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aBstract

The effect of pH on the kinetics of chrysotile dissolution was investigated at 25 qC in batch reactors 
over the pH range of 1 to 13.5, in oxalic solutions and buffered solutions of inorganic salts. Dissolu-
tion rates were obtained based on the release of Si and Mg. Results of the batch with inorganic buffers 
showed a strong dependence of dissolution rates on pH in the acid range. The logarithm of dissolution 
rates decreases with the pH with a slope of n = 0.27. Around neutral pH, a minimum is reached. From 
pH 8 to 12, rates increase again when pH increases, and follow a linear dependence with a shallow 
slope (n = 0.06). The Mg/Si ratio shows a non-stoichiometric dissolution reaction with a preferential 
release of Mg2+ at acidic pH; it decreases at neutral pH conditions according to Mg solubility. Our 
results suggest that the relative ease of the breaking of Mg-O bonds compared with Si-O bonds lead 
to dissolution via a series of steps involving Si and Mg, where Si release is the rate-limiting step.

In the presence of 15 mmol L–1 oxalate, an intense catalytic effect from pH 1 to 6 is observed because 
of the capacity of the oxalate anion to form different complexes with Mg. The ratio of the rates derived 
IURP�0J�DQG�6L�FRQFHQWUDWLRQV�FRQ¿UP�DQ�HQKDQFHPHQW�RI�QRQ�VWRLFKLRPHWULF�GLVVROXWLRQ�FRPSDUHG�
with the series without oxalate. The mechanism of catalysis involves different processes depending 
RQ�S+��$W�S+����;5'�DQDO\VLV�FRQ¿UPV�WKH�IRUPDWLRQ�RI�DQ�DPRUSKRXV�VLOLFD�SKDVH�GLVVROYLQJ�DOO�WKH�
0J�SUHVHQW�LQ�WKH�FKU\VRWLOH�VWUXFWXUH��$W�S+����;5'�DQG�)7,5�UHVXOWV�DOVR�FRQ¿UP�WKH�SUHFLSLWDWLRQ�
of glushinskite, a magnesium oxalate phase. At pH 3 to 6, the presence of oxalate enhances dissolu-
tion almost by an order of magnitude compared with the experiments in inorganic buffered solutions. 
In this case, the mechanism could be due to the formation of aqueous or surface magnesium oxalate 
complexes. However, dissolution rates at neutral pH in the presence of oxalate are similar to those 
obtained in inorganic buffered solutions; the pH dependence at pH 8 to 13 is minimal. The increase in 
saturation and the drastic decrease in Mg solubility at these pH values could lead to precipitation of 
secondary phases coating the reactive mineral surface and inhibiting the surface.

Results obtained in this study show that chrysotile dissolves faster in acid media and oxalate acts 
DV�D�VWURQJ�FDWDO\VW�LQFUHDVLQJ�WKH�HI¿FLHQF\�RI�PDJQHVLXP�UHOHDVH�WR�VROXWLRQ�DW�DPELHQW�WHPSHUD-
ture. These data may provide an excellent background to design and select optimal conditions in the 
previous acid treatment for carbon capture processes, as well as help to develop remediation process 
of asbestos contaminated sites.
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introduction

Chrysotile, together with some members of the amphiboles 
when they occur in an asbestiform habit, are regulated as asbestos 
(Gunter et al. 2007a). This is an industrial term that describes 
several silicate minerals, which form long, thin, durable mineral 
fibers with high-tensile strength, flexibility, and heat resistance 
(Skinner et al. 1988; Virta 2005; Van Gosen 2007). Because of 
these properties, they were widely used as building insulators, fire 

and heat protection materials, pipeline wrapping, and so forth, 
before they were linked to several pulmonary health problems 
including asbestosis, lung cancer, and mesothelioma (Skinner 
et al. 1988; ATSDR 2001; Roggli and Coin 2004). Although at 
present they are banned in 52 countries, the so-called “controlled 
use” of chrysotile asbestos is often exempted from the ban. In 
fact, chrysotile accounts for more than 95% of the asbestos used 
globally (LaDou et al. 2010).

Chrysotile abundance, usefulness, and hazardous properties 
have lead to early interest in fields as geochemistry, medicine, 
and biology. Geochemical studies have focused on the dissolution 
kinetics (Wood et al. 2006; Taunton et al. 2010), calculation of 
the biodurability of the fibers in simulated lung fluids (Taunton 
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