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ABSTRACT

Spinel zinc ferrite ZnFe,O4 was prepared by co-precipitation method using the ferric chloride
FeCl;.6H,0 and zinc chloride ZnCl, as raw materials and characterized by powder XRD, IR study and
TG-DSC analysis. The influence of ferrite synthesis condition, such as Zn/Fe molar ratio, pH value and
time was investigated. The results show that the pure spinel ferrite ZnFe,O4 are formed when the Zn/Fe
molar ratio as 1 : 2 at pH = 7.5 and product was calcinated at 500°C for 5 hours.
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INTRODUCTION

At present, one of the most interesting and challenging issues of the science of
magnetic nanoparticles is the introduction of new electronic, optical or photochemical
properties and the optimization of their magnetic properties. Spinel zinc ferrite ZnFe,O4 has
attracted more attentions due to its interesting magnetic property' and application in the
catalysis®”. Ferrite a ceramic like material with magnetic properties that are useful in many
types of electronic devices. Zinc ferrite is a good example of the direct relation between the
nanoparticle structure®, composition, and properties. When prepared as a bulk material, the
zinc-iron oxide has a spinel structure AB,O,4 with a tetrahedral A site occupied by Zn*" ions
and an octahedral B site by Fe’" ions. Based on the distribution of cations, spinels can be
either normal like zinc spinel or inverse with half of the trivalent ions in the tetrahedral
position and the other half together with the divalent ions in the octahedral sites. Many types
of methods including ceramic synthesis’, co-precipitation method®'’, tartrate precursor
method'', hydrothermal'?, combustion, auto-combustion', polymeric precursor route'’,
solvothermal'® and sol-gel technique'”'® etc. have been used to fabricate the precursor.
Co-precipitation method has been intensively investigated to synthesized the precursor. For
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example, spinel ZnFe,O4 could be synthesized at the 650°C for 6 h, which greatly reduce the
production cost'’.

Considerable interest has been attracted in current studies due to the large diversity
and the practical usefulness of their physical and chemical properties, including humidity-
sensing, oxygen-sensing, photoelectrical and super-paramagnetic as well as high temperature
ceramic properties®®?. Therefore, it was thought of interest to synthesized zinc ferrite and
it’s characterization.

EXPERIMENTAL

All the chemicals and solvents were of analytical grade and purchased from
commercial sources.

Zinc ferrite powder was prepared by two steps in first step the stoichiometric amount
of zinc chloride (ZnCl,) dissolved in distilled water and allowed to react with sodium
hydroxide (NaOH) solution dissolved in distilled water with vigorous stirring and in second
step a solution of ferric chloride FeCl;.6H,O prepared in HCI solution and mixed them and
stirred for two hours and further heated for half an hour at 60°C. The mixture was allowed to
settle and its pH adjusted to 7.5 with 2N sodium hydroxide solution (NaOH). The product
obtained was washed by repeated decantation till free from chloride (CI) ions and then
filtered through a sintered glass crucible and then dried in oven at 120°C and then calcinated
at 500°C for five hours. The product obtained was characterized by powder XRD,
IR-spectroscopy and TG-DSC analysis.

Physical measurements

Power XRD measurement of the Ferrite was recorded with a Bruker AXS-DS§
Advanced model X-ray diffractometer with Cu Ko 1.5 line (A = 1.54056 A°) in 2O range
from 10° -90°. IR spectra were recorded as KBr pellets on a Perkin-Elmer-1600 FT-IR
spectrophotometer. TG-DSC analyses of ferrite were carried out using a SETARAM
instrument, Model 92-16.18, on the part of dried gel precursors in the flowing air
atmosphere with the heating rate of 10°C /min.

RESULTS AND DISCUSSION
Powder XRD analysis

A typical XRD pattern of the synthesized ZnFe,O4 nanocrystal as shown in Fig. 1.
The ZnFe,0,4 nanoparticles have a degree of crystallinity. The XRD pattern of zinc ferrite
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prepared by co-precipitation method was match of with those reported by others conforming
the cubic structure and formation of tetragonal form is ruled out. The particle size was
calculated using Scherer formula. The particle size was found to vary in the range 37.58-
57.52 nm.
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Fig. 1: XRD pattern of ZnFe,O,
FT-IR Analysis

The IR spectrum of the precursor material, when taken from the oven, shows the
typical bands of the support associated to the skeleton of the spinel. It can be observed the
most intense band of the spectrum, splitted in 1355 cm™ and 880 cm™, due to the stretching
of Zn-O-Fe bonds of the tetrahedral building units forming the structure. The wide
absorption in the high energy region of the spectrum, centered at 3501 cm™, resulting from
-OH stretching, is associated to the vibration of water molecules coordinated to ferrite
structure. In addition, the HOH deformation mode of the same bonds is placed in 1632 cm.
It is worth mentioning that in catalysts supported on ferrite, these bands are overlapped with
the vibrations belonging to the same species presents in the precursor when it is taken from
the oven. The broadening of the 3451 cm™ band towards lower frequencies may be due to
the formation of H bridges in the precursor, which subsequently disappear with the thermal
treatment.

After the thermal treatment at 150°C the main absorption attributed to the complex
have disappeared and only one weak band is observed at 1465 cm™ indicating the complete
thermal degradation of the precursor. The IR spectra of the samples do not show significant
changes in the thermal range between 400-700°C, except for the modifications that are
observed in the stretching band —OH, in the high energy region of the spectra.
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TG-DSC Analysis

TG-DSC Analysis of zinc ferrite was done. In TG-DSC analysis of ferrite shows Fe,
Zn and O elements identified. During heating chemical change of zinc ferrite is take place.
From the DSC curve two endothermic peaks appear near 76°C and 130°C which are caused
due to desorption of water 2*. While rapid decrease of TG-curve with a weight loss of 8-10%
is observed. One exothermic peak between 160°C and 570°C is observed with weight loss of
19.12% which is caused by decomposition of Fe and Zn hydroxides. Also one tiny
exothermic peak appearing near 870°C almost without any weight loss this due to formation
of zinc oxide®.

CONCLUSION

The spinel ferrite can be obtained by co-precipitation method using zinc chloride and
ferric chloride as a raw materials. The result shows that the spinel zinc ferrite ZnFe,O4 are
formed when molar ratio Zn/Fe is 1 : 2 at pH = 7.5 and the product obtained by calcinateing
at 500°C for five hours which greatly reduce the production cost.
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