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SPINELS RENAISSANCE: THE PAST, PRESENT, AND FUTURE OF THOSE UBIQUITOUS MINERALS AND MATERIALS

Ordering kinetics in synthetic Mg(Al,Fe3+)2O4 spinels: Quantitative elucidation of the
whole Al-Mg-Fe partitioning, rate constants, activation energies†
Filippo parisi1,*, DaviDe lenaz2, Francesco princivalle2 anD luciana sciascia3
1

Dipartimento di Fisica e Chimica, University of Palermo, Viale delle Scienze, Parco d’Orleans II, Ed. 17, 90128 Palermo, Italy
2
Dipartimento di Matematica e Geoscienze, University of Trieste, Via Weiss 8, 34127 Trieste, Italy
3

abstract
In this study, we report results of the application of a novel procedure for modeling cation ordering in two synthetic Mg(Al2–yFe3+
y )O4 spinels (y ~ 0.39 and 0.54, samples F39 and F54, respectively).
3+
with Mg
solutions of the differential equations corresponding to single-cation (Sha-Chappel model) or twocation. Therefore we decided to
adopt an alternative methodology where a multistep pathway is simulated by Gepasi modeling. The
suggested set of reactions and the simultaneous solving of the related rate laws allowed us to calculate
rate constants and corresponding activation energies not only for the Al/Mg cationic interchange (257
3+

low- and high-Fe3+ samples, respectively).
between the T and M sites, provided new insights useful for the construction of geothermometers
based upon iron-bearing spinels.
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introDuction
als constitutes a powerful tool for the interpretation of thermodyas for the retrieval of the thermal history of host rocks (Ganguly
1982; Princivalle et al. 1999; Andreozzi et al. 2000; Ganguly
and Stimpfl 2000; Müller et al. 2013). All these applications
require a thorough knowledge of both equilibrium distribution
effort has been devoted to the investigation of order-disorder
processes in minerals (e.g., Zema et al. 1999; Domeneghetti et
Brizi et al. 2001; Wang et al. 2005) by means of complementary
equilibrium and kinetics studies.
foundamental for constraining the geodynamic processes in

where A and B are bivalent and trivalent cations, respectively, IV
and VI refer to the coordination of the T and M sites, respectively,
At low temperature, two ordered configurations of the spinel
structure can be adopted: normal configuration (e.g., MgAl2O4)
2O4
At high temperatures, a completely random distribution of A
2

).
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that, as a consequence of the difficulties in both gathering and
interpreting the non-equilibrium data, the most critical point in
obtaining a comprehensive picture of the process, is the determination of the kinetic parameters. This issue has been addressed
by several authors with the aim of developing theoretical kinetic
models with a wide range of applicability.
Following the pioneering work of Bragg and Williams (1935)

Andreozzi et al. 2000).
It is useful to recall that cation distribution in spinels can be
described according to the general scheme:
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where A and B are different cations, s1 and s2 are non-equivalent
sites and k1 and k–1 are kinetic rate constants of the forward and
backward reactions.
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