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ABSTRACT: A conventional liner with a good performance against inorganic contaminants with a minimal hydraulic 

conductivity does not usually perform well for retention/removal of leachates containing organic contaminants. Organic 

modification of clay can render the naturally organophobic clay to be organophilic. Incorporation of modified organo clay 

along with unmodified inorganic clay in liner systems can overcome the inherent incompatibility of conventional liners to 

organic contaminants and can increase organic sorption. The performance of commercially available organo clay and 

natural bentonite and mixtures of them in different pore fluids has been studied. It is found that the properties of mixtures 

improve with increase in organically modified clay particularly in non aqueous fluids from the considerations of liner 

application. 

 

 

INTRODUCTION  

Conventional design of the barrier systems for containing 

the pollutants depend largely on restricting the transport of 

the contaminants by controlling the advective transport. 

Less permeable material such as clay are extensively used 

in the engineered liners to assure imperviousness to the 

contaminants. The mineral barrier systems usually perform 

well against inorganic contaminants with a minimal 

hydraulic conductivity but fail to retain or remove leachates 

containing organic contaminants. They may be attacked by 

the high concentrations of the organic pollutants leaching 

from hazardous and municipal solid waste disposal sites 

and thus result in a poor performance with respect to 

hydraulic conductivity [1]. The natural clay minerals 

possess large adsorptive capacity for inorganic cations and 

metals but are incapable of sorbing most of the organic 

pollutants. Furthermore the organic pollutants are persistent 

in nature and their diffusive flux in to ground water through 

the barrier system will be more. For this cause better 

mineral barrier systems with high organic sorption and 

hydraulic performance have to be developed.  

 

The organic sorption ability of clays is reported to enhance 

by the organic modification of the clay surface with long 

and short chain organic compounds [2, 3]. The organic 

modification of the clays consequently alters the natural 

hydrophilic clay surface to organophilic. Thus the organo 

clays exhibit better organic sorption capacity when 

compared to their unmodified counter parts. Many 

researchers have suggested the potential use of these 

organically modified clays as components in mineral liners 

and permeable reactive barrier systems for controlling the 

migration of organic contaminants [4, 5]. The introduction 

of organo clay in the barrier systems facilitates a higher 

sorption of the organic contaminants and thus effectively 

brings down the thickness of the liner [6]. The hydraulic 

performance of organo clay amended barriers has been well 

researched with respect to a variety of organic fluids and it 

is documented that even very small percentage of organo 

clay is effective in reducing the migration of organic 

contaminants [7]. However no systematic research has been 

carried out to study the changes in the engineering 

behaviour of mineral liners due to organic amendment.  

This paper reports the studies carried out to assess the 

effectiveness of the organo clay amended mineral liner for 

leachates containing organics. 

 

MATERIALS AND METHODS  

 

Materials  

Commercially available orgnao clay was used for amending 

with locally available bentonite. The organo clay was 

manufactured by the replacement of the inherent 

exchangeable cation on the clay surface with long chain 

alkyl ammonium compounds by cation exchange reactions. 

The extent of replacement targeted was as high as 100% of 

the cation exchange capacity of the unmodified clay. The 

exchanged organic cations was intercalate with the clay 

lattice and thus had an enhanced basal spacing of 17 A0 

corresponding to the montmorillonite mineral. The carbon 

content of the commercial organo clay was 37%and that of 

the bentonite clay was only 0.9%. The physico chemical 

properties of the organo clay and bentonite are given in 

Table1. The studies were conducted on bentonite, organo 

clay and on a mixture of equal proportions of organo clay 

and bentonite. 

 

The pore fluids used for the study include deionised water, 

ethanol-water mixture pure ethanol and carbon tetra 

chloride. They represented a wide range of polarity and 

water miscibility.  

 

Organic sorption studies were carried out on synthetic 

leachate prepared with varying concentrations of total 

organic carbon (TOC). 
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Methods 

The changes in the plasticity characteristics of the mixtures 

of organo clay and bentonite were studied by determining 

the liquid limit and plastic limit as per IS:2720(1985). The 

experiments were carried out on samples with different 

proportions of bentonite and organo clay with water as the 

moulding fluid. 

 

The free swell behaviour of both organo clay and bentonite 

were measured in different organic fluids according to the 

procedure described by Sridharan and Rao (1985) so as to 

qualitatively assess their swelling ability in mediums of 

different polarity. The free swell tests were also carried out 

on mixtures of bentonite and organo clay in water so as to 

evaluate the influence of organo clay on the swelling ability 

of bentonite.  

 

The compressibility of organo clay, bentonite and mixture 

of organo clay and bentonite was evaluated using 

oedometer test results carried out as per IS: 2720 (1986) 

part 15. The samples were prepared at their respective 

liquid limits with water and were placed in the 

consolidation rings. The samples were then inundated with 

proposed liquids. The efficiency of organo clay, bentonite 

and mixture of organo clay and bentonite in removing 

organic compounds was studied by batch organic sorption 

test. For this 3g of sorbent was used with a solid liquid ratio 

of 20 and the TOC measurement was carried out using a 

TOC analyser. 

 
Table 1 Physico chemical properties of organo clay and 
bentonite 

 

RESULTS AND DISCUSSION  

 

Plasticity characteristics 

The Fig.1 shows the variation of liquid limit, plastic limit 

and plasticity index of organo clay amended bentonite with 

increasing organo clay content. The liquid limit of bentonite 

showed a steep decrease initially with small addition of 

organo clay, moderate decrease up to about 50% and a 

gradual decrease beyond 50% with increasing additions of 

organo clay. Similar is the variation in plasticity index. This 

observed behaviour suggests that the water holding ability 

of the bentonite clay is reduced by the amendment of 

organo clay and this could be related to the hydrophobicity 

attached with the organo clays. However, it is seen that no 

decreasing trend is seen for the plasticity limit of the 

mixture with increase in organo clay content. This is due to 

more reduction in liquid limit than in plasticity index with 

increasing amount of organo clay. Even though there is an 

appreciable reduction in plasticity of bentonite on addition 

of organo clay, it still retained sufficient plasticity to be 

used as a liner material. 

 
Fig. 1 Variation of the liquid limit, plastic limit and 

plasticity index with organo clay content. 

 

Free swell 

The free swell behaviour of soil gives an indication of the 

self healing capacity of the material. Free swell value 

assumes importance in the case of materials used in liners. 

The bentonite had a very high swell volume in water where 

as the organo clay showed frothing with water. The organo 

clay particles were suspended in water and there was no 

clear settlement observed (Fig. 2). A decrease in the free 

swell index of the bentonite was recorded on amending 

organo clay to bentonite. 

 

 

 
 

Fig. 2 Free swell volume of organo clay, bentonite and 

organo clay bentonite mixture. 

Property Organo clay Bentonite 

Specific gravity 1.3 2.7 
Clay content, %  90 72 
Liquid Limit, % 339.4 120.8 
Plastic limit, % 35.3 74.0 
Free swell index, cc/g  --- 27.5 
BET Surface area, 
(m2/g)  

23.81 3.04 
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Fig. 3 Variation of the free swell index with organo clay 

content.  

 

Fig. 3 establishes the fact that the organo clay addition is 

controlling the swelling of bentonite in water. It is seen here 

that the decrease in free swell index is not linear with 

increase in organic bentonite content. The decrease in free 

swell index beyond 50% addition of organic benotinite is 

marginal. But it is observed that the organo clays showed a 

tendency to swell more in organic liquids than in water 

unlike bentonite which swells more in water. This clearly 

brings out that the organo clay enhances the performance of 

bentonite in leachates containing organic fractions. 

 

Compressibility 
The compressibility of bentonite, mixture of equal weights 

bentonite organo clay and organo clay in water, ethanol-

water mixture, ethanol and carbon tetrachloride as fluids is 

presented in figures 4, 5, 6 and 7 respectively. Bentonite 

showed higher compressibility in water even at lower 

pressure increments which however further increased with 

increase in pressure increment. The organo clay and its 

mixture with bentonite were less compressible than 

bentonite as they were remoulded at lower moulding water 

content due to their lower liquid limit (Fig. 4.). The 

compressibility of organo bentonite is the least.  

 

 
Fig. 4 e - log p curve with water as pore fluid 

 

The Fig. 5 compares the compressibility of bentonite, 

organic bentonite and its mixtures in ethanol water mixture. 

It is seen here also that the compressibility of the three 

clays lies in the same order as in the case of water. But 

qualitatively it is observed that while the compressibility of 

all clays has decreased when the fluid is changed from 

water to ethanol water mixture, the compressibility of 

organo clay has become negligible. Further the lower 

compressibility of bentonite in ethanol water mixture is 

completed at lower pressures itself and remains unaffected 

at higher effective pressures. The compressibility of organo 

clay-bentonite mixtures is gradual and is seen at higher 

effective pressures also. The organo clay is least 

compressible at all pressure ranges because it is remoulded 

at lower water contents and the adsorbed water is replaced 

by ethanol even at very low effective pressures. Thus it is at 

lower void ratios at all effective pressures.  

 

 
Fig. 5 e - log p curve with ethanol-water as pore fluid. 

 

The observations made for the compressibility of the three 

clays in ethanol water mixture as pore fluid become even 

clearer for the clays in ethanol as pore fluid as seen in  

Fig. 6.  

 

 
 

Fig. 6 e - log p curve with ethanol as pore fluid.  

 

The compressibility of organo clay has reduced as there 

was higher organophilicity associated. However some 
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compression is observed for organo clay at higher pressure 

increments, once it swelling pressure is exceeded. 

 

The Fig.7 shows the compressibility in carbon tetra chloride 

and the maximum is exhibited by bentonite against the 

typical behaviour. This could be explained due to the 

squeezing out of fluid at higher load as bentonite is 

hydrophilic. Both organo clay and its mixture had improved 

compressibility when compared to ethanol and ethanol 

water mixture. However it could be stated that the 

compressibility of all the clays were largely dependent on 

the initial water contents and it would have given a 

different picture if the moulding fluid was not water. 

 

The compressibility behaviour observed clarify the role of 

organo clay in controlling the volume change behaviour of 

organo clay amended mineral liner systems especially when 

the pore fluid is an organic liquid. 

 

 
Fig. 7 e - log p curve with carbon tetra chloride as pore 

fluid 

 

Sorption efficiency and mechanism 

TOC uptake was highest with organo clay followed by the 

mixture of organic lay and bentonite. Both clays exhibited a 

linear pattern of sorption, (Fig 8.), the sorption increasing 

with increasing initial concentration. However for bentonite 

sorption was insignificant in all ranges of concentrations. 

Thus it is clear that the efficiency of sorption increases with 

the organo clays content as there exist a separate organic 

phase in these clays on to which the organic contaminants 

are sorbed.  

 

CONCLUSIONS 

1. Addition of organo clay to bentonite reduces its 

plasticity characteristics, swelling and also its 

compressibility. 

2. Miscible organic fluids reduce the compressibility 

of bentonite, organo bentonite and mixture of 

organo bentonite and bentonite.  

3. Immiscible organic fluids increase the 

compressibility of clays moulded with water.  

4. Organo bentonite inclusion enhances the organic 

sorption of clay liner.  

 

 
Fig. 8 Sorption of TOC on to different clays 
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