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Abstract

Aluminum incorporation into TiO2 has been studied in the TiO2-Al2O3 system as a function of pres-
sure at temperatures of 900 and 1300 °C using commercial Al2TiO5 nanopowder as starting material. 
A new orthorhombic TiO2 polymorph with the CaCl2 structure has been observed in the recovered 
samples synthesized from 4.5 to 7 GPa and 900 °C and from 2.5 to 7 GPa at 1300 °C. The phase 
transition to the α-PbO2 type TiO2 phase takes place between 7 and 10 GPa at both temperatures. 
Two mechanisms of Al incorporation in TiO2 rutile have been observed in the recovered samples. The 
substitution of Ti4+ by Al3+ on normal octahedral sites is dominant at lower pressures. High pressure 
induces the incorporation of Al3+ into octahedral interstices of the rutile structure, which is responsible 
for an orthorhombic distortion of the TiO2 rutile structure and gives rise to a (110) twinned CaCl2 type 
structure. This phase is probably a result of temperature quench at high pressure. Aluminum solubility 
in TiO2 increases with increasing pressure. TiO2 is able to accommodate up to 9.8 wt% Al2O3 at 7 GPa 
and 1300 °C. Temperature has a large effect on the aluminum incorporation in TiO2, especially at higher 
pressures. High pressure has a strong effect on both the chemistry and the microstructure of Al-doped 
TiO2. Enhanced aluminum concentration in TiO2 rutile as well as TiO2 grains with a microstructure 
consisting of twins are a clear indication of high-pressure conditions.
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Introduction

Titanium dioxide (TiO2) has been intensively studied due to 
both basic and applied interests in geology and material science. 
Rutile is a common accessory mineral in metamorphic and igne-
ous rocks. Rutile transforms to high-pressure TiO2 polymorphs 
with the structure of α-PbO2 and ZrO2 baddeleyite, this last re-
cently named as akaogiite (El Goresy et al. 2010). It is also known 
that some pure metal oxides with the rutile structure, such as SiO2 
(Hemley et al. 2000; Tsuchida and Yagi 1989), GeO2 (Haines et al. 
2000), SnO2 (Haines and Leger 1997), PbO2 (Haines et al. 1996), 
and RuO2 (Haines and Leger 1993) exhibit a phase transition to 
an orthorhombic CaCl2 structure under high pressure. Although 
higher pressure TiO2 polymorphs have also been reported in the 
literature, pure TiO2 does not exhibit this ferroelastic transition 
when increasing the pressure (Dubrovinskaia et al. 2001). How-
ever, recent studies have shown that high pressure produces an 
orthorhombic distortion in Al-doped rutile grains. This change 
has been associated with the incorporation of aluminum into 
octahedral interstices of rutile (Escudero et al. 2011).

Both the TiO2 phase transitions at high pressure as well as the 
rutile trace element geochemistry are of great interest in mineral-
ogy. On one hand, the high-pressure TiO2 polymorph with the 
structure of α-PbO2 has been used as a geobarometer to indicate 
ultrahigh-pressure metamorphism (Hwang et al. 2000; Wu et al. 
2005) although the suitableness of either epitaxial TiO2 slabs 
sandwiched between twinned rutile bicrystals with a butterfly 
shape or nano-structured α-PbO2 type TiO2 lamellae in previously 
crushed TiO2 rutile grains as an indicator of ultrahigh pressure is 
still under discussion (Chen and Fu 2006; Escudero et al. 2012; 
Wu et al. 2006). Moreover, trace elements such as H, Si, Fe, Nb, 
Zr, or Hf could affect the relative stability of the TiO2 polymorphs 
with increasing pressure (Bromiley et al. 2004; Bromiley and 
Hilairet 2005). Aluminum is one of the rutile trace elements that 
has been suggested to provide information on the P-T conditions 
of the rutile-bearing metamorphic rocks. In fact, exsolved corun-
dum lamellae have been reported in diamondiferous eclogites 
from South Africa (Sobolev and Yefimova 2000). On the other 
hand, rutile trace element geochemistry also provides useful 
information on provenance (Zack et al. 2004), temperature and 
pressure (Tomkins et al. 2007), and ages (Mezger et al. 1989).

The current paper studies the incorporation of Al in TiO2 
rutile as function of pressure and temperature, with the aim of 
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