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    Abstract—In this paper, removal of chromium(VI) from aqueous 
solution has been researched using reverse osmosis. The influence of 
transmembrane pressure and feed concentration on permeate flux, 
water recovery, permeate concentration, and salt rejection was 
studied. The results showed that according to the variation of 
transmembrane pressure and feed concentration, the permeate flux 
and salt rejection were in the range 19.17 to 58.75 l/m2.min and 
99.51 to 99.8 %, respectively. The highest permeate flux, 58.75 
l/m2.min, and water recovery, 42.47 %, were obtained in the highest 
pressure and the lowest feed concentration. On the other hand, the 
lowest permeate concentration, 0.01 mg/l, and the highest salt 
rejection, 99.8 %, were obtained in the highest pressure and the 
lowest feed concentration.   
 

Keywords—Aqueous solution, Chromium, Removal, Reverse 
osmosis. 

I. INTRODUCTION 
HROMIUM is one of the most dangerous inorganic water 
pollutants. It is constantly released into the aquatic 

environment by natural processes (mainly by volcanic activity 
and weathering of rocks) and by anthropic sources, which in 
the last twenty years have become of leading importance in 
the worldwide emission balance of these substances [1,2]. In 
aquatic systems, chromium exists primarily in either the 
trivalent [Cr(III)] or hexavalent [Cr(VI)] states [3]. The 
trivalent form is an essential nutrient [4]. The hexavalent 
form, which is presented as either dichromate (Cr2O7

2-) or as 
chromate (CrO4)2-

, is toxic, carcinogenic, and mutagenic in 
nature. It is highly mobile in soil and aquatic system and also 
is a strong oxidant capable of being adsorbed by the skin [5]. 
Clear evidence indicates that exposure to certain levels of 
Cr(VI) can result in significant human health and ecological  
risks. Cr(VI) has been reported to be responsible for lung 
cancer, chrome ulcers, nasal septum perforation, brain 
damage, and kidney damage. Chromium and its salts find 
extensive use in photography, chromium plating, textile 
manufacture, tanning of leather, manufacturing green 
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varnishes, paints, inks, glasses for porcelain, etc [6]. To meet 
environmental regulations, effluents or water contaminated 
with heavy metals such as chromium(VI) must be treated 
before discharge. Based on Iranian National Discharge 
Standard, the maximum allowable concentration in effluent 
discharge is 0.1 mg/lit for hexavalent chromium.   
    The traditional means to separate Cr(VI) from wastewaters 
are chemical reduction, precipitation, evaporation and ion 
exchange. Although ion exchange resins can substantially 
remove metal ions, they do not show mechanical strength 
because of swelling of polymeric skeleton and low selectivity. 
In precipitation process, Cr(VI) is reduced to Cr(III), followed 
by precipitation of Cr(III) as Cr(OH)3. However, this process 
is high in costs and treated water still has high chromium ion 
concentrations and pollutes surface waters. Gradually, 
industry is seeking replacement methods from traditional 
metal recovery and separation techniques to overcome 
disadvantages. These methods have led to the development of 
new techniques like adsorption and membrane separation [7]. 
Membrane separation has become increasingly attractive for 
the treatment and recovering heavy metals as it is highly 
efficient, easy to operate and low in cost [8]. 
    Hasan et al. studied The Removal of chromium from 
aqueous waste solution using liquid emulsion membrane [9]. 
Covarrubias et al. used FAU-type zeolite membranes for 
removal of trivalent chromium contaminant from aqueous 
media [10]. Kulkarni et al. presented a Membrane-Based 
Hybrid Processes for Removal of Hexavalent Chromium [11]. 
Covarrubias et al. studied The Removal of chromium from 
aqueous solution using cellulose acetate and sulfonated poly 
(ether ether ketone) blend ultrafiltration membranes [12]. 
Kozlowski et al. studied The Removal of chromium(VI) from 
aqueous solutions by polymer inclusion membranes [13]. Pilot 
scale membrane separation of electroplating waste water by 
reverse osmosis has been studied by X. Chai et al. [14]. The 
main objective of this study is to demonstrate the efficiency of 
reverse osmosis membrane for removal of hexavalat 
chromium from aqueous solution. Also, the influence of 
transmembrane pressure and feed concentration on the 
removal process has been studied. 

II. MATERIALS AND METHODS 
A. Pilot Plant and Aqueous Solutions 
The aqueous solutions were made of K2Cr2O7 in the 

concentrations of 5, 20, 40, 60, 80, 100 mg/l. The pilot plant 
includes a tank and a feeding pump in feeding section, and a 
pressure vessel, and a reverse osmosis membrane in treatment 
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section. All the variables were measured in a time interval of 1 
h. Both permeate and concentrate flows were mixed and 
recycled to the feeding tank to reduce the required feed 
solution. A cold water coil was used to control the feed tank 
water temperature to about 25 °C. The flow rates and 
pressures were measured by flow meters and pressure 
indicators, respectively. 

In this study, a spiral wounded type RO membrane model 
FILMTEC BW30-4040 made of polyamid thin film composite 
was used. The effective filtration area of the membrane is 7.2 
m2. The membrane maximum operating pressure and 
temperature are 41 bar and 45 °C, respectively. At 2000 ppm 
NaCl, 15.5 bar pressure, and 25 °C temperature, the net water 
permeate flux of the membrane is 9.1 m3/d. 

The schematic diagram of the reverse osmosis membrane is 
demonstrated by Fig. 1. The relationship between the feed 
flow rate, permeate flow rate, and concentrate flow rate is 
presented by (1), 

                            Qp 
                                                       

Qf                                                           Qc 
                                                                                                

Fig. 1 Schematic diagram of the reverse osmosis membrane 

                                                     
Cpf QQQ +=                                                   (1) 

where Qf (l/min) is the feed flow rate, Qc (l/min) is the 
concentrate flow rate, and Qp (l/min)  is the permeate flow 
rate. 

The permeate fluxes for RO membrane are calculated by 
(2), 

                                        AQpJp =                                        (2) 

where Jp (l/m2.min) is the permeate flux, Qp (l/min) is the 
permeate flow rate, and A (m2) is the effective area of 
membrane. 
    Water recovery efficiency of the membrane is defined by 
(3), 

                       100∗= QfQpWR                        (3) 

where WR (%) is water recovery efficiency, Qp (l/min) is 
permeate flow rate, and Qf  (l/min) is feed flow rat. 
    Separation capacity of ions by a membrane express as Salt 
Rejection (SR) which is related to membrane selectivity in a 
specific operation condition [16]. Salt rejection is opposite of 
salt passage, and is defined by (4), 

                   )/1(100 fp CCSR −∗=                    (4)                                                                                                       
where SR (%) is salt rejection, Cp (mg/l) is permeate 
concentration, and Cf  (mg/l) is feed concentration. 

B. Test Method 
Chromium test was done based on photo chromic method 

by using Lovibond spectrophotometer model PC-Spectro, 
applying 542 nm wavelengths with pre-prepared reagents. 
Temperature, PH, and conductivity were measured based on 
Standard Method for Water and Wastewater Examination, 

Method No. 2550, 4500-H+, 2510, respectively, by using 
MARTINY pH/conductivity meter model Mi805 [15].     

III. RESULT AND DISCUSSION 
    On a pilot scale, the influence of transmembrane pressure 
and feed concentration on permeate flux, water recovery, 
permeate concentration, and salt rejection was investigated. 
    Table I demonstrates the flow rates, permeate fluxes and 
water recovery efficiencies for tests 1 to 30. 

TABLE I 
FLOW RATES, PERMEATE FLUXES, AND WATER RECOVERIES 

       Variables Results 
Test Cf 

(mg/l) 
Pressure 
  (bar) 

Qf 

(l/min) 
Qp 

(l/min) 
Qc 

(l/min) 
Jp 

(l/m2h) 
 WR 
 (%) 

  1 6 29.7 2.4 27.3 20 8.08 
2 9 28.25 3.55 24.7 29.58 12.57 
3 12 24.55 4.75 19.8 39.58 19.35 
4 15 20.55 5.85 14.7 48.75 28.47 
5 

5 

18 16.6 7.05 9.55 58.75 42.47 
6 6 29.7 2.4 27.3 20 8.08 
7 9 28.25 3.55 24.7 29.58 12.57 
8 12 24.4 4.7 19.7 39.17 19.26 
9 15 20.4 5.8 14.6 48.33 28.43 
10 

20 

18 16.5 7 9.5 58.33 42.42 
11 6 29.55 2.35 27.2 19.58 7.95 
12 9 28.1 3.5 24.6 29.17 12.45 
13 12 24.4 4.7 19.7 39.17 19.26 
14 15 20.4 5.8 14.6 48.33 28.43 
15 

40 

18 16.5 7 9.5 58.33 42.42 
16 6 29.55 2.35 27.2 19.58 7.95 
17 9 28.1 3.5 24.6 29.17 12.45 
18 12 24.4 4.7 19.7 39.17 19.26 
19 15 20.4 5.8 14.6 48.33 28.43 
20 

60 

18 16.45 6.95 9.5 57.91 42.25 
21 6 29.55 2.35 27.2 19.58 7.95 
22 9 28.1 3.5 24.6 29.17 12.45 
23 12 24.4 4.7 19.7 39.17 19.26 
24 15 20.3 5.75 14.55 47.91 28.32 
25 

80 

18 16.45 6.95 9.5 57.91 42.25 
26 6 29.4 2.3 27.1 19.17 7.82 
27 9 27.95 3.45 24.5 28.75 12.34 
28 12 24.3 4.65 19.65 38.75 19.13 
29 15 20.3 5.75 14.55 47.91 28.32 
30 

100 

18 16.45 6.95 9.5 57.91 42.25 
     
    Figs. 2 and 3 show the influence of transmembrane pressure 
on permeate fluxes and water recoveries in different feed 
concentrations. Increasing the transmembrane pressure caused 
to increase the permeate flux and water recovery, as Table I 
and Figs. 2 and 3. 
    Figs. 4 and 5 show the influence of feed concentration on 
permeate flux and water recovery in different transmembrane 
pressures. Increasing the feed concentration caused to 
decrease the permeate flux and water recovery, as Table I and 
Figs. 4 and 5. 
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Fig. 2 The influence of pressure on permeate flux 
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Fig. 3 The influence of pressure on water recovery 
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Fig. 4 The influence of feed concentration on permeate flux 
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Fig. 5 The influence of feed concentration on water recovery 

    

Table II shows the permeate concentrations and salt 
rejections for tests 1 to 30. 

 

 

TABLE II 
PERMEATE CONCENTRATION AND SALT REJECTION 

             Variables Results 

Test 
Cf 

(mg/l) 
 Pressure 
    (bar) 

Cp 

(mg/l) 
SR 
(%) 

1        6 0.01 99.8 
2        9 0.01 99.8 
3       12 0.01 99.8 
4       15 0.01 99.8 
5 

5 

      18 0.01 99.8 
6        6 0.06 99.7 
7        9 0.04 99.8 
8       12 0.04 99.8 
9       15 0.04 99.8 

10 

20 

      18 0.04 99.8 
11        6 0.18 99.55 
12        9 0.14 99.65 
13       12 0.12 99.7 
14       15 0.1 99.75 
15 

40 

      18 0.09 99.77 
16        6 0.29 99.52 
17        9 0.21 99.65 
18       12 0.18 99.7 
19       15 0.15 99.75 
20 

60 

      18 0.14 99.77 
21        6 0.39 99.51 
22        9 0.29 99.64 
23       12 0.24 99.7 
24       15 0.2 99.75 
25 

80 

      18 0.19 99.76 
26        6 0.49 99.51 
27        9 0.37 99.63 
28       12 0.3 99.7 
29       15 0.25 99.75 
30 

100 

      18 0.23 99.77 
 
    Figs. 6 and 7 show the influence of transmembrane pressure 
on permeate concentrations and salt rejections in different 
feed concentrations. Increasing the transmembrane pressure 
resulted in decreasing the permeate concentration and 
increasing salt rejection, as Table II and Figs. 6 and 7. 
    Figs. 8 and 9 show the influence of feed concentration on 
permeate concentrations and salt rejections in different 
transmembrane pressures. Increasing the feed concentration 
resulted in increasing the permeate concentration and 
decreasing salt rejection, as Table II and Figs. 8 and 9. 
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Fig. 6 The influence of pressure on chromium concentration in 
permeate flow 
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Fig. 7 The influence of transmembrane pressure on salt rejection 
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Fig. 8 The influence of feed concentration on chromium 

concentration in permeate flow 
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Fig. 9 The influence of feed concentration on salt rejection 

    
 

The highest permeate flux and water recovery were equal to 
58.75 l/m2.min and 42.47 %, respectively, in the highest 
pressure of 18 bar and the lowest feed concentration of 5 mg/l, 
as Table I. The lowest chromium concentration in permeate 
flow and the highest salt rejection were equal to 0.01 mg/l and 
99.8 %, respectively, in the highest pressure of 18 bar and the 
lowest concentration of 5 mg/l, as Table II.   

IV. CONCLUSION 
Removal of Chromium(VI) from aqueous solution has been 

studied using RO membrane. The influence of transmembrane 
pressure and feed concentration on permeate flux, water 
recovery, permeate concentration, and salt rejection was 
investigated. The results showed that the increasing the 
transmembrane pressure in the range 5 to 18 bar caused:        
1. Increasing the permeate flux and water recovery in different 
feed concentrations. 2. Decreasing the permeate concentration 
and increasing salt rejection in different feed concentrations. 
On the other hand, increasing the feed concentration in the 
range 5 to 100 mg/l caused: 1. Decreasing the permeate flux 
and water recovery in different transmembrane pressures        
2. Increasing the permeate concentration and decreasing salt 
rejection in different transmembrane pressures. Eventually, 
the highest permeate flow rate and water recovery were equal 
to 58.75 l/min and 42.47 %, respectively, in the highest 
pressure of 18 bar and the lowest feed concentration of 5 mg/l. 
The lowest permeate concentration and the highest salt 
rejection were equal to 0.01 mg/l and 99.8 %, respectively, in 
the highest pressure of 18 bar and the lowest concentration of 
5 mg/l. 
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