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Abstract
Nickel oxide nanoparticles have been successfully synthesized by using low combustion synthesis method followed by
calcination at 500 oC for 30 minutes. The calcined Nickel oxide nanoparticles were investigated by various tools such as
XRD, FT-IR and FE-SEM. The average crystallite size of the calcined Nickel oxide was determined to be 6.5, 8.2 and
16.7 nm according to various fuels. The characteristic absorption peak at 429 corresponds to Ni-O stretching vibration
mode of Nickel oxide. The FE-SEM photograph displayed that the calcined Nickel oxide nanoparticles are agglomerated
in network shapes and the average agglomerated particle Nickel in the range 1 µm.
Received; 8 April 2019, Revised form; 10 Jun 2019, Accepted; 10 Jun 2019, Available online 1 July 2019.
1. Introduction
Nickel oxide NiO is an important transition metal oxide
with cubic lattice structure. It has attracted increasing
attention owing to potential use in a variety of applications
such as: catalysis [1], battery cathodes[2, 3], gas sensors
[4], electrochromic films [5] and magnetic materials [6, 7].
It can also be extensively used in dye sensitized
photocathodes [8]. Also for low material cost as an ion
storage material, NiO semiconductor becomes a
motivating topic in the new area of research .Because of
the volume effect, the quantum size effect, the surface
effect and the macroscopic quantum tunnel effect,
nanocrystalline NiO is expected to possess many improved
properties than those of micrometer-sized NiO particles
with advancements in all areas of industry and technology
, the interest has been focused on nanoscale materials
,which stems from the fact that new properties are required
at this length scale and, equally important, that these
properties change with their size and morphology [9, 10] .
Recently various synthesis methods have been used for
fabrication of inorganic material nanoparticles such
hydrothermal method [11-13], sol-gel method [14, 15], coprecipitation method [16, 17], combustion synthesis [1821] and emulsion combustion method [22, 23] .
Low combustion synthesis method is also known as low
solution combustion synthesis and it used for the
preparation of simple and complex inorganic compounds
[24, 25, 18, 26, 27]. We are used low combustion
synthesis method due to easy, rapid method and saves both
time and energy. It also used to synthesis pure,
homogeneous and crystalline materials. In the present

work, we aimed to synthesize nickel oxide nanoparticles
by using auto-combustion synthesis following by the
calcination to improve the crystallinity. The structure,
optical and morphology properties of the obtained nickel
oxide are well characterized by different tools such as
XRD, FT-IR and SEM.
2. Experimental
2.1. Materials and reagents:
All chemicals used in this work were purchased and
used as received without any further purification. Nickel
nitrate hexahydrate (Ni(NO3)3.6H2O; 98%) was purchased
from Sigma–Aldrich Chemical Company. Sucrose (Su:
C12H22O11; 98%) and alanine (Ala: C3H7NO2; 99%) were
purchased El Nasr pharmaceutical chemicals company.
2.2 Preparation of Nickel oxide nanoparticles via
combustion method
0.02 mole of Nickel nitrate and certain amount of fuels
were dissolved in 30 mL distilled water in which the fuel
to oxidant ratio equal to one and according to the
equations (1, 2 and 3). The obtained solutions were heated
with stirring at 100 °C for 5 min to complete the solubility.
After homogenization, the solutions were heated at 150oC
till to transform into a gel. The viscous gels were ignited
on hotplate at 250 oC until auto-ignition was finished and
the ash was obtained. Pure Nickel oxide nanoparticles
obtained after the calcination of ashes materials at 500 oC
for 30 minutes. Table (1) shows the ratio between the
starting materials and the names of the products after
calcination.

6 Ni(𝑁𝑂3 )2 . 6𝐻2 O + 4 𝐶3 𝐻7 𝑁𝑂2 → 6 NiO + 50 𝐻2 O + 12 C𝑂2 + 8 𝑁2
48 Ni(𝑁𝑂3 )2 . 6𝐻2 O + 10 𝐶12 𝐻22 𝑂11 → 48 NiO + 398 𝐻2 O + 120 C𝑂2 + 48 𝑁2
27 Ni(𝑁𝑂3 )2 . 6𝐻2 O + 2 𝐶3 𝐻7 𝑁𝑂2 + 5 𝐶12 𝐻22 𝑂11 → 27 NiO + 255 𝐻2 O + 66 C𝑂2 + 28 𝑁2
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Table (1): The sample names, fuels type and the composition of the starting materials.
Sample names
Ni2+, mole
Type of fuel
Fuel, mole

1
NA
0.03
2
NS
0.03
3
NSA
0.03
Where: Ala=alanine and Su= sucrose
2.3 Characterization of NiO nanoparticles
X-ray diffraction (XRD) of the sample was measured
using diffractometer (Bruker; model D8 advance) with
monochromnated Cu-Ka radiation, 1.54178 (˚A) in the 2θ
range of 15-80o. FT-IR spectra were measured using FTIR spectrometer (Bomem; model MB 157S) from 4000 to
400 cm-1 at room temperature. The morphology and
particle size of sample was studied using Field emission
scanning electron microscope (FE-SEM, JEOL: model
JSM-6500F).
2.3.1X-ray diffraction (XRD)
Figure (1) displays the XRD patterns of the calcined
Nickel oxide samples (NA, NS and NSA). The extracted
data shows that the pure NiO phase in case of the NA and
NSA samples according to standard JCPDS card No. 00047-1049. NS sample show nickel with high crystallinity.
The average crystal sizes of zinc oxide calculated by using
the Debye-Scherrer formula.
B = 0.9λ⁄D1/2 cos θ
Where, λ is wavelength (1.5406 A for CuKα), θ is the
diffraction angle and β is the x-ray full width at halfmaximum height of the diffraction peak. The average
crystal size of the calcined Nickel oxide is determined to
be 6.5, 16.7 and 8.2 nm for NA, NS and NSA samples,
respectively.

Ala
Su
Ala and Su

0.02
0.00625
0.01+ 0.003125

absorption bonds at 1383 cm-1, 1432-1446 cm-1, 12711267 cm-1 and 1112(7) cm-1 indicates the existence of
nitrates, carbon-carbon and carbon-oxygen groups. The
absorption bonds at 418-420 cm-1 and 440 cm-1 are
associated to Ni-O vibration bond and absorption bond at
620 cm-1 and 640 cm-1 is assigned to Ni-O-H stretching
bond on the Nickel. The extracted data confirmed
formation of the pure NiO nanoparticles [28, 29].

Figure (2). FT-IR spectra of NiO oxide samples
synthesized by different fuels.
2.3.3 Morphological studies for Nickel Oxide
nanoparticles
FE-SEM images of the synthesized NA sample are
shown in Figure (3). FE-SEM micrograph exhibit the high
porosity of Nickel oxide nanoparticles with irregular
network shap and average particle size in the range of 1
μm.

Figure (1). XRD patterns of Nickel oxide after
calcination at 500 oC for 30 minutes
2.3.2 FT-IR analysis
The FT-IR spectra of the calcined Nickel oxide samples
in the wavenumber range of 400-4000 cm-1 are shown in
Figure (2). The peak around at 3451 cm-1, 3428 cm-1 and
3421 cm-1 are related to O-H vibration of water molecules
on the surface of nickel oxide nanoparticles. The
absorption at 1650 cm-1, 1643 cm-1 and 1673 cm-1
correspond to the bending vibration of hydroxyl groups
which adsorbed on the surface of nickel oxide. The
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Fig.3. FE-SEM images of nickel oxide (NA) synthesized
by using alanine fuel.
4. Conclusion
NiO nanoparticles were prepared by auto-combustion
method using nickel nitrate (as an oxidizer), alanine fuel
and sucrose fuel with the fuel to oxidant molar ratio is
equal to 1. The obtained powder sample was characterized
by using various tools such as X-ray powder diffraction
(XRD), Fourier transform infrared analysis (FTIR) and
Field emission scanning electron microscope (FE.SEM).

The XRD pattern of Nickel oxide sample shows the
characteristic peaks of after calcination at 500o C with an
average crystallite size of 6.5-16.7 nm. The absorption
peak at 429 cm-1 is attributed to Ni-O stretching of NiO.
The FE-SEM photograph displayed that the synthesized
nickel oxide nanoparticles show the high porosity material
with network shapes and hard agglomeration. Also, the
FE-SEM photograph displays the average particle size in
the range of 1 µm.

Acknowledgement
The authors would like to express their sincere thanks to Benha University, Benha, Egypt for support of the current
research.
Reference:
]1[K.M. Dooley, S.-Y. Chen, J. Ross, Stable nickelcontaining catalysts for the oxidative coupling of
methane, Journal of catalysis 145 (1994) 402-408.
]2[I. Hotový, J. Huran, L. Spiess, R. Čapkovic, Š.
Haščı́k, Preparation and characterization of NiO thin
films for gas sensor applications, Vacuum 58 (2000)
300-307.
]3[H. Yang, Q. Dong, X. Hu, X. Ai, S. Li, Preparation
and characterization of LiNiO2 synthesized from Ni
(OH) 2 and LiOH· H2O, Journal of power sources 79
(1999) 256-261.
]4[E.L. Miller, R.E. Rocheleau, Electrochemical
behavior of reactively sputtered iron‐doped nickel
oxide, Journal of the Electrochemical Society 144
(1997) 3072-3077.
]5[G. Wang, X. Lu, T. Zhai, Y. Ling, H. Wang, Y.
Tong, Y. Li, Free-standing nickel oxide nanoflake
arrays: synthesis and application for highly sensitive
non-enzymatic glucose sensors, Nanoscale 4 (2012)
3123-3127.
]6[Y. Ichiyanagi, N. Wakabayashi, J. Yamazaki, S.
Yamada, Y. Kimishima, E. Komatsu, H. Tajima,
Magnetic properties of NiO nanoparticles, Physica B:
Condensed Matter 329 (2003) 862-863.
]7[S.A. Makhlouf, F. Parker, F. Spada, A. Berkowitz,
Magnetic anomalies in NiO nanoparticles, Journal of
applied physics 81 (1997) 5561-5563.
]8[X. Deng, Z. Chen, Preparation of nano-NiO by
ammonia precipitation and reaction in solution and
competitive balance, Materials letters 58 (2004) 276280.
]9[M. El-Kemary, N. Nagy, I. El-Mehasseb, Nickel
oxide nanoparticles: synthesis and spectral studies of
interactions with glucose, Materials Science in
Semiconductor Processing 16 (2013) 1747-1752.
]10[J. He, H. Lindström, A. Hagfeldt, S.-E. Lindquist,
Dye-sensitized nanostructured p-type nickel oxide film
as a photocathode for a solar cell, The Journal of
Physical Chemistry B 103 (1999) 8940-8943.
]11[P. Bhavani, C .Rajababu, M. Arif, I.V.S. Reddy,
N.R. Reddy, Synthesis of high saturation magnetic iron
oxide nanomaterials via low temperature hydrothermal
method, J. Magn. Magn. Mater. 426 (2017) 459-466.

185

]12[Y. Kamei, K. Wakayama, Y. Makinose, Y. Endo, N.
Matsushita, Syntheses of iron oxide nanoplates by
hydrothermal treatment of iron-oleate precursor and
their magnetization reversal, Mater. Sci. Eng., B 223
(2017) 70-75.
]13[A. Lassoued, M.S. Lassoued, B. Dkhil, S. Ammar,
A. Gadri, Synthesis, photoluminescence and Magnetic
properties of iron oxide (α-Fe2O3) nanoparticles
through precipitation or hydrothermal methods, Physica
E: Low-dimensional Systems and Nanostructures 101
(2018) 212-219.
]14[J. Hasnidawani, H. Azlina, H. Norita, N. Bonnia, S.
Ratim, E. Ali, 20.16
]15[N.N.M. Zorkipli, N.H.M. Kaus, A.A. Mohamad,
Synthesis of NiO nanoparticles through sol-gel method,
Procedia Chemistry 19 (2016) 626-631.
]16[K. Pušnik, T. Goršak, M. Drofenik, D. Makovec,
Synthesis of aqueous suspensions of magnetic
nanoparticles with the co-precipitation of iron ions in
the presence of aspartic acid, J. Magn. Magn. Mater.
413 (2016) 65-75.
]17[F. Yazdani, M. Seddigh, Magnetite nanoparticles
synthesized by co-precipitation method: The effects of
various iron anions on specifications, Mater. Chem.
Phys. 184 (2016) 318-323.
]18[A.A. Ali, M.R. Allazov, T.M. Ilyasli, Synthesis and
characterization of magnesium aluminates spinel via
combustion method using malonic acid dihydrazide as
fuel, Caspian Journal of Applied Sciences Research 2
(2013) 85-90.
]19[S.V. Ganachari, R. Bhat, R. Deshpande, A.
Venkataraman, Synthesis and characterization of nickel
oxide nanoparticles by self-propagating low temperature
combustion method, Recent Research in Science and
Technology 4 (2012.)
]20[M .Javid, S. Atiq, S. Naseem, Proc. The, 2012, p.
26-29.
]21[G. Srikesh, A.S. Nesaraj, Synthesis and
Characterization of Phase Pure NiO Nanoparti-cles via
the Combustion Route using Different Organic Fuels for
Electrochemical Capacitor Applications, Transition 12
(2015) 17.

Ayman A. Ali, J. Bas. & Environ. Sci., 6 (2019) 183–186

]22[S. Kawagoe, Y. Tanabe, Y. Itaya, N. Kobayashi,
S.H.a.J. Kobayashi, Synthesis Of Ni Nanoparticle By
W/O Emulsion Combustion Under Fuel Rich
Conditions.
]23[P. Palanisamy, A.M. Raichur, Synthesis of spherical
NiO nanoparticles through a novel biosurfactant
mediated emulsion technique, Materials Science and
Engineering: C 29 (2009) 199-204.
]24[I. Ahmed, H. Dessouki, A. Ali, Synthesis and
characterization of new nano-particles as blue ceramic
pigment, Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy 71 (2008) 616-620.
]25[A. Ali, E. El Fadaly, I. Ahmed, Near-infrared
reflecting blue inorganic nano-pigment based on cobalt
aluminate spinel via combustion synthesis method,
Dyes and Pigments 158 (2018) 451-462.

186

]26[K. Patil, Chemistry of nanocrystalline oxide
materials: combustion synthesis, properties and
applications. World Scientific, 2008.
]27[H.C. Yi, J. Moore, Self-propagating hightemperature (combustion) synthesis (SHS) of powdercompacted materials, Journal of materials Science 25
(1990) 1159-1168.
]28[J. Husain, C.B. Sridhar, M.A. Prasad, Synthesis,
sensing and magnetic properties of polyaniline/nickel
oxide nanocomposites, International Journal of
Advances in Engineering & Technology 7 (2014) 620.
]29[A. Rahdar, M. Aliahmad, Y. Azizi, NiO
nanoparticles: synthesis and characterization, Journal of
Nanostructures 5 (2015) 145-151.

