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ABSTRACT 

 
 In this research nanoparticles of Nickel (II) Chloride were 

synthesized and characterized using fourier transform infrared (FT-IR) 

spectra. Nanoparticles of Nickel (II) Chloride were prepared by using of 

ball mill device. A ball mill is one kind of grinding machine, and it is a 

device in which media balls and solid materials (the materials to be 

ground) are placed in a container. In the research Nickel (II) Chloride 

compound was milled for 10 h at 250 rpm in a hardened stainless steel 

medium. The resulting nanoparticles were characterized by X-ray 

diffraction (XRD) and scanning electron microscopy (SEM). The SEM 

imaging technique was applied for the observation of grain sizes and the 

morphology of the nanoparticles. The Debye-Scherrer formula was used 

to confirm the grain sizes determined by the SEM slides. XRD results of 

nanoparticles showed that the crystallite size of reaching 59 mm after 10 

h at 250 RPM. Thermal behavior of nanoparticles was considered by 

using of DTA /TGA thermal analysis device. TGA analysis reveals that 

the synthesized Nickel (II) Chloride nanoparticle was thermally stable up 

to 900°C. 
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INTRODUCTION 
 

 Nanomaterials and nanoparticles are used in a broad spectrum of 

applications. Today they are contained in many products and used in various 

technologies. Most nanoproducts produced on an industrial scale are 

nanoparticles, although they also arise as byproducts in the manufacture of 

other materials [1,2].The most important technologies are applied in the 

formulation development to enhance solubility and dissolution which include 

particle size reduction, salt formation, and amorphous systems, as well as co-

solvents, complexes, surfactants, and lipid formulations. Among these 

techniques, particle size reduction is highly promising. Therefore, reducing 

the particle size to the nano range has been investigated through several 

approaches.  
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 Unlike nanoparticles produced from 

“bottom-up” processes such as self-assembly and 

template synthesis, nanoparticles from mechanical 

attrition are produced by a “top-down” process 

(Figure1). Such nanoparticles are formed in a 

mechanical device, generically referred to as a 

“mill” in which energy is imparted to a course-

grained material to effect a reduction in particle 

size [3,4]. Under certain conditions, the resulting 

particulate powders can exhibit nonstructural 

characteristics on at least two levels. Firstly, the 

particles themselves, which normally possess a 

distribution of sizes, can be “nanoparticles” if their 

average characteristic dimension (diameter of 

spherical particles) is less than 100 mm [5]. 

Secondly, many of the materials milled in 

mechanical attrition devices are highly crystalline, 

such that the crystalline (grain) size after milling is 

often between 1 and 10 nm in diameter. Such 

materials are termed “nanocrystalline”. The sizes of 

the nanocrystals and the nanoparticles may or may 

not be the same. In some of the nanostructure 

materials literature, particularly that involving 

bottom-up processes, the term “nanocrystal” is 

reserved for crystalline particles with low 

concentrations of defects, such as are found in 

single crystals, whereas “nanoparticles” are those 

nanoscale particles that contain gross internal grain 

boundaries, fractures, or internal disorder, whether 

the crystals they contain are nanocrystalline or 

not.Ball milling is a mechanochemical technique, 

which is widely applied to the grinding of minerals 

into fine particles and the preparation and 

modification of inorganic solids [6]. Its use in 

synthetic organic chemistry is relatively scarce, but 

attains more importance during the past decade. 

Kaupp et al. have discovered the usefulness of Ball-

milling in synthetic organic chemistry, which have 

been the subject of some papers and reviews [7-

13].Some recent examples include solvent-free 

Knoevenagel condensation [14], protection of diols 

and diamines [15], functionalization of fullerenes 

[16], reductive benzylation of malononitrile [17] , 

preparation of phosphorus yields [18], and Heck-

type cross-coupling reactions [19,20]. The major 

two processes are ball milling and high-pressure 

homogenization, either in water or in non-aqueous 

water-reduced media. Disadvantages of the ball 

milling process are the relatively long milling times 

in the case of hard drug material, the limited scaling 

up ability (the weight of the ball mill and the 

milling material limit maximum size), and potential 

contamination of the milling material by erosion 

from the milling pearls [21]. In this work, 

nanoparticles of Nickel (II) chloride compound 

were synthesized in planetary high-energy ball mill. 

The synthesized nanoparticles were characterized 

by Fourier transform infrared spectroscopy and also 

size and structure of synthesized nanoparticles were 

studied by analyzing X-ray diffraction and 

morphology of surface and structure of synthesized 

nanoparticles were studied by scanning electron 

microscopy. 

 

 
 

Fig. 1. Methods of nanoparticle production: top-down and bottom-up. 
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EXPERIMENTAL 
 

Materials and Instruments 

 Starting materials were obtained from 

Merck (Berlin, Germany) and were used without 

further purification. Ball milling was conducted 

using the planetary ball mill “Pulverisette 7 classic 

line” (Fritsch GmbH, Germany). For balancing, two 

grinding beakers (V = 45 ml) of nearly the same 

weight were placed inside the ball mill. Fourier 

transform infrared (FT-IR) spectra were recorded 

on a Bruker spectrophotometer in KBr tablets. The 

surface morphology of product was characterized 

by using a LEO-1430.VP scanning electronic 

microscope (SEM) with an accelerating voltage of 

15 kV. X-ray diffraction (XRD) measurements 

were performed using a commercial diffractometer 

with Cu K radiation in the 2u range from 10 to 

808. Also the thermal behavior of nanoparticles 

was considered by using of DTA /TGA thermal 

analysis device. 

 

Synthesis of Nickel (II) chloride nanoparticles 
 Ball-milling was performed at 20-25 Hz 

frequency usually at room temperature (without 

circulating liquid the temperature did not rise above 

30°C) .The mechanical alloying was executed in a 

one station planetary ball with the following 

parameters: 

 Ball-to-powder weight ratio: 10:1; ball 

diameter: 16 mm; ball and vial material: hardened 

Stainless steel; speed: 250 RPM. The Nickel (II) 

chloride powder was milled up to 10 h to reach 

steady state condition. The milling was performed 

under Toluene as the process control agent (PCA) 

to avoid the formation of inter-metallic compounds 

during milling. 

 

 

RESULTS AND DISCUSSION 
 

 The FTIR spectroscopy is an analysis 

method which provides structural studies to explore 

the fundamental and functional groups in 

crystalline and non-crystalline matrices. The 

transmission spectra of the Nickel (II) Chloride 

nanoparticles are recorded in Figure 2. The FTIR 

spectra of the Nickel (II) Chloride nanoparticles were 

recorded in the range of 400 – 2000 cm
-1

. 

 Spectroscopic data of synthesized 

compound are reported below. 

NiCl2·6H2O: IR (KBr): ν (Ni-Cl): 723.05, ν (O-H): 

1610.98, ν (O-H):3396.67 cm
−1

. 

 
Fig. 2. FT-IR spectra of NiCl2·6H2O nanoparticles.
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 X-ray diffraction (XRD) technique was 

used to determine the ingredients of the milled 

powder. Figure 3 shows the XRD patterns of Nickel 

(II) chloride nanoparticles prepared by ball mill 

process. The morphology of nanoparticles was 

observed using a scanning electronic microscopy 

(SEM). The mean size of nanoparticles was 

calculated to be about 59 nm using Scherrer's 

equation: D = Kλ/(β cos θ), where D is the mean 

crystalline size (nm), λ is the wavelength of Cu K 

(0.154 nm), β is the full width at half maximum 

intensity in radian, and θ is the Bragg angle (°) 

[22]. Figures 4-6 showing SEM micrograph 

confirms almost spherical shaped particles which is 

the characteristics of the steady state milling 

condition in the sample milled for 10h at 250 rpm. 

 TGA has been applied to the investigation 

of the thermal behavior and structure of this 

compound. Thermal decomposition of Nickel (II) 

Chloride shows multistage processes. The TGA 

curve of Nickel (II) chloride nanoparticles is shown 

in Figure 7. The degradation has occurred in three 

steps. The first degradation from 60°C to 100°C is 

attributed to the removal of water from the surface 

(mass loss of about 5%). The second degradation is 

from 100°C to 190 °C. 15% mass reduction has 

been observed in this region. This is due to the 

dehydration and removal of organic residues. The 

third degradation from 510°C to 780°C results in an 

additional mass loss of about 45%. Above 900°C, 

an essentially constant mass (35% sample) has been 

found indicating the thermal stability of the sample. 

 

 
 

Fig. 3. The XRD pattern of NiCl2·6H2O nanoparticles. 
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Fig. 4. SEM images of the NiCl2·6H2O nanoparticles. 

 

 

 
 

Fig. 5. SEM images of the NiCl2·6H2O nanoparticles. 

 

 

 
 

Fig. 6. SEM images of the NiCl2·6H2O nanoparticles. 

 

 
 

Fig. 7. TGA graph of NiCl2·6H2O  nanoparticles. 

 

 

CONCLUSIONS 
 

 Mechanical alloying is a simple, elegant, 

and useful processing technique that continues to 

attract the serious attention of researchers. In this 

research the detail studied the synthesis, 

characterization, and thermal behavior of Nickel 

(II) Chloride nanoparticles. In summary, the 

molecular structure of nanoparticles is confirmed 

by the presence of functional groups in FTIR 

spectra. XRD shows the formation of high purity 

Nickel (II) chloride nanoparticles. SEM analysis 

reveals the average particle size of the synthesized 

Nickel (II) Chlorideto be 59 nm. TGA analysis 

confirms the thermal stability of nanoparticles 

(nearly 35% remained after 900°C). 
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