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Abstract. Nano zero-valent iron (nZVI) particles have been identified as one of the potential candidate for the removal
of various metal ions. This study addresses the effectiveness of nZVI on iron removal from an aqueous solution containing
Fe2?/Fe3? in the ratio of 2.5:0.5, which is not studied so far. Liquid-phase reduction technique was utilized to synthesize
the nZVI. The characterization of nZVI and its interaction with iron in aqueous solution was found using transmission
electron microscopy (TEM), scanning electron microscopy–energy dispersive X-ray (SEM–EDX), X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), ultraviolet–visible spectroscopy (UV–Vis spectroscopy) and Fourier
transform infrared spectroscopy (FTIR). It was found that the nZVI particles were largely spherical with size varying from
80–99 nm. Abundant oxygen functional groups detected in the FTIR spectrum serve as the accessible sites for iron
adsorption. SEM and XRD studies provided a clear image of core-shell structure of nZVI. The study also investigated the
role of pH, iron concentration, nZVI dosage and contact time on the uptake behaviour of contaminant iron. A removal
efficiency of 63% was achieved in 3 h, with optimum nZVI loading of 5 g l-1, from a solution having initial iron
concentration of 0.5 mg l-1 at natural solution pH 6.85. This efficiency was increased to 70% at optimum pH 10. The
batch study revealed that adsorption kinetics followed pseudo-second-order kinetics with R2 value of 0.99 and data
followed Dubinin–Radushkevich isotherm. Outcomes of the study recommend that nZVI could turn into a promising
adsorbent for iron removal from aqueous solutions.
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Introduction

Water bodies get contaminated by iron either through
dumping of household and industrial waste or through
geogenic sources. The wellsprings of iron in surface water
are mainly the contamination from steel and iron industries,
metal erosion and mining [1]. The presence of 3 to
15 mg l-1 iron in surface and ground water has been
reported in many parts of India [2]. High iron content
weakens the organo-leptix characteristics of water thereby
accelerates the growth of various microorganisms which are
tolerant to chlorine [3]. The persistent utilization of water
with high iron concentration may cause different health
issues, for example, impairment of hematopoiesis,
hemochromatosis, eye disorders and heart diseases [4].
Apart from these health issues, the high concentration of iron
causes streaks and stains on plumbing fixtures and clothing.
The precipitation of iron may likewise cause clogging of
pipeline and softeners and in turn create unwanted circumstances in the water distribution systems [5].

The conventional methods such as ion-exchange,
electrocoagulation, oxidation–precipitation–filtration process, separation through filter media and adsorption using
calcium carbonate-based minerals show above 90% iron
removal efficiency [1]. Even though ion-exchange is widely
used technique for iron removal, clogs are formed due to
oxidation and in turn make the process labour intensive [6].
Regular replacement of electrodes and high current densities make the electrocoagulation process less effective for
iron remediation [7]. The oxidant used in oxidation–filtration–precipitation process is difficult to transport and store
and it will corrode the components of the treatment system
upon use [8]. Back washing and low temperature conditions
are necessary in filter media separation and the process is
ineffective for removing inorganic iron [9]. The presence of
co-cations, natural organic matter and lower pH conditions
reduce the efficiency of adsorption of iron using calcium
carbonate-based minerals. These drawbacks of conventional
methods led to some of the recent innovative techniques,
which include use of various membranes and
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nanotechnology [2,10,11]. As the pore size of membranes is
greater than the contaminant ions, a pre-treatment procedure must be done to increase the overall size of ions. This
limits the application of membrane technology in iron
remediation. The nanotechnology is rather a new technique
and very limited research has been carried out in this area to
remove iron from water. However, a recent study by
Alimohammadi et al [12] achieved 98.97% total iron
removal at pH of 8.2 by the utilization of carbon nanotubes
(CNTs). But these nano-materials are difficult to retrieve
from the aqueous solutions once they get scattered. Furthermore, toxicity issues are arising in the application of
CNTs and becoming a major concern in present scenario
[13].
Among the various nanoparticles, nZVI has shown
remarkable potential to remediate large number of aqueous
pollutants. Recently, nZVI has been accounted for effective
sequestration of different types of metallic ions such as
Cu2?, Pb2?, As3?, Cr6?, Cd2?, As5?, Zn2?, Ba2? and Ni2?
[14–20]. The high surface area and resulting high surface
activity of nZVI make it a promising technology for environmental remediation. Moreover, it is non-toxic and easy
to produce [16]. nZVI has a core of iron in its zero-valent
state and a surface layer of iron oxides/hydroxides. Studies
show that nZVI takes part in heavy metal removal by two
mechanisms: sorption and reduction. The core zero-valent
iron possesses electron donating power to reduce the heavy
metals with standard electrode potential more positive than
that of iron. The surface layer of iron oxides/hydroxides
offer electrostatic attractions to adsorb heavy metals having
standard potentials negative than or close to the iron [20].
This remarkable surface activity of nZVI can be utilized for
the iron removal and no such studies have been reported so
far. This study aims at evaluating the potential of nZVI on
iron remediation by investigating the effects of various
influencing operational parameters viz. pH, contact time,
iron concentration and nZVI dosage. The results obtained
from the experiments are described with different kinetic
and adsorption isotherm models. The activity of nZVI and
the interaction between different species are assessed by
different spectroscopic and microscopic studies.

2.
2.1

Materials and methods
Synthesis of nZVI

The liquid-phase reduction technique in the presence of a
chelating agent, ethylene diamine tetra acetic acid (EDTA)
was used to synthesize nZVI. This prior implemented technique uses sodium borohydride for the reduction of Fe2? [15].
All the chemicals used in this study were of analytical grade
purchased from Merck Millipore. In each batch, 0.1 M
FeSO47H2O (150 ml) and 0.05 M EDTA (100 ml) were
blended in a round bottom flask. The reducing agent (0.75 M
NaBH4, 100 ml) was added drop wise into the mixture
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prepared. Black particles of nZVI spontaneously appeared in
the flask when the first drop of 0.75 M solution of NaBH4 was
added. After the addition of NaBH4, solution was stirred for
20 min. The black iron nanoparticles were separated by
centrifugation. The solid was then washed with 99% absolute
ethanol three times. Finally, the synthesized black nanoparticles were collected in a glass vial and oven dried at 50°C.
The black colour of the synthesized nZVI particles was persistent for 3 months when stored under normal conditions.

2.2

Characterization

The reduction of Fe2? ions to Fe0 was ensured by analysing
the ultraviolet–visible (UV–Vis) spectrum of nanoparticle
solution before and after synthesis. UV–Vis spectrophotometer (Systronics 2202) was used to analyse the spectrum
in the range 200–900 nm.
Scanning electron microscopy/energy dispersive X-ray
(SEM/EDX) characterization study was performed using
Carlz Zeiss Evo 18 instrument. The solid sample was first
applied to a carbon strip attached to a metal disc. Sample
surface images were recorded at different magnifications.
The atomic dispersion on the surface of nZVI before and
after treatment was mapped by EDX spectrum analysis at
randomly chosen areas.
The morphology and surface characteristics of the synthesized nZVI was inspected using transmission electron
microscopy (TEM). The freshly prepared nZVI was analysed using Jeol/JEM 2100 instrument at 200 kV acceleration voltages. Prior to analysis, nZVI was dispersed in
ethanol using an ultrasonic bath and a drop of the dispersion
was applied to a holey carbon support grid.
A Bruker D8 advance diffractometer which contains a
high-power CuKa (k = 1.54 Å) source working at 40 kV/
40 mA was used to record the X-ray diffraction (XRD)
patterns. The Fourier transform infrared (FTIR) spectrum
was taken by Thermo Nicolet Avtar 370 model spectrometer in the range 400–4000 cm-1 to detect the characteristics of functional groups before and after treatment.
The surface chemistry of synthesized nZVI- and ironloaded nZVI were examined using X-ray photoelectron
spectroscopy (XPS, PHI 5000 VersaProbe II, ULVAC-PHI
Inc.) equipped with micro-focused Al-Ka X-ray
monochromatic source. High-resolution spectra (narrow
scans) as well as survey spectra were recorded. An X-ray
source having pass energy of 187.85 eV and power of 50 W
was used to record the survey scans. Narrow scans of the
major elements were examined at 46.95 eV pass energy.
XPS data were processed using PHI’s Multipak software.

2.3

Batch experimental study

Stock solutions of Fe(II) and Fe(III) ions with 1000 mg l-1
concentration were first prepared by dissolving 280.6 mg of
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Figure 2.

SEM image of freshly prepared nZVI.
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Figure 1. UV–Vis spectrum of (a) Fe2?-EDTA solution before
reduction and (b) solution containing nZVI.

ammonium ferrous sulphate and 228.2 mg of ammonium
ferric sulphate in 500 ml of distilled water, respectively.
These solutions were then diluted to obtain solutions of
required concentration. A series of batch studies were
conducted to explore the viability of synthesized nZVI
particles for iron removal.
This study mainly concentrates on iron removal from
simulated surface water containing Fe2? and Fe3? ions. The
ratio of ferrous to ferric iron is found to be 2.5:0.5, on an
average, in surface waters, even though it shows wide seasonal variations [21]. Therefore, the ratio of ferrous ion to
ferric ion was fixed as 2.5:0.5 in aqueous solution for the batch
study. Ferrous iron solution of 0.42 mg l-1 and ferric iron
solution of 0.08 mg l-1 were prepared and mixed to obtain a
sample of the above ratio. The pH of this solution was found
to be 6.85. To elucidate the role of contact time, 200 ml of
0.5 mg l-1 iron solution at natural solution pH of 6.85 was
taken; 1 g l-1 of nZVI was added and kept in an orbital shaker

for 1, 2, 3, 6, 12 and 24 h. The experimental data was
interpreted by the pseudo-first-order and pseudo-secondorder kinetic models. The goodness of kinetic model fit was
evaluated by Chi-square (v2) test and the regression coefficient (R2).
A 200 ml iron solution having total iron concentration of
0.5 mg l-1 was taken in a series of conical flasks, the pH
values were varied from 3–12 and 1 g l-1 nZVI was added in
each flask. These samples were then agitated for the optimum
reaction period (3 h) in order to evaluate the effect of pH.
To investigate the role of adsorbent dosage, 200 ml of
0.5 mg l-1 iron solution was taken, the pH was adjusted to
the optimum value (pH 10) and added different nZVI dose
varying from 0.5–10 g l-1. A series of such conical flasks
were agitated for the minimum contact time required to
attain equilibrium (3 h). The experimental data was analysed by Langmuir, Freundlich and Dubinin–Radushkevich
(D–R) isotherms.
In all batch studies, 50 ml of sample was taken for
analysis and allowed 20 min for settling. The supernatant
was collected, centrifuged and finally nZVI was magnetically separated from treated sample. A control was used in
all experiments without adding nZVI to the iron sample
solution. The concentration of iron in the clear extracted
solution and in control was determined by phenanthroline
method [22] using UV–Vis spectrophotometer.
The adsorbed amount and the removal efficiency of nZVI
were determined by the equations (1 and 2), respectively
[16,23]:
qt ¼

ðC0  Ct ÞV
;
m

Removal efficiency ð%Þ ¼

ð1Þ
C0  Ct
 100;
C0

ð2Þ

where C0 and Ct are the iron concentrations at the initial and
at any time t, respectively, m (g) is the weight of nZVI and
V (ml) represents the sample volume.
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Figure 3.

EDX spectrum of freshly prepared nZVI.

Figure 4.

TEM images of freshly prepared nZVI.
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Figure 5.

XRD pattern of freshly prepared nZVI.

Figure 6.

FTIR spectrum of freshly prepared nZVI.

3.
3.1

Results and discussion
Characterization

The UV–Vis spectroscopic analysis was done to ensure the
formation of nanoparticles by comparing the absorption
peaks. A shift in the absorption peak from 425 nm
(figure 1a) to 312 nm (figure 1b) confirms the formation of
nZVI particles.
To investigate the changes in morphological properties,
freshly prepared nZVI was characterized by SEM. The
freshly formed iron nanoparticles are in contact with one
another and form chain-like aggregates. This chain-like
morphology is probably caused by the van der Waals forces
and magnetic dipole–dipole interactions (figure 2) [24].

3

The presence of elements C (from EDTA) and B (from
NaBH4) can be seen from the EDX spectrum of the freshly
prepared nZVI surface in addition to Fe and O (figure 3).
The above result is in agreement with the studies of Uzum
et al [24] and Zhang et al [25].
Figure 4 presents the TEM images of freshly prepared
nZVI particles and its chain-like morphology (figure 4a and
b) justifying SEM results obtained. The prepared nZVI
possess a size distribution within the range of 80–99 nm
(figure 4d) and core-shell structure of these particles could
be clearly seen from figure 4c. The iron oxide phases and
metallic iron can be differentiated from the colour contrast
of TEM images. According to the principle of TEM, the
components with lower atomic numbers seem lighter than
the ones with higher atomic numbers. It can be thus inferred
that the average atomic number of surface elements is lower
than the average atomic number of the central elements.
Therefore, TEM study verifies the conceptual structure of
nZVI, consisting of the metallic iron core and the iron
oxides in the shell or surface.
The XRD pattern of freshly prepared nZVI is depicted in
figure 5. The characteristic diffraction line at 2h = 44.6° in
figure 5 indicates that the prepared iron nanoparticles exist
in zero-valent state and persistent without corrosion.
FTIR spectrum for nZVI was recorded in the range
400–4000 cm-1 before and after treatment. As seen from
figure 6, the absorption peak at 3485 cm-1 can be ascribed
to O–H stretching vibration of carboxylic groups. A medium peak appeared at 1630 cm-1 is associated with C=O
stretching vibration and the peak at 1383 cm-1 reveals C–H
bending vibrations. Weak signals observed at 1107 and
617 cm-1 are assigned to C–O stretching and C–H bending
vibrations, respectively. Moreover, abundant oxygen functional groups seen in the FTIR spectrum of freshly prepared
nZVI could serve as accessible sites for adsorption. The
oxygen atoms in –OH and C–O groups can donate free
electrons to intervene with the vacant orbitals of contaminant ions.
The peaks shown in the XPS surface spectrum of
nZVI (figure 7a) at around 194, 284.85, 531.66 and
710.10 eV correspond to B, C, O and Fe elements,
respectively, consistent with the EDX analysis. The peak
for boron is due to the oxidation of the borohydride
during synthesis of nZVI. The weak signal displayed at
707 eV corresponds to the binding energy of 2p3/2 of
iron (figure 7b), reveals the presence of Fe0 in the
nanoparticles [26]. The peaks centred at 710 and 724 eV
in the survey of Fe 2p core levels (figure 7b) represent
the binding energies of Fe(2p3/2) and Fe(2p1/2), respectively. The shoulder observed at 719 eV results from the
overlap of the shake-up satellite of oxidized iron (2p3/2)
and zero-valent iron (2p1/2) [10,18]. These prominent
peaks are indicative of oxidized iron species which may
be present as iron oxides (FexOy) and iron hydroxides
(Fe(OH)x) confirming the presence of oxide/hydroxide
layer on nZVI surface [27].
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Batch studies on effect of operational parameters

3.2a Effect of contact time: The effect of contact time
on iron removal was investigated at natural solution pH 6.85
for the iron concentration of 0.5 mg l-1 at 1 g l-1 nZVI
dosage. The percentage removal of iron species with contact
time is presented in figure 8. It can be observed that iron is
adsorbed rapidly during the first 3 h, beyond which, there is
no significant change with further increment. The number
of active sites on the nZVI surface is more and iron
concentration is high at initial stage. Therefore, these active
sites are rapidly interacting with contaminant iron. A total
iron removal efficiency of 54% was achieved within 3 h.
After 3 h, the adsorbed amount reached equilibrium due to
the slow diffusion of Fe2?/Fe3? ions to the nZVI.
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Figure 9. Variation of iron removal efficiency and final iron
concentration with initial solution pH.

3.2b Effect of initial solution pH: pH has great impacts
on the metal chemistry in solution which affect the
accessibility of binding sites and in turn affects the metal
adsorption [28]. The adsorption ability for target metal ion
from aqueous media of 0.5 mg l-1 iron concentration was
monitored for the optimum reaction time of 3 h at different
pH (pH 3 to 12). For all these runs, nZVI dosage was fixed
as 1 g l-1. As shown in figure 9, iron removal efficacy
increased with increase in pH from pH 5 and reached
equilibrium at pH of 10 with 57% removal efficiency.
Leaching of iron was also observed in the pH range of 3–4
from nZVI (not shown in figure). Moreover, iron removal
was not observed in control, which eliminates the
possibility of oxidation. At acidic pH, the competition
between the H? ions and the metal ions for the vacant sites
results in reduced efficiency [29]. Moreover, the high
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Figure 10.

removal efficiency at higher pH can be explained in the
context of isoelectric point. The isoelectric point of nZVI
is reported as 8.3 in previous studies [30,31]. The oxide
surface will act as negatively charged surface at pH higher
than the isoelectric point [20]. Therefore, the negatively
charged nZVI surface enhances the cation iron adsorption at
higher pH.

Table 1.

3

3.2c Effect of adsorbent dosage: Different dosages
(0.5–10 g l-1) of nZVI were applied at optimum pH 10
to 200 ml sample of 0.5 mg l-1 total iron concentration
to demonstrate the effect of nZVI dosage on adsorption.
Figure 10 shows the effect of adsorbent dosage on iron
uptake by nZVI particles. The iron uptake is low at
0.5 g l-1 dosage as the active sites are few at low nZVI
amount. However, the iron removal efficiency increases
from 49–70% with increase in nZVI dosage and results in
constant removal efficacy after 5 g l-1 nZVI dose. Final
iron concentration of 0.156 mg l-1 at 5 g l-1 nZVI dose
was within the desirable limit of drinking water
standards. The dispersion of nZVI particles in aqueous
system is best at low adsorbent dosage and all the active
sites present on the adsorbent surface are fully exposed
which may promote the accessibility of contaminant iron
to a large number of active sites. The active sites on the
nZVI surface are thus easily saturated, performing high
removal efficiency. Higher dosage of nZVI results in
lower dispersion which reduces the accessibility of high
energy active sites and a larger fraction of low energy
active sites being occupied, directing to a reduction in
uptake capacity [32]. Besides, the possibility of collision
between adsorbent nanoparticles increased by adsorbent
dosage, causes particle aggregation, induces an increase
in path length of diffusion and a decrease in the total
surface area, both resulting in a decrease in contaminant
iron adsorption rate [28].

Isotherm model parameters for adsorption of iron on nZVI.
Freundlich model
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Adsorption kinetic model parameters for iron adsorption on nZVI.
Pseudo-first-order model

Pseudo-second-order model
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Figure 12. (a) Pseudo-first-order and (b) pseudo-second-order kinetic model of iron adsorption model.

3.3

Adsorption isotherms of iron on nZVI

The adsorption behaviour of total iron on nZVI was modelled by Langmuir, Freundlich and Dubinin–Radushkevich
(D–R) isotherms. Equations (3–5) represent the linear forms
of these isotherms, respectively [16,20,23,33]:
1
1
1
1
¼
þ
 ;
qe qm qm kL Ce

ð3Þ

1
log qe ¼ log kf þ log Ce ;
n

ð4Þ

ln qe ¼ ln qd  be2 ;

ð5Þ

where qe is the equilibrium adsorption capacity (mg g-1),
Ce is the equilibrium concentration of iron (mg l-1).
Langmuir constant, kL is related to the free energy of
adsorption and qm corresponds to maximum monolayer
adsorption capacity (mg g-1). n and kf are the Freundlich
isotherm constants signifying the intensity and capacity of
the adsorption, respectively. qd in D–R isotherm corresponds to maximum coverage (mg g-1), b is D–R isotherm
constant related to mean free energy (E), which is in turn
given by 1/(2b)0.5. The parameter e in D–R isotherm is
calculated according to equation (6) [16,23]:


1
e ¼ RT ln 1 þ
:
ð6Þ
Ce

The experimental data for different nZVI doses were fitted
to the linear forms of isotherm equations. The results show
that the Langmuir isotherm (data not shown) yielded poor
regression coefficient (R2 \ 0.85) while Freundlich and
Dubinin–Radushkevich isotherms provided proper description of the data (table 1).
According to the Freundlich model, the surface active
sites are heterogeneous with extensive affinities. The

Figure 13.

SEM image of iron-loaded nZVI.
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3

EDX spectrum of iron-loaded nZVI.

Figure 14.

stronger binding sites are filled by the adsorbate species first
and as the degree of site occupation increases, the binding
force decreases. The Freundlich constants, n and kf calculated from the plot of ln qe and ln Ce (figure 11a) establish
how favourable an adsorption process and the adsorption
distribution are onto the nZVI at equilibrium, respectively.
The value of n [ 1 indicates that iron ions are favourably
adsorbed on nZVI.
The Dubinin–Radushkevich model follows multilayer
adsorption behaviour which involves van der Waals forces
of attraction and the mean adsorption energy (E) provides
information on the chemical and physical adsorption process. The slope and intercept of the plot ln qe vs. e2
(figure 11b) are used to compute D–R isotherm constants b
and qd, respectively. Value of b is inversely related to

concentration change and free energy of adsorption. In
physisorption, the values of b are C7.81 9 10-9 mol2 J-2
(value corresponding to 8 kJ mol-1, maximum free energy
of physisorption). The magnitude of regression coefficient
(R2 = 0.9687) confirms that the data is well-fitted with
the D–R isotherm. Moreover, the lower value of
E (\8 kJ mol-1) suggests that physical sorption have more
contribution in this adsorption mechanism [23].

3.4

Adsorption kinetics of iron on nZVI

The evaluation of the adsorption kinetics of contaminant
iron on nZVI was done by pseudo-first-order and pseudosecond-order models and goodness of the fit was assessed
by Chi-square (v2) test and linear coefficient of determination (R2). Table 2 summarizes the parameters of two
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XRD pattern of iron-loaded nZVI.
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FTIR spectrum of iron-loaded nZVI.
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(a) XPS surface spectrum of iron-loaded nZVI and (b) Fe 2p spectrum of iron-loaded nZVI.

kinetic models and figure 12a and b shows the linear
graphical representation of ln(qe - qt) vs. t and t/qt vs. t,
respectively. Among the two models, the maximum
adsorption capacity computed from the pseudo-secondorder model shows close proximity to the experimental
results. In addition, the pseudo-first-order shows lower
regression coefficient and data was well-fitted with the
pseudo-second-order kinetics with R2 = 0.9931. The lower
v2 value of 0.032 for the pseudo-second-order also recommends that iron adsorption on nZVI followed the pseudosecond-order kinetics.

3.5

Mechanism of iron removal by nZVI

The nZVI after treatment of 0.5 mg l-1 iron solution at
natural solution pH 6.85 with 5 g l-1 dose was subjected to
the characterization study to elucidate the mechanism of
iron removal from aqueous solution.
As illustrated in SEM image of iron-loaded nZVI
(figure 13), the sizes of the nZVI particles increased
markedly after interacting with Fe2?/Fe3? in the influent
solution. Comparing figures 2 and 13, more particles are
bound to nZVI with coir-like structure, after the treatment,
confirming adsorption of Fe2? and Fe3?.
The EDX spectrum was also recorded for Fe2?/Fe3?loaded nZVI, after the treatment with 0.5 mg l-1 of iron
solution, and it is shown in figure 14. As per the EDX
spectra, the weight percentage of iron on the unreacted
nZVI particles is 65.87 and after the treatment it is 85.26,
the increase in weight percentage verifying the adsorption
of iron on nZVI.
The XRD spectrum of iron-loaded nZVI (figure 15)
shows new 2h peaks at 35.6° and 30.2° corresponding to
Fe2O3 and Fe3O4 [34] confirming the interaction between
nZVI and Fe2?/Fe3?. The XRD results cannot distinguish
the phases of iron oxide, Fe2O3 and Fe3O4 and therefore

the resulting peaks could stand for either phase or both
[14].
The FTIR spectrum of iron-loaded nZVI is shown in
figure 16. Compared with the FTIR peaks of freshly prepared nZVI, the peak at 480 cm-1 disappeared and peak
shifting occurred from 3485 to 3370 cm-1. A strong signal
appeared at 568 cm-1 due to Fe–O stretching vibration. The
above changes are illustrations of interaction of contaminant iron with nZVI. Moreover, the small shifting of peaks
in the range of 1626–1020 cm-1 indicates effective
adsorption of Fe2?/Fe3? ions on the surface of nZVI by
chelating with oxygen containing groups [35].
In the XPS spectra of iron-loaded nZVI (figure 17a and
b), small new peaks observed around *90 eV correspond
to Fe 3s and Fe 3p along with increase in atomic percentage
of iron. These observations also indicate the interaction
between contaminant iron and nZVI.
Li and Zhang [10] reported that the metal ions having
standard reduction potential close to Fe0 are removed by
adsorption, while the metal ions with standard reduction
potential more positive than Fe0 are removed by reduction.
Thus iron removal by nZVI is predominant by adsorption.

4.

Conclusions

The present study showed that nZVI can be used as an
effective adsorbent for the removal of iron from aqueous
solutions. SEM/EDX results demonstrated an increase in
atomic percentage of iron after treatment, confirming
uptake of contaminant iron from solution by nZVI. The
appearance of new peaks and shift in peaks observed in
XRD, FTIR and XPS analyses further confirmed that the
uptake of iron by nZVI is through the adsorption process.
The performance of batch experiments under various conditions indicated that nZVI has good removal ability
towards contaminant iron and could bring the effluent iron
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concentration to desirable limit of potability. pH is a
significant factor affecting the removal efficiency of iron by
nZVI. The iron removal is more effective in alkaline pH
greater than the isoelectric pH of nZVI (8.3). The experimental data was well-fitted with the D–R isotherm with
correlation coefficient 0.9687 and maximum adsorption
capacity was found to be 21.2 mg g-1. D–R isotherm
assumes that the adsorption has a multilayer character,
involves van der Waals forces and is applicable for physical
adsorption processes. Moreover, mean free energy
\8 kJ mol-1 strongly supported the physical adsorption
mechanism for iron uptake by nZVI particles.
Thus the results indicate the feasibility of employing
nZVI as an adsorbent for iron remediation from aqueous
system. The characterization results show agglomeration
of nZVI which may limit its effective utilization. This can
be overcome by suitable surface coatings on nZVI or
impregnating nZVI on suitable substances. Further modifications are required for the enhancement of iron removal at
higher concentration and for the reusability of nZVI.
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