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Abstract— RO is traditionally used for treating seawater and brackish water to turn them into potable water. Membrane commonly 

used in RO process is polyamide thin film composite. After several runs at the end of desalination treatment , the membrane used 

undergoes transformation in its physical and chemical properties and prone to membrane fouling . The objective of the present work is 

to study fouling in RO membrane using SEM analysis and identification  of the elements using energy dispersive spectrum.  Brief study 

of the membrane fouling and prevention methods to achieve water purity in RO process is discussed in this paper. 
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I. INTRODUCTION 

Reverse osmosis is the process by exerting a hydraulic pressure greater than the sum of the osmotic pressure difference and the 

pressure loss of diffusion through the membrane can cause water to diffuse in the opposite direction into more concentrated 

solution. The greater the pressure applied, the more rapid will be the diffusion. Higher water efficiency works under optimum 

design pressure and varies  for different membrane model. RO membrane is hydrophilc in nature. 

 A typical RO system consists of four major subsystems, feed pretreatment system, high-pressure pump, membrane module, and 

post treatment system. Using a high-pressure pump, the pretreated feed water is forced to flow across the membrane surface.  

Brackish groundwater has a much lower osmotic pressure than seawater; therefore, its desalination requires much less energy. 

Total Energy consumption for SWRO plant is around 3-4 kwhr/m3 for 50% recovery [1].RO membrane should have the following 

characteristics such as (a)Membrane should be easily manufactured with good salt rejection i.e. slightly permeable to salt. They 

should be hydrophilic and have high water flux i.e highly permeable to water and less susceptible to fouling.The membrane 

should be chemically, physically and thermally stable in saline waters.  

A.Advantages 

There are lot of Advantage of RO membrane separation process compared to thermal desalination techniques are Low energy 

requirement,Low operating temperature,Low water production cost,Good modular design,Good quality of distillate with 99% salt 

rejection. 
B.Fouling In Revese Osmosis 

In Reverse osmosis process the quality of distillate gets worsened due to the effect of scaling and membrane fouling. It is 

proportional to the permeate flow rate reduction and permeate flux decline which affects the performance of the Reverse osmosis 

process. Hence more focus has to be shown in scaling and fouling control studies[2]. Thus inorder to reduce the structural damage 

and the effects of membrane fouling, monitoring and controlling the quality of feed is utmost important in the RO membrane 

separation process.[3] 

II.EXPERIMENTAL METHOD 

A.REVERSE OSMOSIS 

Reverse osmosis membrane model used for this work is BW30-365 from Film Tech membranes. RO plant was designed by 

Crystal water technologies,Chennai. RO plant comprises of two units , they are Pretreatment unit:This section ensures disinfection, 

pH adjustment by sulphuric acid, removal of chlorine by sodium bisulphite, use of antiscalant like phosphonate, prefilteration 

system like sand filter media and carbon filter media, micron filter cartridge are used. RO unit consists of two RO membrane 

elements of 8 inch diameter per pressure vessel with a capacity of 9500gpd nominal permeate production. RO membrane element 

is a make of Film Tech.Components of RO plant and RO membrane specifications is mentioned in the below table.1 Reverse 

osmosis set up for brackish water is automated with proper instrumentation like product flow indicator, reject flow indicator, feed 

pressure, membrane pressure, total dissolved solids (TDS) indicator which is shown in the below figure-1. In the process of 

reverse osmosis, the feed well water is fed continuously in a single pass mode and the whole process is pretreated before it passes 

to the hydrophilic membrane and the product water is collected for different time intervals at different operating pressure and feed 

flow rate for the calculation of permeate flux performance. At an optimum feed pressure of 6.5 kg/cm2,the average permeate flux 

was found to be 21.31 l/m2hr with salt rejection of 97.62%, for the  high feed pressure 9 kg/cm2 ,the average permeate flux was 

found to be 24.11 l/m2hr with the salt rejection of 97.64%. TDS of permeate water was found to be 7.9 ppm for 6.5kg/cm2 and 

7.84 ppm for 9 kg/cm2. It is concluded to run the RO plant at an optimum design feed pressure than  high feed pressure in order to 

reduce the energy consumption of pump and membrane scaling due to  high pressure drop . Salt rejection for different operating 

pressure were studied for reverse osmosis and the data obtained was shown in the Table.2. It is noted  that the average flux for 

increase in pressure  increases  and then decreases after the optimum design pressure . Average flux for optimum design pressure 

was given in table -3 Water recovery depends on product flow rate than the feed flow rate and TDS of product water. As time 

increases the product volume increases and the permeate water flux decreases were illustrated in fig- 3 and fig-4. By measuring 

the salt rejection and product flow rate, the performance of reverse osmosis can be assessed.[4] 
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TABLE-I. RO Membrane specifications 

Components of RO plant RO Membrane 

1. Raw water pump - 1 No., Krilosker, Flow ,4 m3@ 3.5 

kg/cm2, Power - 3 HP(Single phase) 

2.  FRP vessel; Make(Pentair)-  2 Nos. 

3. Multiport valve - 2 Nos. 

4.  Filter media (for sand filter, graded pebbles, core sand 

and fine sand) - 1 Lot 

5.   Filter media ( For carbon filter, core silex, & 

activated carbon IV 900 grade) - 1 Lot 

6. Micron filter housing (Jumbo) - 2 Nos.  (20'' size pp 

housing) 

7. Micron filter cartridge ( 20'' jumbo cartridge) -  2 Nos. 

8. Dosing pump with tank  - 2 Nos. 

9. Flow : 6 lph@ 3.5 kg/cm2 with 50 lts ,chemical tank 

with accessories 

 

1. RO membrane housing 8'' dia double element FRP 

housing with end connectors - 1No. 

2. RO membrane( 8'' dia thin film composite material) - 

2 Nos. ,Make- Film tech (USA) 

3.  Control panel controls(It controls raw water pump, 

high pressure pump, dosing pump and floaty level 

switches) - 1No 

4.  Floaty level switch ( Water low level & high level 

cut off switches for treated water and waste water) - 

2 Nos. 

5.  Flow meters(Flow meters for treated water and 

waste water flow indicators) - 2 Nos. 

6.  SS Pressure gauges - 7 Nos. (For PSF, ACF , inlet 

and outlet Pressure, for micron filter& RO 

membrane feed & reject pressure to  monitor 

through pressure gauges) 

7.  Low pressure switch, For protecting dry run of high 

pressure pump - 1 No. 

8. Conductivity meter,  For indicating the treated water 

total dissolved solids(TDS) ppm level - 1 No. 

9.  High pressure pump - 1 No.Make - Grundfos. Power 

: 5 HP( 3 Phase) 

10.  Prefilteration system( fully automation) - 2 Nos. 

 

 
 

                
                          Fig.1 PHOTOGRAPHS OF REVERSE OSMOSIS PLANT                                               Fig.2.C.S. of Membrane 

     

 
TABLE-II  

  Feed pressure with variation of Salt rejection at different product flow rate 

S.NO Feed 

Pressure 

(kg/cm2) 

Product flow 

rate 

(lph) 

TDS(ppm) Salt rejection% 

1. 4 990 9.18 0.972 

2. 5 1250 8.93 0.9732 

3. 5.5 1400 8.37 0.975 

4. 6.5 1550 7.9 0.9762 

5. 7 1800 7.81 0.9765 

6. 7.5 1900 7.7 0.9768 

7. 8.5 2100 8.1 0.9756 

8. 9 2300 7.84 0.9764 

9. 10 2450 8.7 0.9738 

10. 10.5 2600 9.26 0.97219 
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Fig.3. Feed pressure Vs Salt rejection 

Table-III  

Time VS Permeate flux  at a feed pressure of 6.5 kg/cm2 ,  product flow rate of 98lpm & feed flow rate of 26lpm 

S.NO Time(min) Product volume(l) Flux(l/hrm2) 

1 1 23 21.14 

2 2 54 26.50 

3 3 82 24.11 

4 4 103 25.25 

5 5 119 21.88 

6 6 131 19.26 

7 7 150 19.03 

8 8 167 18.89 

9 9 181 17.74 

10 10 210 19.30 

Avg flux 21.31 

 

 
Fig.4.Time vs product volume at feed pressure 6.5 kg/cm2 

B.MEMBRANE AUTOPSY  

[5]Membrane autopsy is the only technique used to identify the cause of poor membrane performance.This requires a 

sacrificial membrane element to be removed from the plant for destructive analysis. Analytical techniques are used to 

determine the nature of membrane foulant present on the membrane surface. A first step in autopsy is the selection of 

the appropriate elements. Precautions must be taken to preserve the original biomass composition, activity, spatial 

distribution and density as present under operational conditions in the membrane element. The key steps of membrane 

autopsy procedure are  Selection of representative element (or elements) , Dissection Analysis, Identification, Remedy. 
C.SEM-EDS ANALYSIS 

SEM- EDS analysis is  one of the fouling analytical methods  which have been used to describe the membrane scaling and the 

elements responsible for fouling on the membrane surface.The decline of  permeate flux is the indicator of  low performance of 

reverse osmosis membrane. SEM imaging  coupled with EDS enables the identification of fouling compounds and consider to be 

the best effective method in the area of fouling study. From fig.5, it was shown from EDS analysis the deposits of elements like C, 
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Na, Al, Cl, Ca, O, Mg, Si, K on the membrane surface which is the prime cause for fouling were present. The results obtained 

from EDS was given in table.4 i-e. the weight % of fouling elements. The quantitative results of bivalent ions are shown in 

figure.8 as Ca 5.47%, Mg 0.56%, Na 0.62%, Cl, 1.17% 

 

 
Fig.5Time vs Permeate flux at feed pressure 6.5 kg/cm2 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.6 EDS SPECTRA OF DEBRIS SAMPLE 

 

 

 
Fig-7  SEM  ANALYSIS OF FOULED DEPOSITS ON  MEMBRANE SURFACE(HIGHLY MAGNIFIED) 
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Fig-8   SEM  ANALYSIS OF FOULED DEPOSITS ON MEMBRANE SURFACE 

 
TABLE-IV 

 ELEMENTAL ANALYSIS OF DEPOSITS ON MEMBRANE SURFACE 

S.NO ELEMENTS WEIGHT(%) ATOMIC (%) 

1 C 51.35 63.64 

2 O 28.59 26.60 

3 Na 0.62 0.40 

4 Mg 0.56 0.34 

5 Al 2.35 1.29 

6 Si 9.60 5.09 

7 Cl 1.17 0.49 

8 K 0.29 0.11 

9 Ca 5.47 2.03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-9  QUANTITATIVE RESULTS OF DEPOSITS ON MEMBRANE SURFACE 

D.Methods to Prevent Fouling 

For aqueous based separation cellulose acetate is treated in reverse osmosis and ultrafiltration membrane. Because of poor 

mechanical strength   and low chemical resistance it cannot be used for aggressive cleaning if it is fouled, modification of this 

membrane gains importance. Blending of polysulphone with cellulose acetate provides high rigidity and chemical resistance , can 

be widely used in membrane applications. [6]Maintenance of  sand filter on regular basis is foremost important.By the application 

of antiscalants specifically for silica can be recommended. EDTA and soda solution can be applied to prevent salts and organic 

materials, citric acid  can be used to remove metallic oxides[7]Antiscalants and scale inhibitors work by interfering with scale 

formation and crystal growth. The choice of antiscalant or scale inhibitor to use and the correct dosage depends on the feed water 

chemistry and RO system design.[8]Regular maintenance of sand filters. Use of antiscalants efficiently to inhibit the precipitation 

of salts, Replace the corroded cartridge filter, When the performance of membrane was observed ensure cleaning of membrane by 

EDTA to remove salts and organic matter. Citric acid cleaning to remove metallic hydroxides. 

 

Quantitative results
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III.RESULT AND DISCUSSION 

The calculation for salt rejection was done using the following expression 

Salt Rejection % = Conductivity of feed water - Conductivity of Permeate water  x 100                                                                     

 Conductivity of feed  

 

SEM analysis confirmed the presence of high carbon amounts (51.35%). Oxygen in the form of inorganic salts as 28.59% as 

shown in fig.6 & fig.7.This may be due to the partial oxidation of metals in the form of silicon oxide and aluminium oxides. 

Deposits of silicon as 9.60% in the form of Sio was also seen in the analysis. Its presence may be due to sand particles from the 

sand filter media. Alkaline salt deposits of Ca, Mg, Na were also seen as shown by the elemental composition of debris.Its 

presence may be due to the feed water sample. 

IV.CONCLUSION 

Fouling study was done using destructive membrane autopsy.Analysis of fouling by SEM coupled with EDS enabled us to explain 

the presence of elements  C,O,Na,Mg,Al, Si, Cl, K and Ca in the debris sample. Foulant deposits may be due to types of  different 

feed sources taken for water purification, hydrodynamic conditions, inefficient antiscalants, detachment of coating film from 

cartridge filter, escape of sand particles,carbon from sand bed filter and carbon filter media. Thus prevention of fouling 

methodology can be adopted for the optimal permeate production and further increase  in the membrane performance to reduce 

the decline of permeate flux. 
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