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Abstract 

Heavy metal pollution has become one of the most serious environmental problems today. Nano filtration (NF) has attracted 

increasing attention over the recent years due to the development of new applications. The present work deals with the application 

of a thin-film composite polyamide nano filtration membrane for the rejection of chromium ions from synthetic wastewater. In the 

current work the various operating parameters like feed concentration (10-50 ppm), applied pressure (5-9 kg/cm2), feed flow rate. 

We observed that the observed rejection of chromium ions increases with increase in the feed pressure because of convection and 

decreases with increase in feed concentration at constant feed flow rate because of osmotic pressure. The maximum observed 

rejection of the metal is found to be 97.8% for feed concentration of 10 ppm. The TFC NF300 membrane is characterized by using 

combined film solution diffusion model. The estimated parameters from model were used to predict the membrane performance 

and found that the predicted values were in good agreement with the experimental results.  

Keywords: Atomic Absorption Spectrophotometer, Chromium Removal, Heavy Metals, Membrane Transport Model, 

Nano Filtration 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

The role of water in life is irreplaceable; however, contamination of water resources has been underestimated in the past years [1]. 

Out of the total water available on earth less than 3% of water is fresh and in it 70% is in the form of ice and snow which is not 

available for human use. Heavy metals are a serious environmental contaminant because they are environmentally persistent, have 

high toxicity and have a tendency to accumulate in body tissues but it can be valuable as raw materials and worth recovering. 

Because of this, environmental regulations compel industries to reduce the concentration of heavy metals in their waste water to 

within safe levels [2]. Heavy metals are classified into three main groups: toxic metals (Cr, Pb, Hg, Cu, Ni, Cd, Zn, As, Co, Sn, 

etc.), precious metals (Au, Pt, Ag, Pd, Ru, etc.) and radionuclides (Ra, Th, U, etc.) [3, 4, 5]. The electroplating industry generates 

a large portion of wastewater containing heavy metals.  

 Chromium is a lustrous, brittle, hard metal. Chromium exhibits a wide range of oxidation states, with +3 the most stable; the +3 

and +6 states are the most common in chromium compounds, while +1, +4 and +5 are rare. Cr (III) is relatively safer than Cr (VI) 

which is more toxic. Chromium (III) is required in the human body, but in very small amounts. Chromium (VI) compounds are 

powerful oxidants at low or neutral pH. Most important are chromate anion and dichromate anions. All chromium ore is processed 

via hexavalent chromium, specifically the salt sodium dichromate. Chromium (VI) compounds are toxins and known human 

carcinogens, whereas Chromium (III) is an essential nutrient [6]. 

 Membrane separation processes are promising techniques for separating heavy metals from aqueous solutions [7, 8, 9]. The 

membrane processes are non-polluting separation methods used in wastewater treatment. Nano filtration (NF) is a pressure driven 

cross flow filtration technology that ranges between the ultrafiltration and the reverse osmosis. Nano filtration process uses the 

nanometer sized cylinder through the pores that passes through the membrane at 900. To overcome the feed solution’s osmotic 

pressure and to induce diffusion of pure water (referred to as permeate) through a semi-permeable NF membrane hydraulic pressure 

is used. Nano filtration separation mechanism involves created electrical (Donnan) effects between the charged ions in the NF 

membrane and the co-ions in the effluent to reject the latter. Pore sizes of nano filtration are ranging from 1-10 nm and they are 

smaller than microfiltration and ultrafiltration. Nano filtration achieve high removal of divalent and multivalent ions (e.g., calcium, 

magnesium, sulfate, iron, arsenic, etc.), and can separate monovalent ions with lower efficiency than reverse osmosis and is also 

referred to as membrane softening. NF process benefits from ease of operation, reliability and comparatively low energy 

consumption as well as high efficiency of pollutant removal. 

https://en.wikipedia.org/wiki/Oxidation_state
https://en.wikipedia.org/wiki/Hexavalent_chromium
https://en.wikipedia.org/wiki/Chromate
https://en.wikipedia.org/wiki/Dichromate
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II. MATERIAL & METHODS 

Synthetic samples of wastewater were prepared by adding required amounts of potassium chromate (K2CrO4) to distilled water. 

Several solutions were prepared with different concentrations (10-50 ppm) of potassium chromate. Experiments were performed 

with a commercial thin-film composite polyamide membrane, Perma- TFC-NF-300 (Permionics, Vadodara, India). The first layer 

is a 5–20µm polyamide polymer layer that does the actual rejection. The second layer is made of polysulfone of 50µm thickness. 

The third layer, used to bear resistance and strength, is made of polyester with a thickness of about 150µm. The Perma-TFC 

membranes are capable of withstanding pH in the range 2–12, pressure up to 30 kg/cm2 and temperatures up to 50◦C. The NF-300 

membrane is characterized by 300 Da cut-off. The effective membrane surface area is 150 cm2 [10]. 

 Experiments were performed for 2 and 1/2 h, for each set of rejection data, in batch circulation mode and the permeate samples 

are collected from high pressure to low pressure for a particular feed concentration and feed flow rate. Both permeate and 

concentrate were returned to the feed vessel in order to keep constant feed concentration. Samples of permeate were collected at a 

given time interval, to measure the observed chromium rejection (Ro) and permeate volume flux (Jv). The chromium ion 

concentrations were measured by an atomic absorption spectrophotometer (Model SL- 173) according to standard methods [11]. 

After each set of experiments for a given feed concentration, the set-up is rinsed with distilled water for 30 min at 4 kg/cm2 to 

clean the system. The experiments were carried out for different feed concentrations (10, 30, and 50 ppm), feed pressures (5, 6, 7, 

8 and 9 kg/cm2), and at different flow rate and the corresponding Ro and Jv were estimated. 

III. RESULT & DISCUSSION 

 Effect of Feed Concentration on Rejection 

Experiments were performed to study the effect of feed concentration such as 10 ppm, 30 ppm and 50 ppm on rejection of 

chromium ion for different applied pressure. The experimental runs were carried out for 30 min and samples were tested for every 

5 min on AAS. Fig. 1 shows the effect of feed concentration on the rejection. We observed that the rejection of chromium ions 

decrease when the concentration in feed increases at every point of time during separation. This behavior is common. The increase 

in the concentration of solutions involves the increase of solute concentration near the membrane surface and forms a layer of 

concentration polarization. Another phenomenon is observed simultaneously with increase in feed concentration and it is the effect 

of osmotic pressure. Osmotic pressure is a function of the type and concentration of salts or organics contained in feed water. The 

increase in solute concentration in the retentive and in particular at the membrane wall with increased feed concentration leads to 

an increase in osmotic pressure. The increase in osmotic pressure of solution tends to flow more solvent in permeate side and 

decrease the rejection coefficient. These causes permeate concentration to decrease and hence rejection coefficient decreases with 

increased feed concentration. Similar results are found by Z.V.P. Murthy et al [10]. 

 
Fig. 1: % Rejection vs Feed Concentration for Different Pressure 

 Effect of Applied Pressure on Rejection 

Fig. 2 shows the effect of applied pressure on chromium ions rejection at various feed concentration. The result shows that the 

chromium ion rejection increases with increase in pressure because the ion transport due to convection becomes important 

compared to diffusion. With increase in pressure maximum solvent passes through the membrane pores due to increased convective 

flux. This dilutes the concentration of solute in permeate. A low diffusive transport of chromium ion through the membrane 

compared to convective transport is cause of low retention at low pressure. With increasing pressure, convective transport of 

solvent becomes more important. Thus the retention coefficient increases for increased pressure. Similar results were reported for 

the separation of nickel ion [11]. 
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Fig. 2 % Rejection vs Pressure at Different Concentration 

 Effect of Pressure on Permeate Flux 

The permeate flux increased with increasing pressure. As pressure increases, convective transport and concentration polarization 

become more important. Fig. 3 reveals that change in the permeate flux remains linear with increasing pressure, which indicates 

insignificant concentration polarization [2]. 

 
Fig. 3: Permeate Flux vs Pressure at Different Concentration 

 % Rejection at Different Flux & Concentration 

As shown in Fig. 4 percentage rejections of chromium ions increase slightly with increase in permeate flux for different feed 

concentrations (10 ppm, 30 ppm, 50 ppm) [10]. It is worthwhile mentioning that a high flux with high rejection was obtained at 

low chromium concentration, while the flux and rejection were relatively low at high concentration [12]. 

 
Fig. 4 % Rejection vs Flux at Different Feed Concentration 
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IV. MEMBRANE TRANSPORT MODEL 

 Combined Film Theory Solution Diffusion Model 

This model is the combination of film theory model and solution diffusion model.  

In [Jv(1-Ro)/Ro] = In[DAMK/δ] + Jv/k                                                               (1)  

Eq. (1) is the present working equation of the combined-film theory-solution-diffusion (CFSD) model and it is an equation of 

straight line. By plotting graph In [Jv(1-Ro)/Ro] vs Jv the parameter (DAMK/δ) and the mass transfer coefficient, k, for different 

concentration can be estimated graphically shown in Fig. 5, 6, and 7 Where In(DAMK/δ) is an intercept of straight line and k is the 

slope of line [10]. 

 
Fig. 5: In [Jv( (1-Ro)/Ro)] vs Permeate Flux for 10ppm 

 
Fig. 6: In [Jv( (1-Ro)/Ro)] vs Permeate Flux for 30ppm 

 
Fig. 7: In [ Jv( (1-Ro)/Ro)] vs Permeate Flux for 50ppm 
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 Experimental data were fitted with CFSD model as shown in Fig. 5, 6, and 7 and the value of R2 were founds to be above 0.92. 

DAMK/δ and k is calculated from intercept and slope respectively for different concentration were given in (Table 1). These value 

were comparable with Latesh B. Chaudhari et. al for nickel ion removal by using nanofiltration [11]. 
Table – 1 

Parameter estimated using Data-Fitting Method for Various Models for Chromium Salt 

Feed Concentration (ppm) CFSD model 

 DAMK/δ k(m/s) 

10 3.92×10-7 6.013×10-5 

30 2.787×10-7 2.130×10-5 

50 2.793×10-7 1.74×10-5 

Observed rejection coefficient from experiment (ROE) and observed rejection coefficient from model (ROM) were compared for 

different feed concentration (Table 2).  
Table – 2 

Observed Rejection from Experiment & Modeling at Different Conc. 

10ppm 30ppm 50ppm 

ROE ROM ROE ROM ROE ROM 

0.967 0.967 0.9605 0.9583 0.9524 0.9515 

0.97 0.969 0.96053 0.9623 0.953 0.9524 

0.973 0.9735 0.96183 0.9633 0.955 0.9566 

0.976 0.975 0.9645 0.9644 0.9571 0.9573 

0.978 0.9775 0.9667 0.9656 0.9589 0.9582 

From (table 2) observed that the values of ROE and ROM were approximately equal. The plot of ROE vs ROM for a feed 

concentration of 10ppm was depicted in Fig. 8; which shows the value of R2 close to 1. 

 
Fig. 8: Experimental Observed Rejection vs Modelling Observed Rejection 

 The estimated parameters from model were used to predict the membrane performance and found that the predicted values were 

in good agreement with the experimental results. 

V. CONCLUSION 

In the present work performance of TFC NF-300 membrane has been utilized to separate Chromium (VI) ions from wastewater at 

different operating conditions. Perma® pilot scale nano filtration membrane is used for the separation processes for the removal 

of chromium ions from the waste water. Analysis of samples was done on the atomic absorption spectrophotometer (model SL- 

173). Different operating conditions including concentration, pressure, permeate flux were studied and there effects have been 

found. It is observed that the rejection of Cr (VI) ions increase with increase in feed pressure and decreases with increase in feed 

concentration. The maximum rejection of the metal is found to be 97.8 % for feed concentration of 10 ppm. The mass transfer 

coefficient decreases with increase in feed concentration. The rejection increases as the flux increases. The estimated parameters 

from CFSD model were used to predict the membrane performance and observed that the predicted values were in good agreement 

with the experimental results. 

ABBREVIATIONS 

 DAMK/δ: solute transport parameter (m/s)   

 DAM d: iffusivity of solute A in membrane (m2/s) 
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 Jv: permeate volume flux (m/s) 

 k: mass transfer coefficient (m/s) 

 K: solute partition coefficient 

 R: true rejection 

GREEK LETTERS 

 δ: effective thickness of a membrane (m) 

 ∆π: osmotic pressure difference across the membrane (Kg/cm2) 
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