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abstract

The behavior of the zeolite laumontite during dissolution in acidic aqueous solutions has been studied 
by fluid-cell atomic force microscopy, with a focus on the role of the framework Al atoms in controlling 
the dissolution mechanisms. Isothermal single etch pits dissolution rates have been measured in situ 
at three different temperatures (11, 23, and 40 °C) on the (110) surface, and at one temperature (22 
°C) on (201). The experimentally derived apparent activation energy of the development of the etch 
pits (E = 11.9 ± 4 kJ/mol) on the (110) surface and their morphology can be interpreted considering 
the structural features of laumontite, especially the crystallochemical distribution of the Al atoms in 
the framework. Preliminary comparison of the dissolution features of laumontite with those measured 
on zeolites with different Si/Al ratios and Al distribution further confirm the controlling role of the 
structural Al in the dissolution process.
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several temperatures in the range 25–130 °C.
As a matter of fact, most of the work involving in situ AFM 

measurements concerns carbonates and sulfates, since their 
reactivity in aqueous solutions is reasonably fast at room tem-
perature. Gypsum proved to be a favorite material, given both 
its importance as a natural and industrial mineral and its perfect 
(010) cleavage that makes it a nearly ideal sample for AFM 
investigations (Bosbach and Rammensee 1994; Bosbach et al. 
1995, 1996; Bosbach and Hochella 1996; Fan and Teng 2007). 
Different investigated sulfates include barite (Putnis et al. 1995; 
Bosbach et al. 1998), celestite (Seo and Shindo 1994), and ja-
rosite (Gasharova et al. 2005). Carbonate growth and dissolution 
studies involved of course calcite, (Hillner et al. 1992b; Dove 
and Hochella 1993; Liang et al. 1996a, 1996b; Park et al. 1996; 
Shiraki et al. 2000; Astilleros et al. 2002), but also cerussite (Pina 
et al. 2000) and magnesite (Higgins et al. 2002).

The monitoring of the dissolution and growth processes of 
silicates is somehow more difficult, since higher temperatures 
and/or more aggressive solutions are commonly required to 
provide observable surface modifications within the range of 
the instrument bandwidth. Another issue to take into account is 
the gel development at the mineral-fluid surface in some reac-
tions involving silicates, aluminates, and aluminosilicates (as 
seen with meta-kaolinite, in Gualtieri et al. 1997). This gel is 
often a problem because of its interaction with the AFM probe, 
significantly degrading the image quality and even causing the 
total loss of signal. As a consequence fewer works are available 
reporting on the in situ dissolution of silicates, with a focus on 
minerals such as zeolites, of industrial and environmental impor-
tance (Yamamoto et al. 1996; Meza et al. 2007, 2008). Brent et 
al. (2010) presented a complete study about zeolite L dissolution 
in a NaOH aqueous solution, including AFM in situ experiments. 
Other investigated minerals include apophyllite (Aldushin et al. 
2004), clays (e.g., Bosbach et al. 2000; Yokoyama et al. 2005), 
brucite (Jordan and Rammensee 1996), plagioclase (Jordan et al. * E-mail: marco.75v@gmail.com

introduction

The in situ monitoring of surfaces during dissolution process-
es in aqueous solutions can provide important information about 
the mechanisms involved in the reaction, as e.g., highlighted by 
Bosbach and Rammensee (1994) in their study about gypsum 
growth and dissolution by means of atomic force microscopy 
(AFM). This work, for example, refers specifically to the growth 
and dissolution processes of the (010) gypsum surface. A better 
understanding of surface reactions is fundamental to interpret 
processes of growth and dissolution of minerals at the atomic/
molecular scale, thus providing information often useful in the 
characterization of similar reactions occurring during crystal 
growth/dissolution in industrial applications. In this scenario, 
AFM proved to be an extremely useful technique to directly 
monitor the different crystallographic surfaces while the reac-
tions occur. The sensitivity of AFM to surfaces morphological 
features can provide more insights about the reactions involved, 
in comparison to bulk techniques (i.e., zeolites stability in an 
acidic environment, Hartman and Fogler 2005). In this context, 
the AFM is an ideal choice to study the topographical changes 
of crystal surfaces at the molecular scale during the growth and 
dissolution processes. On the other hand, AFM studies are limited 
in the range of temperature and pressure by the experimental 
setup. Early AFM studies focus on the growth and dissolution 
features of calcite cleavage planes (Hillner et al. 1992a), and 
more recent studies on anhydrite (010) and (100) crystal faces 
behavior in basic aqueous solutions (Pina 2009). To overcome 
some of the limitations of the room-temperature and room-pres-
sure experiments, specific microscopes (hydrothermal atomic 
force microscopy, HAFM, see Higgins et al. 1998) have been 
developed to permit controlled non-ambient condition experi-
ments, see e.g., the work of Jordan and Astilleros (2006), again 
on (010) gypsum surfaces, studying the thermal dehydration at 


