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A B S T R A C T 

The major goal of the presented study is to study the Reverse Osmosis (RO) characteristics for (Cd, U, Pb, 

Cu, Zn, K, Th, and Ni) removal from an aqueous solution containing Phosphogypsum.   This was performed 

done by examining the impact related to temperature and pressure on the performance regarding the RO 

membrane in the removal of elements with time. Values of temperatures (25, 35, and 45o C) and various 

pressures such as (2, 4 and 6 bars) were used in this work. It was found that, as the pressure increases, the 

flux permitted and rejection of elements would be increased, where were the values of maximum rejection 

of elements 81,90.9,90.9,77.5,80.2,93.9,92.9 and 76.6% for Cd, U, Pb, Cu, Zn, K, Th, and Ni respectively, 

when operating time 90 minutes and pressure 6 bar. The temperature increases the flux permitted while the 

rejection of elements was steady state almost with the increase in temperature for all heavy and radioactive 

elements. It was also shown shows that these a steady-state has stopped after 35 ºC and rejection start to 

decrease until reaching 75,85.4,86.2,73.8,74,91.2,86.2 and 69% for  Cd, U, Pb, Cu, Zn, K, Th, and Ni 

respectively. 

 

 

© 2020 University of Al-Qadisiyah. All rights reserved.    

1. Introduction 

Phosphogypsum (PG) can be defined as a solid waste by-product that is 

created throughout phosphoric acid’s production from the phosphate rocks 

with the use of the process “wet acid” Al-Hwaiti et al. [1]. This waste has 

been presently responsible for more than 90% of the production of 

phosphoric acid. Globally, generating PG has been approximately 280 

million tons per year (2010) Perez-Lopez et al. [2]. Yet, just 15% regarding 

the production of PG in the world has been recycled as building materials 

Zhou et al. [3], Agricultural fertilizers, soil amendments, and asset 

manufacturing Portland cement Degirmenci et al. [4]. The other 85% 

regarding the production of PG in the world have been disposed of with no 

treatment. Such by-product has been dumped typically in the large 

stockpiles, and after that subjected to weathering processes, occupy 

significant lands and resulting in damage to the environment (chemical and 

radioactive contamination) Shweikani et al. [5]. Phosphogypsum mainly 

consists of calcium sulfate dihydrate (CaSO4.2H2O) and contains a high 

level of impurities originating from the source phosphate rock that is 

utilized in the production of phosphoric acid. From such impurities, 

radionuclides from 238-U and 232-Th decay series have been a major 

concern because of their radiotoxicity. Furthermore, there are other 

elements; including heavy metals and Rare Earth Elements (REEs) have 
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been enriched in PG. The United States Environmental Protection Agency 

(USEPA) defined PG as “Technologically Enhanced Naturally Occurring 

Radioactive Material” (TENORM), since it generally consists of trace 

amounts regarding thorium, uranium, in addition to daughter products from 

actinides decay chains (radon and radium) Calin et al. [6]. Approaches to 

remove metal ions from the aqueous solutions majorly involve physical 

methods as well as chemical ones. Traditional methods to remove metal 

ions from the aqueous solutions were fumigation, flotation methods, ion 

exchange, filtration, chemical precipitation, electrochemical treatment, 

adsorption on effective charcoal, etc. Santos et al. [7]. In this study, reverse 

osmosis has been used to remove heavy and radioactive elements from the 

leach solution, because this method has advantages in removing 

contaminated elements. Efficient use of the (RO) membrane has been 

documented for the transaction of Cr and cyanide metal-plated wastewater 

Abdullah et al. [8]. In the membranes, the separation of the particle 

fulfillment in a sieve-like approach, in which the membrane’s small pores 

allow the passage regarding extremely small molecules whereas retaining 

large particles. RO can be considered as a separation process which applies 

pressure for forcing solutions through a membrane, retaining the solute on 

one side as well as allowing the passing of pure solvent to the other. In such 

case, the membrane is considered to be semipermeable, which means that 

it will allow the passage regarding solvent, yet not for the metals. The RO 

membranes utilized are the dense barrier layer in a polymer matrix in which 

the majority of separation takes place. RO has the ability to remove 

different types of ions and molecules from the solutions; RO includes 

diffusion method so that the separation efficiency will be based on water 

flux rate, pressure, as well as solute concentration Papageorgiou et al. [9]. 

Many ways used the recuperation of trace elements with various acids from 

phosphogypsum, however, they are economically expensive and have a 

negative environmental impact. This study has chosen water as the solvent 

for the phosphogypsum treatment and recovers the heavy and radioactive 

elements. In addition, reverse osmosis is often used to treat hospital waste 

and wastewater. In this study, used the reverse osmosis method as a 

complement to the leaching process to remove heavy and radioactive 

elements. 

2. Material 

A representative sample of the Phosphogypsum (which was used in this 

study) was obtained from the Al-Qaim fertilizers complex at the Al-Anbar 

government. Fig. 1, shows the main mineralogical phases of the 

Phosphogypsum sample which are (calcium sulphate) with other secondary 

minerals such as dolomite and brucite, where can be seen, the percentage 

of calcium sulphate has the largest proportion with a few percentages of 

dolomite and brucite impurities, while calcium sulphate was (93.6%), 

dolomite (2.4%), brocite (4.1%). Table 1 shows the Chemical analysis of 

the sample which was performed by X-Ray Fluorescence (XRF). The 

atomic absorption spectroscopy type (nova AA 350) at Ibn-Sina state Co .

labs. Used to determine the dissolved heavy and radioactive elements in the 

solution of the leaching process. 

 

 

 

 

Figure 1. XRD pattern of Phosphogypsum 

 

Table 1. XRF analysis of the sample 

Symbol Concentration % symbol Concentration % 

MgO 3.536 2ZrO 0.00014 

3O2Al 0.0038 5O2Nb 0.00014 

2SiO 1.152 Mo 0.00072 

3O2P 2.006 Ag 0.00114 

3SO 46.42 Cd 0.00020 

Cl 0.05028 2SnO 0.00107 
O2K 0.0675 5O2Sb 0.00236 

CaO 36.91 Te 0.00101 

2TiO 0.0082 I 0.00159 

5O2V 0.0061 Cs 0.00040 

3O2Cr 0.00073 Ba 0.02104 
MnO 0.00067 La 0.00020 

3O2Fe 0.01769 Ce 0.00020 
CoO 0.00039 Hf 0.00010 

NiO 0.00185 5O2Ta 0.01523 

CuO 0.00334 WO3 0.00020 
ZnO 0.00890 Hg 0.00010 

Ga 0.00005 2TiO 0.00011 
Ge 0.00005 PbO 0.00114 

3O2As 0.00007 Bi 0.00010 

Se 0.00005 Th 0.00010 
Br 0.00024 U 0.00150 

O2Rb 0.00006 Y 0.00285 
SrO 0.6326   
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3. Procedure of reverse osmosis  

Fig. 2, shows the reverse osmosis unit used. Phosphogypsum sample 

was used for each one of the tests, the feed should be prepared initially 

through dissolving the needed quantity of phosphogypsum (0.64 g\1L) 

Jalhoom1 et al. [10], in deionized water with stirring speed 600 RPM 

contact time  30 min., temperature 45 °C, and particles size  (-710 +75µm). 

The solution from the feed tank has was pumped with various pressures, in 

which pressure change via close regarding reject water’s valve, which 

installed after pumps and before entering the membrane chamber (cell). The 

reading of feed stream pressure gauged for getting the required pressure for 

all operations. Following water preparation, depending on the needed 

specifications as well as pressure regulation, flow rate as well as other 

parameters as indicated, the system has been operating for not less than two 

minutes to reaching steady state. Meanwhile, permeate as well as the 

rejected water will be returning to the feed tank to maintain the 

concentration of water. Then, permeate and feed solution has been collected 

in a flask for testing amount regarding radioactive and heavy metals for 

calculating membrane rejection as well as determining permeate flow rate 

to estimate membrane flux. The operating condition using the reverse 

osmosis membranes process was commenced with the following: operation 

pressure, time, and temperatures. In this work, heavy and radioactive 

elements, that had been selected (Ni, Zn, Pb, Cd, Cu, K, U, and Th). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Reverse Osmosis Unit 

4. Performance of the reverse osmosis system  

4.1 Rejection calculated 

The percentage of heavy and radioactive element rejection was 

calculated by using equation (1) Al-Masri et al. [11]. 

 

R(%) =
(C1−C2)

C1 
 × 100     (1) 

Where (𝑹) represents the rejection percentage, (𝑪𝟏), (𝑪𝟐) represent the 

concentration of the elements in the feed and in the permeate in the (mg/L), 

respectively. The elements concentrations in the permeate and the feed was 

determined using atomic absorption spectroscopy. 

4.2 Permeable flux calculated 

Permeate flux can be considered as the quantity regarding permeate 

created throughout membrane separation for each time as well as membrane 

area. Flux will be measured in liters for each square meter per hour. 

Solution permeability was measured to investigate the membrane 

performance. The permeable flux has been determined by equation (2) 

Gunatilake et al.[12]. 

 

  𝐽 =
𝑉

𝐴×𝑡×𝑝
        (2) 

 

Where (𝐽) (L/m2.h.bar) is the permeable flux, (𝑉) (liter) is the volume 

of permeate, (𝐴) (m2) is the effective membrane surface area, (𝑡) (hour) is 

the time and (P) (bar) is the pressure.  

 

5. Results and discussion  

5.1 Effect of pressure and time on permeate flux  

Many factors are affecting the RO membrane performance. The main 

factors to be considered are temperature, time, and pressure. Fig. 3, shows 

the impact related to pressure on permeate flux under conditions, pressure 

(2-6) bar, time (220) minutes, and temperature (25) ºC. It can be seen that 

increasing operating pressure from 2 to 6 bar led to an increase in permeate 

flux. This phenomenon can be explained by Darcy’s law stating that 

increasing the pressure will consequently increase permeate flux 

Moslehyani et al.  [13]. Higher pressure indicates that high driving force 

has been utilized across the membrane for pushing water molecules to pass 

through its semi-permeable membrane which might lead to higher 

permeates flux Arahman et al. [14]. Fig. 3 displays the impact of 

experiment time on permeate flux. The findings of this study show that the 

contact time has little effect on the permeate flux probably due to the 

concentration polarization in the system. Concentration polarization 

occurred because of the increment in the osmotic pressure that exists due to 

the tendency of water for moving from low solute concentrations to high 

solute concentrations. The effect of concentration polarization will result in 

reduced flux Nicolaisen et al.  [15]. 

 

Figure 3. Effect of pressure on permeates flux by RO membrane 
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Figs. 4,5 and 6 show the impact regarding pressure and experiment time 

on removing Ni, Zn, Pb, Cd, Cu, K, U, and Th elements for the RO system. 

under conditions, the pressure (2-6) bars, time (60-120) minutes and 

temperature (25)°C. It might be indicated that removing metal ions will be 

increased with the increase in pressure from 2 bars to 6 bars.  Similar results 

were obtained by R. W. Baker et al. [16]. This behavior because of is 

occurred due to the membrane does not prevent elements in the feed 

solution passing completely; therefore some elements pass through the 

membrane exists. In the case of increasing the pressure, the solution 

(solvent) will be pumped through the membrane at a high rate in 

comparison to metals ions Zhou et al. [17]. This relationship is in agreement 

with previous researchers that studied the effect of transmembrane pressure 

on ions rejection through the membrane separation process. Higher pressure 

lead led to a denser and compacted membrane structure Algureiri et al.  

[18]. As the membrane becomes more compact, molecules other than water 

will have difficulties passing through the membrane, hence increasing the 

rejection of molecules other than water in the treatment process 

Arkhangelsky et al. [19]. Figs. 4, 5, and 6 show the effect of time on the 

removal related to radioactive and heavy elements. It might be specified 

that the percentage rejection regarding radioactive and heavy elements 

increases slightly as time is increased; the removal efficiency has been 

improved because of fouling. Because of the fouling that arises with 

increased working time, there will be a decrease in the radius of the pores, 

which will cause difficulty in the passing of the metal ions, where similar 

results were obtained by Vignesh Nayak et al. [20],   When increasing 

operating time, the removal of heavy elements was increased. The order of 

rejection is K˃Th ˃Pb˃U˃Cd˃Zn>Cu>Ni,  presumably this result is due to 

reject the elements that have a large radius best than others that have a small 

radius. 

 

 

Figure 4. Effect of time on rejection ions by RO membrane at 2bar 

 

Figure 5. Effect of time on rejection ions by RO membrane at 4bar 

 

 

Figure 6. Effect of time on rejection ions by RO membrane at 6 bar 

5.2 Effect of temperature and time on permeate flux and rejection 

during the RO process. 

 Fig. 7, shows the effect of the temperature on heavy and radioactive 

element rejection (Ni, Fe, Pb, Ca, Cu, K, U  and Th), for reverse osmosis 

system under conditions the pressure (6) bar, time (60) minutes, and 

temperature (25-45 )ºC. Fig. 7 demonstrates the effect of temperature on 

the rejection of heavy and radioactive elements.  It can be seen that the 

rejection was steady-state to little decrease that slightly decreased 

proportionally with the increase in temperature for all heavy and radioactive 

elements. It also shows that these a the steady-state has stopped after 35 ºC 

and rejection starts to decrease. This process is occurred, because the 

membrane active work is in the temperature range of (25- 35º C). also it's 

material building at such conditions. The temperature’s increase in within 
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such range results in an imbalance in the membrane as well as pores’ 

expansion that allows the pass of many ions across the membrane, which 

will be reducing the rejection process’s efficiency. Lastly, with when the 

temperature is increased (more than 35°C) as a result in of decreasing the 

element’s elements removal since the elevated temperatures is occurred as 

a result in changes of the membrane material and holes expansion hence, 

will result in cause membrane damage which will allow entry of minerals 

and salts dramatically with the pure water Moideen et al. [21]. Such results 

have been in almost in accordance with   S.  Riaño et al. [22]. Fig. 8, 

displays the impact of temperature on permeate flux at pressure of (4) bars 

and time for  (60) minutes and temperature (25-45) °C, for the RO 

membrane.  The permeate flux increasing increases clearly with increasing 

temperature. Temperature increase led to an imbalance in the membrane 

structure therefore causing pores to expansions that allow the transit of a 

large amount of solution, also this is because of the decrease in the viscosity 

of water when increasing the temperature of feed water. The results are in 

good agreement results agreed with the previous work of S. Abdulmuttaleb 

Mohammed et al. [23], also from Fig. 8 it is can see be seen that the effect 

of the time on permeate flux,  with as when increasing the operating time 

from 5-60 minutes, there is a slight decrease in permeate flux, this can be 

attributed to fouling. 

 

Figure 7.  Effect of temperature on rejection of RO membrane. 

Figure 8. Effect of temperature and operating time on rejection of RO 

membrane. 

6. Conclusions 

This study leads to the following conclusions: 

1. Both rejection and the permeation flux increase when increasing 

the pressure. 

2. Increasing the rejection of heavy and radioactive elements with 

increasing time, while the permeation flux decreases when 

increasing the time.   

3. The permeation flux is increasing with increasing temperature. 

4. The rejection was steady-state almost with the increase in 

temperature until (35 °C) then decreases with the increase in temperature 

till (45°C).  
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