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Crystalline metallic nickel nano-particles were synthesized using combustion route with mixture of
glycine and ammonium nitrate. Characterization of the as prepared solids carried out by X-ray
diffraction (XRD), transmission electron micrograph (TEM) and vibrating sample magnetometer
(VSM) techniques. The XRD results revealed that the metallic nickel nano- particles crystallize in the
cubic form using equimolar ratio of glycine and ammonium nitrate. The TEM measurements of the as-
synthesized powders showed formation of irregular and homogeneous particles. Using mixture of
glycine and ammonium nitrate as fuel for preparation of metallic nickel by combustion method is
better than urea which led to formation of nano-crystalline nickel oxide only. The magnetization value
of the as prepared Ni measured at room temperature is greater than the value observed for commercial
Ni powder.
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1. INTRODUCTION

Recently, synthesis of metal nano-particles (NPs) has gained much importance because their
physical and chemical properties differ from those of the bulk particles. Nickel is one of the transition
metals which show magnetism and intriguing properties and promising applications [1]. Magnetic
nano- materials exhibit different applications in various fields such as conducting paints rechargeable
batteries, chemical catalysts, optoelectronics, magnetic recording media, ferro-fluids, magnetic
resonance imaging contrast enhancement, drug delivery, hydrogen storage, dyes, pigments, magnetic
sensors, memory devices and galvano-magnetic materials [2- 9].

Several different routes have been used for the synthesis of Ni—NPs such as vapor phase
method, spray pyrolysis, micro-emulsion, polyol process electrochemical reduction, chemical
reduction, sol—gel, combustion reaction and thermal decomposition of organo-metallic precursors [10-
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14]. Duan et. al. reported the preparation of hierarchical Ni nano-ring and hollow sphere arrays based
on ordered through-pore template and electro-deposition [15]. Chain-like Ni architectures assembled
by urchin-like hierarchical nano-particles were obtained by a simple hydrothermal reduction process
without the use of any templates or surfactants [16]. Wu et al. [17] reported fabrication of Ni-NPs by
hydrazine reduction in ethylene glycol. Authors show that the addition of trace of sodium hydroxide
followed by heating at 60 °C is necessary to produce pure Ni-NPs. Roy et al. [18] synthesized oxide-
coated Ni-NPs with tetragonal crystalline structure by using borohydride reduction method. The effect
of the annealing in the as-prepared sample was efficient to ferromagnetic behavior. Wanget al. [19]
prepared Ni-NPs with mean size equal to about 31 nm covered by hydroxyethyl carboxymethyl
cellulose (HECMC) layer in solution using hydrazine reduction. Zhang et al. [20] synthesized Ni nano-
crystals with diameters in the range of 2060 nm through decomposition of nickel acetylacetone in
oleylamine.

In addition, the combustion route is a rapidly developing research area. This method is much
faster, cleaner and economical relative to conventional method. Recently, Deraz reported the synthesis
of metallic nickel nano- powders via combustion technique [14]. A major interest at the moment is in
the development of combustion route for the preparation of good-quality Ni-powder. Using of a certain
amounts and/or mixture of different fuels can be useful and open a new way for preparing nano-
materials to control nano- crystal size, shape and distribution size [14].

The present work reports and discusses the results of the effects of different fuels on the
structural, morphological and the saturation magnetization of the as prepared Ni nano-particles.

2. EXPERIMENTAL

2.1. Materials

Two samples were prepared by mixing calculated proportions of nickel nitrate with certain
amount of urea or mixture of glycine and ammonium nitrate. The mixed precursors were concentrated
in a porcelain crucible on a hot plate at 300 °C for 5 minutes. The crystal water was gradually
vaporized during heating and when a crucible temperature was reached, a great deal of foams
produced and spark appeared at one corner which spread through the mass, yielding a brown
voluminous and fluffy product in the container. In our experiments, the amount of nickel nitrate was
fixed at one mole for all samples. The first sample was treated with one mole of urea. The second
sample was prepared by using mixture of one mole of glycine and one mole of ammonium nitrate. The
prepared solid samples were designated as S1 and S2 for the first and second samples, respectively.
The chemicals employed in the present work were of analytical grade supplied by Prolabo Company

2.2. Techniques

An X-ray measurement of the s prepared solids was carried out using a BRUKER D8 advance

diffractometer (Germany). The patterns were run with Cu K, radiation at 40 kV and 40 mA with

scanning speed in 26 of 2 ° min™.
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The crystallite size of crystalline phases present in the investigated solids was based on X-ray
diffraction line broadening and calculated by using Scherrer equation [23].

_ BA
~ Bcosd

where d is the average crystallite size of the phase under investigation, B is the Scherrer constant
(0.89), A is the wave length of X-ray beam used, B is the full-width half maximum (FWHM) of

diffraction and 6 is the Bragg's angle.
Transmission electron micrographs (TEM) were recorded on JEOL JAX-840A and JEOL

JEM-1230 electron micro-analyzer, respectively. The samples were dispersed in ethanol and then
treated ultrasonically in order to disperse individual particles over gold grids.

The magnetic properties of the investigated solids were measured at room temperature
using a vibrating sample magnetometer (VSM; 9600-1 LDJ, USA) in a maximum applied field of 15
kOe. From the obtained hysteresis loops, the saturation magnetization (Ms), remanence magnetization
(M,) and coercivity (H;) were determined.

3. RESULTS

3.1. XRD study

The XRD patterns of S1 and S2 samples are shown in Fig.1.
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Figure 1. X-ray diffraction patterns of the S1 and S2 samples containing NiO and Ni phases,
respectively.
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Inspection of These patterns revealed that: (i) The S1 sample consisted of well crystalline NiO
crystals. (ii) The S2 sample consisted entirely of well crystalline metallic nickel crystals as a single
phase. This finding indicates the promotion effect of the mixture of glycine and ammonium nitrate as
fuel in the complete conversion of NiO to produce Ni crystallites. In the XRD patterns, the diffraction
lines of Ni and NiO phases are well matched with the reported values in JCPDS files (No. 04-0850 and
No. 04.0835, respectively), these phases can be indexed to a cubic structure with the space group
Fm3m[14].

From the analysis of XRD data, we can determine the structural parameters such as the
crystallite size (d), lattice constant (a) and unit cell volume (V) of crystalline phases. The estimated
values of various structural parameters are given in Table 1.

Table 1. Some structural parameters of the as-prepared solids.

Samples

It can be seen from this table that the mentioned structural parameters for the S2 sample are
differed from that for the S1 sample. The observed difference in the values of crystallite size, lattice
constant and unit cell volume of the crystalline phases could be attributed to the difference in the flame
temperature which assists crystal growth and/or particles adhesion [14]. One can not ignore the
difference in nature of solid obtained. In other words, the structural parameters, morphological and
magnetic properties of metal nickel are differed from that of nickel oxide. This will discuss later in
different sections from this works.

3.2. TEM analysis

Fig. 2a-c shows TEM photographs of S1 and S2 specimens. This figure reveals remarkable
changes in microstructure, regarding grain size and partial distribution by adding of fuels to nickel
nitrate.

TEM micrograph of the as-prepared powders processed with urea shows slightly tendency to
formation of aggregates and/or agglomerates (Fig. 2a). TEM micrograph of the as-prepared powders
processed with mixture of glycine and ammonium nitrate shows a relatively heterogeneous grain
distribution consisting of bamboo- like tubular nanostructure (Fig. 2b and c). Moreover, there is
homogeneous and uniform distribution of these particles in the S2 sample. The agglomeration of the as
synthesized particles could be attributed to the local sintering behavior during preparation of the
samples by combustion method [14].
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Figure 2. TEM images for the as prepared solids: (a) the S1 sample and (b and c) the S2 sample with
different magnifications.
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3.3. Magnetic properties

The magnetic properties of the as-prepared powders were studied using VSM method. The
magnetization behaviors of Ni and NiO are shown in Fig. 3.
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Figure 3. Magnetic hysteresis curves measured at a room temperature for the S1 and S2 samples.

The magnetic field versus magnetization curve at room temperature is recorded with the field
strength of -15 kOe to 15 kOe. From these measurements, the saturation magnetization (M),
remanence magnetization (M) and coercivity (H) are derived and listed in Table 2.

Table 2. The magnetic properties (Ms M, and Hc) of the as-prepared solids.

Samples (emu/g) (emu/g) (emu/qg) (Ce)
S1 00.198 0.02 0.093 60.85
S2 60.000 10.93 0.182 68.11

It can be seen that there is no saturation magnetization observed for the S1 sample up to the
field strength of 15kOe. On the other hand, the saturation magnetization for the S2 sample was found
to be 60 emu/g. It was found that the S2 sample containing exhibited a saturation magnetization greater
than that of the bulk nickel (55 emu/g) [21]. In one of my previous work, it was found that nickel metal
can be prepared by combustion method using 1.5 mol glycine with saturation magnetization of 57.39
emu/g [14]. Also, the mentioned work indicates that 1 mole glycine is not sufficient for preparing
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metallic nickel only but led to prepare mixture of Ni and NiO with saturation magnetization of 57.04
emu/g [14].

4. DISCUSSION

The literature survey reported that the characteristics of the product of preparation process
depend largely on the crystallite size and particle distribution, synthesis route and experimental
conditions, e.g. NiO can be pale apple green or jet black depending up on the stoichiometry. In
addition, the insulator NiO can be green while the black material behaves like a p-type semiconductor
due to deficiency of Ni** ions [22]. However, the ratio between the glycine as fuel and nickel nitrate
affect the formation of single or mixture of Ni and NiO phases in the Ni/NiO system [14].

In this work, the combustion route resulted in formation of single phase of NiO using urea as
fuel and formation nano- crystalline metallic nickel using mixture of glycine and ammonium nitrate.
Indeed, well crystalline NiO and Ni phases were detected in the X-ray diffraction patterns using urea
and mixture of glycine and ammonium nitrate, respectively. This indicates the role of mixture of
glycine and ammonium nitrate as fuels in the promotion of the metallic nickel formation.

During the chemical reaction for the preparation of the proposed materials via the combustion
route, the different physical and chemical processes expected to occur in an instantaneous moment are
given in four steps [23] as follows: (i) the first step is the decomposition of the fuel. (ii) The next step
is the decomposition of the reactants into their respective oxides with the liberation of nitrate ions and
water. (iii) The nitrate ions combine with the ammonium ion to form ammonium nitrate. The
ammonium nitrate so formed is responsible for fuelling the combustion process. Initiation of the
combustion occurs when ammonium nitrate is uniformly distributed in the region of reaction. In
addition, the promotion of combustion process maybe increases when we use mixture of ammonium
nitrate with the fuel used during the preparation process. The released heat due to the above three
stages is sufficient for the formation and subsequent crystallization of the desired product.

The released heat, during the combustion process, helps in crystallization and formation of the
desired phase such as well crystalline NiO and Ni nano- particles involved in this work. This heat
resulted in significant effects on different properties of the products such as the crystallite size,
homogeneity, particle distribution, porosity, surface area and the sintering process. One of advantages
of the combustion method liberates of gaseous products which dissipates the heat of combustion and
limits the rise of temperature. This advantage resulted in reduce the possibility of local partial sintering
among the primary particles [14]. In fact, the gases evolved during the combustion reaction brought
about formation of nano- sized Ni and NiO with less agglomeration as shown in Fig. 2a-c.

In this study, the different fuels yielded much changes in structural and morphological
characteristics of the as- prepared solids powders which subsequent significant modifications in their
magnetic properties [14, 24]. Non-saturating behavior of some materials indicates the presence of two
components: (i) ferro/ferrimagnetic and (ii) superparamagnetic or paramagnetic [25]. Very low
magnetization value of the S1 sample could be attributed to the observed superparamagnetism and
weak ferromagnetism in nickel oxide as well as the contribution towards the magnetic moment arising
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from other sources such as the presence of non-stoichiometry and/or Ni** ions [14, 26]. This behavior
is the characteristic property of antiferromagnets. High magnetization value of the S2 sample could be
understood as a result of the finite-size and surface effects [14, 27]. Finally, the magnetization
critically depends on the microstructure of the interface (roughness and crystallinity degree) that
determines the spin configuration [28].

5. CONCLUSIONS

Nano-crystalline NiO powder can be prepared using a simple urea assisted combustion
technique. Mixture of equimolar ratio of glycine and ammonium nitrate led to well crystalline metallic
nickel. The crystallite size, lattice constant and unit cell volume of Ni are differed from that of NiO
nano- particles. The shape, grain size and the homogeneity of the as prepared solids are dependent on
the nature of fuel. The magnetization value of Ni measured at room temperature is greater than that
observed for commercial Ni powder and also the metallic nickel prepared by glycine only in previous
my work [14].
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