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Reverse osmosis system flow 



RO membrane removal and pretreatment 



Pretreatment objectives 

The primary objective of pretreatment is to make the feed 

water to the RO compatible with the membrane.  

Pretreatment is required to increase the efficiency and life 

expectancy of the membrane elements by minimizing 

fouling, scaling and degradation of the membrane. 



Pretreatment objectives 

 Inadequate pretreatment often necessitates frequent 

cleaning to restore product flux and salt rejection. This 

results in excessive chemical cleaning costs, increases 

system downtime, and in severe cases will result in 

permanent loss of performance, membrane degradation 

and therefore shorter membrane life.  



Pretreatment guideline  

 The type and extent of a pretreatment system will depend 

on the type of source (i.e. well water, beach wells, open sea, 

surface water or partially treated wastewater).  

 The major difference is not only the feed water 

composition, but also water quality . 



Guideline  for acceptable RO feed water 

Parameter Recommended Maximum value 

Turbidity 0.5 NTU 

TOC 2 mg/l 

Iron 0.1 mg/l 

Manganese 0.05 mg/l 

SDI 3 

Oil & grease 0.1 mg/l 



Pretreatment types 

Membrane 

pretreatment 

Conventional 

pretreatment 



Prechlorination 

 Seawater typically contains microorganisms and bacteria that can 

form a bio-film on the membrane surface. 

 Killing / deactivating bacteria and microorganisms before the 

reverse osmosis membrane will prevent biofouling.  

 A continuous chlorine dose is around 3 mg/L 

 Helps oxidize metals 



Removal of iron and manganese 

Iron Removal Strategies  

Oxidation Processes  

Fe 2+ + (1/4) O2 + H+             Fe 3+ + (1/2) H2 O 

1. Potassium Permanganate and Depth Filtration  

2. Chlorine and Depth Filtration  

3. Manganese Greensand  

Mn-greensand removes soluble iron by a process of ion exchange, frequently with the release 

of hydrogen ions. The process is therefore pH dependent, being virtually ineffective below pH 

6.0 and very rapid at pH values above 7.5. When the Mn-greensand is saturated it is 

regenerated by soaking the filter bed with weak potassium permanganate solution 



Multimedia Filtration  
•Reduces turbidity and suspended solids.  

•Removes dirt, silt, and other particles (10-25 

microns).  

•Three layers of media consisting of Anthracite, Sand, 

and Gravel 

•Largest particles are trapped near the top of the filter. 

•Smaller particles are trapped deeper in the filtration 

bed.  

•The use of both anthracite and sand allows for longer 

run times. 



Multimedia Filtration  
Three main cycles:  

•Service 

•Backwash  

•Settle & Rinse 

•Backwash is initiated based on a differential pressure of 10-15 psi 

•Pressure drop across a clean multimedia filter is 3-5 psi 



De-Chlorination  

 Chlorinated feed must be de-chlorinated to prevent oxidation of 

membranes. 

 Chlorine level before membranes is monitored by an ORP (oxygen 

reduction potential) sensor.  

 There are two common pretreatment methods for reducing chlorine 

levels are by absorption onto activated granular carbon filter media, or 

by the use of a chemical reducing agent such as sodium bisulfite 



Antiscalant 

• Feed must be injected antiscalant to prevent scaling or fouling the membranes. 

• RO Antiscalant chemicals are surface-active materials that interfere with precipitation 

reactions in three primary ways: 

• Threshold inhibition: it is the ability of an antiscalant to keep supersaturated solutions of 

springily soluble salts. 

• Crystal modification: it is the property of an antiscalant to distort crystal shapes, resulting in 

soft non-adherent scale.  

• Dispersion: which is the ability of some antiscalant to adsorb on crystals or colloidal 

particles and impart a high anionic charge, which tends to keep the crystals separated  



The impact of inadequate pretreatment  

• Accelerated increase in net driving pressure  

• Accelerated reduction in normalized permeate flow  

• Accelerated increase in pressure drop across the vessel  

• Increase in the RO cleaning frequency  

• Reduced RO membrane life as a result of increased RO cleaning  

• Reduced plant availability as a result of increased RO cleaning.  



Membrane fouling and scaling 

Scaling refers to precipitation and deposition of sparingly soluble salts such as Calcium 

Sulfate, Barium Sulfate, Calcium Carbonates, Silica, Calcium Fluoride and any other 

super saturated salt on the immediate surface of the membrane. Typically scaling starts on 

the tail elements of the last stage (on the reject side), since they are treating water with the 

highest concentrations of ions. Once a crystal of scale forms within the membrane 

element, it acts as a nucleation site for additional scales to form and the rate of scale 

formation increases exponentially.  



Membrane fouling and scaling 

Fouling refers to entrapment of particulates, such as silt, clay, suspended 

solids, algae, silica, iron flocs and other matter on the surface, or even worst, 

within the membrane pores. Typically fouling occurs in the lead elements of 

the first stage initially and then it works itself through the following elements. 

Depending on the operating conditions and water chemistry some metals, 

such as soluble iron and manganese, oxidize once they are within the 

membrane system and can precipitate anywhere throughout the RO system.  



Reverse osmosis membrane 



Reverse osmosis membrane element 



RO membrane element component  



Local manufacture process of RO 1812 element 

Casting line for continuous flow PS supporting membrane manufacture 



Coating line for continuous flow production of TFC-RO membrane sheet 

Local manufacture process of RO 1812 element 



RO Element rolling 

Local manufacture process of RO 1812 element 



Local manufacture process of RO 4040 &8040 element 

Coating line for continuous 

flow production of TFC-

RO membrane sheet 



Local manufacture process of RO 4040 &8040 element 

RO Element rolling 




