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1. Introduction 

 

During a severe accident, there is a possibility of leak 

out of molten core from the reactor vessel. This molten 

core could interact with the reactor cavity region which 

consists of concrete. In this process, components of 

molten core react with components of concrete through 

a lot of chemical reactions. As a result, many kinds of 

gas species are generated and those move up forming 

rising bubbles into the reactor containment atmosphere. 

These rising bubbles are the carrier of the many kinds of 

the aerosols coming from the MCCI (Molten Core-

Concrete Interaction) layers. To evaluate the amount of 

the aerosols released from the MCCI layers, the amount 

of the gas species generated from those layers should be 

calculated.  

The chemical equilibrium state originally implies the 

final state of the multiple chemical reactions; therefore, 

investigating the equilibrium composition of molten 

core can be applicable to predict the gas generation 

status.  

The most common way for finding the chemical 

equilibrium state is a minimization of total Gibbs free 

energy of the system.  To minimize it, a steepest descent 

method was applied and an initial guess of the solution 

was derived. In this paper, the method to make good 

guess of initial state is suggested and chemical reaction 

results are compared with results of CSSI report No 164 

[4]. 

 

2. Method 

 

2.1 Gibbs Free Energy 

 

The total Gibbs free energy can be shown as 
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The chemical equilibrium state is pursued by seeking 

the positive set of ni which minimizes Eq. (1). While 

finding this state, total number of atoms of each element 

should be conserved as follows.  
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2.2 Steepest Descent Method 

 

Let 0n be set as initial mole of species and the 

quadratic approximation of a Taylor’s expansion of 

 G n about 
0n is given as follows. 
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A partial differential equation of  G n is given as 

follows. 
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From Eq. (3) ~ (6), Eq. (7) can be derived. 
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2.2.1. The method of Lagrange multipliers 

 

The method of Lagrange multipliers is a strategy for 

finding the local maxima and minima of a function 

subject to equality constraints such as Eq. (2). 

After shifting the term in the left side of Eq. (2) to the 

right side, a new variable λj is introduced to prior terms. 

And then the summation of λj multiplied terms and Eq. 

(7) are united. Finally, Eq. (8) is derived.  
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To minimize  G n ,  
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We solve for in  in Eq. (9) obtaining 
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We can derive Eq.(11) by summing over i in Eq. (10). 
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Substitution of Eq. (10) into Eq. (2) gives Eq. (12) 
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From Eq. (12), M linear equations can be obtained 

and one linear equation from Eq. (11).   

 

2.2.2. The guess of initial equilibrium state. 

 

In Eq. (1), there are two natural logarithm terms. That 

implies that molar amount of each species considered in 

the chemical equilibrium calculation should be larger 

than zero value. For this reason, before the search of 

equilibrium state, we have to set a suitable initial state. 

The concentration is that the number of atoms of each 

element should not be changed. Under this condition, 

each element is assigned evenly to a species which has 

this kind of element. 

 

3. Numerical Procedure 

 

If the assumed initial state is applied, the coefficients 

of the Eq. (11) and (12) can be determined. Then M+1 

dimensional linear system is established. If this linear 

system is solved, we can get M Lagrange Multipliers 

and
0/n n . Now, we can calculate mole changes 

0i i in n    which is direction numbers indicating the 

relevant direction of descent. The changed distance will 

be limited by the fractional amount i .   is the largest 

value satisfying following conditions. First, all mole 

numbers are positive. Second, Eq. (13) should be 

negative.  
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4. Gibbs Free Energy Library 

 

The Gibbs free energy value according to the 

temperature can be calculated from the free energy 

function given as follows.  
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Coefficients of the species are gotten from VANESA 

Code Manuel [5] and JANAF Database [6].  

 

5. Verification 

 

The developed chemical equilibrium module was 

examined by using data given in CSNI Report No. 

164[4]. Input conditions are given Table 1 and Table 2. 

 

Table 1. Input conditions 1[4]. 

Temp. 2000 K Pres. 1 atm 

 

Table 2. Input conditions 2[4]. 

Species Mole Species Mole 

UO2 10
5 

Zr 10
4 

SiO2 10
5
 Fe 10

5
 

SrO 10
2
 CaO 10

5
 

La2O3 10
2
 CeO2 10

3
 

Mo 10
2
 H2O 10

2
 

CO2 10
2
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The results are given in Table 3.  

 

Table 3. Chemical Equilibrium Calculation Results. 

 
 

Total mass of system and the number of atoms of 

each element are conserved. The tendency of calculation 

results is similar with results presented in CSNI Report 

except a few species. These differences may be caused 

by absence of Gibbs energy data of the species such as 

Fe2SiO4, CaFe2O4, U(OH)3, UO(OH), UO2(OH), U3O7, 

La, Ce. For all that general tendency is adequately 

similar with the results of CSNI report, in particular, 

results on species mainly considered in MCCI are 

considerably good. 
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