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Abstract

This work reports on the thermal decomposition of muscovite within a granite powder doped with 
8.5 wt% ZnO and heated during 10 min to 68 h at 1175 °C, and the implications for the sequestration 
of Zn, and other heavy metalts in such decomposition products. Samples were characterized using 
analytical scanning and transmission electron microscopy. After 10 min, muscovite is completely 
pseudomorphosed by Si-rich glass, spinel structure phases, and minor mullite. Spinel phases incorpo-
rate Zn, but their compositions depend on their position within the muscovite pseudomorphs. Al-rich 
oxides crystallize at the core of the pseudomorphs while Zn-Al spinels are located at the rims. The 
most Al-rich spinels have compositions close to γ-Al2O3, a metastable transition alumina, with up to 5 
wt% MgO, 2 wt% Fe2O3, 4 wt% ZnO, and 9 wt% SiO2. The most Zn-rich spinels show compositions 
intermediate between Al2O3 and gahnite (ZnAl2O4), with up to 31 wt% ZnO and significant contents 
of MgO (3 wt%), Fe2O3 (5 wt%), and SiO2 (10 wt%). After 68 h, stable spinels are gahnite close to 
the end-member composition with MgO and Fe2O3 contents below ca. 5 wt%, and SiO2 contents ca. 1 
wt%. These results support the existence of a metastable solid solution between γ-Al2O3 and gahnite. 
This experimental work shows that Zn can be incorporated in spinel structures after heating at 1175 
°C during short durations and Zn is preferentially incorporated in the muscovite pseudomorphs as 
opposed to the Qtz-Fds glass. Consequently, the thermal breakdown of phyllosilicates can be a viable 
process to immobilize heavy metals such as Zn.
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Introduction

Deposition of heavy metals contaminated wastes (e.g., sew-
age sludge, tannery sludge, steelworks slags, dredged harbor 
sediments, waste incinerator ashes, etc.) can be helped by im-
mobilization of these heavy metals as constituents of mineral 
phases. The use of contaminated wastes as secondary raw materi-
als incorporated to quartz-feldspar-clay mixtures in ceramics is a 
useful way to immobilize heavy metals (e.g., Bruhns and Fischer 
2001; Basegio et al. 2002; Hamer and Karius 2002; Cusido et 
al. 2003; Ferreira et al. 2003; Jordan et al. 2005; Merino et al. 
2007; Montero et al. 2009; Reinosa et al. 2010; Donald 2010; 
Haiying et al. 2011).

On the other hand, weathered granites are potentially impor-
tant starting products for the elaboration of traditional ceramics 
(floor tiles, sanitaries…) since their main minerals, i.e., quartz, 
feldspars, and phyllosilicates, constitute the main raw materials 
for the production of these ceramics (e.g., Monteiro et al. 2004; 
Menezes et al. 2005; Vieira and Monteiro 2006; Torres et al. 

2007; Hojamberdiev et al. 2011). To evaluate the feasibility of 
using weathered granites as starting materials in the ceramic 
industry, previous studies dealt with the mineralogical, chemical, 
and textural evolutions of weathered granite powder heat-treated 
at 1175 °C and room pressure (1 bar), the usual conditions in 
ceramic works. Two main reaction mechanisms have been 
observed: (1) partial melting and reactions involving quartz 
and feldspars (Devineau et al. 2005) and (2) the breakdown of 
muscovite (Devineau et al. 2006, 2007). This experimental study 
shows that muscovite is completely transformed at 1175 °C after 
5 min. Muscovite pseudomorphs consist of glass, γ-Al2O3, and 
mullite, γ-Al2O3 is described as the first destabilization product 
of muscovite at high-T (Roy 1949; Sundius and Byström 1953; 
Brindley and Maroney 1960; Eberhart 1963; Brindley and Lemaître 
1987; Devineau et al. 2006). This metastable alumina phase forms 
under strong disequilibrium conditions for heating durations of 
muscovite of 5 to 40 min at 1175 °C. γ-Al2O3 has a lacunar spinel 
structure, which can accommodate substituting elements up to 
at least 10 wt% SiO2, 4–8 wt% FeOtot, and a few weight percents of 
MgO (Devineau et al. 2006 and references therein).* E-mail: karine.devineau@univ-lorraine.fr


