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ABSTRACT: Electro-kinetic properties of colloidal substance can be studied in terms of its zeta potential, which indicates the 

stability of the colloidal system. Numerous investigations have been made in the past several decades in areas of electro-kinetic 

remediation and stabilization of fine-grained soils. A proper understanding of the underlying mechanism of the above processes 

demands a thorough knowledge of the zeta potential of the system. Further, the electro-kinetic process can significantly alter the 

physio-chemical and electrical properties of the clay-water-electrolyte system which is also manifested as a change in the zeta 

potential value. Various environmental factors that affect the zeta potential include temperature, electrolytic concentration, cation 

valency, and pH of the medium.  

The investigations made in view of understanding the role of zeta potential in determining electro-kinetic efficiency of various 

soils are widely scattered and no attempts have been made so far to interpret the available data, making it difficult to arrive at any 

conclusive inference. In this context, the present study attempts to evaluate the investigations carried out, by the previous 

researchers, to identify the factors that are influencing zeta potential and its role on electro-kinetic properties of clay minerals. In 

addition, zeta potential measurements are conducted on kaolinitic type and Na-bentonite soils over a wide range of pH and the 

results are compared with the data available in the literature. 
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1 INTRODUCTION 

When two different phases comes in contact in a way 

that there exists excess surface charges, ions or ionic 

groups or phase polarity in either or both the phases, 

then a non-uniform charge distribution develops at the 

phase interface. Clay minerals, possessing uniform 

negative electro-static potential at their surface, when 

mixed with an aqueous solution, the dissolved ions 

present and/or the polarized water itself will accumulate 

at the interface boundary. The counter ions present in 

the aqueous phase decays the mineral surface potential 

in a systematic   manner until it becomes constant in the 

bulk of the solution. The potential decay, which 

normally occurs over a distance of 5 to 200 nm, is 

influenced mainly by the electrolyte chemistry (Hunter, 

1981).  

The negative charge possess by clay mineral face is 

mostly due to isomorphic substitutions and bond 

breakages within the clay lattice. But the mineral edges 

are amphoteric, and the nature of charge is determined 

by the electrolyte pH (Tombacz et al., 2004). The 

distribution of the ions at the interface boundary can be 

explained in terms Gouy-Chapman double layer theory 

(Figure 1). As per this model, a layer of counter charges 

and polarized water adsorbed strongly to the mineral 

surface is present, called the Stern layer. Following the 

stern layer, there is a diffused layer where the ions are 

less tightly held. The decay of surface potential varies 

linearly in the stern region, thereafter following an 

exponential trend (Figure 1). When the free water 

within the pore space flows under gravity, there will be 

a notional boundary, termed as the plane of shear, up to 

which the water act as a single entity, abstaining from 

the bulk flow. The electrical potential along this plane 

is knows as zeta potential, ζ. 
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Fig. 1 Schematic representation of diffused double layer 

model (modified from Hunter, 1981) 

Electro-kinetic effects, characterized by the relative 

tangential motion of one phase with respect to the other 

can be studied in terms of the zeta potential of the 

associated colloids. The aforesaid effects, including 

electro-osmosis, electro-phoresis, streaming potential 

and sedimentation potential are having special 

significance in the stabilization and remediation of 
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problematic and contaminated soils. In addition, the 

zeta potential is extremely important in analyzing 

stability of any colloidal system. Though colloidal 

stability demands more attention in fields like 

pharmaceuticals, emulsions, ceramics, bio-medicine 

etc., there are areas in geotechnical engineering such as 

performance of drilling fluid, stability and dewatering 

of mine tailings etc. where the assessment of colloidal 

stability is inevitable (Au and Leong, 2013; Kumar et 

al., 2014). Taking into account the paramount role 

played by zeta potential in a wide arena of geotechnical 

engineering, a detailed review of available literature is 

carried out in the present manuscript to indentify the 

factors that influence zeta potential of clay minerals. 

2 FACTORS INFLUENCING ZETA 

POTENTIAL 

Since zeta potential represents the electrical potential at 

the plane of shear, any element that can change the 

surface potential on the clay mineral or changes the 

potential decay pattern can intern influence the zeta 

potential value. Otherwise stated, zeta potential 

connotes the diffused double layer (DDL) thickness of 

the colloidal particles. With this in view, the zeta 

potential response on various influencing parameters is 

tried to apprehend by considering their effect on the 

DDL thickness, given by the equation 

 

 
  

   

     
    

 

                                                                (1) 

where 
 

 
 is the DDL thickness, D is the dielectric 

constant of the medium, T is temperature, ϵ is unit 

electric charge, n0 is the electrolyte concentration, and 

υ is the ionic valency. 

2.1 Influence of pH on zeta potential 

During electrokinetic treatment of soil, the pore water 

undergoes electrolysis due to current flow, producing 

H
+
 and OH

-
 ions at the cathode and anode, respectively 

and thereby changes the soil pH. This necessitates the 

study of variation of zeta potential with pH, since the 

change in pH can affect the suitability of the soil for 

the intended treatment. Also, there are instances where 

the soil pH changes such as treatment with lime or 

cement, where the zeta potential measurement gives 

valuable insight towards the change in fabric 

arrangement.  

Zeta potential variation of clay minerals over wide 

range of pH can be explained in terms of the DDL 

theory. At low pH, excess of H
+
 ions compress the 

double layer, and a subsequent reduction of zeta 

potential is observed. Reverse trend is visible at high 

pH where the DDL expands due to OH
-
 adsorption into 

the interface (Yukselen and Kaya, 2003).  

In the present study, variation of zeta potential with pH 

is assessed for two soils, a commercially available 

white clay (with kaolinite as the major mineral) and 

Na-bentonite. The details of the basic characterization 

carried out are given in table 1. Soil samples are 

prepared at different pH as per the standard practice 

(Min et al., 2013) and the zeta potential measurement 

is made with Horiba Nano-Particle Analyzer, SZ-100. 

Zeta potential exhibited a higher pH dependency in the 

case of Na-bentonite, with an increase in negativity 

upto pH around nine and thereafter reversing the trend 

(Figure 2). The response is in contrary with the 

literature data, where montmorillonitic soils are 

reported to showcase only nominal change with pH, 

resulting out of the OH
-
 affinity of the mineral edges at 

high pH (Delgado et al., 1986; Avena et al., 1990; 

Kaya and Yukselen, 2005). The behaviour is 

rationalized with the fact that in the case of 

montmorillonite mineral, the total surface area 

contribution from the amphoteric edges, which are pH 

dependent, is approximately 1 % (Delgado et al., 1986; 

Sondi et al., 1996; Yalcin et al., 2002). The same 

argument fits well to explain the absence of an iso-

electric point (IEP) for montmorillonitic soils. But in 

the present case, the conflicting response can be partly 

attributed to the variation in the mineral composition.  

Table 1 Properties of selected geomaterials 

  LL   PL   SSA   CEC   Minerals present 

Kaolinitic soil  52  29  11  65 quartz, kaolinite, dickite 

Na-Bentonite  350  27  282  130 
montmorillonite, rutile,    

quartz 

LL-Liquid Limit(%), PL-Plastic limit(%), SSA-Specific Surface Area(m2/g 

of soil), CEC-Cation Exchange Capacity(meq/100g of soil) 
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Fig. 2 Variation of zeta potential with pH 

For kaolinite, literature reports significant reliance of 

zeta potential value with pH and an IEP was evident in 

many of the reported studies (Ma and Pierre, 1999). In 

the present work, though the zeta potential variation of 

kaolinitic soil with pH was less prominent compared to 
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bentonite, the obtained response was comparable with 

the literature (Figure 2). 

A trend of reduction in zeta potential negativity in the 

alkaline pH is found to be common for both the soils 

considered. This is assumed to be because of the 

dissolution of clay minerals at high pH. Since mineral 

dissolution is a time dependent process and unlike in 

the literature, for the present study, an equilibration 

time of 24 hours was provided before the measurement, 

the high valency minerals might have dissolved into 

the solution, affecting the DDL thickness, and thereby 

reducing the zeta potential. 

2.2 Influence of electrolyte type and 

concentration 

Studies reported a reduction in the zeta potential value 

with increase in electrolyte concentration and cation 

valency (Figure 3) (Delgado et al., 1986; Yukselen and 

Kaya, 2003). The response is obvious due to the 

reduction in DDL thickness in both the cases. The 

observations made by Kaya and Fang (1996), can also 

be accounted in similar lines where the zeta potential 

negativity increased with dielectric constant of the 

medium. 
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Fig. 3 Zeta potential variation with electrolyte type and 

concentrations (modified from Yukselen and 

Kaya, 2003) 

In addition, studies show that hydrated ionic radius also 

affects significantly the zeta potential value (Yukselen 

and Kaya, 2011). Larger the ionic radius, thicker will 

be the DDL and the corresponding zeta potential will 

be more negative. Along similar lines the effect of 

various additives on zeta potential can be studied. 

Akbulut and Arasan (2010) investigated the zeta 

potential variation of high plasticity clay with varying 

percentages of lime, cement and fly ash. Zeta potential 

became increasingly negative with lime content. The 

behaviour is expected as higher lime content increases 

the soil pH, causing subsequent OH
-
 adsorption. In the 

case of cement and fly ash, a reverse trend is observed.  

2.3 Effect of surfactants and chelating agent 

Chelating agents and surfactants are excessively being 

employed in recent times for enhancing electrokinetic 

remediation of contaminated soils. Though a thorough 

understanding of their effects on zeta potential is 

inevitable to assess the treatment effectiveness, the 

aspect is very less addressed in the literature.  

Chelating agents are chemical compounds that undergo 

complexation with metal contaminants, and thereby 

preventing them from precipitation. Popov et al. (2004) 

studied the effect of the chelating agent, hydroxyethane 

diphosphonic acid (HEDPA) on the zeta potential of 

clay loam. The addition of the ligand compound 

increased the zeta potential negativity. Similar results 

were obtained in the study carried out by Gu et al. 

(2009) on natural clay from Shanghai. The possible 

reasons for the behaviour includes adsorption of the 

chelating compounds onto the mineral surface, 

dissolution of the hydrous oxide films on the clay 

mineral surface and adsorption of monovalent ions 

instead of multivalent ions since the later is being 

masked because of the chelation (Popov et al., 2004; 

Gu et al., 2009). 

Surfactants are amphiphilic compounds used to 

enhance the dissolution of contaminants in the soil. 

Yalcin et al. (2002) reported that the zeta potential 

become less negative with anionic surfactant 

concentration in bentonites. In contrary to this, the 

investigations carried out by Kaya and Yukselen 

(2005) on kaolinitic and montmorillonitic soils show 

that anionic surfactant addition increases the zeta 

potential negativity. Whereas zeta potential positivity 

increased with cationic surfactants while non-ionic 

surfactants didn’t bring any significant change.  

2.4 Effect of temperature 

Studies on the effect of non-ambient temperature on 

zeta potential value demands attention in the case of 

reservoir minerals where fabric structure is of prime 

importance. Ramachandran and Somasundaran (1986) 

studied the effect of temperature on zeta potential value 

of quartz and kaolinite. The authors observed an 

increase in the magnitude of the zeta potential with 

temperature for quarts mineral. Similar observation 

was made by Rodríguez and Araujo (2006) and 

Winsniewska (2011). For kaolinite, the effect was 

mostly pH dependent where the positivity and 

negativity of zeta potential increased in acidic and 

basic pH respectively (Figure 4). 

The temperature dependence of quartz owes to the 

dissolution of the amorphous silinol group and the 

subsequent adsorption of H3SiO4
-
, since the reaction  

kinetics are influenced by temperature. For kaolinite, 
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the temperature dependency attributes to species 

distribution in the mineral at different pH, Al3
+
 and 

Al(OH)2
+
 in acidic range, H4SiO4 and Al(OH)3 at 

neutral and H3SiO4
- 
in the

 
basic range (Ramachandran 

and Somasundaran, 1986).  
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Fig. 4 Temperature effect on zeta potential 

3 CONCLUSION 

A detailed review of factors affecting zeta potential of 

clay minerals has been presented. The major 

influencing factors comprise solution pH, electrolyte 

type and concentration, surfactants and chelating 

agents and temperature. In addition, the variation of 

zeta potential with pH is measured for kaolinitic soil 

and Na-bentonite and the results are compared vis-á-vis 

with literature data. 
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