Abstract

In recent years electronic ceramics have been gaining increasing importance because of the wide applications and uses which they can be put to as components in various electronic circuits. Ceramic compounds made under the classification of "electronic ceramics" depart radically from the conventional ceramic composition and, therefore, they have created the necessity for the establishment of many new and highly refined preparation techniques. the properties of the electronic ceramics e.g. dielectric ceramics such as barium titanate, electrooptic ceramics such as lithium niobate and lanthanummodified lead zirconste-titanate (PLZT), piezoelectric ceramics such as lead-zirconate-titanate (PZT), magnetic ceramics such as ferrites and garnets, varistor and gas sensor ceramics are found to be very sensitive to their microstructure particularly fine grain size, composition and concentration of the additives, and hence, it is imperative that they be prepared by a suitable preparation technique. The conventional method of preparing powder formulations used in the Manufacture of electroceramics requires the calcination of a mechanically ground mixture of metal oxides and carbonates in definite proportions. In order to obtain optimum and reproducible properties of the ceramics, the reacting species must be intimately mixed with a uniform distribution of each species to obtain a completely reacted and uniform product. The reacted oxides generally require further combination before they are in a suitable state for ceramic and other applications. The milling and grinding normally employed to achieve these requirements have a detrimental effect on the properties of these materials as they cause lattice defects in the ceramics and contamination from abrasive materials. To avoid this, several non-conventional methods which are mainly solution methods such as co precipitation have been tried but they suffer from the disadvantage that on precipitation different phases come out separately so that the desired homogeneity is not achieved. In the present work, the Liquid Mix Technique (LMT) which is a non-conventional preparative technique has been used to try and overcome the above problems. The aim of this work, therefore, is to bring out the potentialities of this method for preparing the desired compositions for the electronic ceramics. The LMT involves the formation of citrates of the concerned metals and mixing them in solution. The product obtained after drying the citrate solution is in the form of a uniformly coloured transparent glass which retains homogeneity on an atomic scale. I The property which makes this technique different from others is the formation of the glass which is homogeneous. This glassy product is further calcined to burn off all the organic material at a relatively low temperature, and chemically combining the oxides. Thus, this method not only avoids the milling of the oxides to obtain a homogeneous mixture of submicron particle size but in addition it has a distinct superiority over the other commonly practiced methods of co precipitation etc. where the precipitates consist of distinct separate phases of the constituent oxides. The thermal decomposition of the precursor salts is an important final step for preparing powders using the LMT. The selection of the calcination temperature has a marked effect on the ceramic microstructure. The thermal decomposition of several organic acid salts of alkaline earth metals (e.g. oxalates and formats) have been studied extensively. However, similar information about the citrates is scarce. Consequently, a detailed study of the thermal decomposition of the useful precursor salts has been undertaken and a scheme for the multistage decompositions arrived at. In the present work a study of the electronically important oxide ceramics such as barium ferrite and zinc oxide-based electroceramics with varying compositions has been made. This study is restricted to only the simpler binary compositions of the ceramics to facilitate a better understanding of their properties. The following oxide systems have been studied; (A) BaO-Fe2O3; (B) (i) ZnO-Bi2O3, (ii) ZnO-BaO, (iii) ZnO-CaO. These samples were prepared by the liquid mix technique which requires no special apparatus. The samples were analyzed by differential thermal analysis, infrared spectroscopy, X-ray diffraction, scanning electron microscopy and electron probe microanalysis. The relevant magnetic and current-voltage measurements were also carried out. 
In BaO-Fe2O3 system, BaFe12O19 is known Co be an important permanent magnetic material. This compound has been prepared by the calcination of a mixture of citrates of iron and barium. The decomposition of the citrates results in the formation of barium ferrite at a temperature of 600?C in air which is lower than that at which the ferrite is formed when prepared by the conventional method or even other methods e.g. co precipitation where it is formed at 925?C. This low-temperature formation of barium ferrite itself reflects on the greater reactivity and purity of the iron and barium oxides formed as a result of the citrate decompositions. A systematic study of the thermal decomposition of iron and barium citrates has been made. The decomposition of barium citrate involves the intermediates such as Ba3[(COO)CH=C(COOCH2COO)]2 and Ba[CH2-C(R)COO]2 before it completely decomposes to barium carbonate at 400?C. In order to convert this BaCO3 further to barium oxide a temperature around 1700?C is required for the removal of one molecule of CO2 from BaCO3. Iron citrate on the other hand decomposes to iron oxide at about 460?C, directly, without the formation of a stable carbonate intermediate. It was observed that during the decomposition of the mixture of iron and barium citrates to barium ferrite at 600?C, BaO was directly formed without the formation of the carbonate intermediate. The ferrite powder obtained on calcination of the citrates can be further processed i.e. pressed and sintered to a dense ceramic. It was found that a density of 85% of the theoretical could be obtained at a temperature of 990?C while a density of 92% was obtained at 1200?C. The ferrite obtained at 600?C was found to have a smaller crystallite size (160 A?) compared to that obtained at 800?C. This shows that by choosing the heating temperature, products of the desired crystallite size can be obtained by this technique. The microstructure of the ferrite was studied using scanning electron microscopy. A particle size of about 900 A? was obtained for the citrate mixture calcined at 600?C. The grain sizes of the ferrite pellets sintered at various temperatures were also measured and it was found that a grain size of 0.5 um which is close to the single-domain size was obtained for the ferrite sintered at 1050?C. Plate-like barium ferrite crystals of perfect hexagonal shape could be obtained by this technique. The powders obtained at various calcination temperatures were also examined by Mossbauer spectroscopy, A permanent magnetic material is characterized by the magnetic properties such as remanence and coercivity which depend to a large extent on the conditions of preparation and the subsequent treatments given to the sample. The coercive force depends greatly on the particle size and is known to increase as the grain size in a crystalline body or the particle size of the powder becomes smaller i.e. approaches the single-domain size. It was found that the best properties were obtained for the ferrites sintered around 990?C. A coercive force (Hc) of 1500 Oe and a remanence (Br) value of 1750 gauss was obtained for the ferrites sintered at 990?C while values of 1600 Oe and 1800 gauss were obtained for the ferrites sintered at 1050?C. Thus the liquid mix technique offers the preparation of finely subdivided powders at comparatively low temperatures. These powders can be further compacted into dense ceramic bodies which show magnetic behaviour. The ZnO based electronic ceramics have aroused interest from the point of view of their peculiar electrical properties which they exhibit. These composites usually comprise of zinc oxide as their major component with minor additions of other oxides. The current-voltage characteristics of these ceramics exhibit deviations from Ohm's law giving rise to non-linear characteristics. This non-linear behaviour is mathematically expressed by a modification of Ohm's law such as I = (V/c)? where V - voltage across the ceramic, I = current in milliamperes flowing through the ceramic, ?= voltage non-linear exponent, C = constant corresponding to the resistance of the Ohmic resistor. It is known that pure ZnO and Bi2O3 exhibit ohmic behaviour even at high fields but their combination is found to be nonohmic. 
The origin of the non-linearity is believed to stem from the microstructure which results from the combination of the binary oxides. This microstructure and hence the non-ohmicity is highly dependent on both the minor additions of oxide constitutents and the processing conditions. An evaluation of the microstructure is thus critical to the understanding of non linear conduction. The purpose of this work, therefore, is to explore systematically the composition range in the binary systems to see how far the non-ohmic character can be observed and to elucidate the microstructure and phases present in the non-ohmic materials. Although the multicomponent ZnO ceramics are more complex in structure and composition than the binary ceramics, the latter have been studied because they contain many of the essential features required for obtaining the observed non-linear behaviour. Since the wet chemical methods are gaining increasing importance for the oxide preparations, these binary composites have been prepared using the liquid mix technique which involves the preparation and decomposition of the citrates of the concerned binary metals. The thermal decomposition of the individual citrates e.g. zinc citrate, bismuth citrate, barium citrate and calcium citrate, has been studied to find out the decomposition temperature and the products obtained at various stages of decomposition. Zinc citrate was found to decompose to zinc oxide at 400?C while bismuth citrate decomposes to ? -Bi2O3 at 350?C. Barium citrate decomposes to BaCO3 at 400?C and the oxide is obtained at a still higher temperature (1700?C) but in mixtures Ba citrate is found to decompose to oxide at a much lower temperature. CaO from calcium citrate is obtained at about 1150?C. The mixtures of the citrates were calcined at a temperature slightly higher (900?C) than their decomposition temperature to ensure complete decomposition of the organic material to the oxides. The oxides thus obtained were then pressed into pellets of 1.5 cm. in diameter and about 2 mm in thickness which are then sintered at various temperatures and subjected to various analyses. The X-ray diffraction patterns obtained for the various samples showed an intense pattern identifiable to hexagonal zinc oxide plus a set of small intensity lines. In case of the ZnOBi 2O3 ceramics, the small intensity lines correspond to Bi2O3. It was observed that 81203, in case of the samples prepared by the LMT, was generally present as ?-Bi2O3 with varying relative intensities of the lines. At certain temperatures some extra lines were observed to be present which do not correspond to any of the known phases of Bi2O3 namely ? ? or ?. These lines could, therefore, be attributed to some new phase of Bi2O3. The structure of this phase was found to be close to that of the tetragonal ? -Bi2O3, with the lattice parameters a and c having values of 8.606 A? and 6.867 A? respectively. On the other hand, in the samples prepared by the ceramic method, Bi2O3 was observed to be present as either at ? ,? or ? depending upon the composition and temperature of sintering. In case of the ZnO-BaO samples, in addition to the strong ZnO lines, some small intensity lines corresponding to some new phase due to the reaction between ZnO and BaO were present. BaO was not found to be present as such at any temperature of investigation. In case of the ZnO-CaO samples also the smaller intensity lines correspond to a new phase resulting probably due to the reaction between zinc oxide and calcium oxide. This new phase was found to have a structure close to that of hexagonal zinc oxide. The lattice parameters & and c corresponding to this phase were found to have values of 6.025 A? and 8.460 A? respectively. The current-voltage characteristics of the binary systems showed that varying values for ?, the non-linear exponent, were obtained for various compositions sintered at various temperatures in the range 900?-1300?C. A maximum ? value of 7.0 was obtained in case of the ZnO-Bi2O3 system with the composition 95 + 5 sintered at 1000?C, In case of the ZnO-BaO samples an ? value of 10.5 was obtained for the composition 90+10 and sintered at 1050?C. It was observed, however, that the I-V characteristics of the ZnO-CaO samples did not exhibit significant non-linearity thereby indicating that CaO is not a very good additive for obtaining non-ohmic behaviour. The nonlinear property of these ZnO based ceramics is made use of in electronic circuits for absorbing voltage surges. The density of the ceramics was also found to depend upon the composition and the sintering temperature. A density of about 95% of the density of pure ZnO could be obtained for the 2nO-Bi2O3 and ZnO-BaO systems while the ZnO-CaO compositions exhibited lower density. The microstructure of the binary ceramics was studied using SEM and EPMA. The samples of various compositions sintered at various temperatures were examined. The grain size of the ceramics was observed to increase with the sintering temperature as well as with the concentration of the additive oxide. The SEM photographs of the binary samples were compared with those of pure ZnO. It was observed that the grain size in these ceramics was higher than that of a pure ZnO specimen sintered at the same temperature. This shows that the additive oxides are also responsible for promoting grain growth in these ceramics. The grains were observed to be spherical in shape while at higher temperatures they tended to assume a hexagonal shape. The resistively of the ceramics was found to decrease with increasing grain size thus indicating that the grain boundaries constitute voltage barriers. In order to get an insight into the microstructure, EPMA was employed in the study of these binary ceramics. The point by point analysis showed that the microstructure consisted of the larger sized ZnO grains in addition to some small, bright and spherical particles which were found to be located in between the zinc oxide grains and at 3-4 grain junctions. In case of the binary system ZnO-Bi2O3, the small particles consisted of both Zn and Bi. The X-ray integrals showed that some particles contained excess Bi while some were found to contain Zn and Bi in comparable counts. In certain areas Bi2O3 was present as a discontinuous layer at ZnO grain boundaries. These layers also gave the X-ray counts for Zn thus indicating the dissolution of Zn in Bi2O3. The grain-intergranular layer-grain feature was found to become more prominent at higher temperatures. In case of the ZnO-BaO binary system also, in addition to the ZnO grains, the small, bright spherical particles containing both Zn and Ba in varying ratios were present in between the ZnO grains. Ho intergranular layers were observed in these ceramics. In case of the ZnO-CaO ceramics the CaO was found to be present in patches in the microstructure. There was no regular arrangement of the two oxides in the microstructure and no intergranular layers were observed to be present. The non-linear behaviour has been attributed by a number of workers to be an intergranular phenomenon. It has been suggested that the multicomponent system and the prototype ZnO-Bi2O3 system essentially consist of ZnO grains surrounded and separated by a continuous integranular layer. This has led to the interpretation of the non-ohmic behaviour as resulting from the series-parallel network formed by the ZnO intergranular layer. Our studies, however, showed that a continuous intergranular layer of Bi2O3 is not Present in any of the binary ceramics. Therefore, even though Bi2O3 acts as a transporting agent because of its liquid phase formation, it cannot pin the other oxides in a multicomponent ceramic uniformly around the ZnO grains since it itself does not surround them completely. Therefore, the non-linear behaviour exhibited by these ceramics cannot be attributed to a continuous layer of the additive oxide around the ZnO grains as previously believed. The thickness of the intergranular phase is found to vary depending upon the concentration of the additive oxide in the ceramics. Therefore, any mechanism of conduction involving a thin continuous intergranular layer of the additive oxide may not be applicable. This calls for a re-examination of the conduction mechanism in these ceramics. A mechanism suggested by Einzinger seems to be 1 more probable taking into account the observed features of the microstructure. An oxygen composition model has been presented in which the oxygen vacancies near the grain boundaries are filled with 0 atoms from oxidizing additives and the non-linear property is ascribed to the ZnO itself. It is, however, possible that many conduction mechanisms could be simultaneously operative where the respective requirements are met with. Thus, the present studies show that the liquid mix technique is found to give rise to some new phases in these binaryjceramics. 
Furthermore, the liquid mix technique is capable of giving extremely fine powder of high purity and controlled growth of the powder into grains. The properties of these electroceramics are at least equivalent to those prepared conventionally, but the principal advantage of the method is believed to lie in the reproducibility of the product, controlled microstructure, the avoidance of contamination and the low reaction and sintering temperatures. The citrate based preparations may, thus, provide a broad base for the improvement of quality and reproducibility in electrical and structural properties 

