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The Thomas model revealed solid phase (qm) and bed loading (N) values which were roughly 
independent of the bed depth at the same flow rate (table 1). Table 1 also shows that the bed capacity 
is increased when the influent flowrate (Q) was also increased at the same bed depth, Z (e.g. 20 cm). 
Likewise, the rate constant (kT) decreased with increasing bed depth, at the same flow rate, implying 
in a larger resistance to mass transfer in the liquid phase. This reflected a change on the form of the 
breakthrough curves with bed-depth as also observed elsewhere (Srivastava et al. 2008; Chauhan and 
Sankararamakrishnan 2011; Patel and Vashi 2012). In addition there was also a small increase in the 
rate constant with flowrate (at the same bed length), which implies that chemical control may play a 
significant role on the sulphate sorption process. This is reinforced by the second-order kinetics 
observed in batch kinetics experiments carried out by Silva et al. (2012) with the same mine water and 
limestone. Furthermore, the presence of gypsum on the calcium sulphate surface was showed by 
Hammarstrom et al. (2003) and also Booth et al. (1997). The latter used sulphate containing neutral 
solution at pH 5-6 to demonstrate partial limestone dissolution prior to gypsum formation over the 
attacked rock surface.  
 

Table 1. Parameters produced during fitting of the Thomas model to sulphate sorption on limestone. 

Z Q kT qm N 
SSE 

(cm) (cm3/min) (mL.mmol-1min-1) (mmol/g-limestone) (mol/L-bed) 

15 10 4.916E-04 1.065E-04 2.00E-01 5.20E-03 
20 10 3.840E-04 1.067E-04 2.00E-01 2.98E-03 
25 10 3.711E-04 1.186E-04 2.22E-01 3.67E-04 
15 3 3.779E-04 3.861E-05 7.24E-02 1.23E-03 
20 3 3.528E-04 3.728E-05 6.99E-02 2.73E-03 
25 3 3.508E-04 3.756E-05 7.05E-02 8.29E-04 
15 2 3.639E-04 3.261E-05 6.12E-02 6.34E-04 
20 2 3.359E-04 2.851E-05 5.35E-02 3.67E-03 
25 2 3.257E-04 2.740E-05 5.14E-02 1.50E-04 

 
 
Gypsum precipitation with lime still appears to be the best technical and economical alternative to 
reduce high sulphate loadings from mine waters because of its high efficiency in reducing the anion 
concentrations regardless of the pH of the process. Nevertheless, when the wastewater is 
undersaturated with respect to gypsum (sulphate concentrations below ~1500mg/L), sulphate sorption 
on limestone would be a cost-effective alternative to treat such waters in order to comply with 
environmental regulations. Such technology would be particularly suitable for those countries where 
water is widely available and where mine water treatment costs must remain as low as possible 
because there is no possibility to commercialize the treated water. 
 
Conclusions 

 

Limestone is a promising low-cost adsorbent for sulphate removal from neutral mine waters 
containing low concentrations of metals such as iron and manganese. Sulphate removal, likely as 
gypsum sorbed onto limestone particles, suggests a chemisorption process described by the Langmuir 
isotherm with a maximum uptake of 0.248mmol/g. Such hypothesis was reinforced by the application 
of the Thomas model to breakthrough curves produced in fixed bed experiments, which revealed only 
a small effect of the flowrate on the rate constant.  
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