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ABSTRACT: In this study, iron-doped alumina (Fe-Al,O3) hanoparticles (NPs) containing 2 mol%,
4 mol%, and 6 mol% iron impurities were fabricated by the co-precipitation method in the presence
of Al2(SO4)3.9H20 and Fe2(SO4)s.9H,0 precursors. The prepared nanoparticles were heated at 1000 °C
to study their physicochemical properties. The XRD results pointed out the multiphase for
the samples. The morphological results revealed that the uniformity increased by increasing
iron atoms rate. TEM analysis revealed that the particle with a size of 40 nm was obtained for 4%
of the sample. The results of FT-IR analysis indicated that when the 2% impurity increases
the AlO, tetrahedra and AlOs octahedral vibrational bond grow.

KEYWORDS: Fe-doped Al;Os; Nanocrystals; Coprecipitation method; Optical properties;

Catalyst; Ceramics materials.

INTRODUCTION

Metal oxide nanomaterials have been broadly
considered in the fields of industry and medicine [1-22].
More specifically, the aluminum oxide NPs (alumina)
have been extensively applied in electronics, optoelectronics,
medicine, and petrochemical industries [23-29]. The properties
of these nanomaterials are meaningfully changing by
increasing the surface-to-volume ratio. Alumina has

different phases of v, n, , 3, 0, and a. The y-phase has
a cubic structure made at 700 to 1000 °C and is used
generally as a catalyst and catalyst protector in structural
and industrial composites and ceramic industry, whereas
o phase has a hexagonal (hcp) structure and is formed when
the heat increases to 1200°C. This structure is applied
in the drilling and cutting subtle stones due to its high
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stiffness. The other phases are thermodynamically unstable
whose structure eventually changes to the a-alumina phase
when impurity is imbued and heat increases [30].
The a-AlOs unit cell has a hexagonal cell structure,
having a rhombohedral primitive cell holding the atom.
Each AI®* center is in octagonal structure where AI%* ions
occupy two-third of the octagonal empty spaces in terms
of crystallographic. The increase in temperature
of alumina results in the loss of the hydroxyl group
and the formation of AI** aluminum alpha cations
in tetrahedral and Al®* in octahedral, which in turn leads
to phase transformation, porosity reduction, decrease
in surface area, and an increase in size [31]. When a small
amount of transition metal impurities such as Cu, Zn,
and Fe isadded, the crystalline, morphological, and optical
properties of alumina NPs such as stiffness, crystalline
order, and band gap are developed [32,33]. Due
to the presence of an atomic radius close to Al (aaiz+=0.57
A), Fe (ares+ =0.64 A) dopant affects the physical
properties of alumina more than the other transition
metals [34]. Different methods such as the solgel process,
hydrothermal, and co-precipitation methods are used to
construct alumina NPs [35-37]. Among these methods,
the co-precipitation method is more considered since
it is reflected as an easy and economical synthesis
and has better control over the formation and growth of
NPs when compared to other methods [38,39]. In this
investigation, pure alumina and impure alumina
containing Fe impurity are synthesized by Al»(S04)3.9H,0
and  Fex(S04)3.9H,O  precursors  with  different
Fe percentages of impurities using co-precipitation
method. The impurity effects on crystalline and
morphological properties of alumina are studied.

EXPERIMENTAL METHOD

Pure alumina and Fe-doped Al,O3 NPs with the
precursors of Alx(S04)3.9H,0 and Fey(S0.4)3.9H,0
were fabricated using co-precipitation approach. First,
the defined amount of aluminum nitrate salt was dissolved
in 100 ml of pure water. Then, the temperature was increased
to 70 °C and then NaOH was slowly added and the heater
temperature was then increased to 80 °C. To synthesize
the Fe-doped alumina NPs with different percentages of 2%,
4%, and 6%, the defined amount of Iron nitrate salt was
dissolved in 100 ml of dionized water. The samples were
annealed at 1000 °C for 4 hours. Finally, nanoparticles
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Fig. 1: XRD data of pure and Fe-doped alumina samples for
different Fe dopants.

were analyzed to investigate the effect of iron doping
in the alumina by XRD, FESEM, TEM and FTIR analyses.

RESULTS AND DISCUSSION
XRD Analysis

XRD spectra was carried out to characterize the NPs’
crystal structure. Fig. 1 shows the XRD spectra of pure
NPs and Fe-doped Al,Os; with different dopants of 2%,
4%, and 6%. The peaks at different angles representing the
cubic structure in vy, 8, and the tetragonal structure of
0-alumina phase. Peaks created at 25.46, 35.23, 37.61,
41.05, 43.22, 45.63, 52.62, 57.43, 61.12, and 66.72 degrees
are consistent with the diffraction Peaks at (012), (104), (110),
(006), (113), (202), (024), (116), (122), and (214) indicating
a-alumina phase with hexagonal structure [40].

FESEM Analysis

Fig. 2 shows the morphology of Fe-doped Al,O3 NPs
with different dopants. Coating SEM samples with only
a nm of Au increases the signal to noise ratio dramatically,
resulting in crisp and clear images. Asthe figure illustrates,
when iron impurities are added, the size of the NPs
decreases, while their morphology increases. Actually,
when the size decreases, the interatomic and molecular
forces increase. Subsequently, NPs tend to be closer to
each other resulting in their aggregation. The aggregation
is resolved when the EG stabilizer is added to the sample
[41-49]. The average calculated mean value for NPs with
57 nm in size and for impure NPs with 2%, 4%, and 6%
impurities is equivalent to 51 nm, 49 nm, and 46 nm
respectively.
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Fig. 2. FESEM images of (a) pure alumina, (b) 2%, (c) 4% and (d) 6% Fe-doped Al20s.

80
70

0%

60 1
50 1
40
30

Transmission (%)

20
104

0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

AIO, AlO,

Wavenumber (cm™)
Fig. 3: FT-IR spectrum of the pure and 2% Fe-Al203 NPs..

FT-IR Analysis

To determine the functional groups and vibrational
bond, Fourier Transform Infrared Spectroscopy (FT-IR)
analysis was used. Fig. 3 indicates the transmission rate of
pure and 2% Fe-doped alumina in terms of wave number.
As it can be seen, the peaks in the frequency of 3078 cm'?
are associated with the O-H group. The peak generated
in the wave number of 1589 cm is related to C=C, and the

Research Article

vibrational peaks in the frequencies of 875 and 529 cm™
are related to the tetrahedral and octahedral alumina
groups, respectively. As it can be seen, the intensity of
O-H adsorption increases with increasing Fe content
which results the activation of OH° radicals and increase
in the catalytic activity [50].

TEM Analysis

To determine the exact size TEM analysis was used.
The powders were dissolved by ethanol solution and
dispersed by ultrasonic vibration for 30 minutes. As it can
be seen in Fig. 4, the 4% Fe-doped alumina NPs are aggregated
and their average size is measured to be 44.6 nm
as measured by Gaussian fitting which is in agreement
with XRD results. In fact, due to annealing process,
the atomic interaction of the NPs increase and then the NPs
form in a cluster [51-55].

CONCLUSIONS

Fe-doped Al,O3 NPs were successfully fabricated with
Fe dopant percentages of 2%, 4%, and 6% using
coprecipitation route. The XRD results pointed out that the
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Fig. 3: FT-IR spectrum of the pure and 2% Fe-Al2O3 NPs..

structure of the NPs is in multi-phasic form. The FESEM
results revealed that when the dopant rate increases to 6%,
the size of the NPs decreases to 46 nm. FTIR analysis
shows increasing in Al-OH frequency due to increasing
the Fe dopant of 2%.
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