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Schematic Representation of the Plot Plant 
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 Variation of permeate rate with time for the three stages of the NF system 
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SE micrographs for membrane samples showing advance of fouling as function of time. 



 1. Colloidal Fouling 

 Through convective entrainment of organic, silt, and  colloidal particles and adsorption on  

membrane surface. 

 Through electrostatic interaction between the surfaces charge s of the colloid particles,  

and/or  chemical interaction through, 

 The interaction  between the polyvalent cations like iron or aluminum accumulated by 

membrane rejection in the diffusion  layer with the stabilizing charge of colloidal particles. 

 

 2. Primary Scale Deposition 

Parallel to 1 particularly in the last stages: 

 

Deposition of supersaturating of sparingly soluble salts/compounds in view of: 

 

 Inadequate acid  or  antiscalent dosage. 

 Exceeded system design parameters: 

   Too high recovery 

   Too slow brine flow 

 

 

Development of The Fouling Film 



Scale deposition, channeling, Strong concentration polarization, 

damage of hydrodynamic conditions.    



 3. Biofouling 

a) Primary bacterial adhesion   

 

  is controlled by:   Interfacial forces 

      Long range forces 

      Short range forces 

 

                            Surface free energies interaction. 

 

b) Film Growth and propagation 

 is controlled by : Type of bacteria 

   Temperature 

   Availability and nature of  nutrition: 

    C-rich compounds Important growth 

                     + weak adhesion 

     

    N-rich compounds Limited growth 

                     + Strong adhesion  

c) Film Denaturation  

   Physical 

   Chemical 

   Biological 

        

 

Biofilm further interferes with other wastewater components 



Membrane 
Autopsy 



Inorganic scale crystal bundles embedded in the organic/biofilm matrix   
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Conclusions 

 NF treatment of contaminated industrial wastewater resulted in organic/biofouling of 

membranes. 

  Results of inspection of fouled membrane surface by SE microscopy and of periodical 

analysis of the accumulated fouling deposit were correlated to the observed decline in NF 

performance.  

 Mechanism of development of fouling film is established.  

 Importance of interaction between the different forms of fouling on the decline of NF 

performance is demonstrated. 

  

 The main factors that enabled to control the fouling of NF membranes are: 

 

a) Hindrance of the adsorption of organics and microorganisms on membrane surface through 

promoting its hydrophilicity. 

b) Selection of membranes of lower surface charge and surface roughness. 

c) Periodical backwash of membranes coupled with intermittent choc chlorination.  

d) High temperature NF. 

 

 


