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Abstract

Face centered cubic structure nanocrystalline hi®¥i¢ nanoparticles are prepared at 60 °C
from NiCl, precursor using hydrazine hydrate as reducing taged ethylene glycol as
capping agent. Scanning electron microscopy (SEM)ws spherical morphology of Ni
nanoparticles with average grain size of 20 nm. Méigation study reveals ferromagnetic
interaction in nickel nanoparticles but close topesparamagnetic state. Saturation
magnetization (N at 10 and 300 K are found to be 45 and 40 enespactively. Coercivity
(Hc) value at 10 K is found to be 252 Oe. Electricasistivity of Ni nanoparticles in
temperature range 83 — 300 K shows the metadihabior.

Keywords:. nickel, nanoparticles, ethylene glycol, magnetorgtresistivity.

I ntroduction

Metal nanoparticles have attracted much attentionthie fields of physics, chemistry,
electronics and biology [1, 2] becausfetheir unique electrical [3], chemical [4], o#Id5]
and photo-electrochemical [6] properties, which sm@ngly dependent on the sizes and
shapes of metal nanomaterials [7-9]. Metal nanmbesthave a high specific surface area
and a high surface to volume ratio. Nanostructurellle metals are potentially used in
catalysis, optoelectronics, microelectronics etee Titrafine and nanometer nickel powders
have attracted a great deal of attention over giasddes due to their specific properties such
as magnetism, thermal resistance, chemical actanty have a wide range of applications
including batteries, hard alloy, catalyst, eledyi@nd so on [10]. It is reported that nickel
powder has been produced for multilayer ceramiaciégs in cellular phones and mobile
computers [11].

Many techniques have been used to prepare the matalparticles, such as chemical
reduction [11-18], electrochemical reduction [1®],2photochemical reduction [21, 22],

49
Scholar Research Library



Amrut S. Lanjeet al Archives of Physics Research 2010: 1 (1)49-56

sonochemical method [23], microemulsion technicd,[ polyol process [25, 26], alcohol
reduction [27], heat evaporation [28, 29] and mathers [30, 31]. The physical methods
always need a high temperature (over 1000 °C) j28Juum and expensive equipments, but
the conditions that the chemical methods neededh@trso critical. The chemical reduction
method is one of the commonest method to synthesit@dal metal particles because of its
convenient operation, easy controlling and simpl@égments needed.

Metal nanoparticles of nickel, iron and cobalt eelatively difficult to synthesis because they
easily get oxidized. Among them, nickel is the naiable particle. Nickel nanoparticles have
important applications in catalysis and magneti¢emals [30]. However, few literatures on
the preparation of metal nanoparticles have beeorted. In present work, we have prepared
nickel nanoparticles using hydrazine reduction métand magnetic and electrical properties
of prepared sample are studied.

In the absence of soluble polymer or other extratgutive agent, synthesis of nickel
nanoparticles in ethylene glycol with hydrazine tagd as protective agent as well as
reducing agent is performed.

Materials and M ethods

Nickel chloride hexahydrate (Nigl6H.O, 98 % pure) and hydrazine hydrate (99 %) were
obtained from Kemphasol, Mumbai. Sodium hydroxidda@H) pellets extra pure was
obtained from Loba Chemie. Ethylene glycol was $edpby Merck, India. The deionized
water was used through out the experiment. Ni sangplprepared using Nickel chloride
hexahydrate (NiGl 6H,O) as a precursor and hydrazine hydrate as redagjegt following
the methods reported earlier [32-34].

0.5 g of nickel chloride is dissolved in 50 ml démne glycol. The solution is heated to 60 °C.
Then 2.25 ml hydrazine hydrate is added to abolgisn. 1.44 g of NaOH (1M) solution is
added with stirring. The complete solution is keptler magnetic stirrer for 1 h at 60 °C.
After 1 h reaction is completed and black nickelnoarticles are formed. These
nanoparticles are collected, washed several timesethanol and dried in the room
temperature. Figure 1 shows flowchart for the prago@n of nickel nanoparticles.

The reduction reaction can be expressed as
2Ni%* + HyNo + 40H > 2Ni + Np + 4H,0

It is seen that plgas is continuously bubbled up in the reactiomuliomatically creates N
atmosphere during the reaction. Hence, no exrgahl is required for the synthesis of nickel
nanoparticles.

The powder X-ray diffraction (XRD) is performed ngiPhilips Holland, XRD system PW
1710 with nickel filtered CulK (A = 1.5405 A) radiation. The average crystalliteesty has
been calculated from the line broadening usindgSitieerrer’s relatiort = KA/fcosf, whereK

is a constant (~1) is full width at half maximum (FWHM) and is Bragg's angle. The
scanning electron microscopy (SEM) is performechwiEOL JSM-5600. Magnetization of
nickel nanoparticles are carried out using PPMS 8Mpuantum Design. The resistivity is
measured using fully automated four-probe method.
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Figure 1. Flowchart for the preparation of nickel nanoparticles
Results and Discussion
Structural and particle size studies

Figure 2 (a) shows X-ray diffraction pattern of pmeed nickel nanoparticles. The intensity is
determined in the range 20° € 2 90° with 0.02 degree step size. Thev2lues for the
planes (111), (200) and (220) are found to be 485594° and 76.42° respectively. The XRD
pattern shows cubic structure of sample and hasirsingle-phase. No distinct diffraction
peak other than those from fcc-Ni is found in taenple. The lattice constantas= 3.4392

A and unit cell volume i = 40.6757 &, matched with JCPDS file no. 04-850 as shown in
figure 2 (b). The broad diffraction peaks are duedno-size of particles. Maximum intensity
peak (111) was used to estimate the crystalliee aim it is found to be 18 nm using Scherrer
equation.

Figure 3 shows SEM image of nickel nanoparticldse $hape of the Ni particles is spherical
and are linked together to form chains. The avegaga particle size is about 20 nm which
closed to the crystallite size calculated from XRiIbe formation of particle aggregates or
magnetic clusters are observed due to strong sitereamong the magnetic dipoles of nickel
nanoparticles.
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Figure2. (a) XRD pattern of prepared nickel nanoparticles
(b) JCPDSfile no. 04-850

Figure 3. SEM image of nickel nanoparticles

Magnetic Study
Figure 4 shows the variation of magnetization wathgnetic field (M-H loop) at 10 and 300

K. Saturation magnetization @M and coercivity (iJ decreases at 300 K for nickel
nanoparticles compared to bulk nickel (Table 1).380 K, M; and H are found to be 40.5
emu/g and 86.5 Oe, respectively. The value af iM bulk nickel is 54.4 emu/g [35].
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Reduction in magnetization is related to particte ®ffect. Decrease in b due to decrease
in particle size which may also results to increiassurface area. Due to small particle size
surface to volume ratio increases and hengeeldluces at 300 K. Decrease ig ¢4n also be
attributed to superparamagnetic behavior in nickealoparticles. Remanence magnetization
(M) is slightly greater than the bulk nickel may heedo presence of microstructures in the
sample.

Ms, M; and H values are increased in nickel nanoparticles akK1@ee Table 1). When
particle gets freeze, thermal energy of nickelipl®s gets decreases which results in increase
of Hc. At lower temperature some atiferromagnetic nicketles layers are formed above the
ferromagnetic nickel nanoparticles. The value of iNcreases due to pinning of these
antiferromagnetic nickel oxides on ferromagnetickal nanoparticles. The magnetization
increases rapidly with a small magnetic field andtiains a maximum value when magnetic
field of 50 KOe is applied.
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Figure 4. Variation of magnetization (M) with magnetic field (H) at 10 and 300 K for
20nm nickel nanoparticles. Inset of figure shows enlargement of low field data at 10 K

Tablel. Comparative valuesof Mg, M, and H¢ in bulk and nickel nanoparticles

Nickel Temperature M(emu /g) M (emu /g) H (Oe)
Bulk 300 K 54.4 2.7 100
(2'\:)""2%) 300 K 40.5 6.9 86.5
(2'\:)""2%) 10 K 50.3 13.5 252
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Figure 5 shows variation of magnetization with tengure at magnetic field of 0.05 T.
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Figure 5. Temperature dependence ZFC and FC magnetization for nickel nanoparticles
Inset of figure shows enlargement of FC and ZFC curveat 300 K

The sample of nickel nanoparticles is first cocd¢dero fields down to lowest temperature,
then a field of 0.05 tesla is applied to get zeetdlfcooled (ZFC) magnetization. The sample
is then cooled down keeping magnetic field constarget field cooled (FC) magnetization.
Both ZFC and FC magnetization are recorded at 0.0BFC curve is different from FC
curve. There is a narrow cusp at 22 K in ZFC cuwue to decrease in thermal energy. The
magnetization increases with temperature belowkK3OWm is also observed that FC and ZFC
curves do no meet together (Inset fig. 5). It révdarromagnetic interaction in nickel
nanoparticles but close to superparamagnetic state.

3.3 Electrical resistivity measurement

For measurement of electrical resistivity of nickanoparticles fully automated four-probe
resisitivity measurement set-up is used. The peligtickel nanopatrticles is prepared using
hydraulic press and 10 mm size die and punch.

Prepared pellet is cut in rectangular size havimckhesst) = 0.0545 cm, widthk) = 0.169

cm and lengthl() = 0.19 cm (distance between voltage probes). Lsestional aread] =
0.00921 crf The resistivity {p) is calculated using the formula:

{2
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Figure 6. Variation of resistivity with temperature for nickel nanoparticles

Figure 6 shows variation of resistivity with respét temperature. Electrical resistivity of
nickel nanoparticles in low temperature range 888 K is measured. It is found that the
resistivity is 9 x 1¢ Q-cm at 83 K and 12 x 10Q-cm at 300 K. The resistivity of nickel
nanoparticles is high as compare to bulk nickel deerease in thermal energy. It increases
with temperature indicating metallic nature.

Conclusion

Face centered cubic (fcc) structure nickel nanapest are prepared using simple and low
cost precipitating method. Magnetization study edsderromagnetic interaction in nickel
nanoparticles but close to superparamagnetic ata8@0 K. Saturation magnetization value
is less than that of bulk indicating particle seféect. At low temperature (83 — 300 K) the
electrical resistivity is increases with temperatutt is found that resistivity of nickel
nanoparticles is high as compare to bulk nickel tdugecrease in thermal energy.
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