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This work is to implement a tool for predicting the 

behavior of any new used biomass (agricultural waste) or 

mixture of biomass, during combustion / gasification in a 

thermochemical process for the production of energy or 

biofuel. This tool will be based on a thermodynamic 

equilibrium simulation with a reliable and quality 

thermodynamic database. In the specific case of biomass 

burning, this base you can hold up to 20 chemical 

elements, but the predominant system is the ternary 

system K2O-CaO-SiO2 (> 90% mass of biomass ash). 

The balance of the ternary system as well as the phases 

and related compounds are very well known, especially 

in the field of alkali-rich composition K2O for which no 

experimental data exist. Indeed, it is very difficult to 

develop and characterize samples in this area because of 

the high reactivity of alkali oxides with respect to 

moisture and CO2 (g) in the ambient air. In addition, 

K2O(s) does not exist commercially and must be 

synthesized beforehand. The classical approaches 

encountered in the literature for such a prediction use 

empirical tools based on the chemical composition of 

biomass (K: Si ratio for example) by analogy with the 

criteria of coal [1,2]. These criteria may give some 

trends, but they fail as soon as the raw material is outside 

the composition range of the model.   

The thermochemical conversion of biomass is a 

thermal process where it can be reasonable to consider 

that the thermodynamic equilibrium can be reached 

because of the high temperatures (800-1000 ° C, 1300-

1500 ° C) and the long dwell times put involved in the 

processes. This project proposes to predict the behavior 

of biomass ash using thermodynamic equilibrium 

calculations. A database of stoichiometric compounds 

(8-20 elements) is already used in the literature to study 

the volatilization of inorganic species for coal [3] or 

biomass [4]. On the other hand, a database comprising 

the liquid and solid solutions is necessary for the 

predictions of agglomeration and condensation because 

they involve liquid phases. Such bases have already been 

used in the literature for coal but not for biomass [3,4]. 

Indeed, the major elements of the coal ash (Al, Ca, Fe, 

Si, Mg) are not the same as for the biomasses (Ca, K, Si, 

P, Mg) in particular the presence of alkalis (K, Na) 

significantly increases the amount of liquid phase. This 

work would propose: 

• Synthesis of pure K2O + data revision 

thermodynamic of the K-O system 

• Experimental thermodynamic study e and 

theoretical of the binary phase diagram CaO-K2O 

• Experimental thermodynamic study e and 

theoretical of the phase diagram of the CaO-K2O-SiO2 

ternary system 

• Insertion of thermodynamic data of ternary CaO-

K2O-SiO2 in the complete database + application 

calculations. 

In our contribution, we will present first results on the 

K-O system and selected results in the binary and ternary 

systems. 
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