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GUIDE TO USING ANTI-SCALANTS IN REVERSE OSMOSIS PLANTS 

 

Precipitation 
 
During the reverse osmosis process, the aqueous solutions treated undergo an increase of concentration of the 
exiting salts until becoming supersaturated, a characteristic which ultimately leads to the precipitation of crystalline 
deposits on the membranes. 
 
The precipitation process follows a very precise mechanism, which can be divided into four distinct phases: 
 
1) Ion aggregation 
2) Nucleation 
3) Crystal Formation 
4) Crystal accretion 
 
 

   
 
 
Insoluble crystalline deposits then begin to form on the membranes, causing leakages both in the permeate flow 
and in the salt rejection, and result in an increase in plant management costs, as more pumping pressures, more 
frequent washing and replacement of the membranes are required because of the damage that makes them 
ineffective. 
 
The most common deposits are Calcium Carbonate and Calcium Sulphate, but also the presence of high 
concentrations of Iron, Manganese and Silica and other less frequent compounds can cause considerable 
problems with the plant. Some insoluble deposits can be resistant to the substances used in washing, others can 
cause irreversible damage to the membranes. Preventing salt precipitation becomes crucial to increase the 
performance of the plants and make them economically more advantageous. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Prevention of precipitation 
 

Various techniques are available to prevent salt precipitation: 
 
 

 WATER SOFTENING ACID INJECTIONS DOSAGE OF 
ANTIPRECIPITANTS 

RANGE Very limited (only CaCO3) Limited Broad spectrum 

DOSAGE Stoichiometric Stoichiometric Sub-Stoichiometric 

CAPITAL COSTS High Medium-High Low 

OPERATING COSTS High Medium Medium-Low 

  
 
Antiscalants offer higher efficiency and versatility than other techniques. 
However, antiscalants are not all equal: in fact, using different molecules means varying the mechanism of action 
and their relative efficiency, and hence the end result. 
 
Phosphonates certainly offers the best compromise between efficacy in inhibiting the precipitation of salts, the 
ability to act as sequestrants of metal ions present in solution and stability, thus allowing the reverse osmosis 
plants to operate with greater recovery, thereby reducing the pumping costs. 
 
 

Antiscalants of general use 
 

Antiscalant may interrupt the deposition process by means of various mechanisms: 

−  Threshold Inhibition: The anti-precipitator acts during Phase 2 (nucleation), inhibiting the ion sorting 
process and preventing the formation of crystalline nuclei. The compounds used for the purpose are: 
phosphonates, polyphosphates, polymethaphosphates. 
 
EVERBLUE products are phosphated products. 
 
The diagram below shows the pattern of action of this type of product. 
 
 

 
 
 

− Crystal Distortion: The anti-precipitator intervenes in phase 3 (crystal formation), disintegrating crystal 
formation, thus preventing or delaying crystallization. The compounds used are organic polymers, predominantly 
polyacrylates, polymers, or polycarboxylic acids. 
 

− Dispersion: Dispersants use electrical repulsion to keep the crystals in suspension, preventing their adhesion 
to the surface of the membranes and their aggregation. 
 

− Complexity: Some molecules have the ability to bind the metal ions present in the solutions to form stable 
compounds that remain in solution, thus making the ion unavailable to the formation of crystalline precipitates. 
They are generally molecules with chelation capacity rather marked such as EDTA. 
 
The majority of modern antiscalants are mixtures containing mainly polymers and phosphonates. 
 



 

The polymer-based anti-precipitators prevent the formation of deposits on the membranes mainly by crystal 
distortion, however, they may exhibit less than both dispersion mechanisms and threshold inhibition. 
 
Although fairly effective and relatively inexpensive, they have negative points that cannot be underestimated: 
 

− They do not act as sequestrants of metal ions. 
-  Particularly polyacrylates are combined with Fe3 + ions present in water to form insoluble iron acrylates, which 
cause significant membrane clogging problems. 

− They can act as nutrients for biofouling microorganisms present in the water that are deposited on the 
membranes by forming a barrier that prevents the reverse osmosis process from working properly. 
- They are ineffective against silica. 
 
Although not a universal remedy for crystallization of salts, phosphonates provide the best combination of 
efficacy, stability and wide range of action: 
 
- They work as sequestrants. 
- They have a reduced potential for biofouling. 

− They are effective against a wide variety of precipitates, including those most problematic such as silica. 

− They have dispersing effect on colloids and organic matter in general and have moderate chelation capability. 
- Contrary to what is commonly believed, they do not cause eutrophication or flowering of algae. 

 
 
 

Specific antiscalants 

 
 
Broad-spectrum anti-sweepers fit well in many situations, but due to an ever-expanding reverse osmosis 
technology to new areas of the planet, problems of an unconventional water are becoming more and more 
common: 
 

− Water coming from arid or desert soils frequently contains high concentrations of calcium, magnesium, silica 
and sulphates. 

− Tertiary wastewater from recirculating systems usually have high levels of phosphates. 

− Massive extraction from aquifers can lead to deterioration of the water chemical composition over time. 
 
To better address the issues of this type of water, has EVERBLUE developed a range of specific products such 
as EVERBLUE 500, EVERBLUE 800. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

The range of EVERBLUE antiscalants 
 
 
The EVERBLUE range allows to cover all the possible situations and requirements of a reverse osmosis plant. 
The main antiscalants are listed in the table, for the complete list please see the website www.everblue.it 
 
 

Product Water Type Use/ 
Function 

Plant Type CaCO3 CaSO4 BaSO4 SiO2 Ca3(PO4)2 Fe/Mn 

EVERBLUE 100A All types Broad 
spectrum 

LARGE B E E E E B 

EVERBLUE 200  Brackish 
water 

Broad 
spectrum 

MEDIUM B E E E E B 

EVERBLUE 300 Brackish 
water 

Broad 
spectrum 

SMALL B E E N.R. E B 

EVERBLUE 500 Brackish 
water 

Silica ALL 
TYPES 

E E E B E E 
 

EVERBLUE 600 Sea water Broad 
spectrum 

LARGE B E E E E B 

EVERBLUE 800 I Brackish 
water 

Sulfate 
Calcium 

ALL 
TYPES 

B B E E E E 

 
N.R. = Not Recommended 
E = Effective 
B = Best  
 
 
Based on water quality and operational parameters, EVERBLUE 2003 software suggests the best anti-puncture 
product for a given system/plant, calculating optimum dosage and recovery. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.everblue.it/


 

 
 

Benefits 
 

Antiscalants not only prevent the formation of crystalline deposits but also help to reduce the general and 
operational costs of reverse osmosis plants by: 
 
- Increased system recovery (less supply of water to power, less energy consumption and lower discharge 
consumption). 
 

− Reduced or absent acid dosage. 
 

− Reduction in the frequency of washing (less time required, lower consumption of chemicals and membrane 
stress). 
 

− Increased membrane life time. 
 
The antiscalants should therefore be inserted since the time of plant/system design, so as to be able to obtain the 
maximum benefit, however the introduction into existing systems will still result in operating gains/earnings, as 
shown in the examples below: 
 
 
 

Plant  BWRO, France BWRO, Chile WWRO, Spain BWRO, Iran 
 

Permeate flow 
 

m3/d 500 18000 45000 7000 

Acid type 
 

 H2SO4 H2SO4 H2SO4 HCl 

Acid dosage 
 

Kg/d 58 1275 2790 132 

Recovery 
without 

antiprecip. 

 60% 60% 58% 48% 

Recovery with 
antiprecip. 

 

 80% 75% 75% 61% 

Antiprecipitant 
 

 EVERBLUE 100 EVERBLUE 500 EVERBLUE 600 EVERBLUE 800 

Water savings 
 

m3/y 75.000 2.190.000 6.419.000 1.121.000 

Energy savings 
 

kWh/y 55.000 1.423.000 3.600.000 857.000 

Acid savings 
 

T/y 21 466 1000 48 

 
 

 
 
 
 
 
 
 
 
 
WARNING 
 
 
All the information contained in this manual is to be considered purely indicative. 
Before carrying out any project or system it is mandatory to consult the EVERBLUE technical office 



 

 

 

Via Alberto Zanrè, 16 – Loc. Gotra - 43051 Albareto (PR) 

Contatti: +39 0525 1920100 – info@everblue.it – www.everblue.it 
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