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ABSTRACT 
 
In this presentation, we will review the kinetic models that cast the decrepitation of α-spodumene to β-
spodumene [1-4] in terms of simple, and easy to apply, mathematical equations.  We will also provide the 
predictions from the models, as shown in Fig. 1, for typical operating conditions of the kilns in lithium refineries.  
Such predictions could serve to optimise the kilns, and therefore to assist in the decarbonisation of spodumene 
processing.  Two of the models [2,3] derive from the X-ray diffraction (XRD) measurements, allowing 
predictions of the formation of both γ- and β-spodumene from two tandem reactions: 

                                  α-spod → φ β-spod + (1 – φ) γ-spod (k1), γ-spod → β-spod (k2)  (1) 

where, φ is the selectivity parameter that typically falls between 0.3 and 0.5.  The kinetic rates (k1 and k2) 
correspond to the products of the Arrhenius formula and the first order reaction model: 

                                               k1 = A1exp(-E1/(R T))Cα and k2 = A2exp(-E2/(R T))Cγ            (2) 

where, E and A have their traditional meaning of the activation energy and the frequency factor, respectively, 
and Cα, Cγ and R reflect the mass fraction of α-spodumene and γ -spodumene and the ideal gas constant, in 
that order.  Typical values of the Arrhenius constants are 780 kJ mol-1 and 75 for E1,2 and ln(A1,2/min-1), 
respectively [2].  The more recent work of Fosu et al. quotes E1 and E2 as 655 kJ mol-1 and 730 kJ mol-1, 
correspondingly, as well as ln(A1/min-1) = 59.3 and ln(A2/min-1) = 63.7.  In contrast, the models based on the 
heat measurements in the DTA (differential thermal analyser) [1] and DSC (differential scanning calorimeter) 
[4] consider the spodumene recrystallisation process to proceed in an idealised one-step unimolecular 
reaction, which, for the model of Botto et al. [1], comprises E = 275 kJ mol-1 and ln(A/min-1) = 25.3: 

                                                    α-spod → β-spod, with the k = Aexp(-E/(R T))Cα (3) 

The model of Abdullah et al. makes fA and E to be functions of conversion, where f is the reaction model [4]. 

 
Fig. 1. Calcination of α-spodumene at 1050 °C. 

As evident in Fig. 1, the models of Fosu et al. [3] and 
Abdullah et al. [4] yield pragmatic predictions of the 
decrepitation time required for the complete 
recrystallisation of α-spodumene to β-spodumene.  
They also comprise physically meaningful values of 
the rate parameters.  Evidently, it takes substantially 
longer to convert γ- to β-spodumene than just to 
convert α-spodumene to its products [2,3].  The 
model of Moore et al. [2], developed for particle sizes 
of around 5 μm, leads to predictions of unrealistically 
short heating time for industrially-relevant 
spodumene particles. 
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