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 Coagulation and flocculation is one of the most used methods to treat leachate.  

Treatment of leachate is important because it can be a potential source for water and 

groundwater contamination which can affect the human health if it is not safely 
disposed. The aim of this study is to investigate the efficiency of coagulation-

flocculation process for removing colour and COD by using ferric chloride.  A series of 

jar test was used to treat landfill leachate obtained from Matang Landfill, Perak, 
Malaysia. The characteristics of ferric chloride were determined by using FTIR 

spectroscopy and Zetasizer. The IEP value for ferric chloride was at pH 5.1 and 

fuctional group exists in it were phenols, alkenes, nitrates, carboxylic acids and 
aliphatic alcohol.  The effect of pH and dosage of ferric chloride on leachate, was 

identified through the jar test.  The optimum pH and dosage for ferric chloride were 

found to be at pH 6 and 3600 mg/L dosage respectively.  At optimum pH dosage, ferric 
chloride was able to remove 95.54% colour and 51.96% of COD. The sludge 

characteristics after the treatment were identified using Sludge Volume Index (SVI) and 

Sludge Settling Velocity (VS).  it was found that, at optimum pH and dosage (pH 6, 
3600 mg/L) the SVI value was 81.2 mg/L which is considered as good with settling 

velocity of 0.5728 cm/min,  this indicates that, at optimum condition, the sludge was 

dense and able to settle rapidly and faster than others.  Therefore, ferric chloride as one 
of the metal salts is efficient in removing colour and COD. 
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INTRODUCTION 

 

 One of the least expensive methods to dispose solid waste is by landfilling. If the landfill is not managed 

properly, it can affect human health and environment which is caused by the uncontrollable gaseous and liquid 

emissions.  The liquid emitted from landfill is called as leachate [1].  Leachate is black in colour liquid that 

formed by the percolation of precipitation water through landfill.  Leachate is difficult to be treated because it 

contains different contaminants.  It is also classified as high strength wastewater because it contain high 

concentration of ammonia and organic matter which can stimulate algae growth, deplete dissolved oxygen, 

andcause toxic effect in water [2].Therefore, a proper management and treatment on leachate is necessary before 

it can be discharged out [3]. 

 Leachate can be treated by physical/chemical treatment, and one of these treatments is 

coagulation/flocculation process [4].Usually, coagulation and flocculation studies are carried out by using jar 

test equipment.  In leachate treatment, colloidal particles are destabilizes through coagulation process by the 

addition of coagulant.  Coagulation is followed by flocculation stage.  At this stage, the particle sizes of unstable 

colloids increased and turn into bulky floccules so that they can settle easily and faster [3]. 

 Inorganic salts such as iron and aluminium are predominant in water and wastewater treatment.  The most 

commonly used inorganic coagulants are ferric chloride and aluminium sulphate because they are less expensive 

and also quite effective in removing suspended solids [3, 5].Addition of coagulants also caused the small 

particles to agglomerate into larger settleableflocs[6]. Ferric chloride (FeCl3) can be found in liquid, crystal or 

anhydrous form.  Usually the liquid form is the most common.  For liquid and crystal form, it must be handled 

with similar care as hydrochloric acid because both are extremely corrosive [7].  When FeCl3 was added to the 

leachate, Fe3+ and its hydrolyzed products can interact with negative colloids and then neutralize their charge.  
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These make the colloids to destabilize. The colloids can become positively charged by absorbing cations when 

the appropriate dosage is over [3]. 

 

Methodology: 

Leachate Sampling and Characterization: 

 The leachate samples were collected from a landfill at Matang, Perak, Malaysia.  The collection and 

preservation of samples were done in accordance with the Standard Methods for the Examination of Water and 

Wastewater (APHA, 2005) [8].  The characteristics of the leachate are listed in Table 2.The samples were tested 

for pH, Biochemical Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), Suspended Solids (SS), 

turbidity, ammoniacal nitrogen and colour.  

 

Preparation of Ferric (III) Chloride: 

 Ferric Chloride (FeCl3) solution was prepared by dissolving FeCl3.6H2O into distilled water.  The solution 

should only be made when it is needed in order to avoid aging.  After aging for 24 hours, the solution is kept in 

a cold place. 

 

Jar Test: 

 Coagulation test was performedby using jar test equipment (SW6 Stuart Bibby Scientific Limited, UK).  

3M NaOH and 3M HCl were used to adjust the pH sample.  The study involved rapid mixing, slow mixing and 

sedimentation in a batch process.  500 mL of leachate samples were filled into six beakers and agitated 

simultaneously, and the rotational speed were varied accordingly, allowing simulation of different mixing 

intensities and resulting flocculation process [9].  

 

Isoelectric Point (IEP): 

 The measurement of IEP was made using Malvern zetasizer Nano ZS at 25
o
C with deionized water as 

dispersal medium.  The pH adjustment was performed manually with 1.0 M HCl and 1.0 M NaOH.  Then, a 

graph of zeta potential versus pH value was plotted to determine the IEP value. 

 

Fourier transform infrared spectroscopy (FTIR) Spectra: 

 FTIR spectra were determined by using Perkin Elmer spectrophotometer and in a wide range wavelength 

between 550 cm
1

 and 4000 cm
1

. 

 

Sludge Volume Index/Sludge Settling Velocity: 

 Coagulation/flocculation studies were performed in order to determine the optimum dosage and pH of 

sample, by using a jar test equipment (SW6 Stuart Bibby Scientific Limited, UK).  After the coagulation and 

flocculation processes, the mixture was transferred into 1-L graduted cylinder for the settlement test.  There are 

three parameters to be determined in in settleabilitytest: 

a. Sludge Setlling Velocity (Vs) 

b. sludge volume index (SVI) 

c. Total suspended solids (TSS) 

Settling velocity (Vs) 

 The settling velocity of sludge were recorded every 1 min for 15 min settling process and expressed in 

cm/min 

 The formula for settling velocity is given by [10]:  

 

Vs=mh0 

 V0   (1) 

Where 

h0   = height (cm) of the initial column of wastewater,  

V0  = initial wastewater volume (mL), and  

m  =slopeobtained from a plot of the data-volume beneath the interface(mL)versustime (min) 

Sludge volume index (SVI) 

 

The formula for sludge volume index is given by [10]: 

SVI = V30 

  V0TSS                               (2)

             

 Where 

 V30= volume below the supernatant–suspension interface after 30 min of sedimentation (mL), 

 V0 = initial wastewater volume expressed in L, and  
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 TSS = total suspended solidscontent of the wastewater in g L−1 

 Total suspended solids (TSS) 

 The formula for TSS is given by [10]: 

 

 

           (3) 

 

 P1 = mass ofthe capsule plus filter before the filtration (g),  

 P2 = massof the capsule plus filter (g) after filtering a volumeVm(mL) ofwastewater and drying at 105◦C 

for 12 h 

 

RESULT AND DISCUSSION 

 

Characteristics of Leachate: 

Leachate characterization: 

 Value for physico-chemical parameters of landfill leachate are listed in Table 2.  Sample from the landfill is 

categorized as partially stabilize leachate since its BOD5/COD ratio is > 0.1 [11, 4, 2].  Therefore, coagulation 

and flocculation may work well for this type of leachate .Colour may be associated with organic matter present 

in the leachate.  COD comes from biodegradable and non-biodegradable organics.  Some of them may be in 

suspension which could be settled in coagulation and flocculation processes.  

 
Table 1: Characteristics of Raw Leachate FromMatang Landfill. 

No Parameters Value1 

1 pH 7.89 

2 BOD5 (mg/L) 144 

3 COD (mg/L) 938 

4 Suspended Solids (mg/L) 297 

5 Ammoniacal nitrogen (mg/L NH3-N 2265 

6 Colour (Pt.Co) 5318 

7 Turbidity (NTU) 130.23 
1An average of 6 samples were taken from Dec 2013 until May 2014 

 

Characteristics of Coagulant: 

i) Isoelectric point 

 Figure 1 shows a plot of zeta potential versus pH. 

 

 
 

Fig 3: Effect of Ph Values on The Zeta Potential Values Of Ferric Chloride. 

 

 pH is a measure of H+ and OH- ion concentration.  At pH values below the isoelectric point (IEP), particle 

charge can be more positive or negative depends on the presence of those ions.  pH value at which the charge 

almost neutral is called isoelectric point [12].  Ferric chloride has the highest zeta potential value at a pH of 3 on 

the positive side, but then decreased gradually until it reach pH 5.1 and continuously moved to negative side.  

TSS = 
P2−P1 

X 1000 
Vm 

IEP 
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Therefore, the isoelectric point of ferric chloride in this figure is at pH 5.1.  Below the isoelectric point, the 

surface charge is positive and turned negative when pH is over 5.1.  Ferric chloride with a pH value of 6 or 

higher might experience sweep flocculation as the primary mechanism.  While at a lower pH, a combination of 

charge neutralization and sweep flocculation may happen depending on the iron and pH value [13]. 

 

ii) Fourier transform infrared spectroscopy (FTIR) Spectra 

 

 
 

Fig 2: FTIR of Ferric Chloride. 

 
Table 3: Functional Groups of Ferric Chloride. 

 

FTIR Peak 
FeCl3 

Wavenumber (cm-1) Intensity Functional Group Bond 

1399 1300-1400 Strong Phenols C-O-H bend 

1200-1400 Weak Aliphatic Alcohol C-O-H bend 

1623 1600-1680 Strong Alkenes C=C stretch 

1620-1650 Strong Nitrates NO2 stretch 

2228 2220-2260 Weak-Medium Nitriles C N stretch 

3127 2500-3200 Strong Carboxylics Acids OH stretch 

3100-3300 Strong Phenols OH stretch 

 

 The IR spectra of ferric chloride are shown in Figure 2. The spectra were characterized by the following 

bands: band at 1399 cm
−1

 attributed to phenols and aliphatic alcohol; band at 1623 cm
−1

 attributed to alkenes 

and nitrates; band at 2228 cm−1 attributed to nitriles; band at 3127 cm
−1

 attributed to carboxylic acids and 

phenols. 

 

Percentage removal: 

i) Influence of pH: 

 The influence of pH on colour and COD removal by using FeCl3 was shown is Figure 3 below.  In leachate 

treatment, lower pH range was the most effective condition for coagulation and flocculation process.  pH is also 

important because it control the hydrolysis species [3].  For this test, the pH value was varied from 4-9 while the 

FeCl3 dosage was maintained at 3600 mg/L.  As seen from the graph, the percentage removal for colour and 

COD increased as pH value increased until it reached the optimum pH.  The optimum pH for both parameters 

was found at pH 6 with the highest removal of 95.54 % and 51.96 % of colour and COD respectively.  After the 

optimum pH 6, the percentage removal for both parameters was slowly decreased and lower COD removal was 

observed at higher pH value with zero reduction at pH 9.  Coagulant can have a higher efficiency in colour 

removal because organic particles loss their negative charges and destabilize by metals salts.  Due to the 

destabilization, heavier flocs were produced by iron salts which increase the settling velocity and thus obtained a 

higher colour removal [14]. 
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Fig 3: The Effect of pH on the Removal of Colour and COD. 

 

ii) Influence of dosage: 

 Figure 4 showed the effect of FeCl3 dosages on the removal of colour and COD by coagulation-flocculation 

process.  In order to determine the optimum dosages of FeCl3, the test was conducted by varying the dosages 

from 3000 mg/L- 4000 mg/L and the pH value of leachate was constant at pH 6.  The highest percentage 

removal for both colour and COD were 97.94 % and 57.92 % respectively at 3600 mg/L FeCl3.  The removal of 

colour and COD were increased with the increasing dosage of FeCl3, but after they reached the optimum 3600 

mg/L FeCl3 dosage, the removal for COD becomes fluctuated and slightly increased for colour.  COD removal 

by FeCl3 is due to the enmeshment of pollutants on ferric hydroxide.  After coagulant was added into sample, 

the pH insignificantly decreased [15].  This happened because cations of Fe
+3

 had acidic characters (as Lewis 

acids) and at acidic condition, hydrolysis is occurred by precipitation of ferric hydroxides [16].  For colour, the 

removal after optimum dosage is slightly increased because at higher concentration, FeCl3 tends to impart its 

own brownish colour to the sample [17]. 

 

 
 

Fig 4: The Effect of FeCl3 Dosage on the Removal of Colour and COD . 

 

Characteristics of Sludge: 

i) Sludge Settling Velocity: 

 Figure 5 below showed the sludge settling velocity for ferric chloride at dosage of 3200 mg/L – 4000 mg/L.  

This experiment was conducted at optimum pH 6.  The highest settling velocity was found at 3600 mg/L FeCl3 

dosage with velocity 0.5728 cm/min and the lowest velocity is 0.1678 cm/min at 4000 mg/L dosage.  Higher 

settling velocity value indicates that the floc is settled faster and rapid.  
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Fig 5: Sludge Settling Velocity for Ferric Chloride. 

 

ii) Sludge Volume Index: 

 Rough characterization of sludge settleability can be determined by Sludge Volume Index (SVI)test.  It also 

measure the settling quality and as indicator of the activated sludge [18].  Good settleability is indicates by low 

value of SVI while high value usually means poor settling. 

 

 
 

Fig 6: Sludge Volume Index for Ferric Chloride. 

 

 Sludge volume index (SVI) for ferric chloride was shown in Figure 6 above.  The lowest and highest SVI 

were recorded at FeCl3 3200 mg/L and 4000 mg/L with 64.75 mL/g and 156.7 mL/g of SVI respectively.  

Meanwhile, at FeCl3 = 3400 mg/L, 3600 mg/L and 3800 mg/L, the SVI recorded were 68.67 mL/g, 81.2 mL/g 

and 133.24 mL/g respectively.  SVI below 80 mg/L had an excellent settling compaction while according to 

(settleability problems), SVI in the range of 80-120 mL/g had a good sludge settling [18].  From the results, both 

SVI at 3200 mg/L and 3400 mg/L had an excellent sludge settling characteristics compared to 3600 mg/L.  

However, compare to the two earlier dosages, according to sludge settling velocity, FeCl3 at 3600 mg/L 

concentration had a faster sludge settling velocity with Vs= 0.5728 cm/min. Therefore, based on SVI and Vs 

obtained, the sludge characteristics at 3600 mg/L concentration were dense, had an excellent sludge settling and 

can settle faster compared to others. 

 
Table 4: Relationship Between SVI and Activated Sludge Settling Characteristics. 

SVI Range (mL/g) Sludge Settling and Compaction Characteristics 

< 80 Excellent 

80 – 150 Moderate 

> 150 Poor 

[19] 
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Table 5: Settling Character of Activated Sludge. 

SVI Range (mL/g) Sludge Settling and Compaction Characteristics 

80 – 120 Good 

> 150 Poor 

[20] 

 
Table 6: Expected Cobdition according to SVI Value. 

SVI Value Expected Condition 

Less tha 100 Old sludge; possible pin floc; effluent turbidity increasing 

100-200 Normal operation; good settling; low effluent turbidity 

Greater than 250 Bulking sludge; poor settling; high effluent turbidity 

[18] 

 

Conclusion: 

 The characteristics and efficiency of FeCl3 as coagulant were investigated in this study.  The isoelectric 

point (IEP) of FeCl3 n was found to be at pH 5.1.  FTIR test showed that there were lots of functional group 

exists in FeCl3, such as carboxylic acid and nitrates.  The optimum pH and dosage of FeCl3 in treating leachate 

were found at ph6 and 3600 mg/L concentration respectively.  At optimum condition, FeCl3 has high sludge 

settling velocity (Vs = 0.5728 cm/min) and SVI with 81.2 mL/g.  this indicates that sludge produces from FeCl3 

is dense and can settle rapidly.  Therefore, FeCl3 is able to remove colour and COD better and faster. 
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