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This study presents the role of reaction temperature in the for-
mation and growth of Cobalt nanoparticles through Co2+ reduc-
tion using hydrazine (N

2
H

4
) in a basic solution of ethylene glycol 

(EG). The cobalt nanoparticles were characterized by Scanning 
Electron Microscopy (SEM) analysis techniques. Purity of pro-
duced powder was measured by wet chemistry analysis. It was 
found that the reaction temperature could play a key role in parti-
cle growth and shape/size control. The rate of reaction was slow at 
lower temperatures and increases steadily at temperatures greater 
than 50°C and stabilizes above 75°C. A temperature of 75°C not 
only increases the reaction rate, when bulk quantities of Co have 
to be produced, but also results in much finer particle. 
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1.  Introduction 

Physicochemical properties of metal nanoparti-
cles have a strong dependence on their shape and 

size which make them strong candidate for vari-
ous applications such as catalysis, biosensing, re-
cording media and optics. Metal particles smaller 
than 100 nm in primary particle diameter are gen-
erally considered as nanoparticles. Due to their 
small dimensions and large specific surface areas, 
nanomaterials have attracted the scientific com-
munity in the recent days owing to their potential 
use as high density magnetic recording systems, 
catalysis, nanoelectronics, nano-scale optics, mag-
netic fluids, biomedicine and biotechnology [1-6]. 
Currently, much attention has been focused on the 
preparation of magnetic nanomaterials because of 
their potential application in ferrofluids, advanced 
magnetic materials, catalysts, optical and mechanic 

a. Department of Mining Engineering,
Imam Khomeini International University
Qazvin, Iran 
mostafakhodakarami@gmail.com.
b. Faculty of Engineering, University of Zanjan,
Zanjan, Iran 
dmoradkhani@gmail.com.
C. ReResearch and Engineering Company for Non-ferrous Metals 

Zanjan, Iran
beh_sed@yahoo.com.
d. ReFaculty of Engineering, Imam Khomeini International Univer-

sity 
Qazvin, Iran

h m p @ z n u . a s . i r

Received: 26 April 2014/Accepted:23 May 2014



   23

devices, high density magnetic recording media and 
medical diagnostics [7-12]. Extensive study on the 
synthesis and properties of Co nanoparticles has 
been carried out in the past years due to its unique 
size-dependent chemical, electrical, catalytic and 
magnetic properties [13-15] that have both scientific 
and technological importance because of their plen-
tiful applications in the field of magnetic record-
ing, ferrofluids, catalysis, and biomedicine [13-20]. 
Therefore, several physical and chemical processes 
have already been exploited in order to produce Co 
nanoparticles [21, 22]. By far, wet chemical methods 
such as thermal decomposition of metal-containing 
compounds, sonochemical treatment, solvothermal 
method, metal salt reduction, reverse micelles, and 
polyol method are the most promising owing to the 
ease and directness of these synthetic routes and to 
the simplicity of the experimental set-up needed 
[13-26]. Recently, Li and Liao prepared around 2 nm 
monosized colloidal Co nanoparticles by an organic 
colloid technique using sodium formate and sodium 
citrate as reductant and complexing agent, respec-
tively [27]. However, the use of a relatively high 
processing temperature (180°C) and a long reaction 
time (8 h) make the method less attractive for large-
scale synthesis. Su et al. [28] also reported the for-
mation of colloidal Co nanoparticles with sizes in 
the range of 6–10 nm by high-temperature reduction 
of Co chloride with superhydride in the presence of 
oleic acid and triphenylphosphine. Similarly, the 
high reaction temperature (210°C) and the use of 
environmental unfriendly reagent such as triphenyl-
phosphine are the main disadvantages. Preparation 
of monosized and uniformly dispersed metal nano-
particles is very challenging because of the strong 
tendency of the nanoparticles to agglomerate in 
order to reduce their high surface energy. These at-
tractive forces, a combination of Brownian motion 
and attractive van der Waals forces in nanoparticles, 
are even greater for Co nanoparticles due to the 
added influence of their magnetic property. Thus, 
various strategies have been proposed to facilitate 
the formation of well-dispersed and uniformly sized 
metal nanoparticles.

Generally, all monodispersed systems, with those 
having approximately 5% or less in the relative 
standard deviation of the particle size distribution, 
fulfill the following conditions: (a) the separation 
of nucleation and growth stages during synthesis; 
(b) if possible, the control of the growth mode; (c) 
the prevention of random agglomeration of growing 
particles; and (d) the reserve of monomers.

 A very fast nucleation rate is desirable for a com-
plete separation of nucleation from the growth stage 

in order to generate monodispersed metal particles. 
In practice, different techniques for controlling ex-
perimental conditions are investigated to obtain de-
sirable nanoparticles. 

Many methods have shown that the controlled 
growth of cobalt nanoparticles in solution requires 
specific reaction conditions. Among the experi-
mental parameters, reaction temperature has been 
considered of great importance. A variety of studies 
investigated the synthesis process at a fixed temper-
ature, although the optimization process is probably 
performed. Unfortunately, little literature systemat-
ically studied the effect of the reaction temperature 
on the formation of cobalt nanocrystals.

In this study, we investigate the role of the reac-
tion temperature in the synthesis of cobalt nanopar-
ticles through a reduction approach. This is a part 
of our series studies in this area. The function of 
temperature in the formation and growth of cobalt 
nanoparticles will be identified by Scanning Elec-
tron Microscopy (SEM) and Atomic Absorption 
spectrophotometer. The possible mechanisms on 
particle growth are finally discussed. 

2. Experimental

2.1. Synthesis Process 

Cobalt chloride, Hydrazine, and Sodium hydrox-
ide used in the experiments were provided as pre-
cursor and agents. Typically, an appropriate amount 
of cobalt chloride was dissolved directly in ethylene 
glycol. Then, required amount of hydrazine and 
NaOH was added in sequence. For each experi-
ment, the entire Co2+ ion in the solution was allowed 
to precipitate. The reduced powder was washed 
thoroughly with dilute HCl to remove traces of al-
kali and finally with ethanol, dried under vacuum, 
weighed and was stored in propanol solution. The 
reduction reaction could be expressed as:

(1)

The precipitate from solution was separated using 
a permanent magnet, then washing the precipitates 
using ethanol, and finally vacuum drying at room 
temperature was done. In this study, preparation 
of Co nanoparticles was performed without adding 
protective agents. Ethylene glycol (as a Polyalcohol) 
that was used as solvent has ability to act as the dis-
persing agent and growth inhibitors. Therefore, the 
“protective-agent free” method is developed and it 
will greatly simplify the formation of cobalt nano-
particles by liquid-phase reduction.
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2.2. Characterization 

The morphology was studied by scanning elec-
tron microscopy (SEM) using a HITACHI S-4160 
field emission scanning electron microscope. All 
samples were covered with a thin gold layer. The 
microstructural characterization studies were con-
ducted to determine the size of aggregates and ex-
amine the homogeneity and size distribution. The 
produced powder was analyzed by chemical method 
to determine the purity of cobalt nanoparticles. The 
analysis was carried out with Perkin-Elmer AA300 
model atomic absorption spectrophotometer (AAS). 

3. Resulr and Discusion

In achieving the objectives, some main experi-
ments were conducted. The first experiment in-
volves the reduction of Co ions in a basic ethylene 
glycol solution using hydrazine, N

2
H

4
, as reductant. 

The size of the Co nanoparticles was tuned by vary-
ing different parameters such as reaction tempera-
ture, precursor concentration, and amount of N

2
H

4
. 

However, in all samples, the particle size distribu-
tion was broad. Furthermore, severe agglomeration 
of the nanoparticles was observed after precipita-
tion.

The effect of temperature of the reaction on rate 
of reaction can be seen from Figure 1. The rate of re-
action was slow at lower temperatures and increases 
steadily at temperatures greater than 50˚C and sta-
bilizes above 70˚C. This is due to the highly exo-
thermic nature of the reduction reaction. At lower 
temperatures the nucleation time is more and kinet-
ics of the reaction is slow. Increase in temperature 
and availability of higher surface area with forma-
tion of cobalt metal, accelerates the reduction reac-
tion. A temperature of 70˚C not only increases the 

reaction rate, when bulk quantities of Co have to be 
produced. 

  Complete and proper separating of precipitate 
from solution using a permanent magnet is a deter-
mining factor in the total recovery estimation, espe-
cially in the temperatures above 90 0C. The curve 
above is obtained for Co concentration of 1M and 
N

2
H

4
 to Co2+ ratio of 10. With increasing N

2
H

4
 to 

Co2+ ratio, reduction percent increases in less time. 
Reduction percent in different times for 3 tempera-
tures are presented in figure 2. As shown in figure 2, 
kinetic of formation and growth of Co nanoparticles 
is more at higher temperatures.   

 

The effect of temperature on the morphology and 
particles sizes and distribution of the synthesized 
cobalt nanoparticles was investigated. The mor-
phology and particle size of produced cobalt sam-
ples were studied by SEM. Figure2 shows the SEM 
images of the obtained cobalt samples at different 
temperatures.

Fig. 1. Effect of temperature on the Cobalt reduction.

Fig. 2. Effect of reaction time on the reduction percent at 

different temperatures.

(a)   
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Figure 3 shows the SEM images of the  cobalt  
samples  which  synthesized  at  45,  55,  65  and  75 
°C. When the reduction synthesis was performed at 
temperature lower than 40 °C, the reaction rate was 
very slow and also, the prepared sample was amor-
phous and agglomerated. 

At temperatures higher than 45 °C, the synthesis 
rate is fast, but the prepared samples showed that the 
higher temperature (temperatures above 85°C) caus-
es more agglomeration and amorphous percent of 
samples is increased because, at high reaction rate, 
nucleation and particle growth processes are not 
controllable. As shown in figure 3, with increase of 

temperature, particle size decreases. At the tempera-
ture 65°C, sheets with thickness of 20 to 50 nm are 
produced (fig. 3c). At the temperature 75 °C smaller 
size of particles are synthesized but agglomeration 
of particles has been happened (fig. 3d). It should 
be noticed that no sonication has been performed 
before SEM analysis. Control of particle size can 
be achieved by varying the precursor concentration 
and by the addition of nucleating agents.

4. Conclusion

In conclusion, Co nanoparticles were synthesized 
through a reduction synthesis process, with ethylene 
glycol (EG) and Hydrazine. Temperature of the syn-
thesis affects the size of the Co nanoparticles in a 
way that temperatures lower than 40°C concludes 
very slow reaction rate and also, the prepared sample 
was amorphous and agglomerated while the temper-
ature is higher than 50°C concludes sheet structure 
with thickness of 20-50 nm. At the temperature of 
75°C, Co NPs with size of 30-100 nm has been syn-
thesized. Due to not doing sonication before SEM 
analysis, the particles have been agglomerated.
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