
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 05 | May 2019                   www.irjet.net                                                                   p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 731 
 

Comparative evaluation of bentonite soil with ordinary clay for control 

of leachate movement in soil 

Mohd Owais1, Dr. Arif Siddiquie2 

1First  PG Student, Department of Civil Engineering, Babu Banarsi Das University U.P. India. 
2Second Associate Professor, Department of Civil Engineering, Babu Banarsi Das University U.P.India 

----------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - The study tries to investigate the physical and 
geo-environmental aspects of ordinary clay mixed with 
Bentonite for use as a liner in sanitary landfills. It was 
observed that the mixture of these liner material continually 
fulfills low hydraulic conductivity for an powerful long term 
conduct of land fill except hydraulic conductivity, the 
alternative exhibits an inclusive of shrinkage volume, 
unconfined compressive power and compressibility play an 
vital position in assessing long time conduct. In present 
study, clay and Bentonite were used as barrier. The traits are 
decided with suitable 2.5, 5 and 7. Five% by way of weight of 
clay. Out of these possibilities, mixer reduces the hydraulic 
conductivity, growth shear energy and decrease 
compressibility. Chemicals found in leachate manufacturing 
also are studied at Kadapa land fill web site due to the fact 
mixture of leachate provided in waste cloth. 
 
The present work here has two perspectives viz., 
appropriateness of neighborhood soils from steadiness and 
porousness qualities for use as landfill dirt liners and 
concentrate on mud leachate cooperation utilizing delicate 
earth as mud liner. The paper examines the diverse 
biogeochemical forms happening in leachate-tainted soils 
and the demonstrating of the vehicle and destiny of natural 
and inorganic contaminants under such conditions. 
 
Key Words:  Bentonite , shrinkage volume, mud leachate, 
Fluid farthest, physico-synthetic perspective, biogeochemical 
 

 INTRODUCTION  
 
The principle undertaking of the impermeable land fill liners 
is to diminish the relocation of leachate to the ground water 
and decreased to sensible sum. The significant of landfill all 
through world increments and need of built waste dumps is 
essential. Sterile landfills have been, and keep on being the 
most efficient strategy for strong waste transfer. Spillage of 
inorganic and natural toxins from landfills after some time 
can impact the groundwater quality.  
 
Bentonite can likewise build the pliancy record of clayey soil . 
At the point when fluid cooperate with dirt minerals, the 
properties which are expanded and pressure driven 
conductivity will in general decline.  
 
The water driven conductivity of liner material is not exactly 
or equivalent to 1x10-7 cm/sec. The low conductivity will be 

picked up sufficient quality and least shrinkage. From the 
past reference by utilization of Kaolanite kind of earth 
(lateritic soil) blended with bentonite utilized as liner 
material Soils with high movement are all the more promptly 
influenced by contamination on the off chance that they are 
utilized in regulation structures henceforth less dynamic 
clayey soils are favored for landfill liners. 
 

Material:- 
 
Clay:- Clay is a finely grained characteristic shake or on the 
other hand soil material It principally comprises of one or on 
the other hand more earth minerals with hints of metal 
oxides also, natural matter. Earth has the littlest molecule 
size of any dirt type. Typical earth was picked for the 
investigation. The following table shows different properties 
of the dirt. 
 

 
 
Bentonite:- Bentonite is absorbent aluminium 
phyllosilicate clay consisting mostly of montmorillonite.  
Bentonite  is hence   exploited   for   various   purposes  due   
to   its distinctive  properties.  Some of them are mentioned 
below. 
 

 

Properties  
 
Liquid Limit 
 
Plastic Limit 
 
Maximum Dry Density 
 
 

Optimum Moisture Content 
 
 

Permeability 

Values 
 
360% 
 
70% 
 
1.5g/ cc 
 
 

20% 
 
 

4.88*10s mm/S 
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Leachate:- Leachate is the fluid that channels or 'filters' 
from a landfill. It changes generally in structure with respect 
to the age of the landfill and the sort of waste that it contains. 
It for the most part contains both disintegrated and 
suspended material.  
 
Truth be told the expression "leachate" is so regularly 
connected to landfill leachate, both inside the waste 
administration industry and outside, that it is anything but 
difficult to overlook that leachate is the term utilized for any 
fluid delivered by the activity of "draining". Draining happens 
when water permeates through any porous material. 
 

 
 
Chemical Composition of Leachate:- 
 
 

S.NO. Description Value 
 

1 pH Value 7.8 

2 Conductivity(milli mhos/cm) 13.62 

3 Chloride(mg/l) 2569.92 

4 Sulphate(mg/l) 275 

5 Nitrate(mg/l 221.5 

6 Phosphate(mg/l) 5 

7 Calcium(mg/l) 600 

8 Magnesium(mg/l) 1400 

9 Sodium(mg/l) 224.6 

10 Potassium(mg/l) 454.3 

11 Available Iron(mg/l) 32.5 

12 COD(mg/l) 800 
 

 
Literature Reviews:- 
 
An assortment of studies has demonstrated that the pressure 
driven conductivity and swelling of bentonite can be affected 
by inorganic permeant arrangements (Alther et al. 1985, 
Ashmawy et al. 2002, Egloffstein 1997, Egloffstein 2001, 
Guyonnet et al. 2005, Petrov and Rowe 1997, Quaranta 
et al. 1997, Ruhl and Daniel 1997, Shackelford et al. 
2000, Shan and Daniel 1991, Shan and Lai 2002, Vasko et al. 
2001). In a significant number of these examinations, center 
was put around the kind of hydrating fluid and penetrating 
liquids.Table 12provides a combination of GCL testing 
conditions and primary outcomes acquired by a portion of 
these creators for saturation of GCLs with leachate, mining 
arrangements liquids or explicit liquids. 
 
The GCL containing natural sodium bentonite tested by 
Guyonnet et al. (2005) showed a better hydraulic behavior 
to a MSW leachate than to a 10-3 M sodium chloride solution, 
in relation with the presence of ammonium in the real 
leachate. This result is not consistent with what is usually 
observed with single-salt species solutions where the 

influence of the first hydrating fluid is very important 
(Petrov & Rowe 1997, Ruhl & Daniel 1997, Shackelford 
et al. 2000). This may be linked with the fact that the 
equilibrium is not reach in the various tests or that multiple-
salt species solutions have a different impact on bentonite 
than singles-salt species solutions.CS: Cationic strength IS: 
Ionic Strength RMD: ratio of total molarity of monovalent 
cations to square root of total molarity of divalent and 
polyvalent cations. 
 
Many researchers have investigated the capacity of diverse 
materials to be used as liner fabric. Alam et al. [1]studied that 
20% bentonite-fly ash blend can be thoroughly used as liner 
cloth. Plain fly ash remained non-plastic until 20% bentonite 
became added to the combination. Addition of bentonite 
more desirable the geotechnical homes of fly ash. Kananika 
nayak [2] concluded that as the bentonite content material 
elevated inside the compacted aggregate, the permeability 
reduced. 20% bentonite-fly ash combination confirmed 
permeability less than 1 ×10-7 cm/sec, which fulfilled the 
standards for landfill liner. 
 
Whereas for pond ash, it become performed at 12% 
bentonite content material within the aggregate. Kumar et al. 
[3] concluded that in a bentonite-fly ash combination the 
plasticity, hydraulic conductivity, swelling and shrinkage 
homes reduced and the dry unit weight and power elevated 
with the boom in fly ash content material. Mollamahmutoglu 
et al. [4] blended Catalagzi fly ash with bentonite at five to 
30% through weight, to achieve much less permeable liner 
material. With the boom in quantity of bentonite, the MDD of 
the bentonite-fly ash combos multiplied at approximately 
identical OMC, the permeability reduced, consolidated 
undrained shear strength parameters accelerated and the 
compressibility indices of the combos ranged from zero.009 
to zero.019. It was concluded that a 20% bentonite-fly ash 
mixture proved to be a suitable liner fabric. Younus et al. [5] 
indicated that as much as 70% fly ash content can be used to 
fulfill the necessities of compacted landfill liners. 
 
Experimental Study:- 
 

Ordinary Clay particles have extremely low porousness go 
and further, to relate with the properties of a decent liner, 
the typical earth was mixed with bentonite at 3%, 5%, 7% 
extents 
 

Experimentation was modified for finish of following  
 

1) List properties of clayey soil and Bentonite dirt.  
 

2) Appropriateness of clayey soil utilized as liner 
material dependent on water powered conductivity.  

 

3) Designing properties of Mixed soil (dirt and 
Bentonite, for example, unconfined compressive 
quality and  

 

4) Shrinkage potential.  
 

5) Concoction properties, for example, pH, Feline 
particle trade limit and so on (mud, Bentonite and 
mixed soils).  

 

6) Concoction properties for leachate. 
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Cation Exchange Capacity (CEC)  
 

The CEC of the soil is received as ninety meq/100gms. A scan via 
literature shows a cost of potential CEC of three for Kaolinite, 150 
for Illite, a hundred for Montmorillonite and 20 for Chlorite. The X-
ray diffraction pattern for the soil suggests the presence of 
Kaolinite, Chlorite and Illite-Montmorillonite aggregate. Thus there 
is a good correlation among the experimental value of CEC and 
minerals diagnosed. 
 

 
 

Variation of Liquid Limit with Percentage of Leachate 
 

 
 

Variation of Plastic Limit with Percentage of Leachate 
 
 

 
 

Variation of Plasticity Index with Percentage of Leachate 

 
CHARACTERSTICS OF LEACHATE 

 
The physical and chemical homes of soil basically rely upon 
the waste compositions and water content 
 
Present in waste. The leach ate samples were gathered from 
the Kadapa dumping yard. The PH value of the amassed 
Sample was determined to be 7.9. The extraordinarily 
excessive values of Electrical conductivity (1.810 Ms) and 
Total dissolved solids (1120.Thirteen mg/L) it shows that 
presence of inorganic cloth inside the samples. The presence 
of high COD (9625 mg/L) shows the excessive natural power. 
Among the nitrogenous compound, ammonium nitrogen 
(633 mg/L) was present in excessive awareness. This is due 
the domination of amino acids all through the decomposition 
of organic compounds. The darkish brown color of the leach 
ate is specifically gives oxidation of ferrous to ferric form and 

formation of ferric hydroxide Colloids and complexes with 
fulvic/ humid substances. 
 

 
Materials And Methods:- 
 
 

10 soil samples are collected from one-of-a-kind areas of 
Visakhapatnam for study of clay liner suitability. The 
municipal stable waste leachate became received from waste 
dumping location, Madhuravada, Visakhapatnam. The soft 
clay used for the study of soil-leachate interaction became 
obtained from Airport place, Visakhapatnam (at 2m depth 
from the floor stage). 
 

 
Experimental Programme:- 
  

It was proposed to carry out the investigation in three levels. 
In the primary degree, 10 regionally available soils were 
analyzed for his or her geotechnical houses and checked 
whether or not they may be appropriate for clay liners or 
now not in step with their PI and clay fraction. In the second 
degree, the soft clay has been analyzed for various 
geotechnical parameters which includes physico-chemical 
modifications, mineralogical analysis and microstructure 
analysis. In the 0.33 degree, the soft clay has been blended 
with various proportions of leachate viz., 10%, 20%, and 
forty% and checks were performed at 10 days, and forty days 
of curing duration.  
 

 
Procedure for evaluating soil-leachate interactions:- 
 

 Soft clay passing thru 425μ IS sieve become mixed with 
numerous proportions of leachate say 10%, 20% and 40% by 
way of weight and water at natural moisture content. This 
composite fabric become left for various publicity periods of 
10 days and 40 days. To lessen the problem of moisture 
evaporation, the samples have been packed in thick 
polythene bags and located in a water bathtub for a unique 
curing duration. At the quit of the specified duration, tests 
have been done on the samples for finding out the 
modifications in physico-chemical homes and energy. 
 
 Sample preparation for material analysis:- 
 

The study investigates that how the pore fluid be eliminated 
or changed and how can air-drying can be appropriate for 
stiff soils, partially saturated soils, and the soils that do not 
undergo large shrinkage. For gentle samples at high water 
content, oven drying may additionally cause less alternate in 
cloth than air drying, evidently because the incredibly long 
time wanted for air drying permits for greater particle 
rearrangement [2]. On the alternative hand, the stresses 
caused at some point of oven drying may result in some 
particle breakage. Initially the soil blend turned into oven 
dried and powdered to very pleasant shape. The powdered 
soil changed into sieved through 75μ IS sieve and tested. 
 

Fact & Finding of Leachate:- 
 
The following facts and findings can be inferred from this 
study 
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 05 | May 2019                   www.irjet.net                                                                   p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 734 
 

1. Leachate that derives from the deposited waste released 

from or contained within a landfill  is generated from the 

rainfall that enters a landfill as well as moisture that already 

exists inside the waste material. 

2. The composition of leachate depends on various factors 

which consist of the kind of waste that’s deposited, quantities 

of rainfall, surface water infiltration and the way lengthy the 

waste has been contained within the landfill. 

3. Substances going on in leachate can encompass chemical 

oxygen call for (COD), pH, ammonia nitrogen, and heavy 

metals. 

4. Leachate often outcomes in a robust, offensive smell. 

5. Leachate may be managed in lined landfills with leachate 

series and storage systems. These systems commonly 

encompass provisions for the drainage of leachate inside the 

landfill and pumping the leachate to storage tanks. The 

stored leachate can then be trucked or pumped to a 

wastewater remedy plant. 

6. Most more modern landfills are designed to manage 

leachate. However, a few older centers do no longer have 

liners and leachate collection/garage systems in location. 

Since leachate is not amassed in these older centers, 

management is restrained to methods that lessen leachate 

technology via floor drainage manage, limits on open landfill 

regions, and effective landfill covers. 

Results And Discussions:- 

Ten samples have been examined for simple homes, strength, 

compaction and permeability. The properties of ten special 

soils in and round Visakhapatnam are provided . The 

permeability changed into estimated from the Allen Hazen's 

equation. However, for soil-leachate interplay studies, 

smooth clay in view of its regular chemical and saline 

extremities is chosen. Soft clay to be had all alongside the 

coast and a notably intricate soil in Visakhapatnam, even 

though low in strength, satisfies the permeability standards if 

compacted nicely. 

Based on the experimental research the following are some 

of the essential conclusions. 

1. Hydraulic conductivity of clayey soil become observed to 

be 2.4 x 10-6 cm/sec which isn't ideal as in keeping with the 

applicable standards. Hence clayey soil was mixed with 

bentonite clay. 

2. Based at the Hydraulic conductivity (1x10-7 cm/sec), the 

clayey soil blended with 7.5% bentonite clay satisfies the 

criteria for hydraulic conductivity. To attain the preferred 

hydraulic conductivity, diploma of saturation shall be 

maintained 95% to 88%. Also the saturation degree is 95 % 

to 88 % the determined maximum dry density and 

OMC values were in variety (i.E. γ d max = sixteen. Four 

kN/m2 to15.4 kN/m2 and OMC = 20.5 % to 22.Five % ) 

three. When combined soil is compacted to preferred 

maximum dry density (i.E. γd max = sixteen. 4 kN/m2 to15.4 

kN/m2) at appropriate water content.(i.E. 20.Five % to 

22.Five%) its compressive electricity became 280.1 kPa and 

227.Fifty one kPa (>2 hundred kPa) with minimum 

shrinkage capability. 

4. Higher Cation alternate of a liner cloth will result in a more 

amount of inorganic contaminants being eliminated from the 

leachate (Kayabali 1997). Soils with a minimum cat ion trade 

of approximately 10meq /100gm are commonly distinct for 

liners. The results received clay- Bentonite mixer, cat ion 

exchange potential of the clayey 

soil mixed with 5% and seven.5% bentonite clay examined 

on this take a look at as 24.16 meq/100g and 24.80 

meq/100g respectively. Thus from the CEC or contaminant 

attenuation capability point of view, the blended soils are 

more appropriate for liner material. 

Conclusion:- 
 
The soil tests were tried for their properties and 
reasonableness of soils for Clay liners are chosen relying 
upon the mud substance and pliancy file. Albeit most soils 
fulfill the soundness criteria, the penetrability in "Genuine 
immersed" state for some, dirts requires some settling 
specialist like bentonite to fulfill the porousness criteria.  
as far as possible and pliancy attributes of the delicate mud 
diminished because of the diminished thickness of twofold 
layer when presented to leachate. The natural issue and 
oxides present in the delicate dirt are broken up in leachate 
and are in charge of the decline in estimations of Free swell 
list. Leachate shifts the pH esteem from acidic to basic, which 
builds the richness of the dirt valuable for vegetation 
development. The shear quality dictated by research center 
vane isn't greatly influenced with either leachate 
collaboration or on restoring; this is ascribed conceivably to 
the absence of amassed natural synthetic compounds in the 
leachate The diffraction investigation of delicate dirt debased 
with expanding rates of leachate demonstrates the 
arrangement of new minerals of Illite-Montmorillonite 
blends. With expanding level of leachate here is an 
observable increment in the pinnacle of Illite bunch mineral. 
With expanding relieving period, new minerals of Kaolinite 
and chlorite bunch are shaped.  With expanding level of 
leachate in delicate mud, totals of different sizes with 
diminishing thickness and unbending nature are shaped, 
which are seen in filtering electron micrographs. At higher 
relieving periods the detachment of soil structure 
increments. 
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