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ABSTRACT

NiFe,O4 nanocrystalline powders were prepared by precipitation method using,Ni8® d Jze ( NO

as precursors and N&QO; as a precipitating agent, which was added in quantities necessary for
reaching values of a degree of substint{DS) equal to 1 and 3. The applied precipitation process

was further adapted by introduction of soluble starch as a dispersing agent. The obtained results of X

Ray diffraction analysis (XRD) of the prepared powders after annealing confirm formation of
nanocrystalline NiFgO, phase with the same average crystallite size of 21 nm. The resktiaradr

transform infrared spectroscopfFTIR) and®’Fe M° ssbauer spectroscopy (
determined phase composition, whereas the results of scariagigbe microscopy (SEM/FEEM)
demonstrate noticeable differences in morphology and particle size of the studied powders. Values of
coercivity and magnetic moment measured at room temperature using Vibrating sample
magnetometer (VSM) are consistent withse of soft magnetic material and the recorded hysteresis

|l oops were found to have similar, characteristic
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1. INTRODUCTION

Ni-ferrites represent very important group of fuochl materials and one of the most commonly used

soft magnetic materials. Recent developments in nhanotechnology prompted renewed interest in these
materials by broadening their already wide range of application and opening investigations for their
use inhydrogen production, as catalysts, as photo reactive materials and for gas seBiyfLto

direct relation between functional properties off&lirites and their structure, phase composition,
crystal and particle sizes, applied synthesis methodrissignificant. Accordingly, investigation of
alternative and innovative processing routes is still a current topic. In the present study, common
precipitation method of synthesis of nanosize Nilzevas adapted by introduction of soluble starch

as a dispesing agent and sodium carbonate as a precipitating agent instead of usually used sodium
hydroxide. The obtained ferrite powders were analyzed and discussed through structural,
compositional and magnetic characterization.
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2. EXPERIMENTAL

In the applied syn@sis method analytical grade Nig06,8 and Fe(N@il 9,8 were used as
precursors for their respective oxides, whereas soluble stagehQg)n was used as a dispersing
agent and anhydrous p&0s; as a precipitating agent. Water solutions of the usedamirgalts were

mixed with a water solution of starch and once they have been mixed in, they break up into fine
droplets confined within polymer chains. With the subsequent addition of the precipitation agent
(anhydrous NaCQOs) an insoluble solid phase wasmed. NaCO; and NiSQ react in the solution to

give NiCO; and/or Ni(OH). Thus, NiCQ precipitation occurs in competition with Ni(OH)
precipitation and a solid phase is usually a mixed complex of nickel hydeskpnates, which when
heated transfornto NiO. Moreover, Fe(Ng); reacts with NgCO; in the solution to give ferric
hydroxide or hydrated ferric oxide, which when heated transforms f0;Ha order to achieve
maximal precipitation during synthesis pH was maintained in range 9 to 1Giy#hthat the soluble

starch reacts with sodium in alkalization reaction [5] certain amount &3 ®ds lost. The amount of
Na,CO; lost due to this secondary reaction can be determined by using a degree of substitution (DS)
[5]. The DS is defined as the avgeanumber of substituents per anhydro glucose unit (AGU) and can
have values between zero and three. In order to make process simpler, two scenarios in which starch
reacts with sodium up to level when DS=1 and DS=3 were selected, and the correspondieg samp
were labeled accordingly. Mixture was continuously stirred and then dried &€ &0l solid
composite was obtained. As the starch solidifies it entraps the formgdl€rin a solid organic

matrix [6]. In the final step, the solid composite was basted and calcinated in muffle furnace at
90C°C for 5h in order to remove the orga matrix and transform reaction products to oxides which
react and give NiR©®,. Microstructure of the obtained Nif2, powder was malyzed by SEM/FE

SEM technique. FTIR teenuated total reflection spectroscopy analysis was carried out at room
temperature using Nicolet 380 spectrophotometer. Phase composition and structure of the prepared
powder samples were analyzed by XRD and MS. Room temperature magnetic measurenmgents wer
carried out by means of a VSM with magnetic field strength of 2000kAm

3. RESULTS AND DISCUSSION
Morphology and structure of the obtainedfiirite powder is illustrated by corresponding SEM and
FE-SEM images given in Figure 1.

Figure 1. SEM imags of morphology of the prepared NiBg powders with insert FESEM images:
a) DS1 and b) DS3 powder sample

The presented SEM images demonstrate notable differences in morphology of the prejbameéak Ni
powders. In contrast, the FEEM images taken dtigher magnification depict similar firgrained

texture of porous network structures with a shape of interstitial space within the starch matrix that was
occupied by the solution mixture. From Figure 1, it can be seen that the structure of the DS1 powder
sample consists of particles of about 20 nm whereas the DS3 powder sample consist of fairly coarser
particles. In order to gain insight into the phase composition of the prepared powders and to confirm
that the organic matrix has been completely removezhlpnation, FTIR analysis was carried out.
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