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Abstract

The negative effects of acid mine drainage (AMD) on the natural and human environments are well understood in South Africa, 
yet a robust and economic AMD treatment technology has not been developed. The current study aimed at exploring the 
performance of synthetic zeolite F9 in AMD treatment with specific focus on iron and manganese removal. For this, batch 
adsorption mode was adopted for which the effects of adsorbent dosage, initial pH and temperature were investigated. As a 
result, it was found that adsorbent dosage, initial solution pH and temperature have some effect on the adsorbent performance. 
Zeolite raised the pH of AMD, which observation would minimize or eliminate the need for post-treatment pH adjustment. In 
attempt to determine the capacity and rate of metal removal, isotherm and kinetic data were modeled using appropriate equations. 
To this end, Langmuir isotherm was found to fit equilibrium data while kinetically the metal adsorption followed the Elovich 
kinetic mechanism. To understand the metal-adsorbent interaction mechanism, zeolite was characterized before and after 
adsorption in which it was found that metal adsorption was physical in nature. The results obtained thus far give indication that 
zeolite F9 is a potential media for AMD treatment. 
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1. Introduction

Acid mine drainage (AMD) is considered as 
one of the most serious threats to water resources in 
many countries around the world.  It poses a serious 
threat to human health, animals and ecological 
systems. This is because AMD contains heavy metal 
contaminants such as iron, manganese, nickel, copper 
and lead that tend to accumulate in living organisms 
causing various disorders and diseases (Shahhosseini
et al., 2016; Sprynskyy et al., 2006). While there is 
general awareness of the adverse effects of AMD on 
the environment, a robust and economic treatment 
technology has not been developed. 

There is a wide range of AMD treatment 
technologies that are being proposed, which include 
chemical precipitation (Bálintová and Komarova, 
2007; Bologo et al., 2012; Maree et al., 2005; 

Matlock et al., 2002), ion exchange (Feng et al., 
2009; Gaikwad et al., 2010), freeze crystallization 
(Nathoo et al., 2009), reverse osmosis (Kentish and 
Stevens, 2001) and biological treatment (Chang et 
al., 2000; Foucher et al., 2001). 

These technologies are characterized with 
various limitations such as high capital and 
operational costs, low efficiency, sludge disposal 
problems and being inapplicable to remove a wide 
range of pollutants. For example in South Africa, the 
widely used chemical precipitation technique has led 
to accumulation of huge sludge which is an 
environmental concern on its own. 

The government’s stringent sludge disposal 
requirements has made the situation worse, hence 
industries are running away from neutralization and 
metal precipitation techniques. Industries are looking 
for an environmentally friendly and cost effective 


