Microwave Hydrothermal synthesis of Nano Co-Zn ferrites

Abstract:
Nano crystalline Co-Zn ferrite powders were synthesized using microwave hydrothermal method. The nanopowders were then investigated by X-ray diffraction (XRD), Transmission Electron microscope (TEM), Raman spectroscopy and Thermogravitic method (TG). The particle distribution, obtained from TEM measurements, was in the range from 10-15 nm. The Co0.4Zn0.6Fe2O4 nano powder was sintered at different temperatures through conventional and microwave sintering. The Dielectric constant (ε1) and tan delta (δ) were measured in the frequency range of 1MHz to 1.8 GHz.
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Introduction:
It is known that physical, chemical and mechanical properties of nanoparticles depend on their structure and microstructure. The importance of this Co-Zn ferrites is in both industrial application of nanomaterials [1-4] and development of theory of nanomagnetism. It was found that Co-Zn ferrites are cation deficient spinels. The vacancies formation in spinel structure induced change in cation valence of Cobalt ions, i.e. partial oxidation of Co2+ into Co3+. Cation and vacancies distribution was deduced from the refinement of ions occupation numbers. Their usage is influenced by the physical and chemical properties, which in turn influence several other properties. The recently in field of biomedical applications the usage is being explored in Co-Zn Ferrites which has unique high corecivity and high temperature stability [ 5-7]. As the density are further influenced by the preparation techniques and sintering temperatures. One of the solution methods is microwave hydrothermal system, a well known method for the synthesis of nanoferrites which produces spinel phase [8]. The microwave hydrothermal Co-Zn ferrites were prepared at low temperatures and were characterized by XRD and TEM [8-9]. The properties of ferrites are also dependent on sintering temperatures and type of sintering method. The microwave sintering and conventional sintering are two methods employed by various researchers [10]. The microwave sintering method have advantage of rapid heating, low porosity/ high density and obtaining low dielectric constant even at low temperature sintering [ 10].

The goal of our investigation was to determine relationship between structure/microstructure of Co-Zn ferrites using by microwave hydrothermal technique. The difference in conventional sintering and microwave sintering over a composition under a low temperature conditions is presented. The effects of a composition on various properties such as density, lattice parameter, and electrical properties at room temperature conditions are presented.
Experimental
For synthesis of Co1-x Zn x Fe2O4 ferrites (where x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0), Cobalt nitrate [Co (NO) 26H2O], Zinc nitrate [Zn (NO3)6H2O] and Iron nitrate [Fe (NO3)29H2O were dissolved in 50 ml of deionized water. The molar ratio of powders was adjusted to obtain composition. All the samples are added with aqueous NaOH solution was added to the prepared solution until the desired pH (∼ 9.15) value was obtained. The Microwave Hydrothermal reactions were carried out in a Microwave Accelerated reactions system (MARS 5), CEM, USA with frequency 2.45 GHz. The mixture was then taken in to a Teflon tube and then sealed. The Teflon tube was placed in a pressure vessel or autoclave. The contents in the Teflon tube were heated in microwave hydrothermal system at 1600C/30 min. After the treatment the pan bomb was cooled, the solid and solution phases were separated by centrifugation. Then the precipitate was washed with deionized water and ethanol for several times to remove any soluble salts. Then the obtained wet powder was dried at 600C overnight. Thus obtained powders were weighed and the percentage yields were calculated from the total expected based on the solution concentration and volume and the amount that was actually crystallized.

The synthesized powder was characterized using X-ray diffraction (XRD) using PHILIPS XRD meter, Infrared spectra (IR) were recorded using a Jason pectrophotometer from 4000 to 400 cm-1 by the KBr pellet method. Particle size and morphology were determined using transmission electron microscopy (TEM) (Model JEM-2010, JEOL, Tokyo, Japan). The Raman measurement is done on Delta NU model in Near IR region using 785 nm diode lasers. The TG was done for present Co-Zn ferrites to find out the wt(%) loss percentage for the current samples by using simultaneous Tg-DTA instrument, Model 6300 Siico company under Kelvin labs in inert atmosphere to a maximum of 6000C. In the Co0.4Zn0.6Fe2O4 ferrite powder was mixed with 2wt% polyvinyl alcohol as a binder. Then the powder was uniaxially pressed at a pressure of 1500 kg/cm2 to form pellet shape specimens. The debinding was done at 4500C/1 hrs. The pellets were then sintered in conventional and microwave sintering different conditions from 7000C, 8000C, 9000C. All the samples were characterized by X-ray diffraction. The permittivity and dissipations were measured in the frequency range of 1 MHz to 1.8 GHz using (Agilent 4912B) impedance analyzer.
Results and discussion:
It is clear from the XRD, that the Co-Zn ferrites with spinel phase was identified. The TEM conforms the fact that the Co-Zn ferrite particles are uniform size and is of the ∼10nm to 20 nm range shown in. Particle size conformation can also be undertaken from the Raman measurements done on the samples as shown in. The Radial breathing mode (RBM) corresponds to radial expansion-contraction of the happening in nanotube. Therefore, its frequency VRBM (in cm-1) depends on the nanotube diameter d (in nanometers) and can be estimated [11-12], which may be very useful in deducing the nanocrystalline diameter from the RBM position (100-350 cm-1). The raman shift observed for the ferrites shown in the Co-Zn Ferrites suggests the In the cubic spinels including ferrites, the modes at above 600 cm-1 mostly correspond to the motion of oxygen in tetrahedral AO4 groups, so the mode at 635 cm-1 can be reasonably considered as A1g symmetry. The other low frequency modes represent the characteristics of the octahedral sites (BO6). The three first-order Raman modes at 355, 446 and 635 cm-1 exhibit the broad characteristics correspond to the F2g Symmetry.

The IR absorption spectra of the ferrites were investigated shown in. The spectra's consist of four bands. Two bands are in the range between 400 to 600 cm-1. These are common bands for the ferrites [13]. The high frequency band ( ν1) is in the range of 550-600 cm-1 and is related to intrinsic vibrations of the tetrahedral metal-oxygen bond. The low frequency band (ν2) is in the range 400-450 cm-1is caused by the metal-oxygen vibrations in octahedral sites. A band in the frequency range 1380 cm-1 corresponds to NO3 stretching vibration, and a band in the frequency range 3400 cm-1 is correspond to the O-H groups. These two bands disappeared after the powder was sintered The shows the absorbed water content was determined from the weight difference measured at 25 and 6000C from the thermo-gravimetric data. TG-DTA curves ware recorded in an inert gas atmosphere. The Synthesized fine particles dried was used to record the weight loss with the increase in temperature for the representative samples is given in. The observed weight loss is due to evaporation of water from the samples. The weight loss also suggests that the by increasing the temperature not much weight loss can be observed as the curve flattens out at 6000C.

It can be seen from that both the samples posses single phase with no impurities. The lattice parameter increases with increase in increase in sintering temperature corresponds to thermal expansion of unit cell. Bulk densities are measured using arch medics principle. The lattice parameter (a) and X-ray density are tabulated in the table 1. The ratio of bulk density to X-ray is around ∼92% for conventional sample and ∼95% for the microwave sintered sample at 9000C. As the sintering temperature increases, the porosity decreases because uniform heating with in the samples is increases. Porosity is decreased for the microwave-sintered samples. In the microwave heating, the material absorbs microwave energy transferring it in form of heat with in the volume of the sample and sintering it resulting in uniform and fine microstructure.

Real part of permittivity (ε′), imaginary part of permittivity (ε′ ′)and tan (δ) variations with frequency was measured from 1 MHz to 1.6 GHz using impedance analyzer shown in. It can be seen that the Real permittivity (ε1) is nearly constant from 1 MHz to 700 MHz frequency. After 700 MHz it was observed that the ε1 starts rising and a resonance are observed in all samples. The dielectric behavior of ferrites may be explained on the basis of that of hopping mechanism of the dielectric polarization [14-17]. It can also been seen that the resonance peak started shifting towards higher frequency as the sintering temperature increases observed in both conventional and microwave sintering samples. It was also found that microwave sintering sample at 9000C, have low permittivity values at 1 MHz than the conventional sintering samples.

The tan (δ) was observed to be less as the sintering temperature increases. Low tan (δ) was observed in the microwave sintered sample at 9000C when compared to conventional sintered samples. The frequency variation of tan (δ) suggests that the low values are found for the samples at higher frequency. When the hopping frequency becomes equal or nearly equal to that of external applied field, the tan (δ) increases abruptly and then falls.
Conclusions:
The nano ferrites are been prepared under microwave hydrothermal system. The TEM and Raman measurements suggest that particle is in 10 to 15 nm range. The Co0.4Zn0.6Fe2O4 obtained is pure without impurities and powders are sintered in different conditions. The porosity are low when samples are sintered 9000C . The losses are less is Microwave sintered sample sintered at 9000C with low dielectric constant.
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