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Coagulation and Flocculation

The most common method used to remove particles and a 
portion of dissolved organic matter is a combination of 
coagulation and flocculation followed by sedimentation and/or 
filtration. Coagulation is a charge neutralization step that involves 
the conditioning of the suspended, colloidal, and dissolved 
matter by adding coagulants. Flocculation involves the 
aggregation of destabilized particles and formation of larger 
particles known as floc.
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PARTICLE STABILITY AND REMOVAL

Surface charge is the primary contribution to particle 
stability. Stable particles are likely to remain suspended in 
solution (and measured as turbidity or TSS). Suspended 
colloids and fine particles are relatively stable and cannot 
flocculate and settle in a reasonable period of time.
The stability of particles in natural waters primarily depends 
on a balance of the repulsive and attractive forces between 
particles. Most particles in natural waters are negatively 
charged, and a repulsive electrostatic force exists between 
particles of the same charge.
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CHEMICAL COAGULANTS

A coagulant is the chemical that is added to destabilize 
particles and accomplish coagulation. Table provides 
examples of commonly used coagulants. Selection of the 
proper coagulant depends upon:
(1)the characteristics of the coagulant,
(2) concentration and type of particulates,
(3) concentration and characteristics of NOM, 
(4) Water temperature,
(5) water quality (for example, pH),
(6) cost and availability, and
(7) dewatering characteristics of the solids that are produced.
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CHEMICAL COAGULANTS
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CHEMICAL COAGULANTS
The most commonly used coagulant is aluminum sulphate, 
commonly referred to as alum (molecular weight of 594 g/mole). 
Addition of Al3 in the form of alum (or Fe3 in the form of the iron 
salts such as ferrous sulphate (Fe2(SO4)3 or ferric chloride, FeCl3) 
at concentrations greater than their solubility limits results in the 
formation of the hydroxide precipitate that is typically used in the 
sweep floc mode of operation. The overall stoichiometric reaction 
for addition of alum in the formation of a hydroxide precipitate is 
as follows
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CHEMICAL COAGULANTS



8



9

OTHER CONSIDERATIONS

Rapid-mixing systems and most flocculation units operate 
under turbulent mixing conditions. Under these conditions, 
velocity gradients are not well defined, and the root mean 
square (RMS) velocity gradient has been widely adopted for 
assessing energy input
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OTHER CONSIDERATIONS
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Rapid-Mixing Approaches Used to Disperse a Chemical Coagulant

pumped flash mixing
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in-line static mixer

Rapid-Mixing Approaches Used to Disperse a Chemical Coagulant
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conventional stirred tank

Rapid-Mixing Approaches Used to Disperse a Chemical Coagulant
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a vertical-shaft turbine flocculation system

Common Types of Gentle Mixing Employed in Flocculation Systems
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a horizontal-shaft paddle wheel flocculation system

Common Types of Gentle Mixing Employed in Flocculation Systems
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a hydraulic flocculation system

Common Types of Gentle Mixing Employed in Flocculation Systems
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Hardness Removal

Water hardness is caused by divalent cations, primarily calcium and 
magnesium ions (Ca+2 and Mg+2 ). When Ca+2 and Mg+2 are 
associated with alkalinity anions (for example, HCO3 ), the hardness 
is defined as carbonate hardness. The term noncarbonated 
hardness is used if the Ca+2 and Mg+2 are associated with non 
alkalinity anions (for example, SO4

-2)
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Hardness Removal
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Hardness Removal



23

Hardness Removal


