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Abstract
Nickel ferrite nanoparticles have been preparedgblymeric precursor method. The nanoparticles aggtion in the removal of lead
ion was investigated. The results showed that ttsogptive properties were dependent on pH, duratiod temperature. Highest
percentage (99%) lead adsorption was observed ubdsic condition at room temperature during 1 hritg. Analysis of lead
adsorbed nickel ferrite by powder XRD, FTIR and X&®niques revealed the adsorption took place dasehydroxide mechanism.
The lead salt formed on the surface of the fepaevder was identified to be lead carbonate and legdroxy carbonate at pH 7 and

9 respectively.
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1. INTRODUCTION

Adsorption process has been used for the removablotes
from solution and gases from the atmosphere. Thenexf

adsorption depends on the surface area and thsifyood the

adsorbent. A better adsorbent possess larger sudi@a and
takes lesser time for efficient adsorption. The oapison

technique in the removal of heavy metal ions froast@water
plays an important role from environmental point vaéw.

Magnetic adsorbents have been used for the wasértent
applications. Recently, there has been a consitteraterest
shown in using iron oxides for the removal of léads from

wastewater [1]. Among the magnetic adsorbentstésrrare
potential candidates for the separation of hazardmetals
such as cadmium, lead, mercury and actinides froastev
water [2]. In addition, metal oxide nanoparticlee adeal

adsorbents for heavy metal ions due to the lasgdace area
accomplished by the smaller particle size in coinspar to

bulk materials [3].

Iron oxides treatment for the removal of trace thietas from
wastewater is more advantageous because the adsadre
easily be separated from the solution by magnet&ams.
Some of the reports of iron oxides as adsorbenthide
adsorption of lead [4], removal of selenite [S5]m@val of
arsenite [6], removal of mercury [7] and removalngfutral
red dye [8]. Different ferrite spinel nanoparticlesich as
NiFe,O,, MnFe0, CoFgO, and MgFeO, have been studied
as adsorbents for sulphur, dyes and sulphur diopdd&2].
Nickel ferrite has been widely studied as a magnettalytic
and gas sensing material but reports associatedtsto
adsorption properties are limited [13-15].

Lead is a toxic element released to the environrogmarious
sources. The permissible level for lead in drinkimgter is
0.005 mg/L [ISI (1982) Tolerance limits for Industr

effluents prescribed by Indian standards Institutits: 2490
(Part 1), New Delhi, India]. The permissible linfior lead in
waste water given by the Environmental Protectiagercy
(EPA) is 0.015 mg/L, and that of the Bureau of &mdi
Standards (BIS) is 0.1 mg/L [16]. Lead ion pollatis mainly
due to wastewaters of mining industries, paints pigthent
industries, fertilizer industries, metal plating dirstries,
batteries and tannery industries [17]. Lead accation
causes various diseases to living organism. Leaitity in
human leads to disruption of the biosynthesis enfaglobin,
rise in blood pressure, kidney damage, miscarriaged
abortions, brain damage and learning inabilitiesclnidren
[18]. Commonly used methods for the removal of |éaan
aqueous solutions are chemical precipitation, eipitation,
adsorption, flocculation, reverse osmosis, ion arge,
electro deposition and filtration [16]. Most of #ee methods
have several disadvantages such as chemical rewgrits,
time consuming procedure, production of large anhoafn
sludge, low efficiency and less cost effective [19pwever,
adsorption method is considered to be more efficienst
effective and free from sludge formation. A varietfymetal
oxides used for the removal of lead are NiO [2G]0Z CuO,
Co-FeO0;s [21], a-Al ;05 [22] and Y03 [23]. Among the metal
oxide adsorbents, iron oxide based materials aradido be
efficient and industry friendly due to the largerfage to
volume ratio and the advantage of magnetic separdtbom
wastewater [1]. Oxides such ad4-6,0; and FgO, have been
studied as adsorbents for’Pton [24, 25].

From the reported results it is noted that the imides
exhibit less efficiency in the removal of lead fvom aqueous
solution [4, 21]. In order to achieve improved pmetage
removal in a shorter duration, current study exdothe
application of nano nickel ferrite powder as ancaldent. The
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influence of the factors such as pH, temperatucktame has
been investigated.

2. EXPERIMENTAL
2.1. Materials

A. R grade Nickel Chloride, Ferric Chloride and Hescetate
purchased from Qualigens and Alginic acid (19-258n Sd
fine chem. Ltd. were utilized

2.2. Synthesis of NiFe,O,

The compound was prepared by polymeric precursdhade
usingalginic acid. Nickel Chloride (1M) and Ferric Childe
solutions (1M) were prepared and mixed in 1:2 vauratio.
To the homogenized solution, alginic acid solutioh the
concentration 10% by weight was added. The gel éormas
dried to get precursor. The dried precursor wasimadl at
various temperatures in the range 100-1000°C taiolgure
NiFe,O,. At each temperature the sample was heated for 6 h

2.3. Adsorption Study on NiFe,O,

For the adsorption experiment, 0.25 g of spinel genmwas
introduced into 25 ml of lead acetate solution J0M). After
adjusting the pH to 7 the ingredients were stiffE¢D rpm) at
room temperature (29° C). After 12 h the solutiomsveluted
using Whatmann filter paper (125 mm) and preserfad
atomic absorption study. The solid (adsorbent) washed
with distilled water and air dried. Similar expegnt has been
performed under basic (pH=9) condition and at 50°TGe
room temperature experiment was performed for duraif 1
h also.

2.4. Characterization

NiFe,0, and lead adsorbed Nif®, samples were
characterized by powder X-ray diffraction method (C,, D8
Advance, Bruker). The average particle size wasrdehed
using Scherrer formula. The Infrared spectra Tl
spectrometer, model JASCO 4100) were recorded usBrg
disc technique. Scanning Electron Microscopic asialpf 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. RESULTSAND DISCUSSION

3.1 Characterisation of NiFe204 before and after
Adsor ption

3.1.1 Powder X-ray Diffraction Analysis

Powder XRD patterns compiled kig.1 indicate the gradual
change in the precursor on heating at various testyres and
confirm the formation of pure and highly crystadlirspinel
oxide at 1000°C. With rise in temperature the istignof the

peaks corresponding to f&& (20 = 24.21°, 33.05°, 40.94°)
reduces and at 1000° C these peaks completelyp#iaapThe
diffraction pattern (Fig.1d) is in good agreementhwthe
reported data (JCPDS card no: 74-1913) of Mige The
compound crystallises in cubic structure and thticka
parameter calculated is 8.30 Ahe average particle size
calculated from the Scherrer formula is 78 nm.

In Fig.2, the XRD patterns of lead adsorbed MNOze
nanoparticles at different pH conditions (7 andf® 1 h
experiment are compiled. Besides the charactensaks of
NiFe,O,, the new peaks found are due to the formation of
PbCG and PB(CO;),(OH), [JCPDS file 13-0131] [26]. The
nature of the lead compound formed varies apthearies
from 7 to 9. At pH = 7 the lead compound formed tba
surface is lead carbonate and at pH = 9, lead natbo
hydroxide is observed. The residue obtained aftee t
adsorption experiment under pH = 9 condition washed
with dilute acid and water. Powder XRD pattern (Ayof the
resultant dried powder confirms the regeneratiothefparent
compound.

3.1.2. Infrared Spectraoscopic Analysis

Infrared spectroscopy is used to study the intemacdf the
NiFe,O, with the lead ions. FTIR spectra recorded in the
region of 4000-400 cth for NiFeO, and lead adsorbed
NiFe,O, at two different pH conditions are shown in Fig.3.
The FTIR spectrum of NikR®, (Fig.3 (a)) shows the
characteristic peaks of Fe-O and NiO at 587 &nd 404 ;)
cm™. The absorption banda] is attributed to Fe in tetrahedral
site and ¥,) is assigned to octahedral site accommodating Ni
[27].

The spectra of lead adsorbed NiBgat pH = 7 and 9 show
bands at 1400 chmand 1633 cm indicating hydroxide and
carbonate groups. It is inferred that there is fation of lead
carbonate [28] and lead hydroxide [29] (amounbDi3 less to
be identified from the powder XRD pattern-Fig. 2apH = 7.
In the spectrum Fig 3c, presence of the bands sporaling to
hydroxy and carbonate groups confirms the formatbthe
compound PHCOs)(OH), [29] as determined from the
powder X-Ray diffraction.

3.1.3. X-ray Photoelectron Spectr oscopic Analysis

More information regarding the state of the surfadsorbed
lead ion is obtained from XPS analysis. Fig .4 carep the

Pb 4f peaks of the products formed on the surfédér®D at
different pH conditions. The Pb 4f spectra of theducts
possess two broad singlet peaks corresponding #f-Rland

Pb 4£,, centered around binding energy values 138.5 eV and
143 eV respectively. This observation confirms tixélation
state of lead as Pb[30-33].

The O1s spectra compiled in Fig. 5 further confirthe
carbonate and hydroxy carbonate formation. The &lke
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529.3 eV of Fig 4b (spectrum (i)) represents O flsaobonate
group [34] and 530.9 eV of Fig 4b (spectrum (iQyresponds
to that of hydroxy group of lead hydroxy carbon@®]. But
the ratio of formation of carbonate and hydroxybcerate is
found to be dependent on the pH condition. Newpaldition
favours the carbonate formation and as the pH &sa®
hydroxy carbonate forms. Similar, observation igoréed by
Tang et al [26].

3.1.4. SEM Analysis

SEM image of NFO powder (Fig. 6) shows the formatod
nanosized particles as determined from powder X-Ray
diffraction data. The EDAX spectra given in Fig. @bnfirm

the adsorption of lead on the surface of NFO atpH

3.2. Effect of pH, Timeand Temperature

The results obtained by varying the pH, contactetiend
temperature are given in Table 1. The lead adsworpsi found
to be efficient under basic condition. For a giveH, the
contact time influences the percentage adsorptidigher
percentage and nearly complete adsorption (99 %piiced
at pH = 9 during 1h contact time. The reduction tlire
percentage adsorption with longer duration (12 dwla be
due to a possible diffusion or dissolution of tlead salts
formed on the surface of NFO. Based on the resiilts
envisaged that the surface charge of MNize(NFO) is
modified with pH variation. An increase in pH inaees the
surface negative charge which in turn influencesemand
more adsorption of lead ions (Fig. 8). Powder XRDIR and
XPS results demonstrate that the surface negatieege is
created by OHand CQ” ions. The OHion comes from the
aqueous medium and GOion forms due to the interaction of
atmospheric Cowith OH in the medium [29]. Effect of rise
in temperature is studied at pH = 9 and it is reatichat
elevated temperature destroys the lead adsorpfi€.1).

3.3. Adsorption M echanism

Metal ions get adsorbed on the surface of adsortigmer by
ion exchange or complex formation between the fonet
groups on the surface of the adsorbent and thel moes [3,
30]. In the current system, no such ion exchangsvdsn
NiFe,0, and PB" or complex formation is observed. The
similarity of the powder XRD pattern recorded aftie
desorption of the lead from the surface of NFO &I9) by
dilute acid treatment confirms that there is no @ehange
between NFO and the lead ion. Similarly, since NitEface
is not functionalized by any groups such as thiekad
adsorption by complex formation is also ruled deowder
XRD and XPS analysis confirm hydroxide mechanisie T
concentration of OHion varies with pH and this influences
the amount of lead hydroxide formation. The follogi
sequence of reactions could be considered [29]

Pb(CH ,COOH), + 2H,0 — Pb(OH),+2CH ,COOH

CO, from the atmosphere forms GOon on reacting with
OH[29]

CO,+20H™ - CO,” +H,0
Pb? +CO,> - PbCO,

Pb? +OH™ +CO,> - Pb,(CO,),(OH),

Results obtained in the current investigation avengared
with that of the literature reports. Nanosize&e,0O; and its
complex composite exhibit 15 and 50 % efficiency in
removing lead ion inl12 h duration [4]. Similarlyhet
efficiency achieved in usingy-FeO; synthesized by
microwave method is around 39 % [24]. Co®¢ also shows
very less adsorption (9 % removal during 12 h) [Récillas
et al reported 83 mg Pb adsorption per gram ofOfe
nanopatrticles [36]. The current work reports 99 fiiciency
in the removal of lead ion at room temperature urusic
condition (pH = 9) during 1h. The adsorption capa®f
NiFe,Q, is determined to be 168 mg/g of NFO.

CONCLUSIONS

Nickel ferrite, NiF@O, nanoparticles prepared by polymeric
precursor method has been applied to remove lgzifiom
aqueous solution. Adsorption efficiency under radutnd
basic (pH = 9) conditions has been studied. Ithiseoved that
longer duration and elevated temperature€ (Bplead to lesser
adsorption. The oxide removes 99 % of lead at room
temperature (29° C) under basic condition during dwour
contact. Examination by X-ray diffraction and spestopic
techniques reveal that lead gets adsorbed on tfeecswof the
ferrite due to the accumulation of negative chaage the
surface and forms lead hydroxide and carbonate. esdly
separable spinel nanoferrite is regenerated byleyatilute
acid wash.
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Table 1 Effect of temperature, time and pH on the % adsmmmf lead

Temperature (° C) Time pH
7 9
29 12 h 73 77
1h 79.5 99
50 12h 23

FIGURE CAPTIONS

Fig.l. Powder X-ray diffraction patterns of the products
formed at different temperatures (a) 700, (b) 800 C, (c)
900 C and d) 1000C (*-F&0s)

Fig 2 Powder XRD patterns of ‘Pb’ adsorbed NiBg
nanoparticles at different pH conditions for 1lhagson and
the spinel oxide collected after desorption

Fig 3 FTIR spectra of (a) parent Nig&, and Pb adsorbed (1h
duration) NiFgO, at (b) pH=7, (c) pH=9

Fig 4 The Pb (4f) XPS peaks of Nif@, after adsorption of
lead

Fig 5 The O (1s) XPS peaks of Nif, after adsorption of
lead

Fig 6 SEM image of NiFgD,

Fig 7 EDAX spectra of (a) NiF®, and (b) Pb adsorbed
Fig 8 Schematic representation of the adsorption proategkl
=7 and 9
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