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Dissolution of gibbsite: Direct observations using fluid cell atomic force microscopy
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ABSTRACT

In situ atomic force microscopy (AFM) was used to follow the far-from-equilibrium dissolution
of the {001} cleavage surface of natural gibbsite in nitric acid. The main dissolution mechanism was
the retreat of straight monolayer steps, the edges of which are parallel to the <110>, <010>, and
<100> directions. The stability of these steps can be expressed as <110> > <010> > <100>. The
results are explained in terms of the positions of the terminal O atoms and their associated Al atoms
at the steps. New steps were formed at etch pits that opened where screw dislocations emerged on
the surface. The dissolution rates were calculated from the change in size of pits and islands. The
values obtained were 9.5 ¥ 10–9 – 2.3 ¥ 10–8 mol/m2·s, normalized to the total surface area, and 1.8 –
3.6 ¥ 10–7 mol/m2·s, normalized to the surface area of the step fronts. The rates of dissolution calcu-
lated using only the surface area of the step fronts are similar to literature values obtained by other
methods.
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INTRODUCTION

The dissolution and growth of gibbsite [g-Al(OH)3] is an
important process in the regulation of Al in natural waters (Lind-
say and Walthall 1996), and in the industrial production of Al
(Hind et al. 1999). Many quantitative studies have been car-
ried out based on the dissolution of bulk quantities of gibbsite
(e.g., Bloom 1983; Wesolowski and Palmer 1994; Mogollon et
al. 1996). However, dissolution studies using microscopy are
lacking, with only a few limited observations of dissolved
gibbsite surfaces having been reported. Brown (1972), using
SEM, observed large etch pits (~300 nm wide and of similar
depth) on gibbsite grains dissolved in sodium hydroxide solu-
tions, and Nagy and Lasaga (1992), also using SEM, observed
large etch pits (on the scale of micrometers) on only a few of
the microscopic grains of a gibbsite sample they had dissolved
in nitric acid at pH 3.

In our study, the dissolution of gibbsite in nitric acid was
observed in situ at the sub-micrometer scale using atomic force
microscopy (AFM) in order to better determine the mechanism
of gibbsite dissolution. AFM has been used previously to make
in situ observations of changes in surface topography to ex-
plore the factors controlling mineral dissolution (e.g., Shindo
and Nozoye 1993; Maurice et al. 1995). More recently, AFM
has been used to quantify changes in surface features and to
estimate the rates of dissolution (e.g., Jordan et al. 1999; Rufe
and Hochella 1999; Bosbach et al. 2000; Shiraki et al. 2000).

Nitric acid is useful for a study of gibbsite dissolution in
acidic conditions as it is common in nature (Mogollon et al.

1994), and the nitrate ion does not show evidence of direct
participation in the gibbsite dissolution process (Bloom 1983;
Bloom and Erich 1987). The pH of –0.9 used in our experi-
ments represents far-from-equilibrium conditions for gibbsite
with respect to the solution. However, far-from-equilibrium
conditions have been observed in nature (Mulder et al. 1987;
Wesselink et al. 1996), and may be applicable to many natural
systems (Mogollon et al. 1996).

Gibbsite has perfect {001} cleavage, and the largest faces
of gibbsite crystals are commonly {001} faces (Anthony et al.
1997). Therefore, this face accounts for most of the surface
area of gibbsite. Steps on the {001} surfaces and other irregu-
larities allow dissolution to take place in directions orthogonal
to the [001] direction. We observed the changes in microtopo-
graphy that occur with dissolution on this face and calculated
the dissolution rates, normalizing them to both the surface area
of the step fronts and the total surface area ({001} surfaces and
surfaces of the step fronts combined).

EXPERIMENTAL METHODS

Gibbsite is monoclinic with the space group P21/n. The ba-
sic structural unit of gibbsite is a layer consisting of two sheets
of closely packed hydroxyls with a central plane of Al atoms in
the octahedral sites (Megaw 1934). These unit layers are ori-
ented parallel to (001). A second layer overlies the first, and is
offset slightly along the a-axis to produce the monoclinic struc-
ture. Successive layers are bonded together by H-bonding. For
most experiments, a gibbsite from Vishnevye Gory, Ural Moun-
tains, Russia was used, which occurs as crystals up to 3 mm in
diameter in open spaces in the host rock. No grinding was re-
quired to break the crystals; the crystals and crystal fragments


