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Hydrothermal reactivity of Lu-saturated smectites: Part II. A short-range order study
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ABSTRACT

The short-range order of a set of Lu-saturated smectites, modified by hydrothermal treatment at
400 °C, which give rise to a new crystalline phase (Lu2Si2O7), has been analyzed. In particular, the
modifications undergone by the tetrahedral Si atoms of the lattice and the possible diffusions of O-
T layer ions to other structural positions were investigated. Single-pulse, magic-angle-spinning nuclear
magnetic resonance (MAS-NMR) measurements from the 1H, 7Li, 27Al, and 29Si nuclei, as well as
two-dimensional 1H-27Al cross-polarization MAS-NMR experiments, have been made on both the
initial and the hydrothermally treated samples. The results show that (1) the formation of the Lu2Si2O7

takes place from Si atoms surrounded by Al tetrahedra in the samples that contain tetrahedral Al; (2)
there is a diffusion of octahedral cations to the interlayer positions during the hydrothermal treat-
ments, compatible with the X-ray diffraction data reported for this reaction; and (3) the octahedral
Al migrates to the vacant tetrahedral positions that appear during the formation of the new Lu2Si2O7

phase. A clear relationship between each sample composition and its reactivity is defined.
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INTRODUCTION

It has been shown in Part I (Alba et al. 2001) that the reac-
tion between the Lu ions located in the interlayer space of
smectites and the Si atoms of the tetrahedral sheets to form a
new crystalline phase (Lu2Si2O7), is a general process occur-
ring in Lu-saturated smectites treated hydrothermally at tem-
peratures as low as 400 °C. Although the long-range order study
determined the series of reactivity exhibited by the smectite
family and the mineralogical properties responsible for the re-
activity (i.e., the presence of tetrahedral Al and octahedral char-
acter of the mineral), that study could not elucidate several
important aspects of the short-range order of the residual
smectite lattice. In particular, three structural aspects discussed
in Part I need to be confirmed using techniques that address
short-range order. First, it was demonstrated that those miner-
als containing tetrahedrally substituted Al exhibit a greater re-
activity for the formation of Lu2Si2O7. Consequently, an
enhanced reactivity of the Si tetrahedra surrounding these iso-
morphous substitutions was suggested, but no direct evidence
of this fact was given. That is, no proof was provided for a
greater reduction of the Q3(1Al) and Q3(2Al) Si environments
than Q3(0Al) ones in samples containing both kinds of envi-
ronment. [The symbology used to describe the Si environments
follows the classification of Liebau (1985), where Q means a
Si tetrahedron, the superscript indicates the number of corners
shared with other tetrahedra, and the number of Al neighbors
is specified within brackets.] Second, the noticeable amounts
of Li+ and Mg2+ ions extracted from the hydrothermally treated
samples led to the proposal that these ions have higher leach-

ing rates and, consequently, occupy the interlayer positions after
hydrothermal treatment. Because of the textural changes pro-
duced during the hydrothermal treatments, it was not possible
to determine quantitatively the amounts of these ions that were
extracted. In addition, those ions that could not be identified in
the extracts obtained from the treated samples were interpreted
as remaining in their previous structural locations, without any
direct evidence of their actual positions. Third, a diffusion of
octahedral Al ions to vacant positions in the tetrahedral sheet
was suggested from DTA measurements obtained for the hy-
drothermally treated, Lu-exchanged Arizona montmorillonite.
Again, no direct evidence was given for that migration.

In order to provide direct information on the above-men-
tioned structural aspects, a systematic investigation of the short-
range order of the main constituents of the smectite minerals
has been carried out using multinuclear solid-state nuclear
magnetic resonance (MAS-NMR) spectroscopy. The follow-
ing MAS-NMR experiments were performed: 1H, 7Li, 27Al, 29Si
single-pulse experiments, (SP) MAS-NMR, and two-dimen-
sional 1H-27Al cross-polarization experiments, 2D 1H-27Al CP/
MAS-NMR, on the initial and treated samples studied by Alba
et al. (2001). In particular, the 29Si (SP) MAS-NMR measure-
ments characterize the relative abundances of the different Si
environments before and after the hydrothermal treatments,
directly answering the first question formulated above. Like-
wise, 1H (SP) MAS-NMR can provide information on the na-
ture of the cations present in the interlayer space of the smectites
after each treatment, and the 7Li and 27Al (SP) MAS-NMR spec-
tra can give direct evidence of the lattice diffusion of these
ions during the hydrothermal treatment. Finally, a new method,
recently developed in this laboratory (Alba et al. unpublished
results), based on 2D 1H-27Al CP/MAS-NMR experiments, has


