American Mineralogist, Volume 90, pages 1157–1162, 2005

P-V equation of State, thermal expansion, and P-T stability of synthetic zincochromite
(ZnCr2O4 spinel)
DAVIDE LEVY,1 VALERIA DIELLA,2 ALESSANDRO PAVESE,2,3,* MONICA DAPIAGGI,2
AND ALESSANDRA SANI4
1

Dipartimento Scienze Mineralogiche e Petrologiche, Università degli Studi di Torino, Via Valperga Caluso 35, 10025 Torino, Italy
2
National Research Council, IDPA, Milan section, Via Botticelli 23-20133 Milano, Italy
3
Dipartimento Scienze della Terra, Università degli Studi di Milano, Via Botticelli 23-20133 Milano, Italy
4
European Synchrotron Radiation Facility, ESRF-F 38043 Grenoble Cedex, France

ABSTRACT
The elastic properties and thermal behavior of synthetic zincochromite (ZnCr2O4) have been studied by combining room-temperature high-pressure (0.0001–21 GPa) synchrotron radiation powder
diffraction data with high-temperature (298–1240 K) powder diffraction data. Elastic properties were
obtained by Þtting two Equations of State (EoS) to the P-V data. A third-order Birch-Murnaghan model,
which provides results consistent with those from the Vinet EoS, yields: K0 = 183.1(±3.5) GPa, K' =
7.9(±0.6), K'' = –0.1278 GPa–1 (implied value), at V0 = 577.8221 Å3 (Þxed). Zincochromite does not
exhibit order-disorder reactions at high temperature in the thermal range explored, in agreement with
previous studies. The volume thermal expansion was modeled with αV = α0 + α1T + α2/T–2, where
only the Þrst coefÞcient was found to be signiÞcant [α0 = 23.0(4) 10–6 K–1]. Above 23 GPa diffraction
patterns hint at the onset of a phase transition; the high pressure phase is observed at approximately 30
GPa and exhibits orthorhombic symmetry. The elastic and thermal properties of zincochromite were
then used to model by thermodynamic calculations the P-T stability Þeld of ZnCr2O4 with respect to
its oxide constituents (Cr2O3 and rocksalt-like ZnO). Spinel is expected to decompose into oxides at
about 18 GPa and room temperature, in absence of sluggish kinetics.

INTRODUCTION

–
Spinels [ideally AB2O4, S.G: Fd3m Wells (1984); A and B
usually divalent and trivalent cations, respectively] are ternary
oxides widely studied for their high temperature (HT) A-B order-disorder reaction over tetrahedral and octahedral structural
sites (see, for instance, Della Giusta et al. 1996 and Redfern et
al. 1999; Sack 1982 for petrogenetic inferences). The behavior
of spinels at high pressure (HP) has also recently attracted a
great deal of interest (Levy et al. 2004, 2003, 2001; Funamori
et al. 1998; Irifune et al. 1998; Yutani et al. 1997), as the spinellike structure provides a model for phases stable under mantle
conditions (ringwoodite). Spinels, moreover, exhibit pressureinduced phase transitions to CaM2O4-like structures, where M
= Fe, Mn, and Ti (Dubrovinsky et al. 2003; Wang et al. 2002;
Andrault and Bolfan-Casanova 2001; Levy et al. 2000; Fei et
al. 1999; Irifune et al. 1991).
Zincochromite (ZnCr2O4) is a relatively poorly studied spinel
in terms of HT and HP behavior (Catti et al. 1999; Wang et al.
2002), although it has been extensively investigated as a technological material by virtue of its magnetic (Kagomiya et al.
2004, 2002; Chen et al. 2002), electronic (Koga et al. 2004), and
catalytic (El-Sharkawy 1998) properties. With this in mind, we
undertook a study of synthetic ZnCr2O4 at high pressure (up to 44
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GPa, by HP synchrotron radiation powder diffraction, with ID9A
at ESRF) and high temperature (up to 1240 K, by HT laboratory
X-ray powder diffraction) to determine the P-V and T-V Equations of State of zincochromite, and to investigate its stability as
a function of P and T, by combining our results with those from
earlier measurements and theoretical calculations. The present
work also provides a contribution to the systematic study of the
behavior of spinels at HP as a function of their composition.
ZnCr2O4 lends itself well to comparison with franklinite (Levy
et al. 2000) and gahnite (Levy et al. 2001) to rationalize the
change of elastic properties as a consequence of chromium-iron
and chromium-aluminum replacements, respectively.

EXPERIMENTAL METHODS
The ZnCr2O4 sample was synthesized by mixing and pressing into a pellet
analytical purity ZnO and Cr2O3 reagent grade powders (Carlo Erba Reagenti)
with an excess (≈1 wt%) of ZnO (OʼNeill and Dollase 1994). The blend was
heated at 1300 °C for 1 day, then cooled down to ambient temperature at an
estimated rate of ≈20–25 °/h. The remaining excess of zinc oxide was removed
by washing the powder in dilute nitric acid, and then the full heating cycle and
treatment were repeated. X-ray powder diffraction (laboratory XʼPERT Philips
diffractometer) showed no residual parent phases. Chemical analyses obtained
from a polished epoxy mount of cemented powder using an Applied Research
Laboratories SEMQ microprobe equipped with 6 wavelength-dispersive crystals
and natural chromite and niccolite as standards for Cr and Zn, respectively, yielded
the following composition: Zn0.97(6)Cr2.02(4)O4. The uncertainties reported take into
account the propagation of errors in averaging 15 analyses. Hereafter we use the
ideal composition, i.e., ZnCr2O4, in place of the actual one, as such an approximation is fully consistent with the uncertainties observed and sufÞces for the purposes
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