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ABSTRACT: Preventing leaks of leachate from landfills that generally contain heavy metals to the under 
layers of soil is one of the most common issues in geo-environmental engineering in the world. Clay 
minerals are able to exchange cation interlayer with other positive metal cations so they are considered as 
natural absorbent. Previous studies have shown that the interaction between clay minerals and heavy metals 
cause the changes in microstructure and surface characteristics of clay minerals which lead to changing 
in geotechnical properties of clay. Thus, the aim of this paper is to study the effects of heavy metals on 
compressibility process in sandy clay. For this purpose after preparation of samples some laboratory tests 
including X- Ray Diffraction (XRD), sedimentation test, 1-D consolidation, absorption and liquid limits 
were carried out. The results of XRD and sedimentation tests showed that the clay microstructure would 
change from disperse to flocculate in the presence of Pb and Zn heavy metals in which the intense of this 
change depends on heavy metal concentration in pore fluid. As a result of change in microstructure of clay 
minerals, the initial void ratio and settlement characteristics of samples decrease. In the other words by 
increasing the concentration of heavy metal of Pb from 0 to 25 cmol/kg.soil the initial void ratio of kaolinite 
samples with 10, 25 and 40 percent of dry weight sands decreased to 0.17, 0.20 and 0.25 respectively. In 
addition the decrease in same samples in the presence of Zn is 0.13, 0.16 and 0.18 respectively.
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1-Introduction
Preventing the leaking of leachate of waste into the under layer 
soil is one of the most common issues in geo-environmental 
engineering. Heavy metals in leachate have harmful impact on 
environment and human. Study the abundance of heavy metals 
shows that Pb, Cu, Cg, Cr, Cd, Zn have high concentrations. Clay 
soils are used as Liner in landfills exposed to physiochemical 
attacks by the leachates generated from waste. The presence 
of heavy metal contamination in heavy metal leachate affects 
the pore fluid chemistry and controls the diffuse double layer 
(DDL) thickness of clay particles [1].
According to Guy-Chapman’s double layer theory, the thickness 
of the double layer is only dependent on the salts dissolved and 
the liquid phase; accordingly, changes in the properties of the 
liquid phase resulting from entrance of contaminants into the 
soil environment cause variations in the thickness of the layer 
and thus the behavioral characteristics of soil. On the other 
hand, the higher the thickness of the double layer, the less the 
particles tend to flocculate [2]. Some researchers investigate 
the geotechnical properties of different kinds of clay in the 
presence of different contaminations [3-11]. But the effects 
of heavy metal contaminants on kaolinite clay minerals in the 
combination of sands less discussed.

2- Materials and methods
The Kaolinite used in this research was in the form of a 
white powder which was supplied by Iran’s porcelain soil 

industries and is known as super kaolinite. Table 1 indicates 
some environmental and geotechnical properties of the utilized 
kaolinite, which have been determined based on ASTM 2007 
standard method.

Table 1. The primary physical and chemical 
characteristics of kaolinite soil 

Property evaluated The measured values
Liquid limit, % 46

P.I. % 20
Soil Classification CL

pH (1:50, Soil-Water) 8.9
Carbonate, % 4

The sand used in this research belongs to ASTM-C778 
classification, and is SiO2 (Otawa) silica sand. In the pure 
state, the percentage of silica in it is around 8.99. Its particles 
are round shaped and diameter of the particles varies between 
0.595 and 1.18 mm.
Fabrication of the kaolinite-sand mixture samples was 
performed by a mixture of kaolinite with weight percentages 
of 10, 25 and 40% sand. The reason of selection of these 
percentages can be related to the fact that soil nomenclature, 
according to unified naming system (CL), would remain 
constant in a relatively wide range of changes in the sand ratio. 
Following preparation of the soil samples, in order to examine 
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the effect of heavy metal contaminants on compressibility 
process, the experiments of liquid limit determination and 
consolidation tests were done on the samples according to 
ASTM D4318 and ASTM D 3080-90 standards, respectively. 
Further, analysis of the pore water characteristics was done by 
ICP device provided by Tarbiat Modares University in order to 
determine the extent of adsorbed cations.

3- Results and Discussion 
The results of XRD on the samples in the presence of Zn is 
shown in Figure 1. 

Figure 1. XRD results for samples in the presence of zinc

According to Figure 1, the more intense peak in kaolinite sample 
is detected than other peaks in 7.13 Å and 3.56Å which indicates 
the presence of significant amount of Kaolinite mineral in 
sample. Main peak of kaolinite in pure sample and sandy clay 
sample in presence of Zn and Pb is shown in Figure 2.

Figure 2. Main peak of samples, contamination Zn and Pb

According to Figure 2, decrease in main peak of kaolinite in 
samples with 90% of kaolinite in the presence of 5 and 25 
cmol/kg.soil of Pb were 33 and 45 respectively. Generally, with 
the increase in concentration of Zn and Pb heavy metals, the 
intense main peaks decreased.
Figure 3 shows that in the specified concentration of 
contamination Pb heavy metal has more effective influence on 
samples than Zn. The reason of this phenomena is the selective 
absorbent of kaolinite in absorbing Pb more than Zn. In 
addition, the results of absorbent tests also confirm this reason.

 
Figure 3. Comparison the effects of Pb and Zn on 

compressibility of clay-kaolinite samples

4- Conclusions
The results of this research can be summarized as follows:
The results of XRD and sedimentation tests express that the 
presence of Pb and Zn contaminants cause the reduction 
in double layer thickness and overcome attraction force to 
repulsion forces. Therefore, the microstructure changes from 
diffused to flocculated, in which flocculation intensified by 
increasing Pb and Zn concentration.
The results of investigating retention of Pb and Zn heavy 
metals show that in all samples and both heavy metals, the 
increase in the concentration of heavy metal lead to increasing 
the retention of samples which is related to the moderate cation 
exchange capacity of kaolinite and carbonate content.
Liquid limit of all sand-kaolinite samples in the presence of Pb 
and Zn deceased. The reduction in liquid limit of samples have 
direct relation with heavy metal concentrations. In addition, 
the rate of reduction liquid limit of samples with further sand 
content decreased with increasing heavy metal concentration.
Consolidation curves (changing void ratio to logarithm 
of pressure) of sand-kaolinite samples in the presence 
of different concentration of heavy metal show that the 
increase of concentration of heavy metal initial void ratio 
and compressibility of samples decreased. In a way that with 
the increase of Pb contaminant from 0 to 25 cmol/kg.soil the 
initial void ratio of 10, 25 and 40 percent of sand-kaolinite clay 
decreased 0.17, 0.20 and 0.25 respectively.  Also the reduction 
in the samples was 0.13, 0.16 and 0.18 respectively in the 
presence of Zn. Finally, the result of experiments showed that 
Pb has more influence on samples that Zn. The main reason is 
the more tendency of kaolinite in absorbing Pb than Zn.
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