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Abstract 
Nickel ferrite nanoparticles have been prepared by polymeric precursor method. The nanoparticles application in the removal of lead 
ion was investigated. The results showed that the adsorptive properties were dependent on pH, duration and temperature. Highest 
percentage (99%) lead adsorption was observed under basic condition at room temperature during 1 h stirring. Analysis of lead 
adsorbed nickel ferrite by powder XRD, FTIR and XPS techniques revealed the adsorption took place based on hydroxide mechanism. 
The lead salt formed on the surface of the ferrite powder was identified to be lead carbonate and lead hydroxy carbonate at pH 7 and 
9 respectively.  
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1. INTRODUCTION 

Adsorption process has been used for the removal of solutes 
from solution and gases from the atmosphere. The extent of 
adsorption depends on the surface area and the porosity of the 
adsorbent. A better adsorbent possess larger surface area and 
takes lesser time for efficient adsorption. The adsorption 
technique in the removal of heavy metal ions from wastewater 
plays an important role from environmental point of view. 
Magnetic adsorbents have been used for the waste treatment 
applications. Recently, there has been a considerable interest 
shown in using iron oxides for the removal of lead ions from 
wastewater [1]. Among the magnetic adsorbents ferrites are 
potential candidates for the separation of hazardous metals 
such as cadmium, lead, mercury and actinides from waste 
water [2]. In addition, metal oxide nanoparticles are ideal 
adsorbents for heavy metal ions due to the  larger surface area 
accomplished by the smaller particle size in comparison to 
bulk materials [3]. 
 
Iron oxides treatment for the removal of trace metal ions from 
wastewater is more advantageous because the adsorbent can 
easily be separated from the solution by magnetic means. 
Some of the reports of iron oxides as adsorbents include 
adsorption of lead [4], removal of selenite [5], removal of 
arsenite [6], removal of mercury [7] and removal of neutral 
red dye [8]. Different ferrite spinel nanoparticles such as 
NiFe2O4, MnFe2O4, CoFe2O4 and MgFe2O4 have been studied 
as adsorbents for sulphur, dyes and sulphur dioxide [9-12]. 
Nickel ferrite has been widely studied as a magnetic, catalytic 
and gas sensing material but reports associated to its 
adsorption properties are limited [13-15].   
 
Lead is a toxic element released to the environment by various 
sources. The permissible level for lead in drinking water is 
0.005 mg/L [ISI (1982) Tolerance limits for Industrial 

effluents prescribed by Indian standards Institution; IS: 2490 
(Part II), New Delhi, India]. The permissible limit for lead in 
waste water given by the Environmental Protection Agency 
(EPA) is 0.015 mg/L, and that of the Bureau of Indian 
Standards (BIS) is 0.1 mg/L [16]. Lead ion pollution is mainly 
due to wastewaters of mining industries, paints and pigment 
industries, fertilizer industries, metal plating industries, 
batteries and tannery industries [17]. Lead accumulation 
causes various diseases to living organism. Lead toxicity in 
human leads to disruption of the biosynthesis of haemoglobin, 
rise in blood pressure, kidney damage, miscarriages and 
abortions, brain damage and learning inabilities in children 
[18]. Commonly used methods for the removal of lead from 
aqueous solutions are chemical precipitation, co-precipitation, 
adsorption, flocculation, reverse osmosis, ion exchange, 
electro deposition and filtration [16]. Most of these methods 
have several disadvantages such as chemical requirements, 
time consuming procedure, production of large amount of 
sludge, low efficiency and less cost effective [19]. However, 
adsorption method is considered to be more efficient, cost 
effective and free from sludge formation. A variety of metal 
oxides used for the removal of lead are NiO [20], ZnO, CuO, 
Co-Fe2O3 [21], α-Al 2O3 [22] and Y2O3 [23]. Among the metal 
oxide adsorbents, iron oxide based materials are found to be 
efficient and industry friendly due to the large surface to 
volume ratio and the advantage of magnetic separation from 
wastewater [1]. Oxides such as γ-Fe2O3 and Fe3O4 have been 
studied as adsorbents for Pb2+ ion [24, 25].  
 
From the reported results it is noted that the iron oxides 
exhibit less efficiency in the removal of lead ion from aqueous 
solution [4, 21]. In order to achieve improved percentage 
removal in a shorter duration, current study explores the 
application of nano nickel ferrite powder as an adsorbent. The 
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influence of the factors such as pH, temperature and time has 
been investigated. 
 
2. EXPERIMENTAL 

2.1. Materials 

A. R grade Nickel Chloride, Ferric Chloride and Lead acetate 
purchased from Qualigens and Alginic acid (19-25%) from Sd 
fine chem. Ltd. were utilized  
 
2.2. Synthesis of NiFe2O4 

The compound was prepared by polymeric precursor method 
using alginic acid. Nickel Chloride (1M) and Ferric Chloride 
solutions (1M) were prepared and mixed in 1:2 volume ratio. 
To the homogenized solution, alginic acid solution of the 
concentration 10% by weight was added. The gel formed was 
dried to get precursor. The dried precursor was calcined at 
various temperatures in the range 100-1000°C to obtain pure 
NiFe2O4. At each temperature the sample was heated for 6 h. 
 
2.3. Adsorption Study on NiFe2O4 

For the adsorption experiment, 0.25 g of spinel powder was 
introduced into 25 ml of lead acetate solution (0.01 M). After 
adjusting the pH to 7 the ingredients were stirred (170 rpm) at 
room temperature (29° C). After 12 h the solution was eluted 
using Whatmann filter paper (125 mm) and preserved for 
atomic absorption study. The solid (adsorbent) was washed 
with distilled water and air dried. Similar experiment has been 
performed under basic (pH=9) condition and at 50° C. The 
room temperature experiment was performed for duration of 1 
h also. 
 
2.4. Characterization 

NiFe2O4 and lead adsorbed NiFe2O4 samples were 
characterized by powder X-ray diffraction method (Cu Kα, D8 
Advance, Bruker). The average particle size was determined 
using   Scherrer formula. The Infrared spectra (FTIR 
spectrometer, model JASCO 4100) were recorded using KBr 
disc technique. Scanning Electron Microscopic analysis of the 
samples was carried out using FEI QUANTA FEG 200 HR 
Scanning Electron Microscope. The XPS spectra were 
recorded using ESCA model VG3000 system. 
 
3. RESULTS AND DISCUSSION 

3.1 Characterisation of NiFe2O4 before and after 

Adsorption 

3.1.1 Powder X-ray Diffraction Analysis 

Powder XRD patterns compiled in Fig.1 indicate the gradual 
change in the precursor on heating at various temperatures and 
confirm the formation of pure and highly crystalline spinel 
oxide at 1000°C. With rise in temperature the intensity of the 

peaks corresponding to Fe2O3 (2θ = 24.21°, 33.05°, 40.94°) 
reduces and at 1000° C these peaks completely disappear. The 
diffraction pattern (Fig.1d) is in good agreement with the 
reported data (JCPDS card no: 74-1913) of NiFe2O4. The 
compound crystallises in cubic structure and the lattice 
parameter calculated is 8.30 Å. The average particle size 
calculated from the Scherrer formula is 78 nm. 
 
In Fig.2, the XRD patterns of lead adsorbed NiFe2O4 
nanoparticles at different pH conditions (7 and 9) for 1 h 
experiment are compiled. Besides the characteristic peaks of 
NiFe2O4, the new peaks found are due to the formation of 
PbCO3 and Pb3(CO3)2(OH)2 [JCPDS file 13-0131] [26]. The 
nature  of  the lead compound formed varies as the pH varies 
from 7 to 9. At pH = 7 the lead compound formed on the 
surface is lead carbonate and at pH = 9, lead carbonate 
hydroxide is observed. The residue obtained after the 
adsorption experiment under pH = 9 condition was washed 
with dilute acid and water. Powder XRD pattern (Fig. 2) of the 
resultant dried powder confirms the regeneration of the parent 
compound.  
 
3.1.2. Infrared Spectroscopic Analysis 

Infrared spectroscopy is used to study the interaction of the 
NiFe2O4 with the lead ions. FTIR spectra recorded in the 
region of 4000-400 cm-1 for NiFe2O4 and lead adsorbed 
NiFe2O4 at two different pH conditions are shown in Fig.3. 
The FTIR spectrum of NiFe2O4 (Fig.3 (a)) shows the 
characteristic peaks of Fe-O and NiO at 597 (ν1) and 404 (ν2) 
cm-1. The absorption band (ν1) is attributed to Fe in tetrahedral 
site and (ν2) is assigned to octahedral site accommodating Ni 
[27]. 
 
The spectra of lead adsorbed NiFe2O4 at pH = 7 and 9 show 
bands  at  1400 cm-1  and 1633 cm-1 indicating hydroxide and 
carbonate groups. It is inferred that there is formation of lead 
carbonate [28] and lead hydroxide [29] (amount is too less to 
be identified from the powder XRD pattern-Fig. 2a) at pH = 7. 
In the spectrum Fig 3c, presence of the bands corresponding to 
hydroxy and carbonate groups confirms the formation of the 
compound Pb3(CO3)2(OH)2 [29] as determined from the 
powder X-Ray diffraction.  
 
3.1.3. X-ray Photoelectron Spectroscopic Analysis 

More information regarding the state of the surface adsorbed 
lead ion is obtained from XPS analysis. Fig .4 compares the 
Pb 4f peaks of the products formed on the surface of NFO at 
different pH conditions. The Pb 4f spectra of the products 
possess two broad singlet peaks corresponding to Pb 4f7/2 and 
Pb 4f5/2 centered around binding energy values 138.5 eV and 
143 eV respectively. This observation confirms the oxidation 
state of lead as Pb2+ [30-33].  
 
The O1s spectra compiled in Fig. 5 further confirms the 
carbonate and hydroxy carbonate formation. The B.E value 
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529.3 eV of Fig 4b (spectrum (i)) represents O 1s of carbonate 
group [34] and 530.9 eV of Fig 4b (spectrum (ii)) corresponds 
to that of hydroxy group of lead hydroxy carbonate [35].  But 
the ratio of formation of carbonate and hydroxy carbonate is 
found to be dependent on the pH condition. Neutral condition 
favours the carbonate formation and as the pH increases 
hydroxy carbonate forms. Similar, observation is reported by 
Tang et al [26].  
 
3.1.4. SEM Analysis 

SEM image of NFO powder (Fig. 6) shows the formation of 
nanosized particles as determined from powder X-Ray 
diffraction data. The EDAX spectra given in Fig. 7b confirm 
the adsorption of lead on the surface of NFO at pH =9.  
 
3.2. Effect of pH, Time and Temperature 

The results obtained by varying the pH, contact time and 
temperature are given in Table 1. The lead adsorption is found 
to be efficient under basic condition. For a given pH, the 
contact time influences the percentage adsorption. Higher 
percentage and nearly complete adsorption (99 %) is noticed 
at pH = 9 during 1h contact time. The reduction in the 
percentage adsorption with longer duration (12 h) could be 
due to a possible diffusion or dissolution of the lead salts 
formed on the surface of NFO. Based on the results, it is 
envisaged that the surface charge of NiFe2O4 (NFO) is 
modified with pH variation. An increase in pH increases the 
surface negative charge which in turn influences more and 
more adsorption of lead ions (Fig. 8). Powder XRD, FTIR and 
XPS results demonstrate that the surface negative charge is 
created by OH- and CO3

2- ions. The OH-  ion  comes from the 
aqueous medium and  CO3

2- ion forms due to the interaction of 
atmospheric CO2 with  OH- in the medium [29]. Effect of rise 
in temperature is studied at pH = 9 and it is noticed that 
elevated temperature destroys the lead adsorption (Table.1). 
 
3.3. Adsorption Mechanism  

Metal ions get adsorbed on the surface of adsorbent either by 
ion exchange or complex formation between the functional 
groups on the surface of the adsorbent and the metal ions [3, 
30]. In the current system, no such ion exchange between 
NiFe2O4 and Pb2+ or complex formation is observed. The 
similarity of the powder XRD pattern recorded after the 
desorption of  the lead from the surface of NFO (pH = 9) by 
dilute acid treatment confirms that there is no ion exchange 
between NFO and the lead ion. Similarly, since NFO surface 
is not functionalized by any groups such as thiol, lead 
adsorption by complex formation is also ruled out. Powder 
XRD and XPS analysis confirm hydroxide mechanism. The 
concentration of OH- ion varies with pH and this influences 
the amount of lead hydroxide formation. The following 
sequence of reactions could be considered [29] 
 

CO2 from the atmosphere forms CO3
2- ion on reacting with 

OH- [29] 
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Results obtained in the current investigation are compared 
with that of the literature reports. Nanosized γ-Fe2O3 and its 
complex composite exhibit 15 and 50 % efficiency in 
removing lead ion in12 h duration [4]. Similarly, the 
efficiency achieved in using γ-Fe2O3 synthesized by 
microwave method is around 39 % [24]. Co-Fe2O3   also shows 
very less adsorption (9 % removal during 12 h) [21]. Recillas 
et al reported 83 mg Pb adsorption per gram of Fe3O4 
nanoparticles [36]. The current work reports 99 % efficiency 
in the removal of lead ion at room temperature under basic 
condition (pH = 9) during 1h. The adsorption capacity of 
NiFe2O4 is determined to be 168 mg/g of NFO.  
 
CONCLUSIONS 

Nickel ferrite, NiFe2O4 nanoparticles prepared by polymeric 
precursor method has been applied to remove lead ions from 
aqueous solution. Adsorption efficiency under neutral and 
basic (pH = 9) conditions has been studied. It is observed that 
longer duration and elevated temperature (50° C) lead to lesser 
adsorption. The oxide removes 99 % of lead at room 
temperature (29° C) under basic condition during one hour 
contact. Examination by X-ray diffraction and spectroscopic 
techniques reveal that lead gets adsorbed on the surface of the 
ferrite due to the accumulation of negative charge on the 
surface and forms lead hydroxide and carbonate. The easily 
separable spinel nanoferrite is regenerated by gentle dilute 
acid wash.  
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Table 1 Effect of temperature, time and pH on the % adsorption of lead 

 
Temperature (° C) Time pH 

7 9 
29 12 h 73 77 

1 h 79.5 99 
50 12h --- 23 

 
 

 
FIGURE CAPTIONS 

Fig.1. Powder X-ray diffraction patterns of the products 
formed at different temperatures (a) 700° C, (b) 800° C, (c) 
900° C and d) 1000° C (*-Fe2O3) 
Fig 2 Powder XRD patterns of ‘Pb’ adsorbed NiFe2O4 
nanoparticles at different pH conditions for 1h adsorption and 
the spinel oxide collected after desorption  
Fig 3 FTIR spectra of (a) parent NiFe2O4 and Pb adsorbed (1h 
duration) NiFe2O4 at (b) pH=7, (c) pH=9  

Fig 4 The Pb (4f) XPS peaks of NiFe2O4 after adsorption of 
lead  
Fig 5 The O (1s) XPS peaks of NiFe2O4 after adsorption of 
lead  
Fig 6 SEM image of NiFe2O4  
Fig 7 EDAX spectra of (a) NiFe2O4 and (b) Pb adsorbed 
NiFe2O4  
Fig 8 Schematic representation of the adsorption process at pH 
=7 and 9 
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Fig 5 
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Fig 7 
 


