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Coagulation: 

Agglomeration of particles into groups, 
increasing the effective size and therefore the 
settling velocities, is possible in some instances. 
Particles in the colloidal size range, however, 
possess certain properties that prevent 
agglomeration. Surface waters with turbidity 
resulting from colloidal particles cannot be 
clarified without special treatment. A  
knowledge of the nature of colloidal suspensions 
is essential to this removal.  



Coagulation: 

Virtually all surface water sources contain perceptible 
turbidity. Some particle sizes common to most surface 
waters with different particle diameters, along with 
their terminal settling velocity (assuming quiescent 
conditions and specific gravity of 2.65). From the 
calculated values of settling velocity it is obvious that 
plain sedimentation will not be very efficient for the 
smaller suspended particles. Under conditions 
normally encountered in settling basins, efficient 
removal of particles less than 50 µm in diameter 
cannot be expected. 
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Coagulation Processes  

A large portion of the suspended particles in water are sufficiently small 

that their removal in a sedimentation tank is impossible at reasonable 

surface overflow rate . 

  

Colloidal particles , as a result of their small size , have a very large ratio 

of surface area to volume . most colloidal particle in water are 

negatively charged . the surface charge on colloidal particles is the 

major contributor to their long – term stability . particles which might 

otherwise settle or coalesce are mutually repelled by their like charge . 

coagulation is a chemical technique directed toward destabilization of 

colloidal particles . flocculation , in engineering usage . is a slow mixing 

technique which promotes the agglomeration of destabilized particles . 

the coagulation involves the addition of chemical . the processes are 

very complex , but may be described as follows :  



  
  

  
  

  

      

Coagulation Processes  

Most of the metallic coagulants react with water to produce free 

hydrogen ions . since nearly off natural water contain alkalinity , the 

hydrogen ion s released will react with this ,reducing the variation in 

PH . if a water contains insufficient alkalinity ,the addition of a metallic  

coagulant may depress the PH below the range in which the particular 

salt is effective . In such circumstances , an alkaline salt must be added 

to increase the buffer capacity of the solution . the adequacy of the 

alkalinity can be estimated from the folloing simplified equations , 

which reorient the approximate overall reactions.  
 

Ca  

Ca  CaO  +  H2O 

 Calcium hydroxide increases the water alkalinity  



  
  

  
  

  

      

Ca  

(alum): swfateAluminum  

Al2 (so4)3 . 18 H2O + 3Ca(OH)2  

CAUSES 

HARDNESS 

FLOC 

SETTLE 

 
Al2 (so4)3 . 18 H2O + 3Ca(OH)2                   2Al (OH)3  + 3Ca So4 +18H2O   

The case of addition of soda ash or sodium carbonate (Na2 Co3 ) to increase water alkalinity , the alum 

reaction can be described by the fallowing equation : 

 Al2 (So4)3 .18H2O + 3Na2Co3 + 3H2O                 2Al (OH)3  +  3Na2 SO4 + 18H2O + 3CO2 

Ferric chloride :  

Fe SO4 . 7H2O +Ca(OH)2           Fe (OH)2 + Ca So4    or      2Fe Cl3 + 3Ca (HCo3)2               2Fe(OH)3   
     +3CaCl2 +6CO2 



  
  

  
  

  

      

Coagulation Processes  

Ca  

Ferric sulfate:  

Fe (So4)3 + 3Ca(HCO3)2       2Fe (OH)3  + 3CaSo4+6CO2 

Ferrous sulfate and lime  

Fe So4 7H2O + Ca(OH)2                        Fe (OH)2 + Ca So4 + 7H2O 

The chemicals commonly used in coagulation include alum (aluminum sulfate), ferric chloride , 

ferric sulfate , sodium aluminates', poly aluminum chloride , the most commonly coagulant 

used . the alum is acidic material needs to alkaline environment to increase reaction . 

The optimum chemical dosage produces a maximum mean particle size , a minimum cont of 

small particles , and minimum turbidity prior to settling . dosages which are substantially too 

high or too low will be ineffective and may, in fact, produce colloidal suspensions of the 

coagulant it self . the optimum PH range for alum is between 4.0 to 7.0  . 
 



  
  

  
  

  

      

Coagulation Processes  

Ca  

Design criteria of design of coagulation or flash mixing tank : 

1-Depth = (2-3)m 

2-detention time = 10 – 20 sec or 30 – 60 sec , max = 1 min .  
3-L= ( 1.50 -20 ) w 

4-w ( revolution speed ) ≥ 100 r.p.m 

/s. 3m0.10 design a flash mixing tank ( coagulation tank) to treat flow rate of  Ex: 

use rectangular tank  -Solution : 

V = Q * t  
Let t = 1min :. V = 1 * 60 * 0.10 = 6 m3  let  D = 2.50 m   

 As = 6/2.5 = 2.40 m2 

 Let  l = 2w  

2 w2  w≈1.1 m :. L 2.20 m  

W ≥ 100 rpm 



  
  

  
  

  

      

Ca  

or in case of using of squared tank 

2.4  =L2   :. L = 1.55 m 

Or in case of using of circular tank  

2.4 =  

  :. Dia ≈  1.75 m 



  
  

  
  

  

      

Coagulation 

Ca  

Ex:  
design a flash mixing tank ( coagulation tank ) if Q = 0.10 m 3/sec. 

min .1  V = Q *t   let  t =                  . sol 
V = 1 * 60 * 0.1 = 6 m3 . 

Let  D = 2.5 m   (2-3 )m . 

As * D  = 6 m3    :. As = 6 / 2.5 = 2.40 m2  

L = ( 1.5 – 2 ) W  

   So ,  let L = 2W 

 

 

 

  
 

:. 2.40 = 2W   2   :. W2 = 1.2   W ≈ 1.10 m  L = 9.20 m  (rectangular tank ) 

*IF squared tank ( L = w) 

2.4 = L * L = L2    :.  L = 1.55 M 

*If circular tank    :. 2.40 = ΠD2/4      :. D ≈1.75 m  

* It is recommended that the dosage of coagulant is  may be( 30 – 70 ) mg /l and thus related to water qualit 
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