
Ravi M Soni Int. Journal of Engineering Research and Application            www.ijera.com                                                 

ISSN : 2248-9622, Vol. 8, Issue3, ( Part -2) march2018, pp.22-26 

 
www.ijera.com                             DOI: 10.9790/9622-0803022226                22 | P a g e  

 

 

  

 

 

Study on Treatment of Leachate from Landfill 
 

Ravi M Soni
1
, Dr. Shina Gautam

2
  

1
(student M.E chemical engineering, Shroff S. R. Rotary institute of chemical technology, at. Vataria, Vali road, 

Ankleshwar, Gujarat) 
2
(Associate professor of chemical engineering, Shroff S. R. Rotary institute of chemical technology, at. Vataria, 

Vali road, Ankleshwar, Gujarat) 

 

ABSTRACT 
A study was the investigated based on the leachate treatment which one of the apply to the coagulation-

flocculation and Fenton process in the sequences of our process. Two types of the coagulant used: (i) aluminum 

sulphate (alum) (ii) ferric chloride were using standard jar test apparatus. Result indicated that which one of the 

best removal of the process so that alum was the 60.44% removal of the organic efficiency at pH 4.5 and alum 

dosages 7000 mg/l and ferric chloride was the 58.21% of the removal of organic efficiency at pH 5 and ferric 

chloride dosages 6000 mg/l. Further treatment of the sequential process is the Fenton process. Fenton process is 

exhibit at pH 3-3.5 and optimized parameter of the Fenton process for the Fe
+2

 dosages 15000 mg/l and H2O2 

dosages 30000 mg/l, H2O2/Fe
+2

 = 2.0, total reaction time 1 hr. After the Fenton process was the 82.54 % removal 

of the COD, and overall % of the COD removal efficiency is 92.0% removal. 
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I. INTRODUCTION 

 Day by day increases to the 

industrialization area so high amount of the waste 

water are generated and that can be directly affected 

to the environment. However, the high amount of 

landfill leachates is generated in industrialization 

[1]. A leachate is any liquid that, in the course of 

passing through matter, extracts soluble or 

suspended solids, or any other component of the 

material through which it has passed [1]. Leachate 

sample is depended upon the age, BOD, COD value, 

etc. leachate age is less than 5 years is called 

stabilized leachate. The leachate usually contains 

high concentrations of ammonium, organic matter, 

toxic compounds and heavy metals [2]. Thus, 

landfill leachate must be treated properly and 

efficiently, after the processes effluent that can be 

discharged in to the environment. Since landfill 

leachate contains wide range of organic 

contaminates present so that cannot be easily treated 

by the conventional methods [3-4]. Most of the 

researcher has focused on the advanced oxidation 

process or combination of the physico-chemical and 

advanced oxidation processes for the effective 

reduced to the organic contaminates and colour from 

the leachate [3]. 

Coagulation – flocculation method has been 

proposed mainly as a pre-treatment technique for 

removing non-biodegradable organics and heavy 

metals from fresh leachate [4]. It is widely used as 

pre-treatment, prior to biological or other physical-

chemical techniques. Aluminum sulfate (Al2(SO4)3), 

ferrous sulphate (Fe2SO4), ferric chloride (FeCl3) 

and polyaluminium chloride (PACl) were commonly 

used as a coagulant. There should be optimized 

parameter such as coagulant dosages, optimum pH 

so which coagulant should be highest amount of the 

organic content removal [6].  

Advanced oxidation processes (AOPs) are 

defined as the oxidation processes to generate 

effectively hydroxyl radicals in sufficient quantity to 

effect waste water treatment. Most of the advanced 

oxidation process use a combination of the strong 

oxidizing agents like ozone, oxygen or hydrogen 

peroxide [7-8]. The catalyzation of hydrogen 

peroxide by ferrous sulfate. Fenton published a 

descriptive study describing how ferrous iron in the 

presence of certain oxidizing agents yields a solution 

with powerful oxidizing capabilities, is called the 

fenton reagent. Fenton reagent is defined as the 

catalytic generation of hydroxyl radicals (•OH) [9] 

resulting from the chain reaction between ferrous ion 

and hydrogen peroxide, and the oxidation of organic 

compounds (RH) by Fenton’s reagent can be 

proceed by the following chain reactions [11-12-13]: 

Fe
+2

 + H2O2                 Fe
+3

 +   OH
-
 + •OH   

Fe
+2

 + •OH                  Fe
+3

 + OH
-
 

RH + •OH                   H2O + R• 

R• + Fe
+3

                     R
+
 + Fe

+2 

Hydroxyl radicals are rapidly generated through the 

first step of the reaction and the iron cycles between 
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Fe+2 and Fe+3 and the plays the role of catalyst 

[15].  

In the presences of organic compound, hydroxyl 

radicals can attack to the organics by the four ways 

like radical addition, hydrogenation abstraction, 

electron transfer and radical combination. In this 

current study the comprehensive of the review and 

statically analysis of optimum condition of Fenton 

oxidation of landfill leachate. 

          Last decade, the research based on advanced 

oxidation process is very few research so this 

method in the Fenton process with Nano zero valent 

iron is very effective method [16]. In this method 

developed an alternative Fenton system involving 

the oxidation of iron metal sheets (Fe
0
) at acidic 

conditions generating in situ Fe
2+

 which will 

promote hydrogen peroxide decomposition into 

hydroxyl radicals [16-17]: 

Fe
0
  +   2H

+
                    Fe

+2
   +    H2 

         

II. MATERIALS AND METHODS 
1.1 Characteristic of leachate 

 Landfill leachate was collected from the 

BEIL company from the Ankleshwar city. The 

landfill is about the young leachate and after 

collected to the leachate sample analysis was taken 

and obtained to the initial COD = 49955 mg/l, initial 

pH = 8.1, TDS = 70000 mg/l. 

 

1.2 MATERIALS 

All chemicals employed in the study were 

analytical grade. All solution was prepared in only 

for distilled-deionized water. Coagulation process in 

the 10% alum and 10% ferric chloride making in the 

distilled water. pH maintains in the whole process 

with the help of H2SO4 and NaOH. All glassware’s 

washing by the H2SO4, by washing agent. Mainly 

chemicals in this process such as H2O2, FeSO4.7H2O 

is the Fenton regent. In this process pH adjustment 

with the help of NaOH and H2SO4. In this process 

10% (w/v) FeSO4.7H2O and 30% (v/v) H2O2 that 

can be used. 

 

1.3 Coagulation-flocculation method: - 

Coagulation-flocculation method is the 

successfully stabilized leachate treatment and it’s a 

physical treatment method. In this method the 

different types of coagulants used and which one is 

better removal of the organic component. However, 

using the jar test experiment for the treatment of 

leachate as shown in fig-2.1. In this jar test 

experiment, 200 ml sample to be taken in jar beaker 

and simply added to the coagulant and stirring to the 

first 25 min at 100 rpm and slow at 70 rpm. In this 

process optimized parameter such as pH, coagulant 

dosages so however, the first optimized to the 

coagulant dosages. Which coagulant dosages for the 

different coagulant simply added to each beaker. 

After the coagulation process measured to the COD 

and which point Should be the maximum amount of 

the % removal of COD. After optimized to the pH 

value because pH was the mainly affected to the 

removal of organic contamination. When pH value 

optimized in the coagulant dosages same in each 

beaker but pH value is different with the help of 

H2SO4 and NaOH. 

 
Fig: - 2.1 Jar tests apparatus 

 

1.4 Fenton process: - 

The Fenton process was carried out by the 

following of the three stages in the batch mode of 

operation for the following stages: (1) leachate 

sample was 300 ml taken either in beaker and 

reactor (2) pH is maintain at 3 to 3.5 pH after the 

addition of the Fenton reactant dosages or during 

operation period. (3) which amount of the FeSO4 

dosages should be added and after the process to the 

maximum amount of the organic component 

removal. (4) and other chemical which one of the 

H2O2 dosages and that can be optimize parameter. 

(5) the mixtures were allowed to the mixing at 2000 

rpm. (6) and after the process pH was also the 

adjusted at 7 pH with the help of NaOH. In this 

process more amount of the hydroxyl radicals is 

generated are very important. Most of the 

researchers in the Fenton process based on the 

continues mode of operation and few view based on 

the batch process mode. This all the process at room 

temperature and determine to the Fenton dosages 

parameter.    

 

III. RESULTS AND DISCUSSION 
1.5 Coagulation process: 

The leachate treatment of the coagulant was 

separately treated by the alum and ferric chloride 

and both are making 10% (w/v). the coagulation 

process was optimized parameter such as coagulant 

dosages and pH and which one of the highest 

amount of the removal of the COD as shown in 

below. 

 

3.1.1 Effect of the coagulant on COD removal 
      The effect of various dosages of alum and Ferric -

chloride on COD removal as shown in figure-3.1.  
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Fig: 3.1 Dosages vs. % removal efficiency of COD 

without pH adjustment 

 

In figure-3.1, the graph shows the removal 

for all studied parameters which increases to a great 

extent with an increases alum dosages until it 

reached its optimum dosage. It is clearly indicated 

that the coagulant dosages increase to the highest 

amount of the COD removal to reached the optimum 

point for the alum for 7000 mg/l at 57.56% COD 

removal and ferric chloride for 6000 mg/l at 54.83% 

COD removal. Therefore, the maximum COD 

removal with the help of alum so it is the best 

coagulant and this coagulant is cheap as the cost 

point of view. 

 

3.1.2 Effect of pH on COD removal 

The removal efficiency in terms of COD by 

alum and ferric chloride with various pH values are 

shown in figure-3.2. From the figure-3.2 it is clearly 

indicate that pH 4.5 has slightly higher tendency for 

the removal of COD. This is mainly due to reasons 

that alum tends to hydrolyze at pH 4.5 to form Al
+3

, 

Al(OH)2+, and Al(OH)4
-
 ions to adsorb colloidal 

particle on its surface and precipitated as Al(OH)3 

which is the solid form sludge. pH 4.5 is selected as 

optimum pH for alum coagulant because at pH 4.5 is 

the highest amount of the COD removal (60.44%). 

As referred to figure-4.1, it can be observed that 

there is a peak at pH 4.5-5 which indicates the 

highest removal of COD between pH 4.5-5 with 

6000 mg/L of FeCl3 added. pH 5 is selected as 

optimum pH for the FeCl3 due to less pH adjustment 

is needed because the at pH 5 is the highest amount 

of the COD removal (58.21%).   

 
Fig: 3.2 Fig: 4.1 pH vs. removal efficiency of COD 

with pH adjustment 

 

Acidic condition such as pH 4-5 facilitate the ferric 

ion hydrolyze in to polynuclear cations in order to 

destabilize those negative charge colloids in the 

leachate sample. 

1.6  Fenton process: 

The effects of the initial pH, FeSO4 dosages, H2O2 

dosages, temperature on the effectiveness of the 

Fenton oxidation process were studied. 

1.6.1 Effect of H2O2 dosages 

The H2O2 plays an important role in the Fenton 

oxidation process because the main cost of the 

Fenton process is the cost of the H2O2 so it is very 

important parameter optimized of the H2O2 dosages.  

It is clearly as shown in fig-3.3 that increasing the 

concentration of H2O2 leads to increasing the 

removal efficiency up to 72.88% at a dose of 30000 

mg/l of H2O2. It is clearly indicated that the 

increases the H2O2 dosages to decreases to the % 

removal of efficiency. However, at a high dosage of 

H2O2, the removal efficiency decreased due to the 

•OH scavenging effect of H2O2 and recombination 

of the •OH. Therefore, the not required for the high 

amount of the H2O2 dosages so that the optimal 

concentration of H2O2 was obtained as 30000 mg/l 

for the Fenton oxidation process. 

 
Fig: 3.3 %COD removal vs. H2O2 dosages at pH 

= 3 and FeSO4 = 10000 mg/l 

 

1.6.2 Effect of Fe
+2

 dosages 

The effect of Fe
+2

 concentration is directly 

related to the % removal efficiency as shown in fig-

4.4. It can be shown that the Fe
+2

 dosages increase to 

greatly improved to the removal efficiency up to 

critical Fe
+2

 concentration. It achieved 82.54% of the 

highest amount of the COD removal efficiency at 

15000 mg/l of FeSO4.7H2O. This is due to very fact 

that Fe
+2

 plays a very important role in initiating the 

decomposition of H2O2 to generate •OH. A further 

increase in Fe
+2

 concentration that it should be Fe
+2

 

recombines with •OH as scavenging. Hence, the 

excess ferrous ion consumed •OH with a high 

oxidation potential. This caused a decrease in the 

efficiency of COD removal so that the optimum 

condition of FeSO4.7H2O is 15000 mg/l for the 

Fenton process due to the high amount of Fe
+2

 

concentration that caused the generate to the high 
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amount of sludge and it is the major problem of the 

Fenton process. 

 
Fig: 3.4 % COD removal vs. FeSO4 dosages at pH 

3 and H2O2 = 30000 mg/l 

 

1.6.3  Effect of the initial pH 

The effect of the initial pH is very 

important parameter because it is directly affected to 

the % COD removal. The effect of the initial pH on 

COD removal efficiency was as shown in fig-4.5. It 

is clearly indicated that the graph is based on the 

15000 mg/l FeSO4 and 30000 mg/l H2O2 to the 

maximum COD oxidation based removal efficiency 

at that pH should be 3 to 3.5 pH means that pH 

between 3 to 3.5 should be maximum amount of the 

% COD removal of 80.39%. At an extremely low 

pH (<3) the COD removal efficiency decreased 

sharply, due to the low reaction rate [Fe(H2O)]
+2

 and 

H2O2, increased scavenging of pH by H
+
 at low pH 

(<3). If pH should be exceeding to the 3.5 (>3.5) that 

sometimes due to the increasing rate of auto 

decomposition of H2O2, deactivations of irons ions 

in to the oxyhydries and decreased to the oxidation 

potential of •OH. Therefore, the COD removal 

efficiency is the directly related to the effect of the 

initial pH. The pH of the landfill leachate after the 

coagulation process was about the pH 6.5 and it 

dropped to the pH between 3-3.5 when the addition 

of the FeSO4 (10% w/v) and H2O2 (30% v/v). Then, 

the pH value is consistent throughout the whole 

Fenton oxidation process. During the process pH 

values of leachate were adjusted to different values 

and the FeSO4 15000 mg/l and 30000 mg/l H2O2 

were added in each beaker. 

 

Fig: 3.5 % COD removal vs. pH at FeSO4 = 15000 

mg/l, H2O2 = 30000 mg/l 

 

1.6.4  Effect of the temperature 

  Temperature is one of the 

important factors influencing catalytic oxidation 

reaction rates. In this process temperature range 20 

to 40 
0
C should check to the which amount of the 

COD removal. Fenton process in the heat removed 

through the process because it is the exothermic 

reaction so that the temperature is high during the 

process [8-9]. During this our experimental 

temperature at 37 
0
C should be the highest amount 

of the COD removal but exceeding the temperature 

40 
0
C now required to the cooling jacket. Higher 

temperature was beneficial for Organic removal, 

even though the increase of organic removal is 

relatively small. 

IV CONCLUSION 

(i) A combined process that includes coagulation 

and Fenton process were excellent removal 

efficiency for the leachate treatment. 

(ii) Two types of coagulant should be used and alum 

is the best coagulant as a dosages of alum 6000 mg/l 

at pH = 4.5 and also a cost point of view is better as 

compare to the ferric chloride. 

(iii) After coagulation process applied to the Fenton 

process and it is excellent work for this leachate 

treatment and optimized parameter like Fe
+2

 = 15000 

mg/l and H2O2 = 30000 mg/l and operating 

temperature 40 
0
C.   
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