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Source: Shack, P.A, Leachate Treatment Technologies, Phoenix Env. Engineering, 
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Source: Shack, P.A, Leachate Treatment Technologies, Phoenix Env. Engineering, 
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Coagulation is the addition of chemicals that promote the aggregation of smaller, non-settleable particles and 
colloidal particles into larger, more settleable or floatable particles.
As a result of the common electrical charges on the surface of the small particles, the particles tend to repel 
each other. This is similar to magnets when similar poles are placed near each other. The repelling prevents 
the particles from clumping together, thereby enabling them to remain in suspension.

The coagulant chemical neutralizes the electrical charge on the surface of the small particles, resulting in the 
destabilization of the suspension.

Typical chemicals used in the coagulation process include hydroxides, such as lime (calcium hydroxide) and 
aluminum or magnesium hydroxide.

Flocculation is the process of forming larger particles from coagulated matter. It is typically accomplished by 
gentle mixing to promote additional inter-particle contact of the destabilized particles.

Typical chemicals used in the flocculation processes include synthetic organic polymers.

Coagulation and Flocculation 11



Removal of colloids:
• The individual colloids must aggregate and grow in size
• Coagulation & flocculation are used to agglomerate colloids prior to 

separation of solids

Coagulation: the addition and rapid mixing of coagulant
• for destabilization of particles
• for initial aggregation of the destabilized particles

Flocculation: the slow stirring or gentle agitation
• to aggregated stabilized particles
• to form rapidly settling flocs

Coagulation and Flocculation 2 

Source: Aalto University, course notes on physical and chemical treatment of water and wastewater, lecture on “precipitation, coagulation and flocculation”.
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Coagulation

Source: Shack, P.A, Leachate Treatment Technologies, Phoenix Env. Engineering, 
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Jar Testing is a laboratory procedure that simulates coagulation, flocculation, and precipitation results with 
differing chemical dosages
• The single most valuable tool in operating and controlling a chemical treatment process is the variable 

speed, multiple station Jar Test Apparatus.
• Various chemicals and/or dosages can be tested simultaneously and the results compared side-by-side.
• Tests are good indications of dosage and concentrations of treatment chemicals required, but should be 

followed by full-scale laboratory testing.
• Tests will only have meaning if the tested water exactly resembles the flow stream that will ultimately be 

treated. A single batch of grab sample tests will rarely provide reliable information

Jar Testing



Precipitation is the chemical conversion of soluble substances (including metals) into insoluble particles.

Coagulation and flocculation cause a chemical reaction that promotes the formation and agglomeration, or 
clumping of these particles to facilitate settling.

The amount or dosage of a precipitant, coagulant, or flocculant needed to precipitate and remove substances 
in water solutions is dependent on many factors. These include:
• Concentration of substance in solution
• Solution pH
• Chemical used to adjust the pH
• Different types (and concentrations) of substances present
• Amount and types of complexing agents present
• Amount of residual oxidizers present
• Coagulants and flocculants used
• Sequence in which chemicals are added

Precipitation2



• Use mostly of iron or aluminum salts for coagulation/precipitation and polymers for 
flocculation

• Frequent testing  for dose control and type of products are absolutely essential for a good 
performance

• The process is efficient in reducing suspended solids, colloidal particles and heavy metals
• Separation of chemical sludge with contaminants for subsequent treatment and disposal

Advantages:
• Low investment cost

Disadvantages:
• High demand operation (analysis and tests)
• Hight operation cost
• High production of chemical sludge

Coagulation/Flocculation Treatment1



• Colloidal particles size ranging 1 nm-1μm Cause 
turbidity color in raw surface water

• It is difficult to separate colloids from water. 
Colloids do not settle by gravity.  They pass 
through the pores of most common filter media

• Colloidal particles adsorb water molecules and 
oppositely charged ions from bulk water on their 
surface gaining repulsion from each other and 
stability in solution

Coagulation basics

Source: Aalto University, course notes on physical and chemical treatment of water and 
wastewater, lecture on “precipitation, coagulation and flocculation”.
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Source: Aalto University, course notes on physical and chemical treatment of water and wastewater, lecture on “precipitation, coagulation and flocculation”.
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Source: Aalto University, course notes on physical and chemical treatment of water and wastewater, lecture on “precipitation, coagulation and flocculation”.



Liquid Chemical Feed System

Source: Pennsylvania Department of Env.  Protection, WWTP operator certification program, Module 7, Basics of 
Chemical Feed Systems



Liquid Polymer Feed System 

Source: Pennsylvania Department of Env.  Protection, WWTP operator certification program, Module 7, Basics of 
Chemical Feed Systems



Electro-coagulation



Source: Aalto University, course notes on physical and chemical treatment of water and wastewater, lecture on “precipitation, coagulation and flocculation”.



Solid Separation Unit 
Operations:
• Sedimentation
• Flotation
• Filtration
• Centrifugation

Solid Separation 

Source: ISWA15 World Congress 
Antwerp, Leachate Management 
Presentation, September 2015



• Granular activated carbon (GAC) in combination with biological pretreatment is the leading 
technology for the treatment of landfill leachate for the removal of COD, adsorbable organic 
halogens (AOX) and other toxic substances. 

• Adsorption is the process by which molecules with particular characteristics of size and 
polarity are attracted and held to the adsorbing surface. More than 130 different types of 
organics have been identified on spent carbon from leachate treatment plants. 

• GAC is used to remove AOX and COD, both of which are not the primary focus of biological 
treatment systems. 

• With particularly dilute leachate, it may be operated with a plate separator or pressurized 
sand filter to remove suspended solids from the flow to ensure that they do not block the 
carbon filter. It is necessary to ensure that no substances are present in the leachate that 
would damage the carbon prior to selecting a system. 

• Activated carbon has been used as a final polishing step after biological treatment, ultra-
violet (UV)-oxidation, sedimentation and other physico-chemical treatment methods.

Adsorption Methods3

Source: Asian Ins. Of Technology and Tongji University, State of the Art Review of Landfill Leachate Treatment, 2004



Adsorbent Types and Applications  

Source: ICREA,  TreatRec EU, Analysis  fate and behavior of contaminants during 
WWT, Nov. 2016 
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Leachate Adsorption Units

Source: Shack, P.A, Leachate Treatment Technologies, Phoenix Env. Engineering, 
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Chemical Oxidation Methods

Source: Shack, P.A, Leachate Treatment Technologies, Phoenix Env. Engineering, 
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Conventional and Applied Oxidation Processes

Source: ICREA,  TreatRec EU, Analysis  fate and behavior of contaminants during WWT, Nov. 2016 
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Advanced Oxidation Processes

Source: ISWA15 World Congress Antwerp, Leachate Management Presentation, September 2015
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Advanced Oxidation Processes

Source: ICREA,  TreatRec EU, Analysis  fate and behavior of contaminants during WWT, Nov. 2016 
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Advanced Oxidation Processes

Source: ICREA,  TreatRec EU, Analysis  fate and behavior of contaminants during WWT, Nov. 2016 
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Physical-chemical unit operations in the pretreatment stage of a full treatment train

Source: Cooper, I.A., Overview of leachate treatment technologies, CEC presentation on the solid waste & recycling 
conference, May 2016


