Eq. (3), it is possible to get the magnitude of the structure parameters that govern the 
chemical heterogeneity of the values: 
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which corresponds to 564 µm in sample B and 919 µm in sample C. 

From the comparison of the micro-structures of the analyses samples B and C (Figs. 2 
and 3) it is obvious that the micro-structure of sample B (LB) is significantly finer than the 
micro-structure of sample C (LC), which semi-quantitatively corresponds to the qualified 
estimate of the structure parameters L, conducted on the basis of calculations from the data 
obtained from both models. 

 

 
Figure 2 The structure of sample B (LB = 564 µm)    



 

 
Figure 3 The structure of sample C (LC = 919 µm)  
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