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Abstract Nij ¢Zng 4Fe,0, nano-particles have been syn-
thesized by self-propagating auto-combustion of nickel
zinc ferrous fumarato-hydrazinate complex. The precursor
complex has been characterized by chemical analysis, IR,
AAS, thermal analysis and isothermal mass loss studies.
The precursor on ignition undergoes self-propagating auto
combustion to give Nig¢Zng 4Fe,04. The X-ray diffraction
studies confirmed the single phase formation of nano-size
‘as  synthesized” Nigg¢Zng4Fe,O4. TEM  observation
showed the average particle size to be 20 nm. Infrared and
magnetization studies were also carried out on the ‘as
synthesized” Nig¢Zng 4Fe,04. The lower value of satura-
tion magnetization and higher Curie temperature of ‘as
synthesized’ ferrite also hint at the nano size nature.

Keywords Nano-particles - TG - DSC - FTIR - XRD -
TEM
Introduction

Nanocrystalline ferrites are the materials of current interest
because of their unique electric, dielectric, magnetic and
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optical properties which make them appealing from theo-
retical and technological point of view [1]. Ni-Zn ferrites
are soft ferrimagnetic materials with low magnetic coer-
civity and high resistivity [2]. The eddy current loses are
also low for this materials in high frequency operations [3].
Because of these properties, Ni—Zn ferrites find application
in core material for power transformer in electronics
recording media heads, antenna rods, loadies coil, micro-
wave devices and telecommunication applications [4].
Recently, the nanocrystalline magnetic materials are used
in biomedicine and biotechnology as contrast agent in
magnetic resonance imaging (MRI) and also as drug car-
riers for magnetically guide drug delivery [5]. The structure
as well as magnetic properties of the ferrites is found to
depend upon the method of synthesis [6]. Wet chemical
methods offer better properties like small particle size, low
temperature of formation, stiochiometrically pure materials
over the wide range of temperature [7]. Various wet
chemical methods like co-precipitation [8], citrate precur-
sor [9], sol-gel [10], combustion [11-13], flash combustion
[14] and carboxylate precursor method [15] have been
reported for the synthesis of Ni—Zn ferrites. There has been
considerable interest among researchers in the study of
hydrazine derivatives of metal carboxylates since they
serve as precursors to fine particle oxide materials rela-
tively at much lower temperatures.

Recently, many such combustion synthesis of metal and
mixed metal oxides using metal carboxylate and carboxy-
lato-hydrazinates complexes of oxalate [16], formate [17,
18], acetate [18, 19] and propionate [19], malonate, suc-
cinate and itaconates [20-24], maleate and tartrate [25, 26]
malate [27] and fumarate [28—34] have been studied. In the
present investigation, synthesis of nano-size nickel zinc
ferrite using novel fumarato-hydrazinate complex as pre-
cursor has been reported.
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Experimental

Preparation of nickel zinc ferrous fumarato-hydrazinate
complex

A requisite quantity of sodium fumarate in aqueous med-
ium was stirred with hydrazine hydrate (99-100%) in an
inert atmosphere for 2 h. To this solution, a stoichiometric
amount of freshly prepared ferrous chloride solution mixed
with nickel chloride and zinc chloride was added dropwise
with constant stirring in an inert atmosphere. The yellow-
coloured precipitate thus obtained was filtered off, washed
with ethanol, dried with diethyl ether and then stored in
vacuum desiccators.

Characterization

The hydrazine content in the precursor was determined by
volumetric analysis using standard 0.025 M KIOj; solution
under Andrew’s conditions [35]. The metal contents were
determined using atomic absorption spectrophotometer
model 201 Chemita. The structure and phase purity of the
nickel manganese zinc ferrite (as prepared) was determined
by Philips X-ray diffractometer model PW 1710 with Cu
K, radiations and Ni filter. Simultaneous thermogravimet-
ric and differential scanning calorimetry of ‘as synthesized’
nickel zinc ferrite was recorded on a NETZSCH DSC-TG
STA 409PC at a heating rate of 10 °C per min. The iso-
thermal and total mass loss studies of the precursor were
carried out along with hydrazine estimation at various
predetermined temperatures. Infrared analysis of the pre-
cursor and the ferrite was done on FTIR Shimadzu IR
prestige21 series spectrophotometer. Transmission electron
micrograph (TEM) and energy-dispersive X-ray analysis
(EDX) were carried out on Philip’s-CM20 electron
microscope. The saturation magnetization of the ferrite was
measured on alternating current hysteresis loop tracer
described Likhite et al. [36] and supplied by M/s Prutha
Electronics, Mumbai, India. Curie temperature was deter-
mined from the variation of AC susceptibility as a function
of temperature as described by Likhite et al. [37].

Autocatalytic decomposition of the complex

For autocatalytic decomposition, the precursor was uni-
formly spread over a Petri dish, and a burning splinter was

brought near to it, when small portion of it caught fire. A
red glow that formed spread over the entire bulk com-
pleting the total decomposition of the precursor in an
ordinary atmosphere at a temperature as low as 340 °C.
This ‘as synthesized’ nickel zinc ferrite powder was then
pelletized under a pressure of 7 tones per square inch for
3 min.

Result and discussion

Chemical formula fixation of nickel zinc ferrous
fumarato-hydrazinate complex

A chemical formula of Nig ¢Zng 4Fe,(C4H,04)3-6N,H, for
precursor complex has been fixed based on the total per-
centage mass loss and percentage of hydrazine, nickel, zinc
and iron which match closely with the calculated values
(Table 1). The precursor is found to loose hydrazine
~ 170 °C when heated isothermally. The infrared spectra
of the precursor (Fig. 1) show three bands in the region
3190-3352 cm ™' due to the N-H stretching frequencies
and in the range of 1552-1583 cm™' due to NH, defor-
mation. The N-N stretching frequency is observed at
972 cm ™! which confirms the bidentate bridging nature of
hydrazine ligand [38, 39]. The asymmetric and symmetric
stretching frequencies of the carboxylic ion in the precursor
are seen at 1628 and 1384 cm™', respectively with
Av(vyy — Veym) separation of 244 cm™! indicating the
monodentate linkage of both carboxylate groups in the
dianions [40]. Thus, the fumarate dianions in the complex
coordinate to the metal as bidentate ligand via both the
carboxylate groups. These results suggest the formation of
nickel zinc ferrous fumarato-hydrazinate complex. Infrared
spectrum of the ‘as synthesized’ NiggZng4Fe,04 shows
high frequency v, and low frequency v, bands at 595 and
425 cm™', respectively, which match closely with the
reported values [41].

Thermal analysis and phase identification of product

The TG curve (Fig. 2) of Nig ¢Zng 4Fe,(C4H,04)3-6N,H, in
air from room temperature to 800 °C shows four mass loss
regions with two major ones. The mass loss of 4.86 and
26.98% from room temperature to 110 °C and from 110 to
150 °C (Table 2) were due to the loss of one hydrazine and

Table 1 Chemical analysis and total mass loss studies of nickel zinc ferrous fumarato-hydrazinate complex, Nig ¢Zng 4Fe,(C4H,04)3-6NoHy

Complex Nickel/% Zinc/% Iron/% Hydrazine/% Total mass loss/%
Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc.
Nig ¢Zng 4Fe;(C4H,04)3-6N,H, 4.68 4.98 343 3.70 15.81 15.79 27.24 27.18 66.86 66.49
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Fig. 1 FT-IR spectra of (a) Nig ¢Zng 4Fe,(C4H»04)3-6N,H, precursor
and (b) ‘as synthesized’ Nig ¢Zng 4Fe;Oy4
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Fig. 2 TG-DSC curves of Ni0.6Zn044Fe2(C4H204)3-6N2H4

five hydrazine molecules, respectively. DSC shows two
sharp exotherms with a peak temperature of 130 and
144 °C due to two-step dehydrazination. The major mass
loss of 39.26% on TG curve from 150 to 350 °C can be
attributed to the decarboxylation of the dehydrazinated
precursor. DSC curve shows two exothermic peaks in this
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Fig. 3 XRD pattern of ‘as synthesized’ Nij¢Zng 4Fe,O4

region with the peak temperature of 180 and 306 °C due to
two-step oxidative decarboxylation. A marginal mass loss
of 3.8% in the region 350-440 °C may be due to unburned
carbon which is indicated on the DSC curve by a broad
exothermic peak in this region.

The complex decomposes autocatalytically at room
temperature once ignited to give nano-size nickel zinc
ferrite (as synthesized). The X-ray diffraction pattern of ‘as
synthesized’ nickel zinc ferrite (Fig. 3) not only confirms
the single phase formation of the ferrite but also the nano-
size nature. The X-ray diffraction data such as d-values and
lattice parameter of ‘as synthesized’ Nig ¢Zng 4Fe,O4 mat-
ches closely with the reported values [42].

The TEM image (Fig.4) of ‘as synthesized’
Nig ¢Zng 4Fe,0,4 shows the average particle size of 20 nm.
The saturation magnetization of ‘as synthesized’ Nig¢Zng 4
Fe,0,4 was found to be 49.6 emu/g, which is lower than the
reported value for bulk Nig¢Zng4Fe;0,4 [43]. The reason
for the lower value of saturation magnetization is the high
porosity and the small particle size of ‘as synthesized’
nickel zinc ferrite. It has been reported that particles with
higher surface area and very small size have lower mag-
netization values [44]. The plot of AC susceptibility against
temperature of nickel zinc ferrite indicates that the sample

Table 2 TG-DSC, isothermal mass loss and chemical analysis data of nickel zinc ferrous fumarato-hydrazinate complex,
Nig 6Zng 4Fe;(C4H,04)3-6N,Hy

TG DSC Remarks Isothermal mass loss/chemical analysis

Temp. range/°C  Mass loss/% Temp. range/°C  Mass loss/% N,H4/%

RT-110 4.86 73.2 (exo0) Loss of one N,H, molecule RT-100 4.69 23.87

110-150 26.98 144 (exo) Loss of five NoH4 molecule  100-125 55.44 Compd. catches fire
150-226 5.87 180 (exo) Multistep decarboxylation

226-353 22.57 306 (exo)

353-438 3.82 360-390

(broad exo hump)
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Fig. 4 TEM image of ‘as synthesized’ Niy¢Zng 4Fe;Oy4
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Fig. 5 Plot of AC susceptibility versus temperature for ‘as synthe-
sized’ Ni0‘6Zn0'4F6204

contains predominantly single domain grains with a T of
390 °C (Fig. 5).

Conclusions

e Nickel-zinc ferrite nano particles have been prepared
by the autocatalytic decomposition of the nickel-zinc
ferrous fumarato-hydrazinate at room temperature.

e The formation of ‘as synthesized’ nano-size nickel zinc
ferrite was confirmed by X-ray diffraction as well as
infrared spectral analysis.

e The average particle size of ‘as synthesized’ nickel zinc
ferrite was found to be 20 nm.

e Saturation magnetization of ‘as synthesized’ nickel zinc
ferrite was found to be 49.6 emu/g.

e The Curie temperature of ‘as synthesized’ Nig¢Zng 4.
Fe,0,4 measured using AC susceptibility technique is
found to be 390 °C.

e This work confirms that nano-size nickel zinc ferrite
which finds applications in magnetic coating and

@ Springer

ferrofluid technology can be prepared by combustion
synthesis using fumarato-hydrazinate precursor at com-
paratively lower temperature.
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