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Abstract

The efficiency of many of conversion-processes in petroleum and industrial improves upon
application of materials with the nanosized scale dimension, which is caused by
enhancements and advances of improved properties as the particle size decreases. Nickel
nanoparticles has numerous applications in petroleum industry with its own catalytic in
additional to the magnetic properties. In this study, high purity nanosized magnetic nickel
particles has been effectively prepared by chemical reduction of nickel chloride using
hydrazine hydrate as reducing agent in aqueous solutions containing ethylene glycol and
water and using polyvinylpyrrolidone (PVP) as anti-agglomeration agent. Nanosized Ni
particles samples with different hydrazine to nickel chloride mole ratios and PVP to nickel
chloride ratios were obtained at constant temperature of 80 °C.

The morphology and structural properties of the produced magnetic nickel nanoparticles
were characterized by powder XRD and AFM methods. XRD study revealed that the
prepared nanoparticles were pure nickel nanoparticles without considerable oxides or other
impurity phases. AFM test revealed that all prepared Ni nanoparticles was in nano scale, it
was stated that Ni nanoparticles size was very affected by the hydrazine/nickel mole ratio.
Experimental results showed that particle size decreases from 94.35 nm to 71.48 nm when

increases the [N,H,]/[Ni*] molar ratio from 15:1 to 45:1.
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1. Introduction

Metal such as iron, copper, nickel and zinc nanoparticles (NPs) have abundant attention in
the recent years due to their distinctive physical and chemical properties and possible
applications in many potentially fruitful applications such as catalytic reactions, magnetic
material, microelectronics, optoelectronics, photo catalysis, information storage, sensors
and among others [1]. Among various metal nanoparticles, nickel nanoparticles are one of
the important materials for advanced technology due to their magnetic, catalytic and

conductive properties and therefore widely applied in daily life [2].

Nickel nanoparticles have attracted abundant care in many industrial and petroleum
refining applications such as oxidative dehydrogenation of alkanes, desulfurization of
petroleum fuels and Fisher—Tropsch Synthesis due to their unique structure and surface

properties [3].

There are various synthetic approaches have been proposed to produce Ni NPs for example
spray pyrolysis, micro-emulsion, reversed micelles method, electrochemical method, laser
driven aerosol, chemical vapor deposition and chemical reduction method. Most of these
methods suffer from disadvantages [4]. Chemical-reduction technique in organic solvent or
aqueous media has been examined extensively because of its improved abilities for

regulatory structure, size and shape [3, 5].

Chemical reduction method is hopeful method for the production of unchanging metallic
nanoparticles in which could be utilized in various uses. Chemical-reduction technique has
the features of existence appropriate and further economical than other techniques.
Nanosized metal particles can be formed by reduction of dissolved metal salts such as
nickel chloride using reduction agent such as hydrazine and straight metal phase
precipitation from the solution in the presence of polyol solvents such as ethylene glycol

(EC) as solvent [6].
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In the previous work, pure Ni nanoparticles had been produced from both aqueous solution
[7, 8] and pure organic solvent like EC [9] by means of hydrazine agent act as the reducing
mediator at relatively high temperature. On the other hand, Kapoor, et al. [10] tested
gamma radiolysis of nickel sulfate salt solution to prepare nickel nanoparticles.

This study investigates the preparation and characterization of different Ni nanoparticles by
a modified chemical reduction method, preliminary from nickel chloride as raw material,
hydrazine hydrate as reducing agent and polyvinylpyrrolidone (PVP) as shielding mediator in

dilute aqueous solutions containing ethylene glycol and water as solvent.

2. Experimental work

2.1 Chemicals

Nickel chloride hexahydrate; NiCl,-6H,O (analytical grade, Sigma-Aldrich), 80%
Hydrazine hydrate; NoH4.H,O (Merck), Ethylene glycol (Merck), Polyvinylpyrrolidone;
PVP (Merck), NaOH (Merck) and ethanol were used as raw materials. All these chemicals
were used without further purifications. Table (1) summarized the function of each

material.

Table (1) Materials and there functions used for Ni nanoparticles preparation process

Chemicals Function Purity, %
Nickel chloride hexahydrate; | Ni source 99.9
NiCl,-6H,0

Hydrazine hydrate; NoH4.H,O Reducing agent 99.8
Ethylene glycol and water Solvents 99.6
Polyvinylpyrrolidone; PVP protective agent 99

NaOH pH adjustment/catalyst | 99.98
Ethanol Washing 98
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2.2. Methods

Chemical reduction method was used for Nickel nanoparticles preparation. In one
experiment, 1 g of nickel chloride hexahydrate and 1.0 g weight of Polyvinylpyrrolidone
were added to 200 ml ethylene glycol. 2 ml N,H4.H,O was added into the solution (giving
[N2H4]/[NiCl;] mole ratio = 15:1) with continuous shaking using shaker with water path
and kept in the thermostatic state at 80 °C and a blue solution was obtained. Then 2 ml of 1
M sodium hydroxide was gradually dropped into the reaction mixture and the chemical
reduction was allowable to continue for one hour. Latterly, black solids were formed and
parted from the reaction suspension, washed several times using hot water and ethanol
sequentially. Later, Ni nanoparticles were dried using electrical oven at 60 °C along 16

hour.

In another experiment, 2 g of nickel chloride hexahydrate and 4 g of polyvinylpyrrolidone
were dissolved in 200 ml ethylene glycol, 8 ml hydrazine hydrate was added into the
solution with shaking at 80 °C (giving [N,H4]/[NiCl;] molar ratio of 30:1). 4 ml of 1 M
NaOH was slowly added drop-wise into the above solution and the reaction was allowable
to continue for one hour. When a black solution was formed, the resulted solids were
washed carefully with hot water and ethanol, and then dried in an oven at 60 °C along 16

hour.

Another experiment includes the same above conditions of except using ethylene glycol-
water mixture (60% ethylene glycol) as solvent and the hydrazine to nickel chloride
(IN2H4)/[NiCl,]) molar ratio was set as 22:1. Fourth experiment includes using hydrazine
to nickel chloride ([N,H4]/[NiCl;]) molar ratio as 45:1. Table (2) summarized the reaction
conditions of all experiments. In general Figure (1) summarized the procedure of nickel

nanoparticles preparation.
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Table (2) Reaction conditions used for preparation of Ni nanoparticles.

1

Shaking for1h @

80 °C

NaOH (1 M)

(Black solution)

Washing with ethanol and
filtration

Drying @ 60°Cfor16 h

Reaction parameters Exp. No.
1 3
Nickel chloride hexahydrate (g) 1 2 2 2
Hydrazine hydrate (ml) 2 6 8 12
[N>H4]/[NiCl,] molar ratio 15:1 | 22:1 30:1 45:1
Polyvinylpyrrolidone PVP (g) 1 4 4 4
[PVP/NiCl,] weight ratio I:1 |2:1 2:1 2:1
Solvent (200 ml) EG | 60%EG- | EG EG
40%water
Temp. °C 80 80 80 80
1 M NaOH (ml) 2 4 4 4
NiCl,'6H,0
Ni precursor PVP
Capping agent
EG or EG-water
(Green solution)
Mild shaking N-H:.H,O
{Blue solution) Reducing agent

Fig. (1) General procedure for Ni nanoparticles preparation through chemical-

reduction way.
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The resulted Ni nanoparticles were analyzed via powder XRD analysis (Rigaiku, D-Max
2000) by Cu-Ka radioactivity through graphite monochromator. Atomic Force microscope
(AFM) (JEEOL, 4500) was utilized to appearance the nanosize and morphological

properties of the obtained Ni nano powders.

3. Results and Discussion

3.1 Ni nanoparticles preparation

According to the preliminary chemical reduction experiments (using pure ethylene glycol

solvent), Ni ion were converted via hydrazine to nickel by the following reaction:
2Ni*? + N,H4 +40H™ = 2Ni + N, + 4H,0 (1)

The temperature of the reaction was very cooperative in quickening the rate of reaction
[11]. In this work, the temperature was constant at 80 °C. According to the Hinotsu work,
N, gas bubbled up always throughout reaction, therefore, it is expected that no Ni oxides or
hydroxide species like NiO or Ni,O; were formed because N, gas created an inert

atmosphere.

Adding of trace sodium hydroxide base solution was necessary to increase the pH of the
reaction mixture to > 10.5 in order to produce pure nickel nanoparticles [12]. It was
suggested that the trace amount of NaOH solution might catalyzed the reaction not only pH
adjustable. This is also what Wu and Cen, 2003 suggest who found that no Ni
nanoparticles were produced if more hydrazine agent was used to raise the pH of the

reaction mixture to 10.5 without NaOH addition [5].

The effect of ([N,H4]/[NiCl,]) molar ratio on Ni particle size was demonstrated in Figure
(2). It is seen that, with increasing [N,H4]/[NiCl,] molar ratio, the nickel nanoparticles
mean diameter decreased. The nickel chloride to hydrazine molar ratio affects the

reduction rate and therefore on the nucleation. For low [N,H4]/[NiCl,] molar ration, the
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reduction rate was slow and this leads to decrease the number of nickel nuclei made in the
initial duration of reaction causing an increase in particle size [13, 14]. Increasing of
[N>H4]/[NiCl,] molar ration leads to enhance the rate of reduction preferred the formation

of additional nuclei and therefore reduced size nickel nanoparticles.
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Fig. (2) Effect of [N2H4]/[NiCl;] mole ratio on Ni particle size.

Also in present work, two different concentrations of the protective agent PVP were used
as shown in Table (2) It can be seen that as the [PVP/NiCl,] weight ratio was increased the
size of Ni particles obtained was decreased. Increasing PVP concentration in the reaction
mixture leads to more stabilization of producing Ni nanoparticles. The PVP molecule
contains a hydrophilic head and a hydrophobic tail and when the Ni nucleus is formed,
more hydrophobic parts of PVP molecule gets connected to Ni nucleus and hence prevents

Ni agglomeration [15].

In experiment No.2 (Table 2), the nickel nanoparticles were produced by using aqueous
solution containing 60% EG and 40% water. However, the data on the production of Ni
colloids in aqueous solution was still infrequent. Results showed the particle size was not

affected when using EG-water aqueous solutions compared with pure EG.
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3.1 Characterization

XRD diffractogram of the prepared Ni nanoparticles is revealed in Figure 3. The crystal
structure was determined in a 20 range of 20-80°. The peak 20 = 44.59°, 52 and 76.45
which synchronize with the 111, 200, and 220 phases of pure Ni, (conferring to the normal
PDF card Number 04-0850). These characteristic peaks suggest that the resulted
nanoparticles were pure Ni nanoparticles without considerable oxides or other impurity
phases (without any other additional peaks). For comparison purpose, Figure 4 displays the
XRD diffractogram shape of standard Ni nanoparticles. The solid crystal purity was
dignified by comparing the XRD diffractogram shape of prepared Ni nanoparticles with
XRD diffractogram form of typical Ni nanoparticles. This comparison proved that the

prepared Ni nanoparticles were matching the standard.

: (117)
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8-
3
8- (200)
(220)
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Fig. (3) Powder XRD diffraction spectrum of Ni nanoparticles (|[N,H4]/[NiCl;] molar
ratio = 15:1, [PVP/NiCl,] weight ratio = 1:1, solvent =EG)
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Fig. (4) XRD diffraction pattern of typical (standard) Ni nanoparticles.

Figures (5-a), (5-b), (5-¢) and (5-d) display the images of AFM on two- and three-
dimensional surface profile at different [N,H4]/[NiCl,] molar ratios. The two dimensional
surface AFM images show an irregular spherical structure of the Ni particles. Three
dimensional surfaces indicate that the agglomerates of Ni nano crystal are in form of
irregular spherical and rough shape with average roughness from 2.11 to 0.89 nm. Figures
(6-a), (6-b), (6-¢c) and (6-d) display the granularity cumulation distribution charts at
[N2H4]/[NiCl,] molar ratio of 15:1, 22:1, 30:1 and 45:1. As shown in these figures, the
particle size distributions confirmed that all Ni nanoparticle samples essentially were fine
and revealed nanosized nickel particles with a mea diameter ranges from 94.3 to 71.48 nm

within the [N,Hy4]/[NiCl,] molar ratios studied (15:1 to 45:1).

E 95



No.21 Journal of Petroleum Research & Studies (JPR&S)

9.00nm
8.00nm
7.00nm
6.00nm
5.00nm

- 4.00nm
3.000m
2.00nm
1.008m
Onm

-\1099.csm
CSPMM Title
Topography

Pixels = (380.388)

] Size = (2009am.20510m)

Onm

~.082.csm
CSPM Title
Topography

Pixels = (372,375)

Size = (20130m,2029nn

4.00nm
3.50nm
3.00nm
2.50nm
2.00nm
1.50nm
1.00nm
0.50nm
Onm

..1870.csm

CSPM Title
Topography

Pixels = (376,372)

Size = (1671nm,1644nm)

Fig. (5) AFM on two and three dimensional surface of prepared Ni nanoparticles for
[N2H4]/[NiCl;] molar ratio of (a) 15:1 (Avg. diameter: 94.35 nm), (b) 22:1 (Avg.
diameter: 91.78 nm, (c) 30:1 (Avg. diameter: 76.93 nm) and (d) 45:1 (Avg. diameter:
71.48 nm).
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Fig. (6) Bar chart of particle size distribution for prepared Ni nanoparticles at
[N,H4]/[NiCl;] molar ratio of (a) 15:1 (Avg. diameter: 94.35 nm), (b) 22:1 (Avg.
diameter: 91.78 nm, (c) 30:1 (Avg. diameter: 76.93 nm) and (d) 45:1 (Avg. diameter:
71.48 nm).

4. Conclusions

Nickel nanoparticles were synthesized via hydrazine hydrate as reducing mediator in
ethylene glycol aqueous solutions and also in pure ethylene glycol medium using
polyvinylpyrrolidone as protective agent. Pure nickel nanoparticles have been successfully
prepared by this route. Nickel nanoparticles size were found to be depended on the
[N,H,J/[Ni*"] molar ratio which studied from 15:1 to 45:1. Particle size increases from

94.35 nm to 71.48 nm when increases the [N,H,]/[Ni*] molar ratio from 15:1 to 45:1.
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