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1. Introduction 

 Bentonite is commonly used as a liner in landfills to prevent the leaching of the waste leachate to the 
groundwater (Yong et al., 1992; Abollino et al., 2003; Zhan et al., 2022). Sodium-bentonite and calcium-
bentonite are among the useful materials for this purpose. On the other hand, in several cases clayey soils are 
exposed to high temperature in engineering and geo-environmental engineering projects (Tan et al., 2004). 
Dehydration and de-hydroxylation are the two major phenomena during heating process of clayey soils (El 
Warid et al., 2022). In spite of several researches on the interaction of heavy metals and clayey soils, there are 
lack of research on the subject of mutual effect of temperature and double layer cation type on the adsorption 
of heavy metals in clayey soil. Therefore, the main objective of this paper is to investigate on the impact of 
temperature and type of double layer cation on adsorption of copper heavy metal by the clayey soils with 
high plasticity index. To achieve the above mentioned objective, calcium chloride salt was used to make 
homo-ionic bentonite. Several types of geo-environmental engineering experiments were performed to 
address and to achieve the above mentioned objective. 

 

2. Methodology 

To make homo-ionic bentonite, calcium chloride salt from Merck Company, was used, for which the 
calcium chloride with four times of bentonite cation exchange capacity was added to the soil. To prepare the 
heat treated soil samples, sodium-bentonite samples were heated at 50, 100, 200, 400, 600, 700, 800, 850, 
900, 950, and 1000 degrees centigrade. In addition calcium-bentonite samples were heated at 200, 400, 600, 
and 800 degrees centigrade. Then, samples were exposed to different concentration of copper nitrate. After 
achieving equilibrium, samples were dried. Finally, a series of geo-environmental engineering experiments 
were performed on soil samples. 

 

3. Results and discussion 

The results of heavy metal retention by sodium bentonite samples which already were treated at 25 to 
1000 degrees of centigrade and then were exposed to different concentration of copper nitrate are plotted 
and presented in Fig. 1.  
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Fig. 1. The contaminant retention by pre-heated sodium-bentonite at different Cu-concentrations 

 

As the results of Fig. 1 show, with increasing the temperature up to 600 degrees, the contaminant 
retention of samples at any specific initial heavy metal concentration are relatively similar. The dehydration 
temperature of clay minerals is reported to be around 350 degrees (Zivica and Palou, 2015). Therefore, based 
on the results of Fig. 1, it can be concluded that an increase in initial temperature around dehydration 
temperature, has low impact upon contaminant retention in soils with high plasticity index. In addition, for 
samples initially treated at 600 to 800 degrees centigrade, the de-hydroxylation and initial concentration of 
heavy metals were two major controlling factors. 

 

4. Conclusions 

According to the results of this paper the following conclusions can be addressed: 

- In sodium-bentonite samples, due to the presence of sodium ions in clay double-layer, the soil behaviour 
is noticeably function of de-hydroxylation at temperatures above 600 degrees centigrade.  

- At 400 to 600 degrees centigrade and above, the major mechanism for contaminant retention is the 
existence of carbonate in soil. This emphasizes on the importance of presence of carbonate in clayey soils to 
have a stable buffering capacity at high temperature. 

- The change in the intensity of major peak of montmorillonite at 600 degrees centigrade and above is 
independent of type of double layer cations. 
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