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Abstract-Waste water from industrial areas contains many toxic heavy metal ions, which are carcinogenic and need to be removed 
before water recycling. In this study, complexation microfiltration technique was used to separate the metal ions. Initially, known 
concentrations of metal ions were complexed with polyethylene glycol (PEG) and polyacrylic acid (PAA). Polymer enhanced 
microfiltration process has been investigated for removal of toxic heavy metals such as Ni2+, Cu2+ and Cr6+ from synthetic waste 
water solutions. The concentration of metal ions in the sample water was analyzed by UV–Vis spectrophotometer. The effects of pH 
and polymer/metal ratio using two different membranes such as nylon and cellulose nitrate (CN) were investigated. The membranes 
were characterized by FTIR to identify the functional groups present in the membrane matrix and SEM analysis used to find the 
pore size and the metal deposition present over the membrane. Among the various combinations, PAA as the complexing agent at 
pH ≥ 8 proved to be most effective for the removal of nickel (II) and copper (II), and pH ≤ 4 for chromium (VI) metal ions.  
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I. INTRODUCTION 

Waste water from various sources, contains many metal ions that concern us of occupational or residential exposure. 
Among the various heavy metal ions present in our environment, 23 of these are very dangerous to our body, such metal ions 
are antimony, arsenic, bismuth, cadmium, cerium, lead, nickel, copper, chromium, manganese, iron, silver, thallium, tellurium, 
tungsten, uranium, vanadium and zinc ions etc. Interestingly small amount of these elements are common in our environment 
and diet, which are actually necessary for our good health, but larger amount of any of them may cause allergic reactions, 
chronic toxicity, diarrhoea and so on. Some of the heavy metal toxicity results are: (i) short term exposure results in damaged 
or reduced central nervous functions, lower energy levels,  damaging of blood components, lungs, kidneys, liver and other vital 
organs and (ii) long term exposure may result in slowly progressing physical, muscular and neurological degenerative 
processes that mimic cancer [1, 2].  

For some heavy metals, toxic levels can be just above the background concentration naturally found in nature. Therefore it 
is important for us to know about the heavy metal toxicity and to take protective measures against excessive exposures. The 
maximum contamination levels of some heavy metal ions for safe drinking water are nickel: 2 mg/dm3, copper: 1.3 mg/dm3, 
chromium: 0.10 mg/dm3, manganese: 0.05 mg/dm3, iron: 0.5 mg/dm3, arsenic: 10 μg/dm3 and mercury: 2 μg/dm3 [3-5].  

Waste water from various industries contains toxic heavy metal ions, which must be removed before recycling or 
discharging directly into the surface water. The conventional processes to treat this kind of waste water are chemical 
precipitation, ion-exchange, adsorption or biosorption and membrane separation techniques. Nowadays membrane separation 
processes such as micro filtration, ultra filtration, nano filtration, reverse osmosis and electro-dialysis play a vital role in heavy 
metal separation from waste water [1]. In the recent years, the complexation-microfiltration technique has been shown to be a 
promising technique for removal of heavy metals. 

Some biopolymer macroligands are able to complex with heavy metal ions [6-8]. The other group of synthetic 
macroligands are carboxyl methyl cellulose [9], diethylamino ethyl cellulose [10], polyvinyl ethylene imine [11, 12], polyvinyl 
alcohol (PVA) [13], PAA [14-16] and PEG. Such complexed heavy metal ions can be removed easily from waste water than 
free metal ions. So the complexation – microfiltration process is a more convenient method for separation of heavy metal ions. 

In our work, micro filtration technique was used to separate some of the heavy metal ions such as Ni (II), Cu (II) and Cr 
(VI) from various sources. The presence of these heavy metals causes allergy and it may affect the human nervous system. So, 
it is essential to remove these metals from water. In this study, the commercially available membrane filters such as nylon and 
CN were used. Initially, the metal ions were complexed with water soluble polymers like PAA and PEG. These polymers were 
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selected because of their higher bonding selectivity. Metal ions formed agglomerates with polymers and easily separated under 
certain pH conditions. The most important parameters which could affect the influence of the separation process are properties 
of complexing agent and pH [5]. The present work mainly focuses on the separation of heavy metal ions using PAA 
complexing agent with varying pH conditions using nylon and cellulose nitrate membranes. 

II. EXPERIMENTAL PROCEDURE 

A. Materials 

Nickel sulphate (NiSO4. 6H2O) was purchased from G.S. Chemical testing lab and allied industries (New Delhi), Copper 
sulphate (CuSO4. 6H2O) and potassium-di-chromate (K2Cr2O7) were purchased from Qualigens fine chemicals (Navi Mumbai), 
pH buffer tablets of pH 4, 7 and 9.2 were purchased from Sisco research laboratories Pvt. Ltd (India), purified di-sodium 
hydrogen phosphate dihydrate (Na2HPO4. 2H2O), sodium di-hydrogen phosphate (NaH2PO4. 2H2O), polyethylene glycol (PEG 
Mw = 3500-4000 g/mole) and concentrated hydrochloric acid (HCl) were purchased from Merck limited (Mumbai). Poly 
acrylic acid (PAA Mw = 1800) was purchased from Sigma Aldrich (Bangalore). The membranes chosen for this study, such as 
nylon, and cellulose nitrate (CN) were purchased from Sartorius biolab products (Germany). The pore sizes of nylon and CN 
membranes are 0.2 μ. The known and unknown amounts of feed solutions were diluted by using prepared double distilled water.  

B. Metal Complex Preparation and Separation 

Initially, known concentrations (250, 500, 750 and 1000 ppm) of nickel sulphate, copper sulphate and potassium-di-
chromate solutions were prepared separately. Complexes of nickel, copper and potassium were prepared from corresponding 
solutions using water soluble PAA and PEG polymers. These metal ions (using Nylon and CN membrane) and metal 
complexes (using Nylon membrane filter) were separated by using lab made membrane filtration unit. The membrane filtration 
unit consists of three main parts, (i) Input feed solution holder, (ii) Membrane holder and (iii) Output chamber. The membrane 
filter of 47 mm diameter was kept on the top of the membrane holder, which had a base part of output chamber. On top of the 
membrane holder, the input feed solution holder was placed and then it was clamped tightly, to avoid any leakage of water. 
Small amount (~10-20 ml) of solution was poured into the input feed solution holder. 30 mm Hg pressure was applied using 
vaccum pump to suck the solution from input feed solution holder and the filtrate was collected in the output chamber. The 
filtrate was tested and the percentage rejection of metal ions and metal complexes were determined using UV – Visible 
spectrophotometer.  The separation of metal complexes was carried out at 2, 4, 5, 7 and 8 pH levels. pH of the solution was 
adjusted using di-sodium hydrogen phosphate and sodium di-hydrogen phosphate.  

C. Characterization 

The concentration of metal ions and metal complexes in the output solutions were tested using UV-Visible 
spectrophotometer (Perkin-Elmer spectrophotometer, Type: Lambda 15) to calculate the percentage rejection of metal ions. 
The surface morphology of membranes was characterized by scanning electron microscopy (HITACHI-S3400N), to analyse 
the microstructure of the membrane filters. The presence of functional groups was identified by Fourier transform infrared 
studies using Perkin-Elmer FTIR spectrometer in the range 4000-400 cm-1. 

III. RESULTS AND DISCUSSION 

A. Removal of Metal Ions 

The percentage rejection of metal ions with various membrane filters are shown in Figs. 1, 2 and 3. From the data, it can be 
seen that all the metal ions showed up to 60% rejection while using nylon and CN membranes. The reused membranes (used 
membranes were washed and again used for the separation process) also showed up to 60% rejection of metal ions. After 
washing also, the metal free membrane filter was obtained. After several use (6 times) membrane showed lower performance, 
still it removed more than 40% of metal ions. The results reported in this paper, were determined by the membrane permeate 
flux, which plays a paramount role in controlling the rate of deposition onto membrane surfaces. Membrane fouling can be 
reversible or irreversible. Both reversible and irreversible fouling causes permeate flux decline. The flux decline by reversible 
fouling can be recovered by membrane washing with deionized water, while the flux decline caused by irreversible fouling 
cannot be recovered unless the membrane is replaced or cleaned by chemical reagents. Reversible fouling occurred due to the 
formation of cake or gel layer of the foulant on the membrane surface, whereas irreversible fouling usually occurred due to 
strong physisorption or chemisorption of solutes onto the membrane surface.  
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Fig. 1 Effect of membrane filters on % rejection of Ni (II) ion from aqueous solutions 

 using a) Nylon, b) CN membrane filters 

 
Fig. 2 Effect of membrane filters on % rejection of Cu (II) ion from aqueous solutions 

 using a) Nylon, b) CN membrane filters 

 

Fig. 3 Effect of membrane filters on % rejection of Cr (VI) ion from aqueous solutions  
using a) Nylon, b) CN membrane filters 

B. Effect of pH on Complexation 

Metal separation processes using nylon and CN membranes were performed for known concentrations of Ni, Cu and Cr 
sulphate solutions. In order to improve the percentage rejection of metal ions, the metals were complexed with water soluble 
PAA and PEG polymers. Initially 500 ppm of PAA and PEG was dissolved in water, then 500 ppm of metal ions was dissolved 
in polymer solution to obtain polymer/metal complex due to presence of reactive sites in the polymer chain. To study the effect 
of pH on separation, polymer/metal complex was prepared in various pH solution (Figs. 4, 5 and 6), using disodium hydrogen 
phosphate. Since, the OH groups in the polymer get easily complexed with metal ions at low pH, the Cr6+ ion easily formed 
complex with polymer solution at lower pH.  Whereas, at high pH, the OH group in the polymer chain may react with large 
amount of sodium ions present in the disodium hydrogen phosphate (buffer solution) molecules and hence may prevent the 
complex formation resulting in decrease of percentage rejection at high pH. However, the percentage rejections are higher for 
metal complexes then compared to free metal ion rejection and there was only a slight difference in the percentage rejection 
between lower and higher pH ranges in the case of complex separation. Percentage rejection of Ni2+ and Cu2+ ion-complexes 
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increases with increase in pH. Moreover they form complexes easily, since these metals need only 2 reactive sites to form 
complex. At high pH both the metal shows more than ninety percentage rejection for all the membranes. It should be noted that 
a pH value in the aqueous phase may cause the metal ion to precipitate and these would hinder the penetration [17].    

 

Fig. 4 Effect of pH on the % rejection of Ni complex with PEG and PAA from aqueous solutions  
using a) Nylon, b) CN membrane filters 

 
Fig. 5 Effect of pH on the % rejection of Cu complex with PEG and PAA from aqueous solutions  

using a) Nylon, b) CN membrane filters 

 
Fig. 6 Effect of pH on the % rejection of Cr complex with PEG and PAA from aqueous solutions  

using a) Nylon, b) CN membrane filters 
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The metal ions were complexed with water soluble PAA and PEG. Compared to PEG metal complex, the PAA polymer 
easily formed the complexes with metal ions with higher percentage rejection, due to presence of higher active OH group in 
the PAA than PEG.  But in the case of Cr metal complex, the percentage rejection was higher at lower pH range [18-20].  

It was found that Ni2+, Cu2+ metal ions complexed well with PAA water soluble polymer at pH ≥ 8 and for Cr 6+ at pH 3-4, 
which could be confirmed by their percentage  rejection of metal ions in the water sample. The efficiency of the heavy metal 
ion removal by the complexation process depends on the extent of retention of polymeric ligand. The extent of retention of the 
polymeric ligand depends not only on the pore size and pore distribution in the filter membranes, but also on the molecular 
weight distribution of the polymeric ligand itself. There was more separation of Ni/PAA complex at higher pH in nylon 
membrane, which could be due to morphology of the membrane surface. 

C. Scanning Electron Microscopy (SEM)  

The surface of the fresh nylon membrane was clean and smooth and uniform pore size was observed throughout the 
membrane as shown in Fig. 7 (a). After the separation process, the membrane surface was found to be covered with lots of 
metal/complex agglomerates; their original surface structure was loosened; the entire surface of Nylon was completely covered 
with added mixture as shown in Fig. 7 (b, c and d). Ni (II) - PAA components appeared as tiny particles. A thick layer of 
deposit was clearly visible on nylon membrane in Fig. 7 (b). Fig. 7 (c) illustrates the SEM image of Cu (II) - PAA complex and 
Fig. 7 (d) shows the SEM image of Cr (VI) - PAA complex dispersed on nylon membrane. Some metal complex agglomerates 
are observed on the surface of the membrane filter. The polymer matrix showed a much lower adsorption capacity with Cu and 
Cr metal complexes. When compared to Cu and Cr, Ni ion readily forms metal complexes with polymer. 

 
Fig. 7 SEM images of Nylon membranes (a) before use, (b), (c) and (d) are after deposition of PAA/metal complex of Ni (II),  

Cu (II) and Cr (VI) respectively, (e) recovered nylon membrane after washing, (f) Cellulose nitrate membrane before treatment 

Fig. 7 (e) shows the SEM image of Ni(II) – PAA loaded nylon membrane after washing several times with hot water.  The 
surface of the nylon membrane was found to be smooth and uniform once again.  Hence the nylon membrane can be reused 
without any loss in physical properties. Surface morphology of CN is shown in Fig. 7 (f). It was observed that the membrane 
had regular pore size. CN membrane also showed good performance in metal rejection like nylon membrane, but different 
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from nylon membrane. The CN membrane showed lower retaining property after several washing. The histogram peaks of the 
nylon membranes before metal ions deposition and after treatment are shown in Fig. 8. The histogram peaks reveal the 
retaining of pores in the nylon membrane after washing. The re-usability of nylon membrane was found to be good when 
compared to CN membrane filter.   

 

Fig. 8 Histogram peaks for Nylon membrane before and after treatment and metal ions complexed with PAA 

D. Fourier Transform Infrared Spectroscopy (FTIR)  

1)  Nylon Membrane: 

The FTIR spectra of nylon membrane before and after washing are shown in Fig. 9 (a and e). In the FTIR spectra, the CH2 
symmetric and asymmetric stretching was not clearly resolved. The broad envelop that lay at 1400 cm-1 includes N-H 
stretching and CH2 stretching vibrations. In addition there was O-H stretching of water, which gives a broad band between 
3000 and 4000 cm-1. The broad peak that lies at 1750 cm-1 was attributed to C=O stretch of amide and CH2 bending modes. In 
addition it was also due to O-H bending mode, all these vibrations are not clearly resolved. There are group of peaks below 
1000 cm-1 that were assigned to CH2 rocking vibrations. From these two spectra, it was to be depicted that the membrane 
stretches are not affected by the metal and poly acrylic acid treatment. 

The FTIR spectra of nylon membrane deposited with Ni (II), Cu (II) and Cr (VI) are shown in Fig. 9 (b, c and d). The 
intense broad band between 3000 and 4000 cm-1 are due to O-H stretch of water and O-H stretch of PAA. The broadening of 
the band illustrates extensive hydrogen bonding. The CH2 vibrations give their characteristic peaks below 3000 cm-1, but they 
are also overlapped with their main band. The bonding modes of water, amide, carboxylic acid C=O stretching and CH2 
bending modes give a broad intense band at 2000 and 1000 cm-1. These features are same for all the three metal acrylic acid 
loaded nylon membrane. 

 
Fig. 9 FTIR spectra of Nylon membranes (a) before treatment (b) PAA loaded with Ni (II), (c) Cu (II),  

(d) Cr (VI)  metal ions deposition on nylon membrane, (e) after recovery 
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2)  Cellulose Nitrate Membrane (CN): 

The FTIR spectra of Cellulose Nitrate membrane before and after use are shown in Fig. 10 (a and e). The peak at 3750 cm-1 
was due to free O-H stretch of cellulose. The hydrogen bonded O-H stretching of cellulose and OH stretch of water gives an 
intense peak at 3490 cm-1. The CH2 vibrations were clearly seen just below 3000 cm-1. The H2O bending mode gives a sharp 
peak close to 1630 cm-1. The CH2 bending vibrations and C-O stretching vibrations of CN gives a broad band between 1560 
cm-1 which was assigned to NO2 stretching. Both the spectra display the same characteristics and hence the membrane 
properties are retained after metal-PAA treatment. 

 
Fig. 10 FTIR spectra of Cellulose nitrate membranes (a) before treatment (b) PAA loaded with Ni (II), 

(c) Cu (II), (d) Cr (VI) metal ions deposition on cellulose nitrate membrane, (e) after recovery 

The FTIR spectra of metal and PAA loaded CN membrane are shown in Fig. 10 (b, c and d). In all the spectra, the free O-H 
stretch of cellulose occurs close to 3750 cm-1. The O-H stretch of cellulose, water and PAA shows intense peak at 3450 cm-1. 
Similarly the CH2 vibrations of CN are clearly seen just below 3000 cm-1. The H2O bending vibrations and C=O vibration of 
PAA gives a broad peak at 1630 cm-1. The peaks between 1500 and 1400 cm-1 are due to the CH2 bending modes, NO2 
vibrations, COO vibrations and C-O vibrations. But they are not clearly resolved. From the above FTIR analysis of different 
membranes, it could be said that the membrane characteristics are preserved after metal treatment. 

IV. CONCLUSION 

The present work deals with the seperation of Ni2+, Cu2+ and Cr6+ ions from water sample by metal ion seperation and metal 
complex seperation method using commercially available nylon and cellulose nitrate membrane filters. PAA and PEG were 
used as metal complexing agents. The following conclusions were drawn from our study. Both the membranes showed good 
percentage rejection (80-90%) for all the metal complexes with PAA and PEG. It was shown that the complexation and 
filtration processes are pH dependent. The metal rejection was more efficient in alkaline condition than in acidic condition. 
The effect of metal ion separation on membrane filters showed good rejection for both nylon and cellulose nitrate membrane 
filters. From FT-IR study, it was concluded that there was no chemical change in the membranes after filtration. The SEM 
study confirmed the retaining property of the nylon membrane. After the separation process the obtained result concluded that 
nylon membrane was found to be more efficient even after several use. Compared to PEG, the PAA complexing agent (at pH ≥  
8) proved to be more effective for the removal of the metal ions, due to bonding process which was more efficient in alkaline 
condition than in neutral or acidic condition. 
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