
Structural and Magnetic Properties of Electrodeposited Iron
Aluminum Oxide Nanostructures

*M. Imran1,a), Rabia Akram1,a), Saira Riaz2,a)
, Zohra N. Kayani2,b)

and Shahzad Naseem2,a)

a)Centre of Excellence in Solid State Physics, University of Punjab, Lahore, Pakistan
b)Department of Physics, LCWU, Lahore, Pakistan

*) saira.cssp@pu.edu.pk

ABSTRACT

Iron Aluminum Oxide nanostructures are most studied magnetic materials in last
decades because of their use in electronic inductor, transformers and electromagnetics
due to their high electrical resistance. In this research work iron aluminium oxide
nanostructures are deposited on copper substrate by electrodeposition process. Six
samples are prepared with variation in deposition time from 5 – 30 minutes. During
these times duration voltage is kept constant at 2 volts. Electrodeposited
nanostructures are annealed at 300oC for 1 hour in the presence of magnetic field.
Characterization of the samples is done by X-ray Diffractometer (XRD), Vibrating
Sample magnetometer(VSM) and scanning electron microscopy(SEM). Presence of
iron aluminum oxide has been confirmed by their characteristic peaks in XRD patterns.
VSM results show the ferromagnetic behavior of nanostructures under optimized
conditions i.e. for 20-30 minutes of deposition time. Nano spheres/ Nanoparticles with
diameter of ~40-50nm are observed using SEM.

1. INTRODUCTION

Nanostructures based materials have been widely used during the past few
decades due to their applications in industrial and medical areas (Paesano et al. 2003).
Among various materials of interest, iron aluminum oxide (FeAl2O4) is of particular
interest because its magnetic properties can be tuned with variation in the distribution
of cations. FeAl2O4 belongs to the class of spinel ferrites. Spinel ferrites contain cubic
oxygen sublattice in which cations are placed in tetrahedral and octahedral interstices
(Maissel et al. 1970). These cations occupy one-eighth of tetrahedral and one-half of
octahedral sites. The unit cell of spinel ferrite belongs to the cubic structure (space
group Fd3m-227). The oxygen anions form the close face-centered cubic (fcc) packing
consisting in 64 tetrahedral (A) and 32 octahedral (B) empty spaces partly populated by
Fe and Al cations. Because of their magnetic electric and optical properties these kinds
of materials can be used in water purification, thermoelectric devices, sensors and



magnetic resonance imaging etc (Holland et al. 1965). In iron aluminum oxide (FeAl2O4)
Fe and Al occupy tetrahedral and octahedral cation sites, respectively (La et al. 2003,
Shwarsctein et al. 2010). Iron aluminum oxide has not only found wide applications as
a catalyst and in water purification but also in data storage and spintronic devices (Riaz
et al. 2014). Besides this, iron aluminium alloy is an intermetallic material (Bard et al.
2001) and its high density ratio and good corrosion resistance in carbonizing
environments makes it useful in magneto electronic devices and structural applications
(Sikandar et al. 2012, Krifa et al. 2013, Thiemiga et al. 2009).

Nanostructures of spinel ferrites can be prepared using different methods
including co-precipitation (Wilson et al. 2002) hydrothermal synthesis, micro-emulsion
synthesis, spray pyrolysis, citrate precursor technique, sol gel method and
electrodeposition process (Booker et al. 2005). But very little attention is devoted to
nanostructures of iron aluminum oxide specifically.

Among various methods, electrodeposition is the phenomenon for the deposition
of metals in which electric current is required to reduce cations of the desired material
and to coat the desired material on the conductive substrate in the form of thin film (Kim
et al. 2010). Electrodeposition is used for number of applications in nanotechnology,
microelectronic optics and related fields. It is also extensively used in many industrial
applications for the manufacturing of jewelry, tools, automobile and toy industry (Shinde
et al. 2011).

This study deals with the preparation of iron aluminum oxide nanostructure
deposited on copper substrates by electrodeposition process with variation in
deposition time from 5 – 30 minutes, whereas voltage is kept and 2 volts. Changes in
magnetic and structural properties are correlated with variation in deposition time.

2. EXPERIMENTAL DETAILS

Nanostructures of iron aluminum oxide were prepared through electrodeposition
method. Nanostructures were deposited by variation of time keeping the deposition
potential fixed. A conventional electrolytic cell was used in experiment. Copper
substrate was used as cathode. Electrolyte constituents were aluminum nitrate (Al
(NO3)3.9H2O), iron nitrate (Fe(NO3)3.9H2O) and Boric acid (H3BO3). All these
constituents were mixed in deionized (DI water) to make the electrolyte. Electrodes
were immersed in the electrolyte and time of deposition was varied in the range of 5 –
30 minutes, keeping deposition potential fixed at 2.0 V.

For phase investigation of aluminum iron oxide nanostructures, Bruker D8
Advance X-ray diffractometer was used. Magnetic properties were studied using
Lakeshore’s 7407 Vibrating Sample Magnetometer. Surface morphology was examined
using Hitachi S-3400N scanning electron microscope.

3. RESULTS AND DISCUSSION

Fig. 1 shows the XRD pattern for iron aluminum oxide thin films that is prepared by
the conventional electrodeposition process. The pattern shows the diffraction peaks
corresponding to (311), (400), (331), (511) and (620) planes. These planes are located
at angle 2θ˚= 36.8˚, 43.2˚, 50.1˚, 61.5˚, 74.05˚ respectively. No peaks corresponding to 



aluminum oxide or iron oxide were observed which indicates the successful compound
formation of iron aluminum oxide.

Fig. 1 XRD patterns for Iron aluminum oxide with variation in deposition time

Crystallite size (t) (Cullity 1956) and dislocation density (δ) (Kumar et al. 2011)
were calculated using Eq. 1-2
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Where, θ is the diffraction angle, λ is the wavelength (1.5406Å) and B is Full Width
at Half Maximum. It can be seen in Fig. 2 that crystalline size increases with the
increase in deposition time from 5 - 30 minutes. As deposition time increases more ions
released from the electrolyte which contributes to the formation of film and results in the
increase of crystalline size. By increasing deposition time dislocation density values
were found to decrease (Fig. 2). Dislocations or defects during deposition process may
be due to micro-strain in the films. With the increase of deposition time lattice defects
and distortions decreases thus resulting in decrease in dislocation denisty.



Fig. 2 Variation of crystalline size and dislocation density with deposition time

Lattice parameters ‘a’ for all nanostructures are calculated by using (Eq. 3).

222 lkhda hkl ++= (3)

Where, dhkl is d-spacing corresponding to hkl planes. Lattice parameter variations
with deposition time is shown in Fig. 3 and table 1. With the increase in deposition time
lattice parameter increases. The increase in lattice parameter and thus unit cell volume
is indicative of strengthining and phase stability of aluminium iron oxide nanostructures
as observed in Fig. 1. This led to decrease in X-ray density of iron aluminum oxide
nanostructures (Table 1).

Fig. 3 Variation in lattice parameter and unit cell volume with deposition time



Table.1 Lattice constant, unit cell volume, crystalline size and dislocation density of as
deposited nanostructures with varying the deposition time

Deposition time
(minutes)

5

15

30

Figure 4 shows surface morphology of electrodeposited iron aluminum oxide
naostructures. Decrease in diameter of nanostructures was observed with increase in
deposition time. Moreover, dense and spherical nanoparticles were observed by
incrasing deposition time.

Fig. 4 SEM images of iron aluminum oxide nanostructures with deposition time (a)

Table.1 Lattice constant, unit cell volume, crystalline size and dislocation density of as
deposited nanostructures with varying the deposition time

Lattice
constant

(Å)

Unit cell
volume

(Å)3

X-ray
density
(g cm-3)

Crystalline

8.199 551.1663 5.121

8.20 551.1368 5.119

8.21 553.3877 5.101

surface morphology of electrodeposited iron aluminum oxide
. Decrease in diameter of nanostructures was observed with increase in

deposition time. Moreover, dense and spherical nanoparticles were observed by
incrasing deposition time.

SEM images of iron aluminum oxide nanostructures with deposition time (a)
10min (b) 25 min

Table.1 Lattice constant, unit cell volume, crystalline size and dislocation density of as-
deposited nanostructures with varying the deposition time

Crystalline
size
(nm)

15.7

24.7

29

surface morphology of electrodeposited iron aluminum oxide
. Decrease in diameter of nanostructures was observed with increase in

deposition time. Moreover, dense and spherical nanoparticles were observed by

SEM images of iron aluminum oxide nanostructures with deposition time (a)
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Fig. 5 M-H curves for as-deposited iron aluminum oxide nanostructures with deposition
time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

Figure 6 shows M-H curve for electrodeposited nanostructures after annealing at
300°C in the presence of magnetic field. It can be seen in Fig. 6 that transition from
weak magnetic behavior to strong ferromagnetic behavior was observed with increase
in deposition time from 5min to 20min, 25min and 30min. Spins interact
ferromagnetically within the plane while antiferromagnetically within the adjacent planes.
Uncompensated magnetic moments at the boundaries are responsible for the
ferromagnetic behavior of aluminium iron oxide thin films. Decrease in grain size
increase in deposition time,
uncompensated spins at high deposition temperature and hence ferromagnetic
behavior.

deposited iron aluminum oxide nanostructures with deposition
time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

H curve for electrodeposited nanostructures after annealing at
300°C in the presence of magnetic field. It can be seen in Fig. 6 that transition from
weak magnetic behavior to strong ferromagnetic behavior was observed with increase
n deposition time from 5min to 20min, 25min and 30min. Spins interact
ferromagnetically within the plane while antiferromagnetically within the adjacent planes.
Uncompensated magnetic moments at the boundaries are responsible for the

of aluminium iron oxide thin films. Decrease in grain size
increase in deposition time, as observed in Fig. 4, led to the presence of
uncompensated spins at high deposition temperature and hence ferromagnetic

deposited iron aluminum oxide nanostructures with deposition
time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

H curve for electrodeposited nanostructures after annealing at
300°C in the presence of magnetic field. It can be seen in Fig. 6 that transition from
weak magnetic behavior to strong ferromagnetic behavior was observed with increase
n deposition time from 5min to 20min, 25min and 30min. Spins interact
ferromagnetically within the plane while antiferromagnetically within the adjacent planes.
Uncompensated magnetic moments at the boundaries are responsible for the
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Fig. 6 M-H curves for Iron aluminum oxide nanostructures annealed at 300 °C with
deposition time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

Figure 7 shows coercivity
deposition time. Coercivity increases as deposition time increases from 5min to 10 min.
As deposition time was further increased decrease in coercivity was observed.

H curves for Iron aluminum oxide nanostructures annealed at 300 °C with
deposition time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

Figure 7 shows coercivity of iron aluminum oxide nanostructures as a function of
deposition time. Coercivity increases as deposition time increases from 5min to 10 min.
As deposition time was further increased decrease in coercivity was observed.

H curves for Iron aluminum oxide nanostructures annealed at 300 °C with
deposition time as (a) 5 min (b) 10 min (c) 15 min (d) 20 min (e) 25 min (f) 30 min

of iron aluminum oxide nanostructures as a function of
deposition time. Coercivity increases as deposition time increases from 5min to 10 min.
As deposition time was further increased decrease in coercivity was observed.



Fig. 7 Variation in coercivity with deposition time

Figure 8 and 9 shows the variations in the magnetization and retentivity of iron
aluminum oxide nanostructures. With the increase of deposition time number of defects
decrease which results in the adequate alignment of spins. This leads to prominent
canting of spin structure resulting in enough number of uncompensated magnetic
moment thus increases magnetization (Riaz et al. 2014).

Fig. 8 Magnetization of annealed iron aluminum oxide nanostructures



Fig. 9 Retentivity of annealed iron aluminum oxide nanostructures

4. CONCLUSIONS

Aluminium iron oxide nanostructures were prepared using low cost conventional
electrodeposition technique. Deposition time was varied in the range of 5- 30 minutes
at constant potential of 2V. Nanostructures were characterized and studied under as-
deposited conditions and after annealing at 300oC in magnetic field. Appearance of
diffraction peaks in XRD pattern corresponding to (311), (400), (331), (511) and (620)
planes showed formation of iron aluminium oxide nanostructures. Increase in crystallite
size was observed with increase in deposition time. M-H curve of as-deposited samples
showed ferromagnetic and paramagnetic mixed behavior. However, ferromagnetic
behavior was observed after magnetic field annealing. Saturation magnetization of
annealed samples increased up to 0.017emu with increase in deposition time. On the
other hand, coercivity increased to a value of 133Oe with increased deposition time.
Spherical nanostructures with diameter of 40-50nm were observed through SEM
images.
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