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Abstract: Forward Osmosis is the sustainable way to treat wastewater resources, specifically for industrial wastewater 

treatment. In this work, the concept of forward osmosis-reverse osmosis (FO-RO) was demonstrated and applied to textile 

wastewater. This work was done by a couple of experiments. The first experiment was performed by a lab-based forward 

osmosis set-up where textile wastewater was taken as a feed solution and NaCl as a draw solution. An experiment was done 

at a batch mode with the draw solution (NaCl) having different concentrations like 1, 1.5, 2, 2.5, and 3 M. After each batch 

with different concentration of NaCl the Total Dissolved Solids (TDS) of diluted draw solution and concentrated feed 

solution as well as Chemical Oxygen Demand (COD) of concentrated feed solution was measured. Results indicated that; 

feed solution gets more concentrated as the concentration of draw solution increases in the draw stream which means high 

rejection of solutes could be achieved by increasing the concentration of draw solution. In the second experiment, reverse 

osmosis was attached after the forward osmosis set-up. The same feed was been applied to this hybrid process but at 

continuous mode where RO was kept to recover water from diluted draw solution and RO reject from this process was 

returned to the draw stream to reuse as a draw solution. By this coupled process, 75% of water recovery and 97% of TDS 

removal could be achieved. 

Index Terms: Forward Osmosis; Reverse Osmosis; Total dissolved solids; Chemical Oxygen Demand; draw solution; feed 

solution; water flux  

I. INTRODUCTION 

      Wastewater is basically the liquid waste produced by the community after it has been used in various applications. 

Wastewater treatment is the process to remove undesirable solutes from wastewater and produce effluent that can be 

disposed to the water sources. 

          Membrane process is one of the most efficient physical treatments of wastewater. Membranes act like a cell wall 

which allows water to pass through but restrict unwanted substances from passing through it. In membrane process, fluid is 

passed through the membrane due to difference in pressure between both the sides of membrane. Some of the membrane 

technologies are as follow: 

 Forward Osmosis 

 Reverse Osmosis 

 Microfiltration 

 Ultrafiltration 

 Nanofiltration 

 

II. FORWARD OSMOSIS 

            Forward Osmosis is the membrane process that has been used to treat industrial wastewater as well as leachate. It 

is also a sustainable solution as it is used for desalination of seawater and purifying water for relief during an emergency. 

Recent development also uses FO for controlling drug released into the body. Forward Osmosis is advantageous because it 

is being operated at nearly zero hydraulic pressure that means FO uses natural osmosis for the separation of water from 

solutes. It leads to high efficiency in the removal of contaminants and it has lower membrane fouling than other membrane 

processes. FO involves only one pressure which is due to the flow resistance within the membrane module. Forward 

osmosis process involves feed solution and draw solution where draw solution has higher solute concentration with 
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compared to feed solution. Due to high concentration difference, osmotic pressure has taken place naturally and therefore 

feed water moves towards draw solution. This movement results in dilution of draw solution and up-concentration of feed 

solution. In the forward osmosis process, NaCl, MgCl2, CaCl2, etc. are used as a draw solution. 

III. FO-RO TREATMENT: 

             The forward osmosis-reverse osmosis (FO-RO) integrated system is a newly approached membrane-based 

technology. FO-RO process is beneficial for the concept of ZLD or minimal liquid discharge as this hybrid technology has 

high parameters removal efficiency and high water recovery. This newly developed technology is energy beneficial which 

is ultimately been proved as a cost-beneficial process.  

             In this membrane process, as the concentration of draw solution increases, the feed solution gets more 

concentrated; which means that a high amount of solutes are rejected from the feed water. During this process, the draw 

solution gets diluted by the separated water from the solutes by the FO membrane. This diluted draw solution is been 

applied to RO which gives high-quality recovered water. The reject from the RO system consists of a high amount of salts 

therefore, this reject is returned and reuse as a draw solution. 

IV. MATERIALS USED IN FO-RO SYSTEM: 

            In this work, the FO membrane module is made up of Thin Film Composite (TFC) hollow fibers. A positive 

displacement pump was been used for applying desirable flow to the draw solution and feed solution. Various 

concentrations of NaCl like 1M, 1.5M, 2M, 2.5M and 3M were used as a draw solution. Wastewater from the textile 

industry was taken as a feed solution for the FO process. Commercially available RO was used in the FO-RO system for 

draw recovery after the FO process.  

Figure 1 Thin Film Composite (TFC) hollow fibers 

 

 

 

 

 

 

 

 

Figure 2 FO Membrane Module 
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V. EXPERIMENTAL PROCEDURE: 

            This work was divided into two experiments; the first experiment was done to analyze the performance of the FO 

process and the second experiment was conducted by attaching FO and RO system for checking water recovery and TDS 

removal. 

1. FO Performance Observation: 

            In this experiment, a lab-scale FO module was kept with a draw and feed solution container. The flow rate of draw 

solution and feed solution was kept at 5 L/hr and 2 L/hr respectively. This process was done in batch mode and each batch 

was performed for an hour. We had taken NaCl solution as a draw solution for the FO process. NaCl was been taken with 

different concentrations like 1M, 1.5M, 2M, 2.5M and 3M. 

              After 1 hour of a batch, concentrated feed solution and diluted draw solution were analyzed. Total Dissolved 

Solids (TDS) and Chemical Oxygen Demand (COD) of concentrated feed solution and Total Dissolved Solids (TDS) of 

diluted draw solution was been measured after 1 hour of each batch. 

Table 1 Initial Quality of Textile wastewater (Feed Solution) 

pH 6.96 

TDS 2800 mg/L 

EC 4.68 ms 

COD 1760 mg/L 

   

 

 

 

 

 

 

 

 

 

 

Figure 3 Forward Osmosis (FO) set-up 

2. FO-RO System Performance: 

              In a lab-scale FO-RO integrated system, we had attached a commercially available RO system after the FO 

module. RO was been kept in a way that it can recover the water from the diluted draw solution coming from the FO 

system as well as RO reject can be returned to the draw stream for reuse as a draw solution.  

              This hybrid process was done in a continuous mode. Flow for the draw and feed solution was kept at the same rate 

as in the individual FO process. Water recovery from applied diluted draw solution and TDS removal were measured. 
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Figure 4 FO-RO Lab-scale System 

 

VI. RESULTS AND DISCUSSION: 

Results noted after both the experiments are as follows: 

1) FO Performance Observation: 

            This work was been performed with different concentrations of NaCl. Firstly initial TDS of NaCl having various 

concentrations were measured. After 1 hour of every batch, the TDS of diluted draw solution were noted. From that, we 

could able to know the percent decrease in TDS of draw solution or how much draw solution had been diluted after an 

hour. 

Table 2 Initial and final (after 1 hour) TDS of Various Concentration of NaCl 

 

          This FO process was done at a batch mode and during the process, the feed solution gets concentrated. Therefore, we 

measured the TDS of concentrated feed solution after 1 hour of a batch. From results, we could able to know the increment 

in TDS of feed having initial TDS 2800 mg/L. Increased TDS in feed after an hour indicates solutes rejection from the 

feed.  

 

 

 

 

NaCl Concentration 

(M) 

Initial TDS of Draw 

solution (mg/L) 

TDS of Draw solution after 

1 hour (mg/L) 

% decrease in TDS of 

draw solution 

1 58440 41500 28.98 

1.5 87660 65810 24.92 

2 116880 81816 30 

2.5 146100 104000 28.81 

3 175320 122520 30.11 

          FO Module   Feed 

Water 

Feed 

outlet 

RO 

System Draw 

Solution 

Diluted Draw Solution 

Permeate 

water 

RO Reject 
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Table 3 TDS of feed after 1 hour of batch with various concentrations of NaCl 

NaCl Concentration  

(M) 

TDS of concentrated feed 

solution (mg/L) 

1 20320 

1.5 24550 

2 39864 

2.5 44900 

3 55600 

 

 

 

 

 

 

 

 

Figure 5 Changes in TDS of Feed and Draw solution after 1 hour 

          Figure 5 represents that the TDS of feed solution increases with increasing concentration of NaCl. As the 

concentration of the draw solution increases, the osmotic pressure between the two solutions is also increases. Therefore 

feed solution gets more concentrated which leads to the higher rejection of solutes. Percent decrease in draw solution 

represents that draw solution gets diluted after 1 hour of FO process. 

          Chemical Oxygen Demand (COD) of feed solution was been measured after each batch. Changes in COD of the feed 

sample after 1 hour were noted. The initial COD of feed sample was 1760 mg/L. 

Table 4 COD of Feed sample after 1 hour 

NaCl  Concentration 

(M) 

COD of concentrated feed after 1 hr 

(mg/L) 

1 5400 

1.5 6655 

2 7536 

2.5 8680 

3 10276 
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                                                   Figure 6 Changes in COD of feed solution after 1 hour 

          The above Graph (Figure 6) indicates that the COD of the feed sample is increased after 1 hour. Figure 6 represents 

that COD of feed sample increases with increasing concentration of NaCl, which means feed sample is being concentrated 

more with an increase in the concentration of draw solution. Therefore high solute rejection can be achieved by increasing 

the concentration of draw solution as a high concentration of draw solution leads to create high osmotic pressure. 

           Water flux is an important factor in the performance of any membrane process and it also affects FO performance. 

Therefore, water flux was observed in every batch with various concentrations of NaCl. Water flux (Jw) in the process is 

permeated water passing through the effective membrane surface area in a unit of time. 

                        Jw = Δv 

                               Am Δt 

Where Δv=  

Permeate water over 1 hour (L) 

             Am= Effective membrane surface area 

 

Table 5 Water Flux achieved with different concentration of NaCl 

NaCl concentration (M) Wat1er Flux (L/m2h) 

1 31.81 

1.5 34.47 

2 33.4 

2.5 33.94 

3 34.47 
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Figure 7 Changes in water flux with different concentrations of draw solution 

          The above Figure shows that in most cases water flux increases with increasing concentration of NaCl. Here, we 

observed that a sudden increase took place for 1.5M concentration and it decreased for 2M concentration. After that water 

flux uniformly increased with increasing concentration of draw solution.   

2) FO-RO System Analysis: 

          RO system was kept after the FO system. A diluted draw solution had been sent to the RO system for water recovery. 

As we estimated, 75% of water was recovered from the diluted draw solution. RO reject from this process was returned to 

the draw stream for using it again as a draw solution. From this integrated system, 97% of TDS can be removed from the 

diluted draw applied to the RO. Due to high water recovery and TDS removal; water can be reused for other purposes.  

VII. CONCLUSION: 

From this work we concluded: 

 Rejection of solutes from the applied wastewater sample is highly dependent on the concentration of draw solution 

used. 

 Low fouling of membrane is the major benefit of the FO process therefore ultimately this integrated process is 

being proved as cost-beneficial process. 

 FO needs very low energy as it works on the natural osmosis principle and it is efficient in rejection of solutes 

therefore we can also conclude that the FO process is an energy beneficial process. 

  FO-RO coupled process is very efficient when water recovery is the main aim. As per the analysis that was been 

done in this work, FO-RO integrated process is a great approach in the zero liquid discharge or minimal liquid 

discharge areas. 
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