SUMMARY
Thesis entitled „CONTRIBUTION TO THE IMPROVEMENTOF THE DEVELOPMENT OF PERMANENT CERAMIC MAGNETS” is structured in six chapters  and a number totals 141 pages, 24 tables, 100 figures and a total of 84 titles bibliography.
Doctoral thesis proposes the development of an original process for obtaining permanent ceramic magnets by extrusion anisotropic.

Currently it is used in an industrial development anisotropic ceramic magnets in the form of strips by extrusion.

To achieve the intended purpose has been pursued objectives:
· Develop a system of magnetic orientation in extrusion by creating a magnetic field arround the extrusion nozzle;

· The development of magnetic powder and binder mixed with a viscosity which allows the orientation of dust grains under the action of magnetic field in extrusion;

· Establishment of optimal parameters for extrusion process;

· Establish treatment parameters debinding samples after extrusion;

· Determination of sintering parameters;

· Statistical processing of experimental data to optimize the technological process.

In Chapter I, entitled "Current state of research on the production by extrusion of ceramic permanent magnets" are presented data from the literature on magnetic ceramic materials, permanent ceramic magnets and ceramic magnets permanent development through various processes.
In the first chapter entitled "Ceramic magnetic materials” is considered state of magnetic materials including their classification, magnetic properties, their behavior under the action of an external magnetic field.

In the second chapter entitled "Permanent ceramic magnets" are listed four categories of magnetic materials: NeFeB, SmCo, Alnico and Ferrite, and areas of use.

Permanent magnets are ceramic products made from materials which are ordered forms of magnetism and having high values of specific magnetic energy, which allows them to retain their magnetization after removal of the magnetic field.

The third chapter is entitled "Procedures for the development of permanent ceramic magnets”.

Ceramic magnets are made of oxide magnetic materials and of these, in practice using hexaferitele of Ba and Sr.

For magnets pressed from the mold, the magnetic field can be parallel or perpendicular to the direction of pressing. Those with the magnetic field perpendicular to the direction of bending magnetic properties better than those with magnetic field oriented parallel to pressing.

Ceramic permanent magnets can be achieved by the process of extrusion technology in magnetic field orientation.

Extrusion is the process of working through plastic deformation is forced passage of the material, due to a compressive force through a die whose opening is shaped and the section below the compressed material. Sintered products industry needs in the very long uniform section and having constant properties, led to the use of extrusion as a method of compaction.

Another manufacturing process is permanent ceramic magnets and injection. Particulate injection mold is a technology to manufacture samples with complex geometric shapes, the maximum density close with a homogeneous microstructure, the rolling conditions of material losses. In the first stage of powder mixing process occurs with the binders, the corresponding percentages, and mixed well. In the second stage, the injection, the mixture thus obtained is heated and injection mold as desired. As a result of this phase is to obtain a samples green, which is strong enough to be manipulated. Phase three, delierea, takes place in a controlled atmosphere, and the binder, which is a component of sacrifice, is removed from the play structure. The final stage, sintering, is aimed to establish bridges between the particles, decreased porosity and obtaining parts with higher strength characteristics.
The second chapter entitled "Technology for the development of ceramic magnets by extrusion prmanenţi" contains four subchapters.

In the first chapter "Considerations on factors influencing the extrusion" are given the three factors that influence the extrusion process ie: powder, binder and mixture for extrusion.

Quality parts formed by extrusion depend on a number of parameters of powder, of which the most important are: particle shape, internal structure of particles, surface quality and grain size, friction between the particles that influence the degree of compaction and the flow, chemical composition and film oxides from the particle surface.

The binder is used to bond the particles of dust and maintain shape of the samples until the following decks sintering heat treatment applied. When designing a binder composition is intended the presence of three components: a polymer to impart strength play, a phase of rapid filling is extracted during the first stage of the process of debinding and a surfactant that creates bridges between powder and binder, whereas in most cases and lubricating qualities. Preparation of mixture for extrusion process involves: the choice of  binder such that it is compatible with the powder used, setting procentage with which the powder and the binder part in forming the mixture, choosing optimal mixing method by which to obtain a homogeneous composition, etermination technique from granular mixture is processed into pellets of various shapes and sizes in order to facilitate the flow of material from the extruder food hopper. 
In the second chapter "Development of ceramic permanent magnets by extrusion” is presented plastoferitelor manufacturing technological flow. 

Plastoferitelor manufacturing technological flow includes the following steps:

· determination of  binder by weighing o analytical balance;

· determination of the powder by weighing o analytical balance;
· gradually adding the powder to avoid its congestion;

· mixing the powder with the binder, mixing time 30 minute;

· mixing the fused by extrusion 80-100ºC;

· cooling the samples extruded;

· pelleting samples extruded;

· extrusion in magnetic field orientation.

In subsection "Debinding process" are presented different methods of debinding: debinding thermal (under the action of binder removal temperature) and solvent debinding (binder removal by extraction with organic solvents).
Debinding process is important for successful extrusion process, it depends on reducing costs, maintaining the structural integrity of the sample and avoid generating tension cracks.

The last chapter "Sintering process” presents main parameters of the sintering operation namely sintering temperature, sintering time, both having direct influence on the final magnetic characteristics, retained induction, coercive field, magnetic energy per unit volume recorded.

Sintering process applied green saples is particularly important because they occur in complex processes of diffusion ensuring the final structural and mechanical characteristics needed to use a magnet.

Chapter three entitled "Contributions to the extruder for extruding anisotropic adaptation" includes two subsections, namely "Extruder characteristics" and "Design and implementation of the extrusion plant for magnetic orientation”.

Extruder characteristics:

· Engine power extruder - 7,5 kW

· Length of cylinder - 1000 mm

· Screw diameter - θ 100

· Screw length – 800 mm

In the second chapter is presented in extrusion plant for magnetic orientation that is a multilayer coil (solenoid) that is powered from DC source voltage of 300V and a maximum current of about 10A.

From calculations showed that the maximum field intensity in the air which can be achieved without forced cooling coil is in the range of 6000 Öe to 10000 Öe.

Chapter four entitled "Experimental researches on developing mixtures for extrusion" contains three subsections.

In the first chapter "Characterization of magnetic powder" physical and magnetic properties of barium ferrite used puberii morphological characterization of barium ferrite, size distribution, microstructural analysis and X-ray diffraction of barium ferrite powder.

In the second chapter "Binders use" are the main physical characteristics of the binder system, namely: density, melting temperature and stability field.

It was used as a binder system: polyethylene powder at procentage of 70%, paraffin oil 24% and stearic acid 6%.

In the third chapter "Preparation of mixed” prescriptions were studied consisting of barium ferrite powder BaFe12O19 (80, 85, 90%), binder system (10, 15, 20%) and the extrusion  process was place at three different temperatures (190,200,2100C).

Chapter five entitled "Experimental Researches on obtaining permanent ceramic magnets by extrusion anisotropic” presents research results on the application of extrusion technology for production of ceramic permanent magnets, having regard both to highlight the advantages of extrusion technology and the current situation of industry and economy Romanian.

Extrusion mixture was composed of anisotropic barium ferrite powder 85% and 15% binder system.

Extrusion operation parameters were: 180ºC extruder cylinder temperature, mold temperature 200ºC, pressure 10MP, extrusion time 8s.

Samples extruded, cylindrical form, have the following dimensions and weights the green: length - 20mm, diameter - 11 mm, weight - 4.92 g, 5.83 g, 5.47 g, 7.56 g, 6.24 g, 7.21 g, 9.37 g, 6.18 g, 6.20 g.

Extruded samples were then subjected to operation by debinding with the following parameters: environment debinding – oxidant, maximum temperature debinding - 600ºC, speed debinding - 0075ºC/h, time - 49 hours.

After debinding process follows the process of sintering in the furnace tunnel SFEAT. Operation of sintering parameters were the specific sintering magnets namely: temperature, 1200ºC, sintering time 14 hours.
Density for the nine samples:

·  density of green sample: 2.45 g/cm3, 2.35 g/cm3, 2.25 g/cm3, 3.30 g/cm3, 3.04 g/cm3, 3.34 g/cm3, 3.29 g/cm3, 3.20 g/cm3, 3.28 g/cm3;

· sample density debinding: 2.10 g/cm3, 2.05 g/cm3, 1.90 g/cm3, 3.15 g/cm3, 2.91 g/cm3, 3.14 g/cm3, 3.16 g/cm3, 3.10 g/cm3, 3.18 g/cm3;
· density of sample sintered: 2.56 g/cm3, 2.78 g/cm3, 1.40 g/cm3, 4.07 g/cm3, 4.12 g/cm3, 4.12 g/cm3, 4.41 g/cm3, 4.38 g/cm3, 4.05 g/cm3, 4.72 g/cm3.
Magnetic parameters were measured by magnetometers WALKER from the laboratory measurements at SC ROFEP SA Urziceni.

Magnetic characteristics of extruded and sintered samples are presented in the table below.

Magnetic characteristics of extruded and sintered samples:
	No. samples
	Magnetic induction 

Br [Gs]
	Coercitive field
 jHc [Öe]
	Energy product BHmax [MGs Öe]

	
	 green
	sintered
	green
	sintered
	sintered

	1.
	760
	1020
	2450
	3400
	1.18

	2.
	800
	960
	2250
	3650
	1.51

	3.
	470
	840
	2060
	3760
	1.18

	4.
	1040
	1460
	2190
	3950
	2.73

	5.
	750
	1370
	2030
	4000
	3.16

	6.
	810
	1400
	2090
	4100
	3.27

	7.
	890
	1400
	1820
	3980
	2.70

	8.
	610
	1150
	1730
	4140
	2.28

	9.
	720
	1450
	1860
	3600
	2.54


Chapter six is entitled "Statistical processing of experimental data and optimize the technological process of extrusion”.
Optimizing any technological process is based on a mathematical model. In general, the technological process is characterized by two categories of parameters (variables): independent (input parameters) and dependent (output parameters).

Using MATLAB program were determined mathematical models giving dependence function of two independent variables optimization are presented analytical and graphical dependencies of density (the green, after debinding, after sintering), parallel and perpendicular magnetic induction (the green, after sintering), coercive field parallel and perpendicular (the greenl, after sintering), orientation factor K (the green, after sintering) by two independent variables namely the concentration of barium ferrite powder and anisotropic BaFe12O19 extrusion temperature.
Chapter seven is entitled „Conclusions and personal contributions”.
Application of extrusion technology ceramic permanent magnets led to the following conclusions:

· decreasing the amount of binder has the effect of increasing the final density sintered magnets;
· a decrease in certain limits the amount of binder, so that no adverse effect on flow, has a positive influence on decreasing the contraction;

· the binder is completely removed from the sample, the difference in weight between the sample green and debinder sample representing the percentage of binder introduced into the mixture, ±0.5% ;

·   in experimental research it is noted that the optimal percentage of powder-binder mixture is 85% anisotropic barium ferrite powder, 15% system binder and optimal extrusion temperature is 200ºC.
· samples were obtained with density 4,72 g/cm3,  jHc = 4100 Öe and Bhmax = 3,27 MGsÖe ;

· microscopic analysis of the sample structure after sintering, show a good orientation of powder particles due to guidance system;
· microscopic analysis of the structure of the sample, shows uniform and gradual removal of binder from the outside to the inside of the sample without deformation or cracks;
· the results reflects the successful formation of extrusion technology permanent ceramic magnets in favorable economic conditions and high productivity.
Personal contributions to the development of extrusion technology ceramic permanent magnets, are:

· new technical data regarding the types and characteristics of powder-binder mixture for extrusion process;

· rheological research tailored powder-binder mixture studied with new data in literature;
· the design and implementation of mold for the extruder used;
· the design and implementation of a guidance system;
· optimization and graphic interpretation of results using MATLAB program.
