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ABSTRACT 

The conversion of saltwater and brackish water into fresh water through desalination has gained 

significant importance as a solution to the worldwide scarcity of fresh water resources.  The 

Reverse Osmosis (RO) method has been effectively utilized to generate fresh water from 

sources of brackish water. This research aims to examine the variables that affect the 

performance of the reverse osmosis process. The effectiveness of the membrane was assessed 

through experiments that explored the impact of varying operating conditions, such as feed 

pressure, temperature, and concentration, on the reverse osmosis pilot plant and salt solution 

system (consisting of NaCl and MgCl2). The selected membrane used a polymeric membrane 

constructed as FilmTec TW30-1812-50 spiral-wound module. The results showed that as the 

feed temperature and salt concentration increased, the salt rejection decreased. On the other 

hand, as the transmembrane pressure was raised, the membrane's salt rejection improved. The 

experiments revealed that the feed temperature and salt concentration have a significant impact 

on the membrane's performance. Among the various variables studied, operating pressure had 

the largest effect on the product rate. As operating pressure increased, the permeation flux and 

salt rejection also increased, with a salt rejection rate of 96% achieved at 5 bars. In addition to 

other factors, the concentration of the feed greatly influences the solute content in the final 

product. 
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1. INTRODUCTION 

Water is essential for preserving life on Earth and advancing human society. While water is a 

renewable resource, only a small portion of the total water on the planet is freshwater, and even 

less is easily accessible. As a result, freshwater resources are limited. With growing populations, 

rapid urbanization, and the effects of climate change, traditional sources of water such as lakes, 

rivers, and groundwater are becoming insufficient to meet the increasing demand for clean 

drinking water (Zioui et al., 2018; Zhu et al., 2019; Wang et al., 2021). Due to various reasons, 

many countries are facing a shortage of drinking water. Thus, it's important to utilize the 

seawater from oceans and seas, as they make up over 97% of the world's water supply, through 

desalination processes (Idrees, 2020; Lin et al., 2021). One of these countries is Iraq, where 

there is a shortage of surface water in many regions. As a result, some regions have started 

exploring alternative sources, such as brackish water (Taha et al., 2021). RO (reverse osmosis) 

technology has been developed to desalinate both seawater and brackish water using an 

asymmetric cellulose acetate membrane. However, in recent times, other materials have been 

proposed as alternative options (Al-Obaidi, et al., 2020).  

Compared to thermal desalination methods, membrane processes are considered to be more 

effective in water desalination. This is because they produce high-quality water at relatively 

low capital and operational costs (Goosen, et al., 2005; Qasim, et al., 2019). 

Reverse Osmosis (RO) is a process for treating water that involves using a semi-permeable 

membrane to remove salts and other contaminants. The efficiency of RO systems can be 

measured by parameters like the rejection rate, flow rate of the purified water, and recovery 

rate. Furthermore, aspects such as the quality of the feed water, the design of the system, and 

operating conditions can also affect the performance of an RO system (Nicholas, 2002). 

Compared to other desalination technologies, RO is the most dependable membrane method for 

desalinating seawater and brackish water. It is not only more energy-efficient but also more 

cost-effective than thermal desalination methods (Igobo and Davies, 2018). It is crucial to 

understand the behavior of the membrane and identify the key parameters that impact its 

performance in order to operate RO systems effectively. To do this, it is important to recognize 

the relationship between input parameters and the performance metrics of the RO process, and 
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determine which parameters have the greatest impact. Ruiz-Garcia et al. (2020) found a direct 

and linear relationship between feed pressure and water flow. 

Boulahfa et al. (2019) conducted an evaluation of the impact of operating parameters on an RO 

plant in Morocco over a period of five years. They compared the operating parameters with the 

analytical results from the ROSA software and found that a 4°C increase in feed temperature 

resulted in a 10% increase in permeate flow. According to Ansari, et al., (2021), the results 

showed that the performance of an RO unit is largely influenced by feed pressure and feed 

salinity. When the feed concentration was fixed, there was a strong linear relationship between 

feed pressure and both permeate and brine flow rates. The study found that a feed pressure of 

13 bar resulted in a maximum salt rejection of 98.8% and a minimum permeate concentration 

of 12 ppm. 

According to various studies, high feed flow rates and high operating pressures can negatively 

impact the quality of the permeate and product (Alsarayreh, et al., 2020). An increased feed rate 

can alleviate concentration polarization but also reduce permeate concentration (Kaghazchi, et 

al., 2010). Increasing pressure, feed concentration, and module area can lead to higher 

concentration at the membrane's wall (Kotb, et al., 2015). The pressure and flow rate have a 

positive impact on permeate salinity (Al-Obaidi, et al., 2018). Higher feed pressure leads to 

higher recovery rates, but also increases the possibility of contaminants entering through the 

membrane pores (Idrees, 2020). The solute's diffusivity in the feed solution of the membrane 

desalination system increases with temperature, while the water's viscosity and the membrane's 

resistivity both decrease when temperature drops (Lilane, et al., 2019). 

The objective of this study was to investigate the ability of the reverse osmosis (RO) process to 

separate salt from water with varying levels of salinity. The impact of feed salt (NaCl and 

MgCl2) concentration, feed pressure, and feed temperature on the effectiveness of the process 

was also examined. 

2. MATERIAL AND METHODS 

The feed water quality and plant operating conditions have a significant impact on the Spiral-

wound membrane system's performance (FilmTec TW30-1812-50 spiral-wound module), Fig. 
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1 depicts a laboratory reverse osmosis unit in this study. This unit consists of a feed tank, pump, 

and RO membrane. The fluid solution was formed in the tank by dissolving the solid salts (NaCl 

and MgCl2) individually as shown in Table 1, with different solute concentrations (150, 250, 

350, 450, and 550 ppm) in the feed tank, then it passes at a pressure of )1-5 bar   ( , and the 

temperature of the feed solution (15, 25, and 35 ºC), an electronic meter used to measure the 

TDS and temperature. 

Table (1) physical and chemical characteristics of the substance used. 

Type of 

substance 

Molecular 

weight 

Solubility Conductivity 

NaCl 58.44 

g/mol 

is highly soluble in 

water 

NaCl is an excellent 

conductor of 

electricity in its 

aqueous solutions. 

MgCl2 95.21 

g/mol 

is highly soluble in 

water, forming a clear, 

colorless solution 

MgCl2 is an excellent 

conductor of 

electricity in its 

aqueous solutions 

 

 

 

 

 

 

 

 

 

Fig. 1. The lab scale setup of the reverse osmosis process. 

 

3. RESULT AND DISCUSSION 

The average permeation flux, which describes permeating generation, and rejection, which 

established permeate quality, are the key characteristics of a RO membrane unit. Operating 

conditions like feed pressure, feed concentration, temperature, etc. might affect on these two 

parameters. These variables affect the effectiveness of the RO membrane system. 

The following criteria are employed to assess the effectiveness of the RO process: flow, water 
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recovery, and solute rejection: 

𝐽𝑣 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 (𝐿)

𝑀𝑒𝑚𝑏𝑟𝑎𝑛𝑒 𝑎𝑟𝑒𝑎 (𝑚2)∗𝑇𝑖𝑚𝑒(ℎ)
∗ 100                                                       (1) 

𝑊𝑅 =
𝑄𝑝

𝑄𝑓
∗ 100                                                                                           (2) 

The percentage of the feed flow that crosses the membrane is considered the recovery rate. 

Where Qp is the permeated flow, Qf is the feed flow, WR is the recovery %, and Jv is the water 

flux. The quantity of solute retained by the RO membrane is expressed as a percentage called 

salt rejection, which is calculated as follows: 

  𝑅 =
𝐶𝑓−𝐶𝑝

𝐶𝑓
∗ 100                                                                                         (3) 

Where R, rejection; Cf, and Cp are the concentrations of solutes (total dissolved solid) in feed 

and permeate samples, respectively. 

The impact of operating pressure on the rejection percentage for sodium chloride and 

magnesium chloride is shown in Fig. 2. With growing effective pressure, the rejection and flux 

will also growth. The product rate, rejection, and flux will all growth along with the effective 

pressure. The rejection rate is larger than the product rate because of the compacting and 

polarization that occur on the membrane surface (Junaidi et al., 2020; Pervov, et al., 2018). With 

increased operating pressure, there is a significant increase in TDS rejection (Junaidi et al., 

2020). 
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Fig. 2. Rejection as the function of Feed Pressure. 

As the supply pressure increased, the permeate concentration progressively decreased, 

suggesting that less permeate TDS is generated. Fig. 3 shows how the concentration of permeate 

decreases as pressure increases (Sarai Atab, 2016). 

 

Fig. 3. Permeate Concentration as the function of Pressure.  

Additionally, as seen in Fig. 4, salt rejection rises with decreasing temperature, indicating that 
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the amount of TDS in permeate increases as temperature rises. This results from the pore size 

impact and a decrease in solvent viscosity. The amount of TDS in permeate is regulated by both 

temperature and pressure. 

 

 Fig. 4. Rejection as the function of Feed Temperature.  

Another significant factor that influences the product water quality is permeate TDS. Fig. 5 

demonstrates how the solute concentration is affected by feed concentration at various feed salts 

(NaCl and MgCl2). An increase in solute flow is caused by raising the feed concentration for 

the sodium chloride-water system, which is seen as an increase in solute concentration in the 

finished product (Al-Alawy, 2002). 
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Fig. 5. Solute Concentration as the function of Feed Concentration.  

Fig. 6 shows that the rejection ratio decreases significantly as feed concentrations increase. This 

is due to the requirement for significantly higher transmembrane osmotic pressure and increased 

difficulties in resisting brine diffusion. 

 

Fig. 6. Rejection as the function of Feed Concentration.  
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4. CONCLUSIONS 

The performance of the reverse osmosis process is examined in this study, and it is enhanced 

through with of an experimental approach. In this study, a reverse osmosis system was used to 

treat various salt solutions (Sodium Chloride and Magnesium chloride). Under different 

working circumstances, the permeation flux and salt rejection are examined. The results show 

that the permeate salinity increases when the feed water temperatures increase from 15 to 35 

oC. This demonstrates how sensitive to feed temperature the spiral-wound membrane is. It is 

recognized that different salt inputs should not require a separate mechanism to maintain 

reverse osmosis selectivity. 

The reverse osmosis system responds more strongly to operating pressure, with increasing 

effective pressure, the permeation flux and salt rejection improve, with the salt rejection 

reaching 96% at 5 bar. Beyond a particular maximum value, increasing the pressure will cause 

the product's quality to decrease.  

Contrary to popular belief, raising the feed rate past a specific optimum value will result in a 

decrease in the rate at which water is produced because the high frictional pressure drop will 

result in a decrease in the net transmembrane pressure differential. 
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