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FABRICATION AND CHARACTERIZATION OF Ni-CNT COMPOSITES BY ELECTRICAL EXPLOSION 
OF WIRE IN DIFFERENT LIQUIDS

In this study, Ni-CNT powders and colloids were synthesized via the Electrical explosion of wire (EEW) in different liquid 
conditions. The influence of ambient solvents (D.I. Water, ethanol, methanol, acetone and ethylene-glycol) on characteristics of 
the as-synthesized Ni-CNT was investigated. The morphology and size were observed by field emission scanning electron micros-
copy (FE-SEM). The Ni particles were spherical or near spherical shape. The phase of the composite powders analyzed via X-ray 
diffraction demonstrate the presence of CNTs in composite powders is not affect the structure of Ni. However, the phase of the 
composites was changed based on the changing of liquid conditions. Stability of   colloids was investigated by Turbiscan technique. 
Magnetic properties were also investigated by Vibrating sample magnetometer (VSM) at room temperature. The as-synthesized 
composite powders revealed a ferromagnetic characteristic material.
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1. Introduction

  Carbon nanotubes are the stiffest and strongest known fibers 
and have unique electrical properties [1-3]. Many researchers 
treat   carbon nanotubes as one-dimensional material templates 
[4]. Owing to the outstanding mechanical, thermal and electrical 
properties, accompanied by the low density, CNTs become an 
excellent candidate for many applications as additives in poly-
mers, catalysts, electromagnetic-wave absorption and shielding, 
sensor. Nickel is a good ferromagnetic material, which can be 
deposited in a layer of carbon nanotubes to obtain one-dimen-
sional magnetic materials and further to obtain one-dimensional 
nano-materials in the application of magnetic recording. In some 
recent studies, nickel has been selected as the matrix to synthe-
sized Ni-CNT composite with the reinforcement element was 
CNT. The Ni-CNT composites are usually fabricated by coating 
in order to make a thin film, via powder metallurgy (PM) process 
or mixing process and then combine with sintering to obtain 
the bulk samples.   The aim of these processes is offering the 
possibility of obtaining uniform parts and reducing production 
costs [5-8]. Up to now, many authors have attempted to develop 
new ways for synthesizing Ni-CNT nanocomposites due to their 
excellent enhanced not only mechanical properties, but also ther-
mal properties, electrical conductivity and magnetic properties.

The electrical explosion of wire (EEW) has become an 
attractive method for fabrication of the nano colloid and nano-

sized powders due to the simple and promising ap  proach for 
low-cost productio  n [9-13]. In this study, the Ni-CNT colloid 
and Ni-CNT composite powder were prepared by the EEW in 
different conditions, including ethanol, acetone, deionized water, 
ethylene glycol, and methanol. According to the literature, the 
ambient environment is an important parameter that affects not 
only the size, shape and the distribution of the particle, but also 
the structure of the powder [9,10,14]. Therefore, the influences 
of the ambient medium on the properties of the as-synthesized 
Ni-CNT composite powders were investigated in this work. 
The stability of the fluids, structural and magnetic properties of 
the as-synthesized composite powders were also characterized.

2. Experimental

Carbon nanotubes were first mixed well with the liquid by 
stirring in ethanol, acetone, deionized water, ethylene glycol, and 
methanol, respectively for 2 hours to obtain   the CNTs suspen-
sion. Then Ni wire with diameter 0.25 mm was exploded in the 
CNTs suspension. The experimental setup of the EEW process 
has been described previously [15,16]. A high-density current 
pulse passes via the wire, which is heated due to Joule heating, 
vaporized, turned into plasma state, yielding a shockwave which 
was scattered in the ambient media. After   exploding, the stabil-
ity of the fluids was measured via a Turbiscan LAB equipment. 
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The aforementioned instrumentation can detect concentration 
variations in the prepared colloids by scanning the entire height 
of the sample via transmission and light backscattering. A small 
amount of the powders was isolated from the suspension via 
centrifugation and dried under vacuum for 5 hours for further 
analyses via XRD and FE-SEM. Magnetic properties the Ni-CNT 
composite powder was investigated in the room temperature by 
using a vibrating sample magnetometer (VSM).

3. Result and discussion

Figure 1 shows the FE-SEM images of CNTs, Ni powder 
and Ni-CNTs powders. It denotes that the morphology and struc-
ture of the CNTs as characterized in literature [17-19]. The Ni 
powder was spherical or near spherical in shape. During the EEW 
process with the CNTs dispersion, Ni powders just generated 
in the explosion zone could react with CNTs and bond together 
and then diffuse into the solvent. Under the effect of explosion 
phenomenon, the liquid ambient was always stirred resulting in 
homogenous distribution of the Ni-CNTs in the obtained colloid. 
The morphology results illustrate that the CNTs were separated, 
distributed and bonded to the surface of the Ni particles [8].

The particle size distribution of Ni-CNT composite powders 
is shown in the Fig. 2. The mean size value (D50) and the diameter 
range are listed in the Table 1. It illustrates that Ni-CNT powder 
exploded in DI water condition has a smaller diameter range of 
the distribution size (<25 μm) and the smallest value of the mean 
size (D50 = 5.61 μm). In the other conditions the distribution 
range is broader (<60 μm) and D50 values are slightly different 
17.18 μm, 18.86 μm, 20.70 μm and 21.71 μm (Tab. 1). For all 
samples the average size of the composite powders is under 20 

Fig. 1. FE-SEM of a) Ni powder, b) CNTs and Ni-CNT composite 
powders produced via EEW in c) ethanol, d) acetone, d) DI water, 
f) EG, and g) methanol

Fig. 2. The particle size distribution of the as-prepared Ni-CNT composite powder
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μm. However, as observed from the FE-SEM image, the size of 
Ni particles are mostly under 100 nm. The difference here could 
be explained by the combination of Ni nanoparticles and CNTs 
due to the tendency of agglomeration of them. In DI water and 
EG medium conditions the D50 values are quite small illustrates 
that the agglomeration of the Ni-CNT powder in these conditions 
is reduced in comparison to the other conditions. It predicts that 
the Ni-CNT fluids in DI water and EG condition could be more 
homogenous and stable than in others.

TABLE 1

The mean size values and distribution range

Conditions Mean siz  e, D50 (μm) Diameter range
DI water 5.61 <25 μm

Ethylene glycol 17.18 <50 μm
Ethanol 18.86 <60 μm

Methanol 20.70 <60 μm
Acetone 21.71 <60 μm

To observe the stability of Ni-CNT fluids, Turbiscan 
method was used and the measurement was carried out in 
24 hours. Fig. 3 shows the transmission and the backscatter-

ing profile of the fluids. It can be seen that both these signals 
increased over the time. From observation in transmission 
profile, the variation gradually rose at the top of the bottle. 
The sedimentation of Ni-CNT powder happened, leading to the 
reducing of the variation of the concentration of the dispersed 
phase between the top part and the bottom part. Therefore, it 
caused the transmission signal increase. When almost all par-
ticles deposited at the bottom, the transmission signal became 
flat without phase thickness. Among the samples, only sample 
with EG condition did not show the transmission profile at the 
first stage of analyzing (Fig. 3d). that means no transmission 
light went through the bottle due to opaque Ni-CNT fluid. It 
illustrates the dispersion of the Ni-CNT in EG is more homog-
enous than in other condition. For the Ni-CNT fluid sample in 
acetone medium, the composite powder settled down very fast 
so the change in transmission signal is not separated over the 
time (Fig. 3b). Generally, the sedimentation rate of Ni-CNT 
composite powders increase in order of EG, ethanol, DI water 
and methanol, respectively. After 24 hours, both of the varia-
tion of transmission and backscattering signal soared and then 
reached constant. At that time, almost all Ni-CNT particles 
settled down, therefore, the variation was constant due to only 
pure ambient condition. This behavior revealed that Ni-CNT 

Fig. 3. Transmission and backscattering profile of Ni-CNT fluids prepared by EEW in different medium conditions in 24 hours
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fluids prepared by EEW were unstable in these liquid condi-
tions. The unstable Ni-CNT fluids could be caused by the high 
agglomerate tendency of CNTs and between Ni particles and 
CNTs leads to the formation of clusters or bundles, and resulting 
in the settle down of the Ni-CNT in the fluids. Furthermore, 
the difference of the density and viscosity of liquid conditions 
(Table 2) could affect the behavior of the fluids. Due to the low 
of density and viscosity of acetone and methanol, the agglom-
eration of Ni-CNT occurred at the beginning then it settles down 
very quickly during testing time, resulting in the separation of 
the signal evidently. Ethelene glycol shows a highest density 
and viscosity value leading to the lowest sedimentation rate of 
Ni-CNT powder in comparison with the others. The density of 
DI water is higher, however, its viscosity is lower than ethanol, 
therefore, the transmission and backscattering signal in case 
of ethanol condition were dense and the sedimentation was 
slower than in DI water.

TABLE 2

The density value and viscosity value of liquid conditions 
(at room temperature)

Liquid condition Density (g/cm3) Viscosity (mPa.s)
Ethylene glycol 1.113 19.83

DI water 1 0.89
Ethanol 0.7893 1.2

Methanol 0.792 0.545
Acetone 0.7845 0.92

The XRD patterns of Ni-CNT composite powders are 
shown in Fig. 4. In all samples, the appearing of a small peak at 
2θ ~ 26° corresponding to CNTs, it illustrates to the presence of 
CNTs in the Ni-CNT composite powders. Generally, the XRD 
patterns of Ni in composite powders are not the same demon-

strates that the presence of CNTs did not affect the structure 
of Ni, but the changing in phase structure of Ni is caused by 
ambient solution.

The XRD patterns of the Ni-CNT composite powders 
exploded in EG and Methanol show peaks of pure Ni (Ni-FCC) 
and small peak of CNTs only. In DI water condition, a mixed 
phase of p  ure Ni and Nickel oxide (NiO) were observed. With 
acetone and ethanol solvents, the patterns of Ni-CNT powder 
were totally different. Both of the Ni-FCC and Ni-HCP structure 
could be observed with their peaks match with JCPDF card 04-
0850 and JCPDF card 45-1027, respectively. In fact, N  i-HCP is 
not a thermodynamically stable crystal structure of Ni, and only 
observed under the high levels of stress or strain conditions, like 
those during ion bombardment [20]. In comparasion with EEW 
process, Ni powder was exploded in explosion-plasma zone, so 
it leads to the formation of HCP structure. However, the Ni-HCP 
structure only occurred in organic solvents [13] illustrates that 
the organic liquid affected Ni structure more strongly. Neverthe-
less, most of the peaks could not be assigned   due to carbon and 
oxygen atoms in the solvent are t  hought to have been integrated 
the Ni crystal structure into m   etastable phase [9,10].

Magnetic properties of as-synthesized Ni-CNT composite 
powders were investigated at room temperature by using a VSM 
with an applied field –20,000 kOe ≤ H ≤ 20,000 kOe. Figure 5 
shows the magnetization of samples. The value of saturation 
magnetization and coercive force were shown in (Table 3). These 
values of the Ni-CNT powders prepared in DI water, Ethylene 
glycol, and Methanol are a  bsolutely higher than those in the rest 
medium conditions. This phenomenon can be explained based 
on the difference in the structure of the Ni-CNT powders. With 
DI water, Ethylene glycol, and Methanol, the phase of Ni were 
pure Ni or Ni and Ni oxide with a higher magnetic properties, 
meanwhile the metastable phase in Ethanol and Acetone condi-
tion has a lower magnetic properties.

Fig. 5. Magnetization of the Ni-CNT powders measured at room 
temperature a) Ethanol, b) Acetone, c) DI water, d) Ethylene glycol 
e) Methanol

  Fig. 4. XRD patterns of Ni-CNT composite powders produced via 
EEW in different liquid conditions
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TABLE 3

Saturation magnetization and coercivity

Conditions Coercivity (kOe) Magnetization value 
(4πM(kG))

Acetone 0.17167 0.65
Ethanol 0.14039 0.68

Ethylene glycol 0.3608 2.13559
Methanol 0.37146 2.4111
DI water 0.75911 2.54925

4. Conclusions

The Ni-CNT composite powders were prepared via EEW 
in different liquid conditions   successfully, and its properties 
depend on the ambient medium of EEW process but not the 
present of CNTs.

The powder produced in Methanol and EG only show 
phases of pure Ni. While in ID water, mixed phases of pure Ni 
and Ni oxide was observed. In cases of ethanol, acetone the 
phases were changed to metastable phases. The average satura-
tion magnetization of powders prepared in DI water, methanol 
and EG are higher than those in ethanol and acetone. The Ni-
CNT nanofluids prepared by EEW in ethanol, acetone, DI water, 
ethylene glycol, and methanol are unstable colloids. However, DI 
water is a good condition to prepare Ni-CNT composite powder 
with a small particle size (D50 ~ 5.61 μm) and high magnetiza-
tion value (2.549 kG). Methanol and EG medium are the best 
conditions for preventing the oxidation. 
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