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PREFACE 
 
The competitiveness is one of the most important component of our life and it plays 
key role in efficiency both of organizations and societies. The more scientific 
supported and prepared organizations develop more competitive materials with 
better physical, mechanical, chemical and biological properties and the leading 
companies are applying more competitive equipment and technology processes. 
The aims the 3rd International Conference on Competitive Materials and Technology 
Processes (ic-cmtp3)  and  the  parallel  organized  symposiums  of  is-icbm1  and 
is-icm1 are the followings: 
 

¶ Promote new methods and results of scientific research in the fields of 
material, biological, environmental and technology sciences; 

¶ Change information between the theoretical and applied sciences as well as 
technical and technological implantations. 

¶ Promote the communication between the scientist of different nations, 
countries and continents.  
 

Among the major fields of interest are innovative materials with increased physical, 
chemical, biological, medical, thermal, mechanical properties and dynamic strength; 
including their crystalline and nano-structures, phase transformations as well as 
methods of their technological processes, tests and measurements. Multidisciplinary 
applications of material science and technological problems encountered in sectors 
like ceramics, glasses, thin films, aerospace, automotive and marine industry, 
electronics, energy, construction materials, medicine, biosciences and environmental 
sciences are of particular interest.  
 
In accordance to the program of the conference ic-cmtp2, and Symposiums is-
icbm1 and is-icm1 more than 350 inquires and registrations from different 
organizations were received. Finally more than 240 abstracts were accepted for 
presentation. From them 12 are PLENARY lectures, and 112 ORAL presentation. 
Scientists and researchers have arrived to Miskolc-Lillaf¿red (Hungary) from 41 
countries of Asia, Europe, Africa, North and South America.  
 
In this book are presented abstracts from more than 700 authors and co-authors. 
 
 
 
 
 
 
 

Prof. Dr. L§szl· A. Gºmze 
  chair, ic-cmtp3 
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Development of new materials and structures based on managed physico-
chemical factors of local interaction 

 
Aleksandr Urakov

 

urakoval@live.ru 

 
Department of Pharmacology, Izhevsk State Medical Academy, 426034 Izhevsk, Russia 

 
Conducted a study of the dynamics of local temperature, light, acidity, alkalinity, osmotic pressure, 

the saturation of gases and some other physical and chemical factors of local interaction products of 

medical purpose (surgical instruments, dental, gynecological, the funds readjustment, devices and 

means of hygiene, sanitation and care) and medicines (tablets, solutions for injections, ointments and 

creams) with the skin, subcutaneous fatty tissue, subcutaneous veins, with liquid blood, blood clots, 

with the contents of the stomach, intestines, sinus passages with pancreatonecrosis, osteomyelitis, 

with biliary stones, sulfur tubes, tearful stones, with a thick and liquid pus from different sections of the 

body of patients with mucous membranes of the organs of vision, sinuses, stomach, nose, external 

ear canal, pleural and peritoneal cavities of the body of adults and infants, as well as experimental 

animals in norm, pathology and treatment. It is shown that there is stability, and a significant variability 

of physical and chemical characteristics, on the one hand, biological objects, on the other hand, 

medical and pharmaceutical products. However, to date, no systematic presentation about when, why 

and in what permissible range of the need to artificially modify certain physical and chemical 

characteristics of both a medical and/or pharmaceutical products as a biological object, with whom 

they come in contact or in which they are be entered. 

In particular, by manufacture of tablets is not taken into account compliance of condition of tissues 

in gastrointestinal tract of the patient with the introduction  through the mouth, through a tube or 

through the rectum such physical and chemical characteristics of these products, as shape, size, 

weight, gravity, hardness,  solubility, acidity, osmotic pressure in, the presence of water and gases. 

Therefore, modern tablets are not natural  form, size, hardness, density, acidity and other physical 

and chemical characteristics. Therefore, when chewing of modern tablets  they break the teeth, dental 

fillings, crowns, braces and other dental design, and cause chemical burns of the enamel and the 

mucous membranes of gastrointestinal tract. Therefore, all the tablets are drowning in gastric juice, 

fall to the bottom of the stomach, where cause an ulcer pyloric. On the other hand, in the production 

of gastrical, intestinal and other probes, urological, intravascular catheters, respiratory masks, 

intubation tubes and other medical instruments not considered çrightè change their physical and 

chemical characteristics with the introduction in one or another part of the patient's body given the 

likely and/or çrightè dynamics of local values of similar characteristics in the çrightè place and in a 

çrightè  interval of time. So many modern medical devices and instruments do not have a secure 

form, dimensions, elasticity, viscosity, friction, temperature, light, other beam's properties and other 

physical and chemical characteristics. Therefore, at the absolutely flawless application of 

technological processes of their application does not exclude the appearance of such local tissue 

damage, as local irritation, an ischemia, a syndrome of prolonged crushing tissue necrosis and 

perforation, bleeding. 

Keywords: local temperature, illumination, acidity, alkalinity, osmotic pressure, saturation of gases, 

competetive materials.  



 

 

10 

 

Bioceramic coatings and composites for biomedical applications 
 

R. Gadow, A. Killinger 
rainer.gadow@ifkb.uni-stuttgart.de 

 
University of Stuttgart 

 
 
 Bioceramics are bulk, coating and composite materials for use in medical devices and 

applications, especially for human health care. An important field of application are temporary or 

permanent implants with mechanical functionality and with tailored or designed surfaces and 

optimized interfaces to enable the required compatibility. Thermal spray processing like APS, VPS 

and HVOF are efficient, fast and flexible manufacturing technologies to produce bioceramic coatings, 

surfaces and layer composite structures. 

 In recent years new material concepts have been developed for ceramic cell carriers in vitro and 

even in vivo for the selective formation and growth of special cell cultures with various applications in 

tissue engineering up to complete substitutes for human organs. Not only the intrinsic material 

properties in bulk or volume play an important role in these applications but the surface structure, 

composition and morphology are even more important because of the chemical reactions at the 

interface. 

 Bioresorbable polymer implants are a promising concept in maxillofacial surgery, e.g. bone 

fracture repairing or bone defects replacement, since their use eliminates the need for a secondary 

operation to remove metal implants. Mechanical properties and biocompatibility of these implants 

require new composite devices. Thermally sprayed tricalcium phosphate (TCP) coatings can 

significantly increase the biocompatibility of polymer implants and contribute to match the resorption 

rate of the device with the bone healing rate, leading to a correct mechanical stress transfer 

implant/tissue and therefore to successful fracture fixation even in load conditions. TCP is an 

osteoconductive and bioresorbable ceramic material.  

 The novel supersonic fast suspension flame spray technique (HVSFS) enables direct processing 

of submicron and nano sized particles as liquid feedstock suspensions. This workplace and health 

risk safe processing of nanopowders in suspension opens an entirely new field of spray materials for 

the production of nano coatings (e.g. mixed phase powders, cermet materials and bioglasses). Due to 

the very high particle velocity and kinetic impact the deposition of very dense coatings is possible. 

The traditional gap between conventional thermal spray coatings and thin solid films deposition can 

be closed, regarding coating thickness (10 ï 50 Õm) in industrial manufacturing 

Keywords: Bioresorption; Calcium phosphate coatings; Plasma spraying; HVSFS processing, 

ceramic-polymer composites 
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The Fractal Nature in Ceramic Materials Structures 

 
V.V. Mitic

1,2
, Lj. Kocic

1
,V. Paunovic

1
 

1
University of Nis, Faculty of Electronic Engineering, Nis, Serbia 

2
Institute of Technical Sciences of SASA, Belgrade, Serbia 

 
 

 It is wery well known that we are today in the ages of ceramics civiliyation and especially within 

advanced ceramics naterials the BaTiO3 ceramics with specific electric and electronic properties has a 

variery of very modern applications. Through our uptoday research  we recognize that BaTiO3 and 

similar ceramics have a fractal configuration nature on the basis of three different phenomena. First, 

ceramic grains has fractal shape seeing as a contour in cross section or as grainôs surface. Second, 

there are so called ñnegative spaceò made of pores and intergranular space. Being extremely complex, 

the pore space plays an important role in microelectronic, PTC, piezoelectric and other phenomena. 

Third, there is process of Brownian--fractal motions inside the material during sintering in the form of 

flowing micro-particles ïions, atoms, electrons which is an essentially fractal phenomena. These triple 

factors, in combination, make the microelectronic environment of very peculiar electro-static and 

dynamics microelectronic environment. The stress in this note is set on intergranular micro-capacity 

and micro-impedances and fractal components affecting on overall impedances distribution. 

Constructive theory of fractal sets explains possible approach in recognizing microcapacitors with 

fractal electrodes. The method is based on iterative process of interpolation which is compatible with 

the model of grains itself. Intergranular permeability is taken as a function of working temperature. The 

main geometric input is outline of BaTiO3-ceramics grains which is taken from SEM analysis and 

microphotographs. All of these new fractal frontiers opens a new era in future microelectronic 

processing and miniaturizations. 

Keywords: BaTiO3-ceramics, fractals, microstructure, microimpedances 
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Cyclic behaviour of a 6061-T6 aluminium alloy after transient heat treatments 
 

M. Perez
1
, D. Bardel

1,2
, D. Nelias

2
, S. Dancette

1
, P. Chaudet

2
, V. Massardier

1
 

michel.perez@insa-lyon.fr 

 
1
Universit® de Lyon, INSA-Lyon, MATEIS UMR CNRS 5510, F69621 Villeurbanne, France 

2
Universit® de Lyon, INSA-Lyon, LaMCoS UMR CNRS 5259, F69621 Villeurbanne, France 

 
 

6061-T6 alloy is submitted to different heat treatment affecting thus the precipitation state. SANS 

and TEM are used to characterize the precipitation state. In parallel, multi-level cyclic loadings are 

performed to get the final mechanical properties. The experimental results show a transition of the 

plastic behaviour from the T6 state (fully precipitated) to the solutionized samples. These hardening 

evolutions are then modelled thanks to an adaptation of the classical Kocks-Mecking-Estrin formalism 

coupled with a recently developped size-distribution precipitation model. The proposed modeling 

approach takes into account (i) the kinematic contribution of grains and precipitates, and, (ii) the 

classical isotropic contributions on strengthening of dislocations, solid solution and precipitates. Exept 

for the elasto-plastic transition, the model caught very well the kinematic/isotropic transition and the 

yield stress slope. 

 

 
Cyclic behavior for two different precipitation state T6 and SS 

 

 

Keywords: isotropic and kinematic hardening, precipitation, age hardening, cyclic loading, KME 
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Multiple-Sample Strength Testing within a Centrifuge: 
Tensile and Compressive Stress Conditions 

 
U. Beck

1
, S. Hielscher

1
, J.- M. Stockmann

1
,
 
D. Lerche

2
, U. Rietz

2 

uwe.beck@bam.de 
 
  

1
 BAM Federal Institute for Materials Research and Testing, Division 6.7 Surface Modification and 

  Surface  Measurement Techniques; Unter den Eichen 87, 12205 Berlin, Germany 
2
 L.U.M. GmbH, Justus-von-Liebig Str. 3, 12489 Berlin, Germany 

 
 
 Up until a short while ago, tensile and compressive stress tests have been almost exclusively 

carried out as single-sample tests within a tensile or hardness testing machine. The introduction of 

centrifuge technology changed this situation in several ways. 

Firstly, multiple-sample strength testing is possible now for both tensile load conditions, e.g. 

determination of composite, bonding respectively adhesive strength, and compressive load 

conditions, e.g. hardness, compressibility respectively compactibility. Secondly, there is no need for a 

two-sided sample clamping and double-cardanic suspensions as samples are simply inserted using a 

one-sided sample support. Thirdly, shear forces can be avoided by means of guiding sleeves which 

steer test stamps acting as mass bodies for either tensile or compressive load testing. Fourthly, as up 

to eight samples can be tested under identical conditions within a very short period of time ï typically 

within 15 minutes including sample loading and unloading ï a reliable statistical evaluation of strength 

is feasible now.  

 The bench-top test system is described in detail and demonstrated that the centrifugal force acts 

as testing force in an appropriate way and Euler- and Coriolis-force do not affect the testing results in 

a negative manner. Examples for both tensile strength testing, i.e. bonding strength of adhesives-

bonded joints and adhesive strength of coatings, and compressive strength testing, i.e. Vickers-, 

Brinell- and ball hardness, are presented, discussed and compared with conventional tests within 

tensile or hardness testing machines. It is shown that centrifuge technology provides more reliable 

results in a much shorter period of time. 

At present, a maximum testing force of 6.5 kN can be realized which results - at diameters of 5, 7 and 

10 mm of the test stamp or the adherent ï in tensile or compressive stress values of 80, 160 and 320 

MPa. This is already beyond bonding strength of cold- and warm-curing adhesives (30 MPa, 100 

MPa). Moreover, centrifuge technology is compliant to standards such as EN 15870, EN ISO 4624, 

EN ISO 6506/6507 and VDI/VDE 2616. Programmable test cycles allow both short-term stress and 

log-term fatigue tests. It is shown that there is still much more potential of centrifuge technology for a 

huge variety of applications in both R&D and QC. 

Keywords: multiple-sample strength testing, tensile stress, compressive stress, bonding strength, 

adhesive strength, hardness, centrifuge technology 
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New Multifunctional Glasses and Glassceramics: Design, Properties, and 
Applications  

 
Nikolay Nikonorov, Vladimir Aseev, Alexander Ignatiev, Elena Kolobkova, 

 Alexander Sidorov, Pavel Shirshnev 

nikonorov@oi.ifmo.ru 

Department of Optoinformation Technologies and Materials, ITMO University, 
199034, St. Petersburg, Russia  

 

Some novel multifunctional glasses and glassceramics doped with rare earth ions, silver and 

copper molecular clusters, silver nanoparticles, quantum dots and semiconductor nanocrystals have 

been developed for photonic and plasmonic applications. Structure and properties of the materials 

and their applications for photonics and plasmonics have been demonstrated.  

The first material presents a luminescent oxyfluoride glass and nanoglassceramics doped with rare 

earth ions, silver clusters and nanoparticles. The possibility of obtaining nanosized crystals of a new 

class of PbLnOF3 compounds, in which Ln are lanthanides from Ce to Lu, with a fluorite structure in a 

glasslike matrix has been demonstrated. It was shown that all lanthanides from Ce to Lu are 

incorporated into crystalline phase. Possibility of the utilization of the materials for fiber lasers at 1.5 

and 3 mm has been demonstrated. The material can be used as a highly efficient phosphor for white 

LEDs and light up- and down-converters for photovoltaic solar cells. 

The second material presents a potassium-alumina-borate glass host with precipitated Cu-

molecular clusters and nanocrystals of CuCl and CuBr. It was shown that the decrease of size of 

nanocrystals resulted in the decrease of their melting temperature. The nanoglassceramics exhibits 

good non-linear properties. The material can be used for control optical signals and optical limiters. 

The third material presents photo-thermo-refractive glassceramics doped with erbium and 

ytterbium ions, silver nanoparticles and NaF-AgBr nanocrystals. It is shown that erbium and ytterbium 

ions stay in glass host after photo-thermo-induced crystallization. The material combines itself several 

opportunities: fabrication of lasers or amplifiers, recording of highly efficient volume Bragg gratings 

(spectral filters, WDMs, combiners etc.), and fabrication of planar waveguides or optical fibers.  

The fourth material presents silicate glass doped with cerium and silver molecular clusters and 

metallic nanoparticles. It was shown that silver molecular clusters demonstrate an extra broadband 

luminescence in visible spectral range. The material can be used as a phosphor for white LEDs and a 

light down-converter for photovoltaic solar cells. It was shown that the glass doped with silver metallic 

nanoparticles has high absorption coefficient in the spectral range of plasmon resonance.  This 

absorption band depends on shape, size and concentration of the nanoparticles as well as 

surrounding shell. The material can be used for chemical and biological sensors based on surface 

plasmon resonance. 

Keywords: multifunctional glasses, glassceramics, photo-thermo-refractive 
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Biomimetic Approach using Natural Gums as  
Novel Crystal Growth modifiers 

 
Bojja Sreedhar 

sreedharb@iict.res.in 
 

Inorganic and Physical Chemistry Division, Council of Scientific and Industrial Research ï Indian 
Institute of Chemical Technology, Hyderabad 500 007, Andhra Pradesh, INDIA 

 
 

 
 

 

  Mimicking nature and designing bioinspired materials represents a promising way to reach 

technological innovations in many interdisciplinary scientific fields, since biological materials exhibit a 

high degree of sophistication, hierarchical organisation, hybridisation, efficiency, resistance and 

adaptability.  In recent years, along with the application of biomimetic materials in catalysts, 

membranes and medical implants, biomimetic synthesis of inorganic materials with specific 

morphology and size has become an important research area. Researchers with a biological 

perspective have studied biomineralisation in a variety of systems that utilise many different inorganic 

base materials. Chemists are increasingly concerned with the synthesis of advanced materials with 

enhanced or novel properties. Specific molecular interactions at the inorganic/organic interface seem 

to control nucleation and growth; often stabilizing new modifications and morphologies. Studies have 

demonstrated that a promising approach is to use organic additives and/or templates to control 

nucleation, growth, and alignment in the synthesis of inorganic materials. Green strategic routes have 

been designed to synthesis metal oxide (ZnO) and metal carbonate (CaCO3/BaCO3/SrCO3) crystals 

by simple homogeneous precipitation and low temperature reaction in the presence of different 

natural gums as crystal growth modifiers and well characterized using XPS, SEM, TEM, XRD, FT-IR, 

and TG-MS. 
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Rheo-mechanical Concepts of Developement Materials  
with Extreme Dynamic Strenght  

 
1
L§szl· A. Gºmze

 
and 

2
Ludmila N. Gºmze 

femgomze@uni-miskolc.hu 

 
1
University of Miskolc, Miskolc-Egyetemv§ros, H-3515 Hungary 

2
Igrex Ltd, Igrici, R§k·czi ¼t 2., H-3459 Hungary 

 
Materials with different crystalline and morphological compositions have different chemical, physical 

and rheological properties including melting temperature, module of elasticity and viscosity. 

Examining the material structures and behaviors of different ceramic bodies and CMCs under high 

speed collisions in several years the authors have understood the advantages of hetero-modulus and 

hetero-viscous complex material systems to absorb and dissipate the kinetic energy of objects during 

high speed collisions.  

Applying the rheo-mechanical principles the authors successfully developed a new family of hetero-

modulus and hetero-viscous alumina matrix composite materials with extreme mechanical properties 

including dynamic strength. These  new corundum-matrix composite materials reinforced with Si2ON2, 

Si3N4, SiAlON and AlN submicron and nanoparticles have excellent dynamic strength during 

collisions with high density metallic bodies with speeds about 1000 m/sec or more. At the same time 

in the alumina matrix composites can be observed a phase transformation of submicron and 

nanoparticles of alpha and beta silicone-nitride crystals into cubic c-Si3N4 diamond-like particles can 

be observed, when the high speed collision processes are taken place in vacuum or oxygen-free 

atmosphere. 

Using the rheological principles and the energy engorgement by fractures, heating and melting of 

components the authors successfully developed several new hetero-modulus, hetero-viscous and 

hetero-plastic complex materials. These materials generally are based on ceramic matrixes and 

components having different melting temperatures and modules of elasticity from low values like 

carbon and light metals (Mg, Al, Ti, Si) up to very high values like boride, nitride and carbide 

ceramics. 

Analytical methods applied in this research were scanning electron microscopy, X-ray diffractions 

and energy dispersive spectrometry. Digital image analysis was applied to microscopy results to 

enhance the results of transformations. 

Keywords: Ceramics composites, diamond-like, nanostructure, rheology, strength 
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 Ideally, thermoelectric materials should be thermal insulators and electrical conductors with large 

Seebeck coefficients. This is a quite antagonist combination of properties.  

In this presentation, we will show that metallurgical concepts and phase diagrams can provide design 

guidance to change the properties. The distinguishing feature of metallurgy is to act at the level of the 

microstructure. Many materials properties are controlled by the nature of the interactions between the 

microstructure and the underlying mechanism, for example phonons in the case of thermal 

conductivity. Therefore, generating and tailoring the nano/microstructure, such as the grain size and 

morphology, the texture, and the precipitate distribution is one of the main degree of freedom used by 

the metallurgist to tune the properties, study the behavior of materials, and improve their performance.  

We will describe two examples: the first concerns a modelling and combinatorial approach applied to 

quantify the individual effect arising from the nano/microstructure on the lattice thermal conductivity of 

nanostructured Mg2Si0.4Sn0.6 alloys, and the second is related to the crystallographic texture control of 

higher manganese silicide.  

Keywords: microstructure, metallurgy, thermodynamic, thermoelectrics. 
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 During quenching, thick industrial heat treatable aluminium alloy plates undergo different cooling 

paths between the surface and center. Beside large residual stresses thermal gradients cause 

metallurgical changes of the nanostructure which further affect the internal stress build-up. These 

ones have been measured in AA7449 plates with different thicknesses using neutron diffraction 

technique. They are particularly detrimental as plates are machined out to build extrusion moulds for 

the plastic industry or airplane parts for aeronautics. 

 The as-quenched microstructure through the plate thickness was studied using small angle 

neutron (SANS) and X-ray scattering (SAXS) and TEM. Additionally, in situ SAXS experiments were 

conducted during quenching from the solutionizing temperature to study the formation of second 

phases during quench. The results are compared with the outcomes of a physical precipitation model 

calibrated using dedicated SAXS experiments. 

 Large heterogeneous  precipitates form at high temperatures and soften the material. At lower 

temperatures homogeneous precipitates evolve with sizes in the nano-meter range. These 

clusters/GP Zones strengthen the material during quench and thus increase the residual stresses in 

the plate. The precipitation model is able to describe the formation of the two precipitate families 

during quench provided the influence of vacancies on the precipitation kinetics is taken into account. 

A better quantification of the as-quenched residual stresses is obtained by using a thermo-

metallurgical-mechanical model that couples heat transfer during quenching with a yield strength 

model. This yield strength model uses as input the volume fractions and average precipitate sizes 

calculated by the precipitation model. 

Keywords:  heat treatable 7xxx aluminium alloys, precipitation, residual stresses, SAXS, SANS, 

neutron diffraction. 
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Metal oxides have been used as various functional materials, such as pigments, UV-shielding 

materials, etc. It is important to control the morphology of the particles to improve the functionality. 

The morphology controlled particles of CeO2, ZnO, K0.80(Li0.27Ti1.73)O4 and Al2O3 were fabricated in 

order to improve the multifunctionalities, such as UV-shielding, comfort when applied on the skin, soft-

focusing which shows the ability of skin stain concealment, etc. for cosmetic application by 

solvothermal reactions. 

Nanoparticles of Ca
2+

 doped CeO2 were prepared by the coprecipitation reaction of Ce
3+

 and Ca
2+

 

at room temperature followed by the oxidation by H2O2. Spherical CeO2 submicron powders were 

precipitated by the homogeneous precipitation reaction using Ce(NO3)3 and urea mixed aqueous 

solution at 90
o
C followed by calcination in air. Plate-like microparticles of CeO2 were prepared by the 

reaction of Ce(NO3)3 and NaHCO3 at room temperature followed by calcination in air. Plate-like 

microparticles of K0.80(Li0.27Ti1.73)O4 were fabricated by flux method using a KCl flux. Morphology 

controlled ZnO, such as plate-like, rod-like, star-like and spherical ones were formed by solvothermal 

reactions using Zn(NO3)2 as a zinc source and various alkalis and surface modifiers, such as 

hexamethylenetetramine, monoethanolamine, triethanolamine, ethylene glycol, Fe
3+

, etc. around 80
o
C.  

Such morphology controlled ZnO nanoparticles could be homogeneously coated on plate-like mica 

microparticles by two steps solvothermal reactions. Plate-like microparticles of Al2O3 were prepared 

by the reaction of Al(NO3)3 and NaHCO3 aqueous solutions around 240
o
C. 

The nanoparticles of Ca
2+

 doped CeO2 showed excellent UV-shielding ability with low oxidation 

catalytic activity, while the spherical submicron powders and plate-like microparticles of CeO2 showed 

the excellent comfort when applied on the skin. The plate-like microparticles of K0.80(Li0.27Ti1.73)O4 

showed excellent comfort and glory characteristics. Coating CeO2 nanoparticles on plate-like 

microparticles of K0.80(Li0.27Ti1.73)O4 was useful to improve the comfort without loss of the UV-shielding 

ability. The rod-like and star-like ZnO particles showed excellent soft focus property as well as 

excellent UV-shielding ability. The morphology controlled ZnO nanoparticles coated mica showed 

excellent soft focus property and UV-shielding ability without loss of excellent comfort. Plate-like 

microparticles of Al2O3 also showed nice comfort. These morphology controlled oxide particles may 

be useful as multifunctional materials for cosmetics. 

Keywords: solvothermal reaction, oxide particles, morphology control, UV-shielding, comfort, soft 

focus, concealment 
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 Research and development of polymer precursors and their conversion into polymer derived 

ceramics (PDCs) started some 40 years ago. During this time a huge varity of manufacturing 

protocols have been developed involving the steps shaping, cross-linking and pyrolysis; parts with a 

size spanning over several orders of magnitude are available with a desired microstructure and their 

resulting functionality. Over the years, the ceramic yield after pyrolysis, the size of parts, the shrinkage 

behaviour during pyrolysis, shaping and microstructure development as well as the macrostructure 

remained main issues in PDCR&D. And novel applications have been identified to be realized with 

PDCs. In the first part, this paper will give an overview of the concept of polymer derived ceramics. 

The second part deals with results from recent research activities and in the third part the focus will be 

set on polymer derived ceramics from polysiloxane precursors. Some potential applications will be 

discussed and an outlook will be given.  
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The study of effect temperature and acidity of medicinal agents to change the elastic properties of 

intravascular catheters size 18G, made of polyurethane, Teflon and silicone. Elastic properties of 

catheters were determined by measuring the length of the deflection (in mm) arising after exposure to 

the free end of the tube by force of 20 newtons. Measuring the deflection of the catheter tube was 

performed under the conditions of incubation for 10 minutes at +25.0, +30.0, +36.0 and +42,0 ÁC, 

before and after 24 hours incubation with the drug solution in the range acid from 3.0 to 9.0. During 

the studies found that the temperature change affects, and the change in pH does not affect the 

elasticity of the catheters. Moreover, cooling increases the elasticity of the catheters, but in different 

ways, depending on the polymeric materials from which catheters are made. Thus catheters formed of 

Teflon, were more elastic than catheters of polyurethane and silicone in all temperature conditions. In 

particular, at +42 ÁC the deflection of teflon catheter was equal 13,7 Ñ 0,3 mm (P  ̸0,05, n = 10), 

while the catheters made of polyurethane and silicone - 24,9 Ñ 0,4 mm (p  ̸0,05, n = 10) and 38,4 Ñ 

0,3 (respectively).  

Additionally, in experiments on conscious pigs and clinical observations of patients, it was shown 

that all modern catheters made of silicone, polyurethane and Teflon, cause damage to the 

endothelium of veins within a few minutes after their catheterization. Consequently, modern catheters 

have extremely high elasticity both at room temperature and at human body temperature, which is the 

cause of their high physical aggressiveness.  

To enhance the security of vascular catheters is no alternative of their manufacturing of plastic 

material, which deprives them of elasticity at human body temperature. To this end, we previously 

developed a new intravascular catheter [1]. Using a new catheter with acquired at +33 ÁC stretch, 

soften and floating properties, and the application of new technology vein catheterization has reduced 

the likelihood of damage to the venous endothelium and development of postinjection complications 

[2,3].   

Keywords: new intravascular catheher,  elasticity, physico-chemical properties, postinjective 

complication, thechnology of catheterization.  
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Immediately after the insertion of the new dental construction to a patient evaluation of its fitness to 

mastication and the patient adaptation to the construction is provided. For this purpose special instant 

diagnosis, based on registration of radiant heat from oral cavity tissues, which is carried out with help 

of infrared thermography of oral cavity tissues after the mastication of oral ñmastication referenceò, 

has been developed. The artificial food lump, providing reference mastication loading in the oral cavity 

is provided as the mastication reference. The mentioned above artificial food lump as elastic, 

nondestructive, it has food substance taste and stabile springiness. 

The artificial food lump has spherical shape, it is identical to the formed by mastication of fresh 

bread by an adult person food lump by size and shape. The lump is the 1 cm cylinder with two 4 cm 

semi-spheres at edges, on one of them there is a plaiting thread with a clip at the end. The clip 

provides the taking out the lump by accidental getting it to esophagus or fissure of glottis. The lump 

has reference elastic features, which are stable by mastication, and it is harmless for the patient and 

dental constructions. Elastic base of the artificial food lump is porous neoprene with porosity not more 

than 30 %. The filling for porous neoprene is air  

The instant diagnosis of patient adaptation to dental constructions is that there are two artificial food 

lumps, heated to +37Áʉ. The first lump is applied before, and the second lump is applied after the 

insertion of dental constructions. In both cases the patient is asked to put the lump into his mouth and 

masticate it for 30 sec, moving it through the dental arch. After the mastication of each lump, lumps 

are removed and undergo the investigation of radiant heat of the oral cavity tissues dynamics with 

help of thermovisor. Thereby the absence of hyperthermia or short-time uniform symmetrical 

temperature increase in oral cavity tissues after the first lump mastication show high adaptation of the 

patient to mastication and high resistance of the patient to the dental construction, the decision 

concerning possibility of the secure insertion is made, The insertion of the dental construction is made 

under control of dynamics of radiant heat of oral cavity tissues after  30 sec mastication of the second 

identical artificial food lump. After this radiant heat dynamics is compared with the first one, elevation 

of temperature shows low adaptation of the patient to the dental construction and possibility of tissue 

damage.  

Keywords: adoptation, artificial food lump, mastication reference, dental construction. 
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Melting intestinal probe is completely filled with special food gelatin, which at room temperature keeps a 

high elasticity, and at temperatures above 30ÁC. Therefore, at room temperature intestinal probe has 

sufficient hardness and high elasticity. Moreover, the hardness of the probe increases at lower 

temperatures, which allows to manage of the hardness and of the degree of elasticity of a probe by 

pre-cooling to the ' right ' temperature. In this regard, before applying the probe to be cooled to the 

desired temperature, it will ensure that the "right" firmness. Cooling intestinal probe and make it up to 

the desired hardness then provides its introduction into the small intestine through the nose, down the 

esophagus and stomach to the selected portion of the small intestine. Accommodation solid intestinal 

probe inside the child's body at a temperature above +30ÁC leads to heating and melting of solid 

material, which filled the cavity gastrointestinal probe. After 15 minutes the solid material in the cavity 

of the gastrointestinal probe turns into easy-flowing liquid. This liquid is easily follows from the probe and 

therefore, in 15 - 20 minutes probe completely loses its elasticity and acquire high elasticity and softness, 

which provides introduction of nutrients in the intestines, saves seams intestinal anastomosis and provides 

decompression in the gut cavity after surgery on it. 

The matter is that modern intestinal probes are a polihlorvinilovuju tube having excessively thick 

wall, which at long storage hardens and ensures the preservation of shape and volume of the probe 

practically forever including at body temperature.  Therefore, the introduction of such a probe in the 

nose and throat, esophagus, stomach and intestines are inevitable tip sections, which stubbornly 

opposed physiological bends and therefore lead to a syndrome of prolonged excessive pressure 

fabrics (for bedsores) the walls of the upper respiratory tract and/or gastrointestinal tract due to the 

pronounced pressure on the tissues in these areas. The most aggressive action on the rectum 

provides end-the end of the working part of the intestinal probe, which most other areas of the probe 

causes sore in the intestinal wall, her perforation and peritonitis. 

Iʪ contrast that, our intestinal  probe at body temperature can turn into a soft tube, which ceases to 

aggressive action on the wall of the intestine with the long term in it. In particular, such a soft intestinal  

probe virtually no pressure on the wall of the intestine in its hinges and does not compress it blood 

vessels. Therefore, even for long stays in the gut (for 3 - 7 days) melting intestinal probe does not 

cause ischemia syndrome of prolonged excessive pressure necrosis of tissues and parcel of the 

bowel wall. Because of this melting intestinal probe does not cause ulcer perforation and peritonitis. 

Keywords: intestinal probe, variable temperature elasticity, surgery, newborn children.  
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Electronic Waste  or E-waste  is the term used to describe products  such as computers, laptops, 

TVs, DVD players, mobile phones, mp3 players etc. which have been disposed into the environment. 

Electrical and electronic equipment are made up of a multitude of components, some containing toxic 

substances. If these are left untreated and disposed in landfills or not recycled by using proper 

methods of recycling, they leach into the surrounding atmosphere, soil and water and cause adverse 

effects on human health and environment. Many elements of this waste contain poisonous 

substances such as lead, tin, mercury, cadmium and barium, which cause severe diseases like 

cancer, birth defects, neurological and respiratory disorders. Informal processing of electronic waste 

in developing countries causes serious health and pollution problems. 

The present study focuses on metal adsorption studies by microorganisms isolated from E-waste 

soil dumping yards and magnetite nanoparticles. Microorganisms were collected from four different 

areas such as Maheshwaram, Shameerpet, Musheerabad and Jawaharnagar dumping yards  in and 

around Hyderabad, India.  Gram positive bacilli and cocci were isolated and identified by biochemical 

methods. Since Iron-based magnetic nanomaterials (Magnetite) have unique properties, such as 

larger surface area-volume ratio, diminished consumption of chemicals, and no secondary pollutant  

were synthesized by co-precipitation process and further used for adsorption studies. Magnetite 

nanoparticles were characterized by XRD and the size was determined to be 99nm. Lead  an 

important component of many electronic goods was undertaken for adsorption studies by bacteria 

isolated from E-waste soil and magnetite nanoparticles using Atomic adsorption spectrophotometer. 

Effect of different metal concentrations ranging from 5ppm to 20ppm was analyzed. It was observed 

that metal adsorption by magnetite nanoparticles was more at 15ppm concentration which is 

162.83mg/L and by bacteria greater adsorption was observed at 5ppm which is 151.89mg/L where 

the initial metal concentration is 173.95mg/L . Contact time studies also emphasized greater 

adsorption at 30min, 4h and 24h by both magnetite nanoparticles and bacteria. Metal adsorption was 

higher by magnetite nanoparticles when compared to bacteria isolated from E-waste soil.  

Hence the present study is proposed to explore bacteria for the determination of their tolerance 

capacity  in and around the areas of Hyderabad where heavy metal ions are leached  and also to 

prepare microbial  iron nanocomposites  which can act as potential geoactive agents. 

Keywords:  E-Waste , Magnetite nanoparticles ,Heavy metals ,  Adsorption studi 
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 Nowadays medicine is one of the most actively developing directions of using ceramic materials. It 

used for making instruments, filtration of biological drugs, stomatology and endoprosthetics, that 

deserve special attention. Unlike the organic compounds and metals, ceramics has identical type of 

chemical bond with inorganic bone matrix, which significantly reduces the risk of rejection. 

 Zirconia included in the register of ISO as the material allowed to be used for the manufacture of 

osteoimplants. Zirconia products have high strength and toughness under ambient and elevated 

temperatures, and therefore suitable for the loaded and wear-resistant applications. However, in a 

pure zirconia monoclinic phase transforms into tetragonal under heating, that accompanied of volume 

increase, cracking and strength deterioration Stabilization of zirconia consists in rebuild of tetragonal 

phase to cubic and occurs with adding a alloying material such as MgO, which has a great fracture 

toughness. Completely stabilized zirconia is a cubic solid solution. Crystal lattice has strong stable 

connections, which can not be destroyed by heat treatment up to 2500
o
C. Besides that magnesium is 

a biologically active material. MgO participates in protein synthesis, accelerates bone tissue 

regeneration, and gives osteoconductive properties to implant surface.  

 Studies were carried out over the mixtures of stabilized zirconia and  magnesia powders in various 

proportions from pure ZrO2 to pure MgO. Cylindrical specimens were made 10 mm in diameter and a 

height of 10-13mm. Magnesium oxide was in two conditions into them: as a substitutional solid 

solution in stabilized zirconia and as unbound molecules of MgO. The first part of the samples was 

subjected a heat treatment at 1650Ác, the second - in 1500
o
c, then the temperature was decreased in 

steps of 100Ác to 1200Ác. 

 Porosity is one of the most important properties for osteoimplants. After heat treatment it became 

clear that composite porosity decreases with the amount of added MgO for samples sintered at 

1650Ác. At 10% MgO porosity of composite is about 13% and at 75% MgO porosity nearly to 10%. 

For the rest temperatures level of porosity is almost constant with increasing amounts of MgO, but 

significantly increases with a decrease of temperature and at 1200Ác is about 58%. 
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Along with the requirement of biocompatibility applied to bone implants, there is also a need to 

ensure their mechanical similarity of bone tissue to avoid possible bone resorption on the boundary of 

bone-implant when their installed in vivo. Mechanics problems, arising from the creation of biological 

tissues implants are solved on the basis of studies of the structure and mechanical properties of the 

biological tissues and include the establishment of basic requirements for substitutes in terms of 

mechanics of implants materials. Computer researches of mechanical behavior of fragments of the 

bone containing compact and spongy bone tissue of different density and the mineral contents were 

conducted, at axial compression. Mechanical parameters to which have to satisfy osteoimplants were 

obtained. 

Keywords: osteoimplants, compact bone tissue, spongy bone tissue, mechanical similarity 
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Nowadays, chemotherapy is one of the main treatment methods of cancer. Commercially available 

cisplatin, carboplatin and oxaliplatin have some serious disadvantages (e.g. not all tumors can be 

cured, high damage of healthy cells, etc.). There are intensive research efforts to develop new, low-

cost and efficient anticancer compounds based on Pt coordination complexes. These compounds kill 

tumor cells by inhibition of DNA synthesis. Most probable model of this inhibition process is bridging 

with guanine base. But in order to create a new route for synthesis of novel drugs and decrease their 

damage influence on the healthy cells one need to get deeper insight into interplay between a local 

atomic and electronic structure and functional activity of the Pt compounds. 

Experimental study of Pt-based drugs (cisplatin, carboplatin, oxaliplatin) interaction with the 

proteins (human serum albumin, HSA) and nucleic acids of DNA on the basis of X-ray absorption 

spectroscopy (XAS) in near-edge region was performed at KMC-2 beamline of the BESSY-II 

synchrotron in Berlin. XAS technique proved sensitive to study the local atomic structure around Pt 

atom of the above mentioned drugs and could be used for studying the interaction of the Pt-based 

drugs with solutions (applicable for cancer treatment), proteins and nucleic acids. The local atomic 

structure around the Pt atoms was studied by a theoretical X-ray absorption near-edge structure 

(XANES) analysis. In order to understand the mechanism of the interation between the Pt compounds 

and biological systems, Density Functional Theory (DFT) simulations were performed. 

Keywords: XANES, atomic and electronic structure, multiscale computer modelling, anticanser drugs 
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In the framework of movable cellular automaton method (MCA) a multiscale model of ceramic 

composites based on nanocrystalline metal oxides with phase transformations in their structure during 

mechanical loading was developed. On the basis of developed model the mechanical behavior of 

ceramic composites based on nanocrystalline oxides of zirconium and aluminum with different 

contents components under uniaxial compression was investigated. For numerical investigations 2D 

square specimens with the size 32 mkm were generated. The volume content of each component was 

varied from 20% to 80%. At the interface between components assumption of perfect contact 

conditions was made. Mechanical properties of the model material corresponded to that of  

nanocrystalline ceramics ZrO2(Y2O3) and Al2O3 with a porosity of 2%. The speed of loading was 0.5 

m/s. The problem was solved under plain strain conditions. Accounting for phase transitions in the 

model was carried out under the proposed phenomenological approach, implying the formulation of 

the law of inter-automaton interaction corresponding to the irreversible behavior of the material. This 

law has been chosen so as to correspond to qualitative and quantitative deformation diagrams of 

ZrO2(Y2O3) with structural transformations. An increase of fracture toughness of zirconia ceramics 

under implementation of phase transitions were taken into account by introducing a pair of automaton 

transition kinetics from the "linked" state to the "unlinked" one. To do this, the crack propagation rate 

parameter was explicitly introduced at the MCA method. It was capable to slow down the transition of 

automaton pair to "unlinked" state for several time steps. Usually in the MCA method this transition 

occurs at the one time step, which corresponds to crack propagation with the speed of longitudinal 

sound. In this model (for the pairs automata modeling phase transition), the value of crack 

propagation velocity was lower than the velocity of sound in the material. Within the framework of the 

model constructed main mechanisms of deformation and fracture of composites were studied. The 

interrelation of structure, mechanisms of fracture and effective strength and elastic properties of the 

composite was shown. 

This study was partially supported by the Russian Foundation for Basic Research, Project ˉ 12-

08-00379-ʘ and by the Grant of the President of the Russian Federation for the state supporting 

young Russian scientists, Project MK- 5883.2014.8. 

Keywords: ceramic composites on the basis of metal oxides, phase transformation, deformation and 

fracture, computer simulation, movable cellular automaton method 



 

 

31 

 

Comparative Study on Histological Analysis of Biodegradable Magnesium and 
Magnesium Alloys 

 
 

Kang-Sik Lee
1
, Hyung-Seop Han

2
, Jee Hye Lo Han

2
, Yu-Chan Kim

2
, Hyun-Kwang Seok

2
, Jee Wook 

Lee
3
 and Dong-Ho Lee

1
 

knifebrd@hanmail.net 

 
1
Orthopedic Surgery, University of Ulsan College of Medicine, Asan Medical Center, 

 Seoul 138-736, Republic of Korea 
2
Central for Biomaterials, Korea Institute of Science and Technology,  

Seoul 136-791, Republic of Korea 
 
 

Recently, there have been significant advances in development of biodegradable magnesium alloys 

as orthopedic implant materials. The results of various reported studies have shown that the implants 

made of magnesium alloys degrade in physiological settings while promoting positive new bone 

growth. However, there are currently no standardized methods available in the literature to reflect on 

to perform the histological evaluation of the magnesium and the unique corrosive characteristic of 

magnesium often hinders the accurate observation. The purpose of this study was to evaluate the 

four most commonly used bone histological staining methods to observe their effectiveness when 

used on magnesium. The samples of magnesium were stained with different solutions and weight loss 

was measured to determine the corrosive nature of each solution. In vivo histological evaluation of 

magnesium implanted on a femoral condyle of New Zealand white rabbits was then performed to 

validate the preliminary weight loss measurement results. The result from this study provides the most 

effective staining method for the histological evaluation of newly developed magnesium implants.  

Keywords: bildegradable metal, magnesium alloy, histology 
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Titanium and its alloys are widely used as implant materials because of their mechanical properties 

and non - toxic behavior. Unfortunately, they are not bioinert, which means that they can release ions 

and can only fix the bone by mechanical anchorage, this can lead to the encapsulation of dense 

fibrous tissue in the body. The bone fixation is required in clinical conditions treated by orthopedic and 

dental medicine. The proposal is to coat metallic implants with bioactive materials to establish good 

interfacial bonds between the metal substrate and bone by increasing bioactivity. Bioactive glasses, 

ceramics specifically 45S5 Bioglass, have drawn attention as a serious functional biomaterial because 

osseointegration capacity. The EPD method of bioglass gel precursor was proposed in the present 

work as a new method to obtain 45S5/Ti6Al4V for dental applications. The coatings, were thermally 

treated at 700 and 800ÁC and presented the 45S5 bioglass characteristic phases showing morphology 

and uniformity with no defects, quantification percentages by EDS of Si, Ca, Na, P and O elements in 

the coating  scratched powders, showed a good proportional relationship demonstrating  the obtention 

of the 45S5 bioglass. The corrosion tests were carried out in Hank's solution. By Tafel extrapolation, 

Ti6Al4V alloy showed good corrosion resistance by the formation of a passivation layer on the metal 

surface, however, in the system 45S5/Ti6Al4V there was an increase in the corrosion resistance; icorr , 

Ecorr and corrosion rate decreased , the mass loss and the rate of release of ions, were lower. 

Keyword: ceramic biocoating, bioglass, corrosion resistance 
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The need of new materials to enable the puriýcation of drinking water and decontamination of 

waste water with advanced low cost technologies is increasing day by day.  The porous ceramics can 

be used in catalysis, photocatalysis, separation and for the immobilization of biological molecules, and 

even microorganisms, for ýltration and bioreactor applications. Regardless of the scale Titania 

maintains its photocatallytic activity but it can be low due to the high pair-hole recombination rate and 

the fact that it can be only excited under UV irradiation because its band gap value of 2.9. These 

problems can be solved using Titania nanoconjugates, as Titania-Alumina nanocojugate that have 

probed to low the Titania band gap in order to allow it to be excited with lower wave length 

radiations[2].  In this work, mesoporous nanostructured TiO2-Al2O3 photocatalyst coatings on glass 

fibers with high specific surface area and low band-gap were obtained by dip coating deposition 

method. The mesoporous structure was obtained by molecular self-assembling using Tween 20 as 

template agent in the sol-gel synthesis. The mesoporous nanostructure was characterized by using 

SEM, TEM, DRX and BET techniques. The obtained coatings presented high specific surface areas 

and exceptional superior behavior in methylene blue degradation under UVvis and Visible light 

irradiation reaching up to 99% of MB degradation under UVvis irradiation and up 66% of MB 

degradation under visible light irradiation in two hours. This enables the possibility to have effective 

water purification only under sunlight irradiation.  

Keywords: Titania Alumina Photocatalyst, Low band gap titania-alumina photocatalyst, high MB 

degradation 
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Tree-like circulatory system in living organisms can efficiently supply fluid and nutrient to every part 

of the body by using hierarchically organized tubes with gradually modified channel geometry. Bone 

harnesses such an ordered network from micrometer scale to nanometer scale for supplying nutrients 

and growth factors to its peripheral tissues. In this research, we designed and developed a bone 

implant platform based upon the concept of a self-powered, pore-gradient driven capillary transport 

network and showed that supply power of nanochannels can be sufficiently effective in support of 

small organisms. The creation of a graded pore network in hydroxyapatite (Ca10(PO4)6(OH)2) 

bioceramic was achieved by applying additional pressure energy during sintering where stronger 

polymer phase-segregation phenomenon under higher pressure energy yielded larger interconnected 

pores. Notably, our resulting bioceramic with built-in nanochannels had a mechanical strength similar 

to natural human bone. Finally, we demonstrated that human osteoblast cells proliferated and 

differentiated on the bioceramic by depending solely on the self-powered supply of fluids and nutrients 

through these capillary networks to the implant surface.  

Keywords: nanochannel, bioceramic, bone, implant, hydroxyapatite, nutrient supply  
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This work is devoted to the investigation of properties of polyurethane which is used in the 

production of implants. Depending on the application, the materials have different requirements. In 

our case we consider implants which surrogate elastic tissues of the human body such as breast 

implants or interphalangeal joint prosthesis. Ones of the most important characteristics of the implant 

material are biocompatibility, elastisity, durability and nontoxicity. Polyurethane satisfies almost all 

requirements, but it needs treatment to be biocompatible. In our research we used a technique of 

plasma-immersion ion implantation (PIII) for this goal. The main object of the study was carbonized 

layer at the surface of the material, which is obtained by PIII-treatment. This layer makes treated 

material biocompatible but at the same time makes it more stiff. Thus the goal of our investigation was 

to find the optimal mode of PIII-treatment that allows to obtain sufficiently biocompatible material 

keeping its other initial properties. 

Experimental investigations include set of PIII-treatments of polyurethane speciments in different 

modes varying the time and intensity of the ion flux. One part of speciments was studied using X-ray 

photoelectron spectroscopy that enabled to determine the chemical composition of surface layer. 

Another part of speciments was used for the investigation of the surface energy kinetics, that allowed 

us to better understand the physical basis of the formation mechanism of a biocompatible layer. The 

third part of speciments was studied by microscopy to estimate the continuity of carbonized layer. The 

last part of speciments was implanted to living animal organism for testing material biocompatibility. 

As a result we carried out deep experimental analysis of polyurethane characteristics with various 

types of carbonized layer. It was proposed optimal parametres of PIII-treatment for the production of a 

biocomatible material, that can be used to surrogate the elastic body tissues. 

Keywords: biocompatibility, implant, polyurethane, plasma-immersion ion implantation (PIII), X-ray 

photoelectron spectroscopy (XPS) 
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The paper deals with a change in mechanical properties of polyurethane after ion-plasma 

treatment. We propose a model that explains this effect at the micro level. Finite element scheme for 

calculating the endoprosthesis stress-strain state under conditions close to the real is developed. 

These models allow us to relate the behavior of the polyurethane at the micro and macro levels and to 

design the optimal shape of the prosthesis. Implants intended for long-term usage within the human 

body need complete chemical and biological compatibility and require close integration in human 

tissue. Ion-plasma treatment of the surface of the polyurethane allows us to obtain carbonized  layer, 

which in return enables to manufacture bioactive implants. In addition to biocompatibility, mechanical 

compatibility of implants is also required. Elastic and strength properties of the implant material should 

be sufficient to ensure that the functional mechanical loads do not cause its destruction , which can 

lead to bone resorption or necrosis (local death of tissue). This paper considers the problem of using 

finger joint prosthesis with the working part is made from a polyurethane material and covered with a 

layer of carbon. Deformation of the implant leads to the fact that the carbonized layer on the entire 

surface cracks. The further deformation leads to the formation of the cracks and emerging of scales 

from the carbonized layer. Gaps between scales play the role of stress concentrators for a 

polyurethane substrate. It can lead to development of residual deformations and destruction of the 

material. In this regard the computer experiments were carried out using the finite element method to 

evaluate the impact of the carbonized layer on the stress-strain state of the polyurethane prosthesis. 

Influence of the carbonized layer after cracking on the stress-strain state of the polyurethane was 

investigated on models with periodicity cell consisting of a substrate with carbon plates. Plates in the 

model represent scales of the cracked carbonized layer. Stress and strain of polyurethane substrate 

in places of stress concentration (between fragments of the layer) was evaluated. The study was 

conducted on scales comparable to micrometers. Computational experiments allowed us to explore 

changes in strain at stress concentrators regions. Computational experiments of loaded state of finger 

joint prosthesis allowed  us to quantify the stress and strain fields in the material deformation. 

Comparison with the results obtained on the periodicity cell allowed to establish a connection between 

the degree of cracking of the carbon layer and layer fragments damaging effect on the polyurethane 

material. 

Keywords: polyurethane, finite-element method, ion-plasm treatment.  
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Dental implant research has been considered with the biocompatibility of materials for 

implantation. Statistics show that 69% of adult aged 35 to 44 have lost permanent tooth due to 

accident, gum disease failed root canal or tooth decay. Dental plaque is a general term for the diverse 

microbial community (predominantly bacteria) found on tooth surface, embedded in matrix of 

polymers of bacteria, salivary origin. The resin based dental composites commonly used in 

restorations result in more plaque accumulation than other materials. Nanoparticles considered being 

of a size not greater than 100 nm and the exploitation of their unique attributes to combat infection 

has increased in the past decade. The present study deals with the antimicrobial studies of 

nanocomposite preparations of Titanium dioxide and Zinc oxide and also Titanium dioxide and Silver.  

Titanium dioxide ,Zinc oxide and silver nanoparticles are found to be effective in inhibiting the growth 

of bacteria.  So the present work is to prepare nanocomposites of these oxides and find out if the 

effectivity is more when the composites are used in dental implants. Some nanocomposite materials 

have been shown to be 1000 times tougher than the bulk component materials. Earlier studies 

demonstrates that zinc oxide nanoparticles (ZnO-NPs) blended at 10% (w/w) fraction into dental 

composites display antimicrobial activity and reduce growth of bacterial biofilms by roughly 80%. The 

focus of this research is to prepare composites which have improved potentiality in terms of their 

antimicrobial activity.  Thus these nanocomposites which would surely pose a solution to dental 

implant surgery. 
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Polyurethane films of 0.2-0.3 mm thickness have been implanted into human organism as part of 

medical devices. After 9 and 18 years in organism, the implants were taken out of organism and the 

films have been investigated with the following methods: infrared spectroscopy, X-ray fluorescence 

analysis, optical microscopy, atomic force microscopy, energy-dispersic spectroscopy, the mechanical 

tests have been performed.  

The results showed that the mechanical strength increases with time in organism in comparison 

with control film on air. The surface layer is calcified, the thickness, uniformity and composition of the 

calcified layer depends on time in organism and individuality of the organism.  

Keywords: Polyurethane films, investigated, biocompatible 
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The objective of the work was to prepare and characterize titania sol-gel coatings on non-porous 

titanium and titanium alloys. Titanium substrates (Ti, TiSi5, TiSi10) were mechanically tretated. Basic 

titania sol contained two forms of silver (AgNO3, Ag3PO4). Titania sol without silver was used as a 

reference sample. Coatings were prepared by dip-coating technique during stirring and fired at 400ÁC. 

Coatings after firing were characterized by electron microscopy. All titania coatings were measured 

to determine their adhesive and bactericidal properties. Adhesion of the coatings to the substrate was 

measured by tape test (ASTM D 3359-2), where the cut area was evaluated visually by optical 

microscope. Gram-negative bacteria E. coli (strain DBM 3138) was used for the bactericidal test. 

Coated substrates were imersed into suspension of E. coli in physiological solution for a period of 24 

and 4 hours at laboratory temperature. Cytotoxicity of the materials was also tested. Coated 

substrates were leached in MEM growth medium for 1 day at 37ÁC and the extrats were added to 

mouse fibroblast (L929 cell line, ATCC
È
 CCL-1

TM
). The cytotoxicity test (ISO 10993-5) was performed 

after one day and was based on the metabolic reduction of the soluble tetrazolium salt (WST-1) to a 

colored formazan.   

Keywords: titania coating, sol-gel method, dip-coating technique, antibacterial properties, adhesion 
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The objective of the study is to analyze stress-strain distribution on human cortical tibia, which is 

subjected to torsion during gait and running. A three-dimensional finite element model for human tibia 

bone is created via three-dimensional reconstruction of Computerized Tomographies (CT) images. 

The variations of maximum values of von Mises stress and strain are computed at each cross-section 

along the bone axis under pure torsion. Trabeculer bone in the proximal tibia and distal tibia is 

assumed transversely isotropic and homogeneous. Cortical (compact) bone of the shaft tibia is sliced 

at six different locations perpendicular to the bone length. Furthermore different orthotropic material 

properties are assigned to each section . Physiological-like static loading conditions (for gait 20 Nm 

and for running 30 Nm) and all material properties are taken from literature. The results show that 

maximum von Mises stress and strain are observed in shaft tibia, 128 mm from distal tibia. von Mises 

stress and strain magnitudes are 28 MPa and 0.0042; 44 MPa and 0.0065 for running, respectively. 

Keywords: Tibia bone, finite element. 
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A review of recent activity in the field of synthesis and small-angle neutron scattering studies of 

self-assembly of water soluble derivatives of endofullerenes Gd@C82 in aqueous solutions as 

dependent on their concentration and the addition of salts to regulate pH-factor has been presented. 

The original endofullerenes Gd@C82 were transformed into water soluble form Gd@C82(OH)X (X ~ 20-

30) and these hydroxylated fullerenes (fullerenols) with Gadolinium atoms possessing magnetic 

moment are considered as very perspective substances to be used as highly effective and safety (non 

toxic) contrasting agents for Magneto-Resonance-Imaging to improve the resolution of this method by 

an order in magnitude.  

However these functional properties are strongly dependent on the processes of self-organization 

of fullerenols having both magnetic and electric dipole moments the interactions of which stimulates 

molecular ordering in various forms, e.g. globular and low-dimensional (chain-like) aggregates with a 

characteristic  size of few tens of nanometers.  

The dimensions, geometry and masses of fullerenolsô aggregates have been analyzed by small-

angle neutron scattering and the mechanisms as well as some peculiarities of fullerenolsô ordering 

were established using the formalism of molecular correlation functions to understand subtle features 

of effects of enhancement of relaxivity of surrounding protons in biological media. The related 

contrasting abilities of these substances can be used in tomography also in mixtures with empty 

fullerenols when in magnetic fields the paramagnetic and induced diamagnetic moments of fullerenols 

Gd@C82(OH)X and C82(OH)X  may provide a collective strong action on the relaxation rate of protons in 

tissues.  
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The study of effect temperature and acidity of medicinal agents to change the elastic properties of 

intravascular catheters size 18G, made of polyurethane, teflon and silicone. Elastic properties of 

catheters were determined by measuring the length of the deflection (in mm) arising after exposure to 

the free end of the tube by force of 20 newtons. Measuring the deflection of the catheter tube was 

performed under the conditions of incubation for 10 minutes at +25.0, +30.0, +36.0 or +42,0 ÁC, 

before and after 24 hours incubation in solution of medicines with pH from 3.0 to 9.0. During the 

studies found that the change of temperature change affects, but the change in pH does not change 

the elasticity of the catheters. Moreover, cooling decreases the elasticity of the catheters, but in 

different ways, depending on the polymeric materials from which catheters are made. Thus catheters 

formed of teflon, were more elastic than catheters of polyurethane and silicone in all temperature 

conditions. In particular, at +42 ÁC the deflection of teflon catheter was equal 13,7 Ñ 0,3 mm (P Ò 0,05, 

n = 10), while the catheters made of polyurethane and silicone - 24,9 Ñ 0,4 mm (p Ò 0,05, n = 10) and 

38,4 Ñ 0,3 (respectively).  

Additionally, in experiments on conscious of piglets and clinical observations of patients, it was 

shown that all modern catheters made of silicone, polyurethane and Teflon, cause damage to the 

endothelium of veins within a few minutes after their catheterization. Consequently, modern catheters 

have extremely high hardness and low elasticity both at room temperature and at human body 

temperature, which is the cause of their high physical aggressiveness. This  high  hardness and low 

elasticity of modern vascular catheters is the cause of previously, phlebitis, thrombosis and clogging 

of the veins and catheters. 

To enhance the security of vascular catheters is no alternative of their manufacturing of 

competetive material, which maintains high hardness at a temperature of +25ÁC, but deprives it of and 

accorded high elasticity in a few seconds after increase of temperature up to +37ÁC. To implement 

this idea we previously developed a new intravascular catheter [1]. Basic technical solution to this 

catheter is that it is made from a material that with increasing temperature loses its strength and 

becomes more elastic. In addition, invented by us catheter allows to implement a completely new 

technology of enter of   medicinal product in vienna. The matter is that our catheter is a dockable 

nipples.  This design catheter allows to constantly move of the working end of a catheter inside the 

vein. Therefore, the "stream" of a medicinal product is poured from the hole of the catheter, which is 

constantly moving to and fro within the vein. 

Keywords: cathehers,  competitive materials, thechnology processes.  
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Recently, there have been significant advances in development of biodegradable magnesium 

alloys as orthopedic implant materials. The results of various reported studies have shown that the 

implants made of magnesium alloys degrade in physiological settings while promoting positive new 

bone growth. However, there are currently no standardized methods available in the literature to 

reflect on to perform the histological evaluation of the magnesium and the unique corrosive 

characteristic of magnesium often hinders the accurate observation. The purpose of this study was to 

evaluate the four most commonly used bone histological staining methods to observe their 

effectiveness when used on magnesium. The samples of magnesium were stained with different 

solutions and weight loss was measured to determine the corrosive nature of each solution. In vivo 

histological evaluation of magnesium implanted on a femoral condyle of New Zealand white rabbits 

was then performed to validate the preliminary weight loss measurement results. The result from this 

study provides the most effective staining method for the histological evaluation of newly developed 

magnesium implants. 
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It is known that aluminum oxide is the most generally used ceramic material applied as structural, 

functional and biomaterial. Meanwhile, it is used not only in a high state and but also in a high-porous 

state. To obtain the required functional properties it is alloyed by various oxides such as FeO, SiO2, 

Y2O3, MgO and others. What most interested us is the magnasium oxide (MgO), as it is well known 

that the MgO presence in the ceramics materials causes biological processes activation at the 

boundary ñimplant ï boneò.  However, the introduction of MgO into sintered mixture may change 

technological regimes of ceramics production and as a result to the structure and properties of the 

material can be changed as well. The aim of this work is to study the influence of the concentration of 

the injected mixture into the sintered MgO in the amount up to 10 wt. %.  onto porosity, shrinkage 

characteristics of the microstructure and mechanical properties of the sintered material. 

Alumina powder obtained by calcination of aluminum hydroxide, and finely divided magnesium 

oxide powder obtained by calcination of magnesite were taken as materials under examinations. The 

mixtures were prepared by mechanical treatment in a drum mill for 25 hours.  The ceramics samples 

were obtained by powder metallurgy techniques, that is cold pressure at a 13 MPa and subsequent 

sintering of the compacts in the air at a temperature 16000 
O
C for 1 hour.  

The structure of the ceramic, porosity, shrinkage and mechanical properties are investigated. It is 

shown that with MgO increasing of the porosity increases in the sintered samples, and the strength 

falls. Composite oxide is formed at high contents of magnesium oxide. 
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Introduction: Scientific research has confirmed that, in moist environment (saliva as electrolyte) 

galvanic corrosion is formed on the surface of the orthodontic brackets and the archwires. The 

corrosion reducing the effectivity of the orthodontic treatment. Other research reported the use of 

mouthwash containing fluoride increases corrosion. 

Objective: The aim of our research to examine which mouthwash minimally increases the rate of 

corrosion, ensuring efficient tooth movement and prevent caries. 

Materials and methods: The effects of different fluoride-containing mouthwashes on the various 

bracket - archwire combinations was examined. The research has investigated with the help of stereo, 

metal and scanning electron microscopy the formed material errors on the surface of nickel - titanium 

and titanium - molybdenum orthodontic alloys. With energy dispersive x-ray analysis was determined 

the samples material composition. In addition, the hardness of orthodontic arches was measured. 

Results: During the 3 month study different orthodontic bracket-archwire combination was placed in 

different mouthwashes and galvanic corrosion was detected. The optical, electron, and atomic force 

microscopy examination showed that the surface of the samples became more smooth and 

homogeneous. The results of the microhardness measurements revealed that the hardness of the 

archwires increased. The energy dispersive x-ray analysis revealed that the zirconium and titanium 

content increased but the molybdenum and tin content is reduced compared to the control sample 

material composition. 

Conclusions: The studies can help ensure that, the patient use the best mouthwash to the current 

bracket archwire combination, thereby reducing the risk of caries and minimalize the decreasing of the 

orthodontic treatment efficiency. 

Keywords: biomechanics, orthodontics, archwire, nitinol, corrosion, mouthwash, biomaterial, 

prevention, dent 
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The infection associated with health care is a major cause of morbidity and mortality in health 

establishment. For a dialyzed renal failure, it would be responsible of about 15 % of the deaths. To 

answer this issue, health establishments use a classical approach, which rests essentially on risk 

management practices, which enters within the scope of a global analysis of risk management. These 

practices are built on the anticipation principle; they are based on the identification and the control of 

the possible risks, of which it is practically impossible to guarantee the exhaustiveness of the risky 

situations, so it is not possible to leave these anticipation practices at the present time. This is why, for 

better a control of the infectious risks associated with health care, it is necessary to consolidate more 

and more this preventive approach and thus to minimize the residual risks. For that purpose an 

approach is proposed, it is based on a continuous primary prevention strategy, which constitutes a 

first layer of the protection and is supported by some control and monitoring mechanisms of the 

critical risks. This approach is illustrated via a real case of study. It is carried out at the hemodialysis 

center at the teaching hospital, CHU-Batna Algeria.  

Keywords: infectious risk, hemodialysis, VHB, VHC, VIH Bacteremia 
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The crepe band 100% cotton is used in hospital care, it occupies a very important place in the field 

of medical care. Its manufacturing technology is very delicate and depends on the choice of certain 

parameters such as warp yarn torsion. The elasticity of the fabric is achieved without the use of any 

elastic material, chemical, artificial or synthetic expansion and itôs capable of creating pressures useful 

for therapeutic treatments. Before use, the band is subjected to treatments of specific preparation for 

obtaining certain elasticity, however, during its treatment, there are some regression parameters. The 

aim of this work is to improve the properties of the fabric through the development of manufacturing 

technology appropriately. 

Keywords: elastic, cotton, processing, torsion. 
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 The objective of our work consists of the study of the substitution effects of clinker by mineral 

additions such as: natural pozzolana and the sand of dunes finely crushed on the mechanical 

properties and the durability of the mortars worked out according to various combinations' containing 

these additions. This will make it possible to select optimal proportions for the cements, most powerful, 

as well from the mechanical resistance point of view from the durability point of view. The results 

drawn from this research task confirm that the substitution from 20% to clinker 30% by the additions in 

binary cement (CPA+PZ) or ternary (CPA+PZ+SD) contributes positively the mechanical resistance of 

the mortars and resistance to the chemical attacks in various corrosive conditions such as: 

hydrochloric acid, sulfuric acid and nitric acid.  

 This study has an economic interest for the cement factories and ecological for the environment. 

The mechanical strength of the different variants is comparable to those of the CPA. 

The test results of the weight loss and phenolphthalein shows that the chemical resistance of variants 

(PZ20) and (PZ20 with SD5) are larger compared to the CPA and other variants. 

This study shows that adding value by substituting a part of clinker. This substitution can save 20% to 

30% of clinker used for the manufacture of cement; this will have a beneficial effect for cement and 

economically (less energy spent for the clinker burning). 

 This study contributes to the protection of the environment as to produce one ton of clinker 

generates about one ton of CO2 is harmful to the atmosphere. Based on our results we will reduce 

from 20% to 30% CO2 gas responsible for the greenhouse effect. 

Keywords: Natural pozzolana, Dune sand, Mortars, Mechanical properties, Durability 
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 For the Northwest Territories of Russia there is a typical situation where concrete and reinforced 

concrete structures are operated in extreme conditions such as low temperatures, exposure to salt 

and acidic environment. For infrastructure development of the northern territories there is a need to 

develop and apply materials with special properties (strength, watertightness, corrosion resistance, 

frost-resistance). There is a need for high quality and strength in building materials. Optimization of 

building material properties is an empirical process, which can take much time and resources. Here 

we use a thermodynamic approach as a new method for optimal selection of fine grained concrete. 

Tis thermodynamic approach helps us to assess the surface properties of fine grained concrete. The 

activity of the concrete components is characterized by the free surface energy on the boundary of 

the phases. This new approach can reduce the time needed for concrete content selection and 

decrease the associated cost. Previously, in [ 1, 2] the influence of additives on the properties of dry 

mix and fine grained concrete has been investigated; the optimal content selection based on 

mechanical and energetic properties of a dry mix has been designed. Evaluation of properties of 

concrete using microsized silica- based filler materials was performed using the following 

components: coarse river sand, portlandcement and fine river sand as the basis for the highly-

dispersed filler making. Average size of the particle was 483Ń39 nm[3]. Frost-resistance of this fine 

concrete were conducted at multiple freezing (GOST 10060.0-95, GOST 10060.2-95) under 

alternating temperatures in the range 24 õ-55 Celsius degree. It has been established that the 

strength properties of the concrete over 4 cycles of freezing-thawing in an aqueous solution of 5% 

NaCl (which corresponds to 150 cycles of normal operation of the concrete) is not changed 

significantly -by 4.5%. Determination of water resistance of concrete samples was carried out in 

accordance with the requirements of GOST 12730.5-84 by the method of the wet spot. The water 

pressure (10 MPa) was on the on samples when water infiltration was observed. Determination of the 

rate of corrosion of concrete performed on samples by the variation of the pH - parameter. To ensure 

consistency in the reactivity tests of the cylindrical surface of the side surface of the samples 

protected resistant insulating coating based on epoxy . As an aggressive liquids for concrete water 

and a solution of 0.1 M HCl ( acidic environment that simulates the swamp) were chosen.  

 The experiment results for samples in an acidic liquid are marked by loss of strength by 20 % in 

comparison with the unsaturated sample repositories in water - 9.5 %. Studies suggest the following 

conclusion. Designed fine grained concrete can be recommended for using in cold climate. 
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 Currently, carbon nanotube (CNT) is attracting much interest as fibrous materials for reinforcing 

aluminium matrix composites due to unique properties such as high strength, elastic modulus, 

flexibility and high aspect ratios. However, the quality of the dispersion is the major concern factor 

which determines the homogeneity of the enhanced mechanical and tribological properties of the 

composite. This work study and characterized carbon nanotube dispersion in ball-milled CNT-

aluminium mixed powders with four different formulations such as 1, 1.5, 2 and 2.5 wt% CNT under 

high energy planetary ball milling operations. The ball milling was performed for two hours at constant 

milling speed of 250 rpm under controlled atmosphere. The characterization is performed using 

FESEM and EDX analyser for mapping, elemental and line analysis. The experimental results showed 

homogeneous dispersion of CNTs in aluminium matrix. The compositions of 1.5, 2 and 2.5 wt% CNT 

dispersed CNT-Al composite mixture showed similar pattern from mapping, elemental and line 

analysis. Identification of only two peaks proved that control atmosphere during milling prevented the 

formation of inter metallic compounds such as aluminium carbide in the composite mixture. Therefore, 

this CNT-Al composite powder mixture can be used for new nano-composite development without any 

agglomeration problem. 
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 Boron carbide is an interesting non oxide-covalent material, with a remarkable stiffness (450GPa), 

extremely high hardness, wear properties and a low density that make it very attractive for specific 

applications. B4C has found almost exclusively special applications further the elective one as 

abrasive: as peculiar lightweight ceramic armor material and has been used for nuclear engineering 

for its neutron absorption ability and properties of structural self-healing rearrangement. Despite these 

interesting properties, B4C sintering is difficult due to its highly covalent character: densification is 

achieved by Hot Pressing technology and/or conventional sintering at temperatures exceeding 

2000ÁC and addition of sintering aids that form secondary phases (C, SiC, borides, silicides, etc.) 

detrimental to mechanical performances.  

 In this work, attempts to achieve higher densities and improved performance were conceived by 

combining B4C with ZrB2, that possesses high hardness, high modulus and extremely high melting 

point exceeding 3000ÁC. The composites were produced by in situ reactive sintering following 

different approaches for borurization of Zr: a solid-solid route, through blending of suitable powders, 

or liquid-solid one, by introducing solvated ionic Zr into the microstructure or around B4C grains.  

A resistance graphite furnace for pressureless sintering and a unique hot pressing device with an 

induction furnace equipment capable of extreme high heating rates (>8000ÁC/h) was used for 

sintering tests; an HP fast ramp in heating followed by a fast cooling -allowed by the furnace 

engineering- was set to inhibit grain growth. Microstructural SEM characterization and some 

mechanical performances were carried out to evaluate the obtained B4C-ZrB2 composite materials.  

Keywords: carbonium boride, zirconium boride, covalent materials, composite, reaction sintering, 

armor materials  
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Diffusive-hardening solders based on gallium donôt contain lead. These alloys demonstrate specific 

rheological properties. Their synthesis includes, as a rule, mechanical mixing of such an initial 

components as metallic powders (fillers) and liquid gallium alloys. Further the metallic pastes 

produced show irreversible phase transformations and form the solid alloy with complicate composite 

structure. Here, we investigated the microstructure and some thermal properties of the diffusive-

hardening alloys Cu-Bi-Ga-In-Sn. These studies were performed by the standard SEM, EDX and XRD 

methods and also using differential scanning calorimeter. 

The alloys produced as a result of a ñcoldò solidification of the Cu-Bi-Ga-In-Sn pastes are 

metastable and include more than two phases. Nevertheless technological characteristics of such an 

alloys are high. They can be applied, in particular, to create comparatively durable and vacuum-tight 

joints of metallic and non-metallic materials. 

Thermal properties of the solidified alloys were determined mainly by their complicate structure. As 

a rule the samples contained residuals of initial filler particles (e.g. Cu-Sn alloy), crystal phases like 

CuGa2, InBi and other comparatively fusible phases (e.g. solid solution of gallium in the tin and 

indium). In such non-equilibrium system of complicate composition the interaction of components 

begins again after heating to the temperatures about 100 ʉ̄ and higher.  

DSC endothermic peaks obviously correspond to the fusible phases melting, then melting or 

decomposition of the intermetallic phases detected. Further heating leads to another phase 

transformations and at last to the real melting of the metallic phase. Then the composite multi-phase 

alloy turns into ordinary multi-component system which can be described using equilibrium thermal 

and thermodynamic approaches. 

The diffusive-hardening alloys and their analogues are widely used as the metallic glues, solders 

and dental materials. Our systematic investigations of structural, mechanical and thermal properties of 

the gallium-containing materials were continued in the present work. 

This work was supported by the Program of the Presidium of Russian Academy of Sciences 

(Project 12-P-3-1032). 
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Recently, there has been an increasing interest in solid particles adsorbed to liquid-liquid, gas-liquid 

and gas-solid interfaces. Liquid marbles are liquid-in-gas dispersed systems prepared using 

hydrophobic particles adsorbed to a gas-liquid interface. They have attracted increasing attention with 

respect to their potential applications in cosmetics, pharmaceuticals in the home, and personal care 

products. The liquid marbles which are coated with hydrophobic particles can float on a water surface. 

Various particles have been used to prepare liquid marbles, including surface-modified silica, 

graphite, synthetic polymer particles, and carbon black powder. Liquid marbles have demonstrated 

potential as micro-reactors, micro-pumps, sensors of gas, and water pollution, in addition, possible 

applications in cosmetics and water storage are of considerable industrial interest. For liquid marbles 

to be utilized as delivery systems, it would be desirable for them to release the guest materials by 

various external stimuli [1-7]. 

In this study, to obtain near-infrared (NIR)-responsive liquid marbles, we prepared liquid marbles 

using carbon nanotube (CNT) and fullerene (C60), which are known to have high absorbance in the 

NIR region. It was possible to prepare liquid marbles from the CNT and C60 powders due to the 

hydrophobic nature of them. The preparation method was as follows. First, the CNT or C60 powder 

bed was prepared. A water drop was deposited on the powder bed. Upon gentle rolling of the water 

droplet on the powder bed, the liquid became entirely encapsulated by the powder, resulting in a 

liquid marble.  

Keywords: stimuli-responsive, polymer, interface, powder 
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Modern Ceramic Matrix Composites (CMCs, e.g. Al2O3/ZrO2) have a non-linear and complex 

overall response to applied loads due to: different phases, existence of an initial porosity and internal 

microdefects. All microdefects act as stress concentrators and locally change the state of stress, 

leading to the development of mesocracks and finally macrocracks. Experimental results show that 

defects develop mainly intergranularly and cause inhomogeneity and induced anisotropy of the solid. 

Modelling of such material response is possible by multiscale approach describing  different 

phenomena occuring at different scales:  

- the microscopic level is associated with the degradation phenomena developing at the single 

grain. Micropores inside of grain or at the grain boundaries act as a crack initiators. 

Microcracks spread along grain boundaries,  

- the mesoscopic level corresponds to a set of grains, which create Representative Surface 

Element (RSE). The basic elements of the defect structure are: meso-cracks, which 

diameters correspond to the single straight facet of the grain boundaries structure, kinked 

and wing (zig-zag) cracks, 

- the macroscopic level corresponds to the dimensions of the tested sample of the material. 

The composite is treated as a continuum with properties of the polycrystal calculated as 

averaged values over of RSE.         

The constitutive equations for the considered CMC are the following:  

                                                    
(i)( , , )ij ijkl mn klS pe s w s=                                                

where ijklS  is the compliance tensor, ije  is the strain tensor, kls  is the stress tensor, p is the 

porosity parameter and 
(i)w  are sets of parameters defining the presence of different kinds of defects 

ñiò developing inside the material.  

The model was verified by experiments under quasi-static loading. The obtained results confirm the 

correctness of the theoretical approach.  
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Porous composites ZrO2 - Al2O3 have physical - mechanical properties such as high strength, high 

fracture toughness, resistance to aggressive media. These composites are widely used as a material 

for manufacturing the membranes, for catalysts, implants, refractories.  

In this paper the effect of a process for producing powders of zirconia and aluminum hydroxide , 

their ratio in the powder mixture, sintering temperature and porosity in composites ZrO2 - Al2O3 has 

been studied. It has been shown that increasing of the sintering temperature from 1500 to 1600 ÁC for 

zirconia powder produced by chemical vapor deposition is not accompanied by an increase of its 

density. It was found that in composites ZrO2 - Al2O3 the concentration of the tetragonal phase 

determines the size of its crystallites: at low contents by tetragonal - monoclinic transformation, and at 

large by recrystallization. The crystallite size of the tetragonal zirconia determined by the porosity of 

the sintered material. It was found that the strength of materials ZrO2 - Al2O3 with zirconia powder 

obtained by plasma-chemical method is higher when strength of composites with powder obtained by 

chemical vapor deposition, and does not depend on the type of aluminum hydroxide powder in the 

initial mixture. 
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We report structural transitions and magnetic properties of ternary metal oxides with general 

formula Ln3MO7 (Ln is a rare earth element; M is a pentavalent transition element such as Mo, Ru, 

Re, Os, or Ir) by the high temperature X-ray diffraction, magnetic susceptibility, specific heat, and 

DSC measurements. These compounds have an ordered, defect-fluorite structure. The relationship to 

the fluorite structure is as follows. The fluorite unit cell for oxides has the composition M
4+

4O8. If the 

four tetravalent metal ions are replaced by three trivalent ions (Ln) and one pentavalent ion (M), one 

oxide vacancy is formed per fluorite cell. Due to significant differences in radii between the Ln
3+

 and 

M
5+

 ions, cation ordering occurs on the metal sites and the oxide-vacancy orders on the anion sites. 

These compounds crystallize in an orthorhombic superstructure of cubic fluorite with space group 

Cmcm, in which Ln
3+

 ions occupy two different crystallographic sites (8-coordinated and 7-coordinated 

sites).  

A variety of space groups such as Pnma, Cmcm, P212121, C2221, P2/n and P21nb have been 

proposed for the Ln3MO7. We confirmed that these compounds undergo a structural phase transition. 

For a series of Ln3MO7 compounds (M = Mo, Ru, Re, Os, Ir), the structural phase transition 

temperatures decrease greatly with increasing the ionic radius of Ln
3+

. Since the transition 

temperature increases with decreasing the ionic radius of Ln
3+

, this transition is stress-induced and it 

occurs with lattice contraction on cooling. Each transition temperature within a series is separated by 

approximately the same temperature interval except for the case of Ln3MoO7. The reason for this may 

be related to the difference in their high-temperature structures, that is, Ln3MO7 (M = Ru, Re, Os, Ir) 

compounds exist in the Cmcm structure, whereas Ln3MoO7 exists in the Pnma structure. 

In Ln3MO7 structure, the M
5+

 ion is coordinated with six oxygen ions, forming a MO6 octahedron. 

These octahedra share corners forming one-dimensional chains which are oriented along the c-axis. 

Due to this unique crystal structure, many peculiar magnetic properties have been observed at low 

temperatures. Recent results on Pr3OsO7 and Tb3OsO7 by the specific heat and magnetic 

susceptibility measurements will be reported. 

  

Keywords: structural transition, magnetic properties, rare earth, high temperature X-ray diffraction, 

magnetic susceptibility, specific heat 
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 Stabilized zirconia policrystalls, as tetragonal polymorph, have an outstanding bending strength 

(>1000 MPa) and fracture toughness (>10 MPa*m
1/2

). These materials have a not enough hardness 

(<1200 kg/mm
2
) limiting their use as wear resistant components. On the other hand, pure carbide 

inclusions have an excellent hardness, but a limited bending strength, fracture toughness and 

stiffness. The degree of improvement is in different ZrO2ïTiX (X =C, B2, N, CN) composite systems. 

To combine the excellent properties of stabilized zirconia with the increased hardness obtainable by 

incorporation of a secondary phase such as TiC was the main objective of this work. 

 Maximum of density after sintering can be achieved by means of separate ball-milling activation of 

powders, as compare with the its mixtures. It was shown that addition of 5wt.% TiC, provides a 

minimum porosity of about 1% and a maximum hardness of 12.5 GPa.  

 Structure of composites represented by two types of zirconia grains - small order of 1-2 microns, 

and large order of 5 microns, and titanium carbide grains whose size is 15 microns. Isolated pores are 

present on the grain junctions in the form close to spherical, the dimensions of which do not exceed 2 

Õm. A distinctive feature of the structure of ceramic composites ZrO2(Y2O3)-TiC is the formation of 

abnormally large grains of zirconia around titanium carbide inclusions . Conducted in the field of 

elemental analysis showed the presence of a large grain of chemical elements characteristic for all 

elements of the composition. Accordingly, it can be assumed in the interfaces between the titanium 

carbide and zirconia one can observed a reaction with formation of oxide-carbide compounds. 
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Strong demands of various industries simulated search for new piezoelectric materials for high 

temperature applications. To improve sintering and regulate functional properties, various approaches 

were used, however, till now functional properties of new perovskite-type materials do not compete 

with those of the PZT-based materials.  

In this work, structure, microstructure, dielectric and piezoelectric properties of oxides based on the 

(1-x)BiScO3 - xPbTiO3 (BSPT) with x = 0.63 - 0.65, and K0.5Na0.5NbO3 compositions close to the 

Morphotropic Phase Boundary were studied. In order to regulate functional properties, modification of 

cation compositions, addition of overstoichiometric additives (MnO2, chlorides KCl, NaCl, CaCl2 and 

fluoride LiF) and optimization of preparation conditions were performed. The samples were prepared 

by the solid state reaction method. Phase formation, structure parameters and functional properties 

were studied using the X-ray diffraction, SEM, SHG, and Dielectric Spectroscopy methods. 

Piezoelectric parameters d33 and kt of the preliminary poled samples were measured.  

Optimal sintering conditions of dense and textured ceramics preparation were determined. The 

variations of relative contents of tetragonal and rhombohedral phases, structure and microstructe 

parameters, dielectric and piezoelectric properties were observed depending on composition and 

thermal treatment conditions. The 1
st
 order phase transitions were observed for all samples at high 

temperatures ~ 700 ï 1000 K. The changes of the TC values correlated with the changes in the unit 

cell parameters and relative phase content caused by doping. High piezoelectric coefficients d33 up to 

~ 500 pC/N and kt ~ 0.65 values were measured in the BSPT ceramics prepared. Enhancement of 

piezoelectric properties will be discussed in relation to the preparation conditions, type and content of 

dopants.  

Keywords: piezoelelctric ceramics, perovskite oxide, overstoichiometric  
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One of the important properties of materials for many technological and practical applications is 

thermal expansion. From the technological point of view, low thermal expansion materials (their 

absolute value of coefficient of thermal expansion Ŭ < 2Ŀ10
ī6

K
ī1

) are the most important ones. The 

thermal expansion of the compounds of kosnarite (KZr2(PO4)3) structural family (also known as 

NaZr2(PO4)3, NZP, NASICON) change from strongly positive to nearly zero and even negative [1, 2]. 

The NZP structure allows a huge variety of ion substitutions not only to the framework cavities but 

also to the rigid framework. A variety of solid solutions with the NZP structure leads to new candidates 

for compositions with totally controllable low-expansion behavior.  

Basing on data on thermal expansion behavior of the complex phosphates of titanium (zirconium) 

and metals in oxidation state 2+, we undertook systematic search for materials with ultra-low average 

thermal expansion and near-zero thermal expansion anisotropy. We studied phase formation and 

thermal expansion of the phosphates B'0.5+xBxL2-x(PO4)3 (B' and B ï the same or different cations in 

oxidation state 2+ (Ca, Mn, Co, Zn), L ï Ti, Zr), B0.5(1+x)FexTi2-x(PO4)3 (B ï Mn, Co, Ni, Cu, Zn), 

AZr2(TO4)x(PO4)3-x (A ï alkali metals, T ï As, V). As a result, correlations of the thermal expansion 

parameters on the phosphates composition were obtained in the studied systems. Basing on these 

regularities, we predicted and obtained compounds with desired thermal expansion characteristics. In 

some investigated systems, the extremely low values of thermal expansion coefficients (Ŭav ~ 1 Ŀ 10
ï6 

K
ï1

) or anisotropy (|ŬaïŬʩ| < 1 Ā 10
ï6 K

ï1
) were obtained.  

This work was made using equipment Shimadzu Corp. 

The work was supported by the Russian Scientific Foundation. 

Keywords: ceramics, NZP, kosnarite structure, low thermal expansion. 
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 The complex phosphates with high cesium concentration of the compositions CsMePO4 (Me = 

divalent metal with a tetrahedral coordination) adopting a stuffed ɓ-SiO2 tridymite structure are studied 

as perspective ferroelectric, non-linear optical materials and ceramics for a 
137
Cs ɔ-radiation sources 

to be used in commercial and medical applications.  

 In this work we have studied phase formation regularities and thermophysical properties of 

phosphates system CsMPO4 (M = Co, Mn), Cs1-xNaxNiPO4 (0 Ò x Ò 1). 

 The samples were synthesized by the co-precipitation method. The reaction mixtures were dried at 

353 K and thermally treated at 873 and 973 K. 

 X-ray powder diffraction measurements indicated that limited solid solutions in Cs1-xNaxNiPO4 

system of the tridymite and maricite structural types were obtained.  The samples of CsMnPO4 and 

CsCoPO4 were crystallized at ambient temperature in tridymite structural type. The samples were 

investigated by DTA method over the temperature range 298ī1273 K. 

 Crystal structure of CsNiPO4 and NaNiPO4 were refined by Rietveld method at 298 K. CsNiPO4 

crystal structure is characterized by three-dimensional framework, which is formed six-membered 

rings of tetrahedra NiO4 and PO4, linked by common vertices, and by large cavities that are occupied 

by Cs cations. NaNiPO4 crystal structure consists of edge-sharing chains of NiO6 octahedra running 

parallel to the b axis, which are crossconnected by the PO4 tetrahedra, giving rise to large ten-

coordinate cavities in which the Na ions are located. 

 The heat capacity measurements of CsMnPO4 and CsCoPO4 crystalline phosphates were 

performed over the temperature range 5ī650 K. The temperature dependence of the heat capacity of 

crystalline CsMnPO4 showed that for the phosphate two phase transitions were found at 6.86 ʂ and 

126.99 K. The temperature dependence of the heat capacity of crystalline CsCoPO4 showed that for 

the phosphate three phase transitions were found at 311, 481 and 512 K. 

 The thermal expansion behavior of CsMPO4 (M = Ni, Co, Mn) and NaNiPO4 was studied by high-

temperature X-ray powder diffraction at the temperature range 298ī973 K. The samples expand 

anisotropically and belong to high-thermal expansion materials. The prepared ceramics showed a 

volume thermal expansion coefficient of (3õ7) Ŀ 10
ī5

 K
ī1

. 

 The high specific content of the cesium in ɓ-tridymite structure some phosphates in combination 

with thermal and hydrolytic stability account for the prospects for their using as safe ceramic materials 

for cesium ɔ-radiation sources. 

 This work was made using equipment Shimadzu Corp. 

Keywords: phosphate, cesium, structure, tridymite, maricite, heat capacity, ceramic, nuclear waste 
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 The objective of this work is to evaluate SPS sintering for obtaining of high strength mullite - 

zirconia ceramics. To highlight the advantage of SPS processing over conventional reaction sintering 

there is compared densification behaviour, phase and structure development and some properties.   

To promote and lower the sintering process and temperature the effect of illite clay nanoparticles on 

densification of mullite ï ZrO2 ceramic to one part of starting composition was used. 

Cconventional sintering was realized in air at max temperatures from 1200 to 1400
 

C̄ ,for the SPS 

the ñSumimoto, Model SPS ï 825.CE, Dr. Sinter, Japanòequipment was used. Microstructure and 

phase composition of sintered samples was analysed using SEM (model JSM-T200, Japan) and XRD 

(model Rigaku, Japan, with CuKa radiation at scanning interval from 2q = 10-60 ¯ and speed 4 ¯/min), 

respectively.  

 The compressive strength was determined by Toni-technic (Baustoffpr¿fung) model 2020, Vickerôs 

microhardness HVs, by equipment 2137 ʊU- UHL 4.2.    

It is shown that formation of mullite starts at an SPS temperature of 1150
0
C and completes at 

designate temperature 1250
0
C, whereas by conventionally sintering weakly start at 1200

0
C and 

develop until 1400
0
C. It is shown that by both sintering techniques ZrO2 transform into more stable 

forms ï partly in ZrO2 tetragonal by conventional sintering and ZrO2 cubic by SPS.    Effect of illite 

additive is effective on density and compressive strength increase only for conventionally sintered 

samples, but not for SPS. 
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 In order to improve the surface properties of the material to make it more effective, 

montmorillonites from Maroua in the far north region of Cameroon have undergone activation by 0.5 

M hydrochloric acid and pillared with solution of AlCl3. To this aim, the determination of structural, 

textural and rheological properties were made on these modified clays by using techniques as SEM, 

EDX, FTIR, XRD, TGA, BET and using a rheometer. It appears from these analyzes that the acid 

activated clays show a reduction in particle size that can means the destruction of the crystalline 

structure. The pillared clays show densification of materials witch corresponding to insertion of 

polycations within the leaf. The chemical composition reveals the presence of important cations such 

as magnesium (0.711 and 0.284%), Sodium (0.112 and 1.491%). Montmorillonite pillared lost 

approximately 40% of the initial proportion of aluminum, which promotes its cosmetic applications. 

The activated montmorillonites have a surface area of 116.86 m
2
/g with a total pore volume of 

129ml/g, montmorillonites pillared have a surface area of 108,32 m
2
/g with a total pore volume of 

0.116 ml/g. According to the rheological analysis, both viscosity decreases with shear rate, 

karacteristic of pseudoplastic. It is therefore observed for montmorillonites pillared a better resistance 

to cracking and good thixotropy, excellent for facial mask.  

Keyswords: pillared and acid activated montmorillonite, structural, textural and rheologic properties, 

facial  mask  
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Ceramic materials based on zirconia have a high melting point and physical - mechanical 

properties. These composites can be used as a thermal barrier structures. It is known that the 

introduction of magnesium oxide to zirconia ceramic can improve the thermal stability of materials 

because microstructure of such materials can be controlled by relative content of the phases. 

In this paper were studied structure and mechanical properties of ceramic ZrO2 - MgO with various 

magnesium oxide content. It was shown that under thermal-shock cyclic one can observed the 

evolution of the structure and phase composition of the material. It has been shown that decreasing in 

of the content t-ZrO2 up to 10 % does not lead to the destruction of material. In the process of thermal 

cycling there are formed a stable cracked block structure, while the strength of ceramics was more 

than 100 MPa i.e. such thermomechanical stability under thermal cyclic alloweds to create a durable 

thermal protection material. 

Keywords: zirconia, magnesia, heat resistant, mechanical properties. 
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 There are plasma torches of linear circuits, containing coaxially mounted copper electrodes: a 

cylindrical cathode and an anode having an outlet nozzle in the form of a diffuser. The purpose of 

these plasma torches is to generate air plasma with outlet temperature from 3500 up to 5500 K, and 

use it for heavy fuel oil or gasless start up of pulverized coal fired boilers of thermal power plants. The 

main feature of the plasma torch with pyrolitic graphite electrode is the presence of the insert molded 

into a cylindrical copper cathode. Hydrocarbon gas is injected in the region of the face plane of 

cylindrical graphite insert. Its rate is of two orders smaller than the rate of plasma gas flow - air. In the 

electric arc hydrocarbon gas is dissociated and thus the resulting carbon deposited on the end face of 

the graphite insert of the cathode spot. Investigation showed that this carbon deposit is a 

nanostructural material. As a result, a revolving pyrolitic graphite cathode layer prolongs life of the 

cathode several times. 
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Products from polymeric composite materials, in particular, the rods of circular cross section are 

widely used as construction valves, electrical insulators and pump rods, pit-prop anchors in the mining 

industry, and area of their application is constantly expanding. The most widely used unidirectionally 

reinforced fiberglass rods with a diameter of 2 to 46 mm with high volume content of glass reinforcing 

fibers 0.60-0.75, produced by pultrusion. The epoxy resin is used as a matrix, and the fiberglass with 

a filament diameter of 13 to 20 microns used as filler. These rods have a high tensile strength in the 

longitudinal direction and weak in compression and torsion in the transverse direction. Traditional 

pultrusion technology allows producing axisymmetric composite profiles only with "zero" fiber 

orientation angle. The authors of this article developed a special technological complex for the 

polymer composite materials manufacturing [Patent Rus ˉ 122606, B29C 70/30, B29C 63/04, 2012] 

which allows orienting fibers on a screw line during production. In this case, the composite rod 

becomes anisotropic, and its strength characteristics in compression and torsion increases with some 

decrease of tensile strength. By varying the angle of fiber orientation relative to the pultrusion 

direction during its manufacture can obtain products with predetermined properties, the most 

appropriate to operating conditions. This favorably distinguishes these products from composite rods 

with longitudinal orientation of the reinforcing fibers.  

The equations of structural mechanics were used, as well as specific approach to determine the 

shear modulus of the heterogeneous Fiber/Resin System. As result of this, equations for fiber 

orientation angle of a composite anisotropic solid rod with a circular cross section and angular velocity 

of the die were obtained. The results will be applied to die design. 

Keywords: pultrusion, composite material, rotating die, anisotropic rod, pit-prop anchor 
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Adhesively bonded joints are used in many engineering applications (automotive and aerospace 

industries) as an alternative to the conventional riveted and bolted joints. Several advantages 

characterize the adhesive bonding, including: good stiffness and strength, reduced weight and cost, 

capacity to join dissimilar materials. Delicate joining technology (surface preparation, curing procedure 

etc.) and environmental sensitivity represent real disadvantages. However, the jointôs strength 

evaluation represents a major challenge. 

The geometry of the single lap joints tested was established according to the ASTM D1002-10 

recommendations. Aluminium alloy 7075 T651 adherent and two type of adhesives (araldite AV 

138M-1 with hardener HV 998, and araldite AW 106 with hardener HV 953U) were used. After the 

mechanical treatment of the surfaces, the adherents were cleaned in an acetone bath. The adhesives 

were cured at room temperature for 24 hours, under constant pressure applied through weights. The 

thickness of adhesives was carefully controlled at 0.3 mm, but no attempts were made to control the 

fillet geometry. The tests were carried out on a universal testing machine at 1.3 mm/min speed. Also, 

the mechanical properties in tensile and stress-strain curves for adherent and adhesives were 

obtained. A brittle behavior was observed for AV 138M-1 adhesive and a ductile one for AW106 

adhesive. 

A two-dimensional non-linear FEA was conducted using commercial ABAQUS package. The single 

lap bonded joints were meshed using 8 nodes CPE8 isoparametric elements and a converge study 

was performed considering 2, 4 and 6 finite elements through the adhesive thickness. A bi-linear 

behavior was considered for the aluminium adherent, while different material models (elastic, elasto-

plastic and Neo Hooke hyperelastic) were considered for the adhesive. The numerical models were 

calibrated versus experimental load - displacement curve. Also the shear stress, maximum principal 

stress and equivalent stress were obtained from FEA. 

Keywords: single lap adhesive bonded joint, non-linear FEM. 
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 In the article the combined technology of core drilling with application of specially developed 

technical and technological means is considered.   Technical means are presented by new 

designs of the rock cutting tool (RCT) with application of Wireline system and the technology of 

drilling includes use of the newly developed formulas of drilling mud.   

 In work under the term of "difficult conditions" is meant as hard abrasive creviced  rocks, and 

also the rocks inclined to inclined to caving and drilling mud loss. Such geological cuts rather 

often can be meet during the searching and investigation of fields in various regions of 

Kazakhstan. As an example, two geological cuts on two deposits: Kyzylshoky-Koktalsky and 

Mizek are given. The analysis of cuts shows that their top part is put rather soft, but inclined to 

caving, to sloughes and drilling mud loss by rocks. On the contrary, the lower part of cuts is 

presented by hard abrasive creviced rocks. 

 In a such mining-geological conditions a drilling company LLP çBURMASHè has applied a 

combined way of drilling.  The top part of a cut was drilled in the traditional rotary core drilling 

with well washing with the special drilling muds developed for this purpose whereas the lower 

part of a cut had been drilled with  the most advanced for today  the rotary core drilling  method 

and with application Wireline system.  

 As a RCT there had been used developed diamond bits with edge (sawtooth) profile of a 

diamond-bearing matrix which nominated as KSB-1 and KSB-2 indexes.  

 Comparative tests of bits of "Boart Longyear" company and developed bits were carried out 

on a gold field Kazakhstan deposit Mizek. Drilling was carried out on two types of rocks: 

andesyte porphyrite  (X category of drilling capacity) and to intensively quartizing tufas of 

andesyte compound (the XI category of drilling capacity). Wireline system technological mode 

parameters with a diameter of drilling of 76 mm were the following: rotational speed isï 640 ï 

710 rpm, axial loading ï 1500 ï 1600 DAN, a consumption of drilling mud ï 40 ï 50 l/min. 

 Had been made conclusions: 

1. Use of the developed compositions of drilling muds allows to keep stability of walls of wells 

in difficult conditions and to ensure normal operating of RCT; 

2. At drilling of hard abrasive rocks by means Wireline system diamond impregnated 

multilayered bits with a "sawtooth" equal-loaded profile of diamond-bearing layers of a 

matrix are the most effective. 

Keywords: drilling, drilling bit, rock cutting tool, Wireline system, drilling mud, diamond impregnated 

bit, difficult conditions of drilling, Kazakhstan deposits. 
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There are plasma torches of linear circuits, containing coaxially mounted copper electrodes: a 

cylindrical cathode and an anode having an outlet nozzle in the form of a diffuser. The purpose of 

these plasma torches is to generate air plasma with outlet temperature from 3500 up to 5500 K, and 

use it for pulverized coal flame ignition and start up of pulverized coal fired boilers of thermal power 

plants. Life time of these plasma torches electrodes is critical and usually limited to 500 hours. 

Considered in this paper direct current arc plasma torch has the cathode life significantly exceeded 

500 hours. To ensure the electrodes long life the process of hydrocarbon gas dissociation in the 

electric arc discharge is used. In accordance to this method atoms and ions of carbon from near-

electrode plasma deposit on the active surface of the electrodes and form electrode carbon 

condensate which operates as ñactualò electrode. To realize aforesaid the plasma torch has been 

developed and tested. Using special orifices propane/butane mixture is supplied to the zone of the arc 

conjunction to the copper water-cooled electrodes (cathode and anode). As a result inside the 

cathode cavity and internal surface of the anode medium of carbonic gas is formed. Linked with the 

arc in series, the magnetic coils guaranty stabilization of the discharge on the electrodes. The 

processes of propane/butane molecules dissociation and carbon atoms ionization start with the rise in 

temperature. Arisen from ionization positive carbon ions deposit onto the electrodes surface under the 

influence of near-cathode decline in potential and form coating of the electrode condensate 

regenerated continuously. This coating is ñactualò cathode, deterioration of which is compensated by 

the flow of carbon ions and atoms. The coating thickness depends mainly on ratio of the flows 

propane/butane and air and the arc current and it does not exceed 500 Õm. During experiments 

power of the plasma torch was varied from 76 to 132 kW and propane/butane flow in range of 0.4 ï 

0.7 l/m, thermal efficiency of the plasma torch reached 90%. At that mass averaged temperature on 

the exit of the plasma torch increased to 6000 K. The electrode condensate was examined using 

scanning electron microscopy, transmission electron microscopy and Raman spectroscopy. It is found 

that the electrode condensate is composite carbonic stuff made of carbon nano-clusters which consist 

mainly of single and multi-wall carbon nanotubes and other carbonic forms including some quantity of 

the copper atoms intercalated to the carbonic matrix. As a result, a revolving pyrolitic graphite cathode 

layer prolongs life of the cathode several times. 

Keywords: plasma torch, hydrocarbon gas, pyrolitic graphite electrode, nanostructural carbon 
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 The reactive hot-pressing technique was used to fabricate TiAl alloy and Ti2AlN/TiAl composites 

with 20% volume fraction of Ti2AlN particles. The behavior of high-temperature compressive 

deformation and high-temperature mechanical property of TiAl alloy and 20Ti2AlN/TiAl composites 

under different temperatures and strain rates were studied. The feature of true stress-true strain curve 

and the relationship between high-temperature compressive strength and deformation parameters 

were analyzed. The mechanisms of hot compressive deformation and of strengthening of Ti2AlN/TiAl 

composites were revealed through this study. The results showed that the compressive strengths of 

TiAl alloy and Ti2AlN/TiAl composites with full lamellar microstructure decreased with temperature 

increasing, and increased with strain rates increasing; Compared with TiAl alloy, the increment of 

compressive strength of composites increased greatly at lower temperature and lower strain rates, 

and at higher temperature and higher strain rates; its maximum came up to 50% under the 

deformation conditions of 1100&#8451;and 0.1s-1. Based on the strength of TiAl alloy, a three-

dimension state graph of the relationship between the strengthening effect, the deformation 

temperature and the strain rate of composites was established. 
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 Compression tests of different temperatures and strain rates were carried out on TiAl alloy and 

Ti2AlN particle reinforced TiAl matrix composites of two different volume fractions by Gleeble-1500D 

thermal simulated test machine. According to the experimental data, ~&#963;p and &#963;p~1/T 

curves of different materials were obtained. The thermal deformation activation energy of three 

different materials in series of temperature and strain rate was calculated through the slope of each 

curve. Then plastic deformation flow equation was established. The study result showed that the 

thermal deformation stress of composite was higher than that of matrix alloy. The establishment of 

plastic deformation flow equation provided theoretical references for machine-shaping and application 

of Ti2AlN/TiAl composites. Keywords: TiAl matrix composites, Ti2AlN particles, plastic deformation 

flow equation 
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In this paper the effects of explosion hardening on the microstructure and the hardness of austenitic 

stainless steel have been studied. The optimum explosion hardening technology of austenitic 

stainless steel was researched. In case of the explosive hardening used direct and indirect hardening. 

The new technology is the indirect hardening setup. Austenitic stainless steels have high plasticity 

and can be easily cold formed. However, during cold processing the hardening phenomena always 

occurs. Upon the explosion impact, the deformation mechanism indicates a plastic deformation and 

this deformation induces martensite. The explosion hardening enhances the mechanical properties of 

the material, includes the wear resistance and hardness.  

In case of indirect hardening as function of the setup parameters specifically the flayer plate position 

the hardening increased differently. It was find a relationship between the explosion hardening setup 

and the hardening level. 

Keywords: austenitic stainless steel, explosion hardening, microstructure, hardness, martensite 
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 Ammonia borane (NH3BH3) can release hydrogen in the presence of suitable solid acids or 

catalysts at room temperature. Among the solid acids, zeolites such as H-BEA and H-MOR show 

active for hydrolytic dehydrogenation of NH3BH3 [1]. For systematic investigation to reveal the effect 

of the morphology, we have focused on hollow spheres because of their intrinsic structural properties 

such as hollow spheres possess homogeneous shell structure. Hollow silica-alumina composite 

spheres were prepared by polystyrene (PS) template method, and PS templates were completely 

removed by calcination. The obtained hollow spheres show the same activity for hydrolytic 

dehydrogenation of NH3BH3 as these zeolites, and the activity depend on amount of acid sites of the 

hollow spheres [2]. On the other hands, it has been reported that amount of acid sites of samples 

depends on Si/Al molar ratio [3]. In this study, we investigate that influence of Si/Al molar ratio of 

hollow silica-alumina composite spheres on their morphology and activity for hydrolytic 

dehydrogenation of NH3BH3. From the transmission electron microcopy (TEM) images, 

homogeneous hollow spheres were  obtained, and shell thickness of hollow spheres with Si/Al 

precursor molar ratio of 12.5, 25, 50, and 100 was about 5 nm. The activities of the hollow spheres 

with Si/Al precursor molar ratio of 12.5, 25, 50, and 100 for hydrolytic dehydrogenation of NH3BH3 

were compared. The evolution of 7, 10, 10, and 5 mL hydrogen were finished in about 12, 13, 12, and 

10 min in the presence of the hollow spheres with Si/Al precursor molar ratio of 12.5, 25, 50, and 100, 

respectively. The molar ratios of the hydrolytically generated hydrogen to the initial NH3BH3 in the 

presence of the hollow spheres with Si/Al precursor molar ratio of 12.5, 25, 50, and 100 were 2.0, 2.6, 

2.6, and 1.7 (the theoretical value of 3.0), respectively. From the results, it is possible that the activity 

for hydrolytic dehydrogenation of NH3BH3 depends on surface properties of the hollow spheres.  

Keywords: Ammonia borane, Si/Al molar ratio, Hollow silica-alumina composite spheres  
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Composite films were obtained by the ion beam sputtering method in the argon atmospheres with 

compositions: {(Co4-Fe4-Zr0.7)x+(Al2O3)1-x}, {(Co1-Nb0.2-Ta0.05)x+(SiO2)1-x}, 0.2<x<0.7. Research is 

devoted to the definition of the size distribution function of metal granules in the composite films using 

atomic force microscope images. Size distributions of the metallic granules are studied for various 

concentrations of the metallic phase and annealing temperatures. It can be seen that increasing of the 

metal particles concentration decreases the amount of small size and amount of coarse particles 

increases. The annealing of the composite film results in a decrease of surface roughness of the film 

due to alloying of the metal fine granules and larger in the dielectric structure. The relative proportion 

of particles with a small effective size decreases. This process results in increase of large-sized 

particles that exceeds the maximum size of the particles observed in the films are not annealed. The 

dependence between structure of granules composite films and microwave magnetic properties is the 

aim of our study. Also theoretical model describing magnetic properties of composite structures based 

on micro magnetic is discussed. On the basis of the obtained data the microwave magnetic properties 

(FMR line width and resonance field) of composite films are calculated. The chosen model gives 

satisfactory results in the range of mean concentrations. The discrepancy between theory and 

experiment at low x of the metal is due to a limitation of the chosen model. 

The work was done under financial support of RFBR (project 13-02-01401). 



 

 

76 

 

Studies of properties Al-P-O-zeolites with nano-crystalline structure 

 
Sergei Kulkov

1
, Alexander Buzimov

1
, Wilhelm Eckl

2
, Sandra Pappert

2
 

buzimov92@gmail.com 
 

1
 ISPMS RAS / TSU, Tomsk, Russia 

2 
Fraunhofer ICT, Pfinztal, Germany 

 
 

 It is well known that ceramic materials are the objects for intensive studies due to their unique 

properties. The possibility of synthesizing complex oxides such as "artificial zeolites" is promising for 

unique applications. Especially important is a consideration of zeolites during temperature changes 

and mechanical influence with the purpose to obtain of new species with the set physical and 

chemical properties. Wide application of zeolites caused the emergence of scientific research, aimed 

at the creation of new crystals with improved properties, non-toxic and environmentally safety. 

It have been studied the structure, phase composition and properties of (Al-P-O)-based zeolites using 

x-ray analysis and BET-investigations for specific surface determinations after annealing at 

temperature up to 1000
o
C. It has been shown that there is no changing of crystal structure up to 

1000
o
C, but amount of amorphous phase and specific surface are depended on temperature. This 

means that one can obtain the necessary specific surface by changing of annealing temperature 

which stipulate amount amorphous phase in system. 
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Titania nanotube (TiO2 nanotubes, TNT) is a unique low-dimensional nanostructured material that 

consists from nanosized tubular of TiO2. Because of its excellent physical-chemical functions, the 

TNTs have attracted great attention from the view point of future applications in environmental 

cleaning, energy conversion/harvesting, sensors, biocompatible materials fields. Further, TNT has 

unique multifunctionality that is a synergy of molecular adsorption and photocatalytic properties, which 

does not exist in common TiO2 nanoparticles. We have thus focused on further tuning of TNTsô 

structures, physical, chemical, optical and photochemical properties by doping metal ions such as Cr, 

V, Nb, Sn etc. In this research, we have selected ruthenium (Ru) as the dopant to TNTs, and aimed to 

investigate the doping effect of Ru on TNTs fundamental properties and functions for developing 

environmental friendly and/or energy-related materials. Because Ru is a transition metal belonging to 

the platinum group, it is widely used in catalysts and organometallic compounds such as dye 

molecules for sensitized solar cells, which implys us that the Ru doping might enhance the 

photochemical and /or physico-chemical functions of TNTs.  

Ru-doped TNTs were successfully obtained by the low-temperature solution chemical synthesis 

route: TiO2 raw powder and RuCl3 (Ru; ~10 mold%) was refluxed for 24h at 110ÁC in 10 M NaOH 

solution. The product was washed by distilled water many times and neutralized by 0.1 M HCl.  

Nanotubular titania with the diameter of below 15nm was confirmed by electron microscopies. X-ray 

diffraction analysis revealed that the products had weak crystallinity, which was the typical for as-

synthesized TNTs. UV-visible light diffused reflectance spectroscopy revealed that reflectance at 

visible light region decreased with the increase in Ru content. Optical bandgap energy was found to 

be 2.08 eV for 10mol%Ru-TNT. Thus it is expected that Ru-doped TNT might exhibit visible-light 

responsibility in photocatalytic and/or photo-chemical functions. Detailed relationships between 

structures and physical, optical, and photochemical properties of Ru-TNT will be discussed.  

Keywords: titania nanotube, ruthenium, doping, chemical processing, nanostructure, optical 

properties, visible light responsibility 
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 The layer by layer (LBL) technique [1] has become a versatile option for making nanostructured 

films under mild conditions, which is particularly important for preserving activity of biomolecules. The 

advantage of this coating method are the different possibilities to deposit the molecule on the solid 

surface using alternated dipping of the substrate to be coated in solutions containing the interacting 

species by electrostatic or hydrophobic interactions, covalent or hydrogen bond donors acceptors [2]. 

In this work we modified the surface of mesoporous TiO2 thin films with electroactive viologen-

nucleobase derivatives using complementary hydrogen bonding between adenine and thymine 

nucleobases. The underlying principle is based on repetitive and donor-acceptor forming hydrogen 

bonds between thymine and adenine units on a monolayer of an oligonucleotide (dAn) modified TiO2 

electrode. Cyclic voltammetry and spectroelectrochemical methods (SEC-UV-VIS) have been 

employed for the characterization of the modified films. The stability of the deposited hydrophobic 

layers was checked by desorption experiments in water. The modified TiO2 mesoporous film with 

viologen-nucleobase derivatives can be successfully incorporate as electrochromic component in 

construction of type-III electrochromic displays. [3] 

Keywords: layer-by-layer, electrochromism, adenine, thymine, viologen, oligonucleotide, TiO2  
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Since recently the transparent fluorine-containing glassceramics matrices, containing the 

neodymiums ions, included into the fluorite-like nanocrystalline phases, are drawing the attention do 

to the series of spectroscopy advantages. It is obvious that from the point of view of laser active 

media development optimal are the materials, which are characterized by the low-frequency phonon 

spectrum and by the low content of the OH-groups, because in this case one can reduce the 

excitation energy losses due to the multi-phonon quenching process. Thus, transparent fluorine-

containing nano-glassceramics doped with rare earth ions are promising media for fiber laser, solar 

cell up- and downconvertors, phosphors for white LED and broadband optical amplifiers. 

We have synthesized the glasses of the system (mol%) 30SiO2-15AlO3/2-18PbF2-29CdF2-5ZnF2-

xNdF3-(3-x)YF3, where x was varied for 0 up to 3.0. It was shown that neodymiums ions plays a role 

of nucleation centers for PbOYF3 crystal phase growth. The size of crystalline phase achieves 40 nm. 

The dependence of the low-level cell size and the volume of crystal fraction on heat-treatment 

conditions were determined. Spectral and luminescence properties of nano-glassceramics have been 

investigated in visible and IR ranges. It was shown that that emitting probabilities of different 

transitions changed during the thermal treatment. The entry of rare-earth ions in crystal phase results 

in broadening of emission spectra because of fluoride surrounding. For example, for Er-doped nano-

glassceramics the band width of emission spectrum at 1.55 mkm achieves 70 nm. RE-doped nano-

glassceramics are promising candidates for different photonics applications, like fiber and waveguide 

lasers and sensors. 

It was shown that the laser-inducted heating of oxyfluoride glass results in precipitation of crystalline 

phase PbY(1-x)Nd(x)OF3. This method allows us to control the size of nanoparticles. Moreover it was 

show that the laser treatment can completely damage the crystalline phase. 

Keywords: X-ray Diffraction, nano-glassceramics, neodymium, crystallization 
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Nanostructured ZnO is promising raw product for photovoltaics and photocatalysis. As known 

many physical-chemical properties of crystalline materials depend on the band gap value and 

structure. So, itôs important that the band gap can be controlled precisely. We present a chemical 

decoration of ZnO nanoparticles as the method of its band gap engineering. Previously, we reported 

on decoration of ZnO nanoparticles with Bi and Ni oxides, and presented evidence of its chemical 

character [J. Am. Ceram. Soc. 97 [1] 135-140 (2014)]. In this report we enlarge the number of 

decorating metal oxides and show the possibilities of chemical decorating for band gap engineering. 

One or two oxides from the following metal series Bi, ʉe, Cr, Cu, Ni, Y, Zr were deposited on the ZnO 

surface by using of modified sol-gel synthesis. Initial nanoparticles of ZnO have sizes 30-40 nm. The 

characterization of obtained compositions was carried out using XRD, TEM, Raman, FT-IR, UV-vis.-

spectroscopy, BET. It has been shown that the initial ZnO had a mesoporous structure which was 

kept after decorating, however, the mesopore size, volume and surface area decreased. FTIR data 

show the chemical interaction between ZnO surface and structural elements of deposited oxides, 

which was confirmed by new vibrational levels observed in Raman spectra. We have assumed that 

shifts of the characteristic bands in the Raman spectra of composites were caused the formation of 

2D interface between ZnO surface and nanoparticles of decorating metal oxides. UV Spectroscopy 

data were used to calculate the band gap by the J. Tauc plot method, and some regularities were 

found. It was shown that ʩhemical decoration of ZnO nanoparticles with different metal oxides can 

both decrease and increase band gap, as well as leads to form its fine structure.  

The work was supported by the RFBR, grants ˉˉ 13-03-00350_a and 14-02-00517_a. 
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The synthesis of nanostructures in nanoreactors of polymeric matrixes is represented the 

perspective trend for nanochemistry development. Nanoreactors can be compared with specific 

nanostructures representing limited space regions in which chemical particles orientate creating 

ñtransition stateò prior to the formation of the desired nanoproduct. Nanoreactors have a definite activity 

which predetermines the creation of the corresponding product. When nanosized particles are formed 

in nanoreactors, their shape and dimensions can be the reflection of shape and dimensions of the 

nanoreactor, The investigation of redox synthesis of Metal/Carbon nanocomposites in nanoreactors of 

polymeric matrixes is realized in three stages: 1) The computational designing of nanoreactors filled 

by metal containing phase and quantum chemical modeling of processes within nanoreactors. 2) The 

experimental designing and nanorectors filling by metal containing phase with using two methods (the 

mixing of salt solution with the solution of functional polymer, for example, polyvinyl alcohol; or the 

common degenaration of polymeric phase with metal containing phase). 3) The properly redox 

synthesis of metal/carbon nanocomposites in nanoreactors of polymeric matrixes at narrow 

temperature intervals.  

The method of metal/carbon nanocomposite synthesis applied has the following advantages: 1) The 

perspectives of this investigation are looked through in an opportunity of thin regulation of processes 

and the entering of corrective amendments during processes. 2) Wide application of independent 

modern experimental and theoretical analysis methods to control the technological process. 3) 

Technology developed allows synthesizing a wide range of metal/carbon nanocomposites depending 

on the process conditions. 4) Process does not require the use of inert or reduction atmospheres and 

specially prepared catalysts. 5) Method of obtaining metal/carbon nanocomposites allows applying 

secondary raw materials. In this investigation the possibilities of developing new ideas about self-

organization processes during redox synthesis within nanoreactors of polymeric matrixes as well as 

about nanostructures and nanosystems are discussed on the example of metal/carbon 

nanocomposites. It is proposed to consider the obtaining of metal/carbon nanocomposites in 

nanoreactors of polymeric matrixes as self-organization process similar to the formation of ordered 

phases. The perspectives of this investigation are looked through in an opportunity of thin regulation of 

processes and the entering of corrective amendments during processes 
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The metal/carbon nanocomposites are considered as super molecules. Therefore their surface 

energies analogously energy of usual molecules consists portions of energy which correspond to 

progressive, rotation and vibration motions and also electronic motion. From the metal/carbon 

nanocomposites Raman and IR spectra analysis it follows that the skeleton vibration of them on the 

vibrations frequencies corresponds to ultrasonic vibrations. The nanocomposite vibrations energy 

values are determined by the corresponding nanoparticles sizes and masses. Usually metal/carbon 

nanocomposites have the great dipole moment. Therefore it is possible the proposition that 

nanocomposite is vibrator which radiates electromagnetic waves. The nanocomposite vibration 

emission in medium is determined by their dielectric characteristics and the corresponding functional 

groups presence in medium. At the metal/carbon nanocomposites obtaining the interaction of 

polymeric matrix with metal containing phase leads to formation of metal clusters covered by carbon 

shells accompanied by metal electron structure changes. In some cases the medium characteristics 

influence on nanocomposites throw into the increasing of nanocomposite surface energy portion, 

which concerns with changes of their electron structure and equally with electron structure of medium. 

In these cases the growth of metal atomic magnetic moment is observed that corresponds to the 

unpaired electron number increasing. The considerable changes of metal atomic magnetic moments 

in nanocomposites proceed when the phosphorus atoms include to carbon shells of nanocomposites. 

Thus, according to the analysis of metal/carbon nanocomposites characteristics, which are 

determined by their sizes and content, their activities are stipulated the correspondent dipole 

moments and vibration energies. The electromagnetic waves are formed at the ultrasonic vibration of 

metal/carbon nanocomposites. These waves stimulate the changes of electron structure and the 

growth of magnetic moments of clusters within nanocomposites. It is shown that the nanocomposites 

vibration energies depend on their average masses. However the specific surface of metal/carbon 

nanocomposites particles changes in dependence on the nature of nanocomposite in other order than 

the correspondent order of the vibration energies. 

Therefore the energetic characteristics of metal/carbon nanocomposites are more important for the 

activity determination in comparison with their size characteristics. 

mailto:kodol@istu.ru


 

 

83 

 

Modification of polymeric materials by super small quantities of metal/carbon 
nanocomposites 

 
Vladimir Kodolov

1,2,3
, Vera Trineeva

1,3,4
, Yan Polyotov

1.2
, Yuri Pershin

1,2
 

kodol@istu.ru  
 

1
Basic Research ï High Educational Centre of Chemical Physics & Mesoscopy, Udmurt Scientific 

Centre, Ural Division, Russian Academy of Sciences, Izhevsk, Udmurt Republic, Russia 
2
M.T. Kalashnikov Izhevsk State Technical University, Izhevsk, Udmurt Republic, Russia 

3
Research Innovation Centre at Izhevsk Electromechanical Plant ñKUPOLò 

Izhevsk, Udmurt Republic, Russia 
4
Insitute of Mechanics, Ural Division, Russian Academy of Sciences 

 Izhevsk, Udmurt Republic, Russia 
 
 

The essential changes of polymeric materials structures and properties at the metal/carbon 

nanocomposites addition in them are experimentally shown in papers. The hypothesis of 

corresponding nanostructures super small quantities influence on media through nanostructures 

vibrations transfer on media molecules when these vibrations  near to ultrasound vibrations is 

proposed. Further this hypothesis is confirmed in some measure by the media IR spectra intensities 

increasing at the addition of metal/carbon nanocomposites in these media. In this case the self-

organization of media molecules and the changes of corresponding media properties are found. In 

liquid media the self-organization effect depend on media viscosity and its polarity. At the same time 

the intensity increasing in IR spectra of some media as well as the C1s lines widening in x ray 

photoelectron spectra is discovered. This fact can be explained by the media electronic structure 

changes, and also by the coordination interaction of nanocomposites with media molecules. The 

observed experimental results demand an answer with point of view concerning fundamentals of 

polymeric materials modification by super small quantities of metal/carbon nanocomposites. The 

metal/carbon nanocomposite vibration energy transference through electromagnetic waves on the 

medium molecules is confirmed by the increasing of intensity in IR spectra for the fine dispersed 

suspensions which contain the super small quantities of metal/carbon nanocomposite. The stability of 

correspondent suspensions changes in dependence on the medium nature. The essential changes of 

lines intensity in IR spectra take place for the polar liquids. The facts observed are correlated with 

growth of nanocomposites activities in the self organization processes at the materials production. 

The action of electromagnetic radiation of nanocomposite super molecule on polymeric polar 

compositions will be lead to the IR radiation increasing of correspondent media as well as to change 

of their electron state. It is noted that the surface energy vibration portion of nanocomposite super 

molecule is only realized at its super small quantities addition in the correspondent polymeric 

systems. Besides the growth of lines intensity in IR spectra takes place. When there is the increasing 

of the nanocomposite content in the polymeric systems, the growth of the rotation and electron portion 

of surface energy is observed. In this case the electromagnetic radiation part is decreased and the 

electromagnetic waves transference velocity is decreased too. 

  



 

 

84 

 

 
 
 
 

SESSION 4 
 

Biomaterials Derived Ceramics and 
Composites



 

 

85 

 

Using Coca-ColaÈ as odd synthesis parent medium 
for calcium phosphate precipitation 

 
Mauro Mazzocchi, Giancarlo Celotti 

mauro.mazzocchi@istec.cnr.it 
 

Institute for Science and Technology of Ceramics- National Council of Research, Faenza, Italy 
 
 

 Reading the ingredient list of the Coca-ColaÈ, (The Coca-ColaÈ Co., Atlanta, USA), it is 

impossible not to notice that beside sugars, CO2, and undisclosed additives, the orthophosphoric acid, 

H3PO4, is present (as food additive: E338 in EU notification). 

Considering the ascertained power of dissolution of the acidic content of the beverage acting on teeth 

enamel, as well as the consequences for huge phosphate assumptions inhibiting bone mineralization, 

was idealised the precipitation of a Ca-phosphate from Coca-Cola as reverse concept and thus 

pursued in a mere feasibility study by using it directly and its known content in orthophosphoric acid. 

 Hydroxyapatite composition is close to that of the mineral fraction of bone and teeth and since 40 

years ago it has been the most used alloplastic material to replace bone tissue in skeletal surgery: 

starting from its stoichiometric formula it has been synthetized until nowadays with a number of 

crossed ionic substitutions to improve and render it much more biomimetic and biosoluble. 

 A stoichiometric HA may be obtained through pure reagents in different synthesis routes (acid-

base precipitation in aqueous environment, mechanochemical, hydrothermal, sol-gel, etc.). 

In this work, using one Coca-ColaÈ bottle (1.5 lt), a simple route for acid-base precipitation at low 

temperature was carried out to yield low crystallinity HA. XRD analyses and SEM-EDS 

characterization of the precipitate before and after a mild calcination, to burn out organics, were 

carried out confirming the successful synthesis and the structural-physical characteristics of the 

obtained phosphate, notwithstanding the presence of carbohydrate macromolecules in the parent 

solution. 

 The significant presence of hydrocarbonic acid, as dissolved CO2 was also taken into account of 

eventual assessable structural substitutions (in A or B site) within the phosphate molecule, if any. 

Keywords: Ca-phosphate, hydroxyapatite, wet synthesis,acid-base precipitation
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 Zinc oxide is an industrial important material due to its wide applications in luminescence, solar 

cells, light emitting diodes, optical devices, antibacterial agents and as photo catalysts. Tuning the 

reaction conditions such as concentration, time variation and temperature lead to the formation of 

nanoparticles with different morphological growth, size and properties. Gums - natural 

polysaccharides - consist of a ɓ-(1-3)-galactose backbone with linked branches of arabinose and 

rhamnose, which terminate in glucuronic acid. In the present work, various morphologies of zinc oxide 

nanoparticles such as globular structures with a size range of 10-23 nm were identified. The 

experimental results revealed that gums act as a structure directing agent of ZnO deposition and it is 

essential to obtain ZnO nanoparticles in low temperature precipitation experiments. The observations 

showed that screw capped method are more effective than oil bath method in controlling the size of 

nanoparticles. The particles were well characterized by TEM, XRD, FT-IR, TGA, UV-DRS, XPS, PL-

spectrum, Raman and the antimicrobial activity was studied using four different pathogenic bacteria. 

To explore the growth possible mechanism, different concentrations of various gums with varied 

mole/reactant concentration were studied. 

Keywords: Zinc Oxide, Natural Gums, Nanoparticles, Screw capped, PL spectrum, Antibacterial. 
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In this work, a hydroxyapatite (HA) bioceramic and a silica binder were used as the raw materials for 

manufacturing bioceramic bone scaffold after sintering by a laser beam in a home-made 3d printing 

(3DP) machine. A controlled pore size of porous bone scaffold can be fabricated after the ceramic 

slurry, mixed by HA and silica, is sintered under suitable laser processing parameters. Results 

indicate that the bending strength and compressive strength of the scaffold can be improved after 

heat-treatment at 1200ÁC; for 2 hour. While simultaneously increasing surface roughness conducive 

to osteoprogenitor cell adhesion. MTT method and SEM observations confirmed that bone scaffolds 

fabricated under the optimal manufacturing process possess suitable biocompatibility and mechanical 

properties, allowing smooth adhesion and proliferation of osteoblast-like cells. Therefore, this process 

has great potential for development in the field of tissue engineering (TE). 
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 In recent years, Nanotechnology has been flourishing. Nano-structured materials are attracting a 

great deal of attention because of their potential for achieving specific processes and selectivity, 

especially in biological and pharmaceutical applications. The present study deals with isolation and 

characterization of organisms causing dental plaques. Forty isolates were collected from patients at 

Savitha dental clinic, Kukatpally. These isolates indicated the presence of bacteria as well as fungi. 

The isolates were characterised by cultural and biochemical methods according to Bergeys manual of 

Systematic Bacteriology.  The antimicrobial activity of titanium dioxide nanoparticles were checked 

against all these organisms responsible for plaque formation and among these 40 dental isolates 

titanium dioxide nanoparticles showed good inhibition against 18 isolates. The antimicrobial activity of 

Isopropanol as control, Titanium dioxide, and titanium dioxide nanoparticle were comparatively 

analysed and results proved that TiO2 nanoparticles showed higher activity compared to the other 

two. The minimum inhibitory concentration of TiO2 nanoparticles were carried out.  TiO2 nano 

particles were also incorporated into certain mouthwashes to check the activity and stability of these 

nanoparticles. The results obtained reveals the fact that TiO2 nanoparticles when used in combination 

with chlorohexidine, the inhibition of the organisms is slightly more compared to chlorhexidine alone 

thus having enhanced activity. But when the combination of TiO2 was used with Colgate Plax and 

Listerine the synergistic effect of TiO2 and the mouthwashes was low in inhibiting the growth of the 

bacteria.   From the above studies we can conclude that TiO2 nanoparticles can be used for 

controlling organisms causing dental plaques and TiO2 nanoparticles can also be used with some 

mouthwashes like chlorhexidine for enhanced antimicrobial activity. X-Ray Diffraction studies were 

used to analyze particles size and it was found to be 26 nm. Further studies will be carried out to 

control the oral biofilm formation by preparing TiO2 nanocomposites alone or in combinations with 

other nanoparticles and TiO2 implants as novel nanoparticles. Coating dental implants with 

nanocomposites containing titanium dioxide nanoparticles holds promise for improving the longevity 

of the implants. The nanoparticles could also offer antimicrobial properties and improve healing 

following implant surgery. 

Key words: Nanocomposites, antimicrobial activity, implant surgery 
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 Linear low density polyethylene (LLDPE) excellent environmental stress crack resistance, 

chemical inertness, low temperature impact, strength and resistance to ultraviolet exposure, rigidity, 

toughness combined with a low density, good moldability and reasonable price have attracted 

attention as potential matrix for natural fibers reinforced composites. 

 Hemp plants as cost effective, renewable, high productive, low density and CO2 neutral, 

biodegradable resource are investigated intensively for a range of applications. As our previous 

investigations show without hemp fibres pre-processing the best mechanical properties were achieved 

with 30 %wt fibres reinforcement, with water sorption capability after 240 h in a range from 7.1 to 8.8 

%wt. In present research with hemp fibres (cutted in length up to 1 mm) reinforced LLDPE (grade LL 

6201) matrix composites with hemp fibres content in a range from 30 to 45 wt.% with four different 

pre-processing technologies were produced and such their properties as tensile strength and 

elongation at break, tensile modulus, melt flow index, microhardness and water  absorption dynamics 

were investigated.. For evaluation of fluidity capillary viscosimetry was used and melt flow index (MFI) 

evaluated for all variants. MFI meaaurements for composites with hemp fibres content 30 %wt 

depending on pre-processing technology applied gives values in a range from 0.75 g/10min. to 16.76 

g/10min. which are sufficient to process these composites with traditional polymer processing 

methods (extrusion, compression moulding). In distinction from our previous studies, MFI of two 

present variants with fibers pre-processing were high enough to increase hemp fiber content from 30 

to 45-50 %wt without increase of water sorption capability.  

Keywords: Linear low density polyethylene, matrix, hemp fibers, composite, properties  
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 The present paper reveals that the air contains electromagnetic energy of extremely low 

frequency, low amplitude as well as of a low phase speed. The energy is of great interest because of 

its impact on certain biological processes. It is created by the interaction of two well known 

phenomena. The rotation of the earth generates 24-hour periods currents in the magnetosphere, 

known as the Birkeland currents. The currents generate transverse electromagnetic waves (EM 

waves) propagating parallel to the geomagnetic field lines. Furthermore, the air and the earth crust 

contain electrons caused by the global electric circuit. The electric field vectors of the EM waves exert 

a force on these electrons, causing them to oscillate and thus generate currents of extremely low 

frequency both in the air and in the earth crust. A theoretical model of the system is presented and 

measurement techniques are described.  

Keywords: ELF; ELF EM waves; Atmospheric electricity; resonance in the air 
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This paper examines the effect of fiber orientation (0Ü, 15Ü, 30Ü, 45Ü, 60Ü, 75Ü and 90Ü) on the tensile 

behavior of continuous date palm leave fiber (DPLF) ï Glass (GF) hybrid reinforced epoxy 

composites.  Laminate with 33% volume fraction of reinforcement (12% DPLF and 21% GF) was 

prepare using hand layout manufacturing technique. The fiber morphology, fracture surfaces and 

sections through the coupon were examined by means of scanning electron microscopy (SEM). The 

mechanical properties such as maximum stress, YoungËs modulus, energy absorption, percentage 

total elongation at fracture were computed and the tensile stress/displacement curves was plotted. 

The results showed  that laminate with 45Ü DPLF orientation decreased the maximum stress 23.5%, 

57.8% total elongation at fracture and increase the YoungËs modulus 43.6%.  SEM composite 

morphology study indicates that epoxy uptake area reach up to 31% of DPLF cross section area and 

showed that delamination, fiber breakage and fiber pull out were the major features of reinforced 

composites damage characteristics.  

Keywords: Date palm fiber; Epoxy; Tensile; Energy absorption; Hybrid, Biocomposite 
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 Diabetic foot ulcer is a major complication of diabetes mellitus. It occurs in 15% of all diabetic 

patients and precedes 84% of all lower leg amputations. This may occur due to macro and micro 

vascular complications, including failure of the wound healing process. Diabetes mellitus is a 

metabolic disorder that impedes the wound healing process. Many histopathological studies show a 

prolonged inflammatory phase in diabetic wounds, which causes a delay in the formation of mature 

granulation tissue and a parallel reduction in wound tensile strength. 

 The most common risk factors for ulcer formation include diabetic neuropathy, structural foot 

deformity and peripheral arterial occlusive disease Treatment consists of appropriate bandages, 

antibiotics, debridement, arterial revascularization and plate-rich fibrin therapies. Recently, the 

mortality rate is increasing due to foot ulcer complications and healed ulcers often recur. The 

pathogenesis of foot ulceration is complex, clinical presentation variable and management requires 

early expert assessment. Despite treatment, ulcers readily become chronic wounds. Diabetic foot 

ulcers have been neglected in health-care research and planning. Furthermore, the pathological 

processes are poorly understood and poorly taught. Thus, there is a tremendous need to do research 

on diabetic foot ulcers and in identifying organisms responsible for causing such ulcers. 

 The present study concentrates on the isolation and identification of the microorganisms that are 

responsible for causing foot ulcers in diabetic patients. About six strains were isolated directly from 

the infected foot ulcer and were identified based on Bergyôs manual as Serratia fonticola, 

Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus and Bacillus sphaericus. These 

strains were further subjected to antibiotic susceptibility test and polymer sensitivity test. The polymer 

liquid resin complexed with polyvinyl alcohol gave us hope that it could be used as an effective 

antimicrobial against these organisms. Further study is envisaged to be carried out with polymer 

nanocomposite which could be used as new generation antimicrobial agent. 
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 Globally there is a large population of people suffering with diabetes.  A large percentage of these 

patients  develop foot ulcers at some point which heal very slowly and can worsen very rapidly. The 

use of silver nanoparticles in silver release dressings and in management of infected wounds  is  

important, as several pathogenic bacteria have developed resistance against various antibiotics.Such 

dressings vary in technological nature of their silver content ,and release .Use of silver dressings in 

recent times have a considerable challenge of lacking cost effectiveness. 

 Prepared PVA-MFR composite films and coatings have been found to have good level of 

antimicrobial activity.  Colloidal Nanocrystalline silver was prepared characterised and tested for its 

antimicrobial activity. Nanosilver was then impregnated into the PVA-MFR composite and nano-

composite casted into films, soaked into polyvinyl foam,  and also coated on whattmann paper. 

Antimicrobial efficacy of such prepared dressing  materials  tested . 

 Tissues from the wound depth of six diabetic foot diseased patients were collected to isolate and 

identify the microorganisms responsible for causing foot ulcers in diabetic patients and study polymer 

sensitivity . PVA-MFR dressings are found to be antimicrobial against  S Aureus, P.Vulgaris, 

PSeudomonas  and Enlebater species in these samples. In each case antimicrobial activity is 

enhanced in  NANO SILVER impregnated PVA-MFR dressing materials. 

 These dressings can be cost effective for the reason that efficacy of nano silver is superimposed 

on antimicrobial activity of cheaper PVA-MFR composite. The material can be easily cast into thin 

films of desired thickness ,  size . 

Keywords: Wound dressings  , Nano silver composite, Antimicrobial , diabetic  ulcers ,PVA-MFR  

 
  



 

 

94 

 

 

 
 
 

SESSION 5 
 

Glasses, Coatings and Related Materials 



 

 

95 

 

Research Progress on Microwave Plasma Chemical Vapor Deposited 
Graphene  

 
Hao Wang 

1
, Weidong Man 

2
 

haowangboiling@gmail.com 
 

1
 Central Europe University, Business 

2
 Wuhan Institute of Technology, Plasma Chemistry and Advanced Materials 

 
 

 Microwave plasma chemical vapor deposition (MPCVD) is a newly developed method for 

preparation of graphene in recent years. It has obvious advantages on low-temperature processing, 

accessibility to economical scale and a range of substrate materials, as well as selective doping 

approaches; compared to traditional thermal chemical vapor deposition (T-CVD), MPCVD is gradually 

becoming attractive for industrial graphene manufacturers [1]. This article is a review of recent 

research progress of MPCVD in terms of graphene growth and processing. Some conventional 

methods are referenced in comparison with the MPCVD results; recent experimements are updated 

mainly in light of micro-Raman and optical transmittance spectra. At the end, perspective applications 

and development trends of MPCVD are dictated. 

 

[1] K.S.Novoselov, L.Colombo, P.R.Gellert, et al, Nature 2012 (490) 192. 
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 The mechanical behavior of terbium dopped aluminophosphate glasses (Li2O-Al2O3-BaO-La2O3-

P2O5-Tb2O3) was investigated using the nanoindentation technique and atomic force microscopy 

(AFM). The glass was obtained through a wet chemical raw materials processing technique with 

subsequent melting and annealing that ensured a good homogeneity and low defect structure of 

glasses. As a result the mechanical parameters like hardness (H) and Youngôs modulus (E) 

demonstrated rather high values. It was found that H and E depend on the load applied (20-900 mN) 

and the loading-unloading rate (0,5-90 mN/s) and obtain their maximum values for lower loads and 

higher deformation rates and range from 7,6 to 4,4 GPa for H and from 73,3 to 52,3 GPa for E. Upon 

heating the indented sample up to 400ĸC, below the glass transition temperature, the partial depth 

recovery of indentations was revealed (see Figure).The recovery ratio was found to depend as well on 

the indentation load and loading-unloading rate. The maximum recovery (44%) exhibited the low load 

indentations made with slowest rate and the minimum recovery (13%) showed the indentations made 

with highest load and rate. The reason of this behavior was analyzed from the point of view of the 

specific structure of the multicomponent glass and possible mechanisms of the deformation under 

local loading and relaxation of the induced stresses in the indentation zone. The heating, resulting in 

the relaxation of residual internal stresses as a whole in glass, affected the final hardness of glass, 

but not in the same way for all loads applied showing increased values for low load indentations and 

some less ones for high load indentations. This can be explained by the fact that as usual hardening 

may give rise to higher fragility of material. Figure.AFM cross-section profiles of 20 mN indentation 

made with 5 mN/s loading-unloading rate before (line 1) and after (line 2) heating. Inserted are the 

plan views of indentations showing cross-section lines 
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Phosphate vitreous materials were prepared and characterized from oxide system Li2O-ZnO-Al2O3-

B2O3-P2O5, codoped with 3 mol. % Dy2O3 and 3 mol. % Tb2O3. Bulk materials were obtained by a 

chemical unconventional route for raw materials obtaining with subsequent melting, refining and 

annealing. Mechanical stirring of the melt was applied in order to obtain a homogeneous and defects-

free glass. The optimum duration and rate of the stirring were established. Annealing program was 

designed to preserve the desired properties of the obtained glass. The program intends both to avoid 

cracks and to eliminate the potential glass crystallization. Thin films, having thickness of several nm 

were deposited on quartz and glass substrates from targets with the above composition. Their 

thickness was measured during deposition and the AFM method was used to investigate the films 

quality. Morphology and chemical composition of the obtained bulk glasses were investigated by 

scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy microanalysis (EDX). 

The EDX revealed the good homogeneity of the samples. The optical transmission in the visible range 

was also measured, and absorption maxima evidenced. Structural investigations on the boro-

phosphate glasses were made by Infrared and Raman spectroscopy and meta-phosphate chains 

were identified as network major structural units, together with boroxol rings and BO3 structures. The 

obtained glasses were investigated for the measurement of the magnetic and magneto-optic 

properties by using SQUID magnetometry and an adapted magneto-optical device. A diamagnetic 

behavior was evidenced at room temperature for the un-doped glass and paramagnetic behavior for 

the Dy
3+

- and Tb
3+

 co-doped samples. The undoped glass introduces a slight positive rotation of the 

polarization direction of the incident light whereas the RE doping components with permanent 

moment (Dy
3+

 and Tb
3+

), introduce a higher negative rotation. The rare-earth-co-doped phosphate 

glasses will be used for optical displacement sensors and Faraday rotators due to their magneto-

optical properties. 

Keywords: phosphate glass, boron oxide, rare earth co-doping, RF magnetron sputtering, AFM, 

SEM, FTIR, Raman, magneto-optical properties 
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 Modern glazes are classified as glass ceramic composite materials because of the deliberately 

induced crystallization during firing. The present work show the possibility of using raw materials such 

as sodium carbonate (Na2CO3) and chalk (CaCO3) for the production of well- covering glass-ceramic 

glazes, in which the only variable is the share of the silicon oxide to alumina at a constant content of 

other components (CaO, Na2O,). In order to examine the real composition of the obtained glazes 

research on Wavelength Dispersive X-Ray Fluorescence Spectrometer (WDXRF) were done. These 

studies have shown that glazes of assumed compositions were obtained. 

 The effect of compositional changes on bulk crystallization and growth morphology were also 

studied. Wollastonite and anorthite were identified after heat-treatment. In order to determine the state 

of the surface (microstructure) research on the scanning electron microscope (SEM) with EDX and 

confocal microscopy were done. The research allowed to determine the impact of SiO2/Al2O3 ratio on 

the structure and phase composition of glazes and the nature, and type of formed crystalline phases. 
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 Thermal barrier coatings (TBCs) have been extensively used in aircraft engines to protect critical 

engine parts such as blades and combustion chambers, which are exposed to high temperatures and 

corrosive environment. The blades of turbine engines are additionally exposed to high mechanical 

loads. These loads are created by the high rotational speed of the rotor (30 000 rot/min), causing the 

tensile and bending stresses. Therefore, experimental testing of coated samples is necessary in order 

to determine strength properties of TBCs. 

 Beam samples were used in this studies, with dimensions 50x10x2 mm. TBC system consisted of 

150 m thick bond coat (NiCoCrAlY) and 300 m thick top coat (YSZ) made by APS (air plasma 

spray) process. Samples were tested by four-point bending test with various loads. After bending 

tests, the samples were subjected to microscopic observation to determine the quantity of cracks and 

their depth. 

 The above mentioned results were used to build numerical model and calibrate material data in 

Abaqus program. Brittle cracking damage model was applied for the TBC layer, which allows to 

remove elements after reaching criterion. Surface based cohesive behavior was used to model the 

delamination which may occur at the boundary between bond coat and top coat.   

Keywords: thermal barrier coating system, brittle cracking, bending test 
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 A white light emitting diode (LED) is an attractive illumination source, compared to the case of 

fluorescent lamp, because it has long life time, energy consumption saving, and environmental-

friendly characteristics. Recently, some problems arose regarding the degradation of organic resins 

used for the blue LED with capacity enlargement. One of the promising candidates may be the 

inorganic glasses, instead of organic resins, because the heat resistance temperatures are generally 

much higher than those of resins. The present research was conducted in order to examine the 

properties of glasses in the Na2O-ZnO-B2O3-P2O5 system (general formula: (50-

x)Na2OĿxZnOĿ5B2O3 Ŀ45P2O5; 10 ¢  x ¢ 40) and to check the possibility to emit the light, due to the 

addition of rare earth elements.  

 The glasses in the Na2O-ZnO-B2O3-P2O5 system were prepared by melting the mixtures with 

desired amounts of NaH2PO4, ZnO, H3BO3, H3PO4 (85%) and Eu2O3 (activator) at 1100ÁC, and 

then by quenching the melts to the room temperature. The glass transition temperature (Tg) was 

checked by differential thermal analysis (DTA). The crystalline phases were checked by X-ray 

diffractometry (XRD), whereas the quantities of comonents were conducted by X-ray fluorescence 

analysis (XRF). Furthermore, the excitation and emittion spectra were recorded by 

spectrophotometry.  

 The transition temperature (Tg) of (50-x)Na2OĿxZnOĿ5B2O3 Ŀ45P2O5 glass measured by DTA 

increased from 311 to 355ÁC with x value (i.e., the increased amount of ZnO) from 20 to 40. The 

phase changes during the heating of (50-x)Na2OĿxZnOĿ5B2O3 Ŀ45P2O5 glasses were examined by 

XRD. XRD patterns of 20Na2OĿ30ZnOĿ5B2O3 Ŀ45P2O5 glass (Tg = 328ÜC), for example, showed 

that the glass was kept being amorphous state, regardless of the increasie in temperature up to 

400ÁC; on further heating up to 450ÁC, however, NaZn(PO3)3 and BPO4 were detected as crystalline 

phases.  

On the other hand, the dissolution test, which was conducted by immersing the glasses into the water  

at 25ÜC for 1 h, showed that the noted water 

resistance was found when x values were 30 or more. 

Typical excitation and emission spectra of the glass 

with Eu2+ activator addition (x = 30) are shown in Fig. 

1, together with emitting appearance. The glass 

emitted the reddish orange light at the peak 

wavelength of 614 nm, due to the excitement at 218 

nm.  

 Overall, 20Na2OĿ30ZnOĿ5B2O3 Ŀ45P2O5 glass 

was found to possess excellent water re sistance and 

low transition temperature, and emit the reddish 

orange light, due to the Eu2+ addition.  

Keywords: glass transition temperature, rare earth 

activator, luminescence, reddish orange emission 

 

Fig1. Excitation and emission spectra of Eu2+-doped 

20Na2OĿ30ZnOĿ5B2O3 

Ŀ45P2O5 glass and its emitting appearance. 
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White light-emitting diodes (LEDs) have attracted considerable attentions now due to promising 

features such as low energy consumption, long lifetime, small size, fast switching, as mercury free 

nonpolluting environment, so have a great perspective for applications in display backlights, transport 

and general lighting, advanced communication technique, etc. 

For fixing powered phosphor on a chip usually use silicone resins. But these materials are unstable 

to UV exposure and temperatures above 150ÁC. Degradation of resins result to dramatically 

decreasing of WLED efficiency due to induced absorption.  Inorganic materials, like glasses and 

ceramics, are more stable as polymer binders. For instance, thin transparent ceramic plates based on 

Y3Al5O12:Ce
3+ 

used as a phosphor for making WLED. But sintering process is difficult and therefore 

results in a high cost ceramics. Glassceramics are heterophase composite materials, usually 

consisting of a glassy matrix (glass phase) and micro-or nano-sized dielectric crystal distributed in it. 

These materials provide stable to UV and temperature phosphors environments, but it is difficult to 

control crystallization process of phosphor, and it is possible only in a limited number of glass-forming 

systems.  

The other type of perspective material for phosphors is phosphor in-glass (PiG). It is a simple 

mixture of typical commercial phosphor and glass powders (or frits). After a heat treatment, glass 

powders can be formed into a stable matrix for the phosphors through the viscous sintering process. 

The sintering temperature can be considerably lower (~600 ÁC) than those for phosphor ceramic 

sintering processes. In present work, we report SiO2ïPbO-PbF2-AlF3 glass systems as silicate glass 

frit materials. Sample with different glass to YAG:Ce
3+

 phosphor ratios were prepared by sintering at 

different temperatures. Powders were pressed into disks and heat-treated at different temperatures 

and time durations. The spectral and luminescent properties of these PiG samples have been 

investigated to define the relationships between light conversion efficiency, composition and 

structures. Optical properties of the phosphor have been investigated. It was shown that the optical 

properties of WLED based of such material can be easily adjusted by changing thickness of 

phosphor, ratio of glass to phosphor and concentration of dopants. It was demonstrated that the new 

phosphor is very attractive medium for fabrication the phosphor-converted white LEDs. 

Keywords: LED, Phosphor in glass, YAG:Ce
3+

, glass 
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The unique effect in crystalline glazes are realized by crystallization of willemite. Willemite is a zinc 

silicate having formula Zn2SiO4. The size, shape and number of the crystals depends on the 

composition of the glaze and firing conditions. Crystalline glazes contain a high amount of ZnO in the 

composition.  

In this paper glazes of the SiO2-Al2O3-CaO-K2O system with addition of ZnO were studied. The 

influence of zinc oxide content on formation of willemite crystal in glazes was tested. A minimal 

amount of ZnO obligated to form Zn2SiO4 crystals in glazes was also determined. In researches 

prepared some glazes differ only the content of ZnO and fired under the same conditions. The powder 

of glazes and glazing samples with commercial ceramic body were tested. A main crystalline phase of 

glazes ï willemite and other phases of the fired glazes found by using X-ray analysis (XRD). The 

morphology and number of Zn2SiO4 crystals were investigated using optical microscopy. The 

microstructure of crystalline glazes were analyzed with a scanning electron microscopy (SEM).  

Keywords: crystalline glaze, willemite, zinc silicate,  ZnO addition, crystallization, crystals,  
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 The performance characteristic of porcelain glazes are strongly dependent on the quality of the 

surface. The main investigated properties of glaze surface properties are smoothness, glossy and 

whiteness. The research was carried on porcelain type glaze for firing temperature 1220-1230
o
C. The 

glazes were characterized by a constant molar ratio of SiO2 / Al2O3 and constant molar sum of the 

oxides of alkali metals and alkali earth metals with various their molar ratios. The research allowed to 

determine the relationship between the glaze surface parameters and the type and amount of 

introduced cations. 

Keywords: ceramic glaze, surface parameters, smoothness, glossy, alkali metal oxides, alkali earth 

metal oxides, molar ratio 
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Photo-thermo-refractive (PTR) glasses are perspective material for highly efficient volume phase 

holograms recording. PTR-glasses allow to precipitate silver molecular clusters (SMCs) under UV 

irradiation and metallic nanoparticles possessing surface plasmon resonance (SPR) in local area of 

glass host by photo-thermo-induced crystallization. Also these silver nanoparticles can play a role of 

nucleation centers for secondary crystalline phases (NaF, AgBr) precipitation. 

Two types of PTR glasses (chloride and bromide) of approximate composition 15Na2O ï 4Al2O3 ï 

5ZnO ï 70SiO2 (mol%) doped with Ag2O, CeO2 and Sb2O3 have been synthesized in the present 

work.  Silver in the origin PTR glasses is situated in the form of silver ions Ag
+
 and molecular ions 

Agn
m+

. The silver nanoparticles with silver halide shells were precipitated with the use of UV radiation 

into Ce
3+

 absorption band and following heat treatment at temperature above glass-transition (Tg = 

495
o
C) [1]. The formation of silver nanoparticles with NaBr-AgBr  and NaCl-AgCl shells resulted in an 

appearance of strong absorption band in the spectral range of 420-490 nm corresponding with 

plasmon resonance of the silver nanoparticles. The SEM measurement has shown that silver 

nanoparticles diameter achieved 5-10 nm. The bleaching of the complex silver nanoparticles was 

performed by the second harmonic (ɚ = 532 nm) of pulse YAG:Nd laser (pulse duration of 10 ns, 

pulse repetition rate of 10 Hz and pulse energy of 0.1 J). The diameter of irradiated zone was 3.5 mm. 

The photodestruction process of silver nanoparticles in PTR-glassceramics as a function of pulse 

energy, exposure dose and halogenide surroundings of silver nanoparticles were investigated. It was 

shown that during the irradiation the silver nanoparticles absorption band decreased depending on 

the exposure dose and can be totally disappeared. Silver nanoparticeles in glass host as well as 

inside of nanocrystalline phase are destructed. The halogenide surroundings effected on  a kinetic of 

photodestruction. The photodestruction kinetic of silver nanoparticles has bleaching threshold and 

nonlinearly depends on pulse energy.  We made a conclusion that the pulse laser irradiation resulted 

in photofragmentation of  the nanoparticles with creation of atoms, clusters, and small particles as well 

as photoionisation of atoms with creation of silver ions. The technology allowed us to control the size 

of the silver nanoparticeles in glassceramics and create the phase holograms in visible and near IR 

range (400-3000 nm).  

Keywords: silver nanoparticles, photo-thermo-refractive glasses, photofragmentation, 

photoionisation, pulse laser radiation,  
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Optical composite materials with CdS, CdSe, PbSe and PbS quantum dots are widely used in 

optics and photonics. Such materials possess luminescent properties in visible (CdS, CdSe) and has 

non-linear optical properties in near IR (PbSe and PbS) spectral region. The cadmium and lead 

chalcogenide quantum dots in glasses typically are prepared during heat treatment of glass, 

containing cadmium or lead and chalcogenide ions, at temperature higher than glass transition 

temperature (Tg). Thermal diffusion of ions leads to the formation and growth of quantum dots (QDs) 

in the glasses. The variations of heat treatment temperature and duration of heating make possible to 

changes the sizes of the QDs in a wide range. It is evident, that during the formation and growth such 

structures passed the stage, when their sizes are less than 1 nm and they do not possess 

semiconductor properties. This stage corresponds to the existence of the cadmium or lead 

chalcogenide compounds in a glass in a form of the subnanosize molecular clusters (MCs). The 

optical properties of the molecular clusters are considerably different from the properties of QDs. 

In our experiments, we observed the intense luminescence in a visible region in as-prepared 

(before thermal treatment) fluorophosphates glasses (FPG) with Cd, Pb, Se and S ions. This indicates 

the presence of (PbSe)n ,(CdS)n , (CdSe)n and (PbS)n MCs in the initial glasses, which play the role 

of crystallization centers for quantum dots during heat treatment. The goal of our present work is the 

study of luminescence properties of fluorophosphate glasses with (CdS)n (CdSe)n, (PbSe)n and 

(PbS)n MCs before quantum dots formation and of luminescence properties of the  CdS, CdSe, PbSe 

and PbS  QDs. The influence of heat treatment on MCs and QDs luminescence was studied.  

 It was shown experimentally, that fluorophosphates glasses, containing Pb, Cd, Se and S ions 

possess strong luminescence in a visible spectral region when excited by near-UV radiation. This 

luminescence is connected with formation of the (PbSe)n ,(CdSe)n.(CdS)n and (PbS)n MCs and CdS, 

CdSe QDs in a glass. The heat treatment at temperatures less than glass transition temperature 

results in the increasing of the luminescence intensity. During the heat treatment at glass transition 

temperature this molecular clusters play the role of crystallization and growth centers for CdSe, CdS, 

PbSe and PbS QDs. Fluorophosphates glasses, containing PbSe  and PbS QDs possess strong 

luminescence in a NIR spectral region when excited by radiation of visible and NIR region. With 

growth of this QDs from 2 to 15 nm  luminescence band shifted   from 1000 to 2500 nm.  New 

luminescent fluorophosphates glasses with MCS and QD are promising as phosphors in photonic 

devices, down-converters of solar radiation in solar cells, and in luminescent fiber temperature 

sensors and dosimeters of UF radiation.  
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The importance of nanostructured thin coatings has recently increased. Properties and possible 

applications of these films are determined by their structure and chemical composition.  

Coatings prepared by sol-gel techniques on glass subtrates can lead to 

- improved light transmittance, i.e. antireflectivity (mesoporous silica coatings) 

- water repellence (surface modified silica coatings) 

- self-cleaning and antibacterial behaviour (semiconductor composite coatings).  

We will report about the study of TiO2 and SiO2 coated glass surfaces having the aforementioned 

properties. Coatings were deposited onto glass and (in some cases) silicon substrates by the dip-

coating method. Porous SiO2 and TiO2 films were fabricated by using non-ionic (Pluronic PE 10300, 

Pluronic P 123) and cationic (CTAB) surfactant templates. Optical properties of coatings were 

determined by UV-Vis spectroscopy and ellipsometric porosimetry. The structure of the coatings was 

investigated by scanning electron microscopy and by X-ray diffraction, the composition was analysed 

by X-ray fluorescence and Rutherford backscattering spectrometry methods. Water repellence was 

characterized by contact angle measurements and antibacterial activities were studied against E. coli 

in dark and in visible light by different methods.  The recently obtained results will be summarized in 

our presentation. 

Keywords: sol-gel coating, glass substrate, improved light transmittance, self cleaning surfaces, 

water repellence, photocatalytic property, antibacterial behaviour 
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 The one/multi component frame bulk porous material with holes uniformly allocated on all surface 

is considered in report. Such material may be useful in chemical processes with participation and 

formation of the gaseous products and requires the gas/liquid permeability of solid state material. The 

substantial surface area of material may be available for reaction (catalytic, electrochemichal or 

others) and it may be achieved also the better materialôs properties (corrosion resistance, mechanical 

stability, others). The material modification can be realized by precise physical/chemical methods (for 

instance, chemical or electrochemical etching, laser technology, lithography). It was calculated [1] that 

the materialôs specific surface area (thickness h and density ɟ) with equidistant cylindrical holes 

(radius r) net is equal: (S1)spec = 2/ɟ*[1/h + (ˊ/(9 - ˊ))/r] ~ 2/ɟ*(1/h + 0.536/r) (Eq. 1). The relation of 

the specific surface area of the material with equidistant cylindrical holes net to the initial specific 

surface area of the material without holes is expressed by Eq. 2: (S1)spec/(Sin)spec = 1 + ˊ/(9 ï ˊ)*h/r ~ 

1 + 0.536 h/r.  

 It has been made also consideration of frame bulk porous material with deposited nanolayer 

(submonolayer, monolayer or multilayer); it led to Eq. 3: (S1)d/Sin = S1/Sin*(1 + *́Nd*), where (S1)d/Sin 

is the relation of the result surface area of the bulk porous material with nanolayer to the initial surface 

area of the material without holes and nanolayer; S1/Sin - the relation of the result surface area of the 

bulk porous material without nanolayer to the initial materialô surface area without  holes and 

nanolayer; Nd ï monolayersô number. If the particles in the layer occupy the part D of the materialôs 

surface area then the relation (S1)d/Sin is expressed in Eq. 4: (S1)d/Sin = S1/Sin* (1 + 4D), for  D = 0.1  

(S1)d/Sin = S1/Sin* 1.4, for  D = 0.2   (S1)d/Sin = S1/Sin* 1.8, for  D = 0.4  (S1)d/Sin = S1/Sin* 2.6, for  D = 

0.6  (S1)d/Sin = S1/Sin* 3.4.                    
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 The present research data are related to soda lime silica glass material modified by the surface ion 

exchange process /1, 2/. The optical properties of the glass material were measured conjointly by 

Sidelnikova O.N. (ISSCM) and Pozdnyakov G.A. (ITAM) and compared with that data related to 

chemically etched glass. Also the surface morphological research was carried out by Sidelnikova O.N. 

(ISSCM) and Salanov A.N. (BIC) using SEM method. The glass material modified by surface ion 

exchange is characterized by more effective simultaneous light transmission and light scattering and 

by more strongly pronounced spectral and angular dependences of the scattered light. A noticeably 

greater light intensity (up to 16 times!) was found at light propagating in the full internal reflection 

regime. Such optical data may be useful in technical and dcorative illuminating engineering. The 

presented scattering glass material may be used for manufacture of the glass production of 

luminaries, light screens, indicator panels, displays, decorative or technical images on glass and 

elements of archtectural design, glass sculptures and others. 
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 Currently one of the most important problems is to provide materials and coatings designed to 

reduce heat loss and resistant to high temperatures. One way of addressing this issue is the 

development of technology for preparation and use of composites, which after application to the 

surface slows down its warming up. Unlike most of the conventional composite materials is that their 

production process may be combined with the process of manufacture. The use of graphite as a filler 

justified by its high temperature and chemical resistance. 

 The authors developed and investigated experimentally obtained new composition material 

elevated temperature stability and thermal insulation properties, with the results directed towards 

reducing the cost of their production.  

 A composition consisting of graphite (42 % by weight), water glass Na2O(SiO2)n (50% by weight) 

and the hardener - sodium silicofluoric Na2SiF6 (8% by weight). Technology of such composition 

receipt is suggested. Experimental samples of the CM with filler particles (graphite) and a few microns 

(up to ten micrometers) in size were obtained. This is confirmed by a study of samples by X-ray 

diffraction and electron microscopy. The qualitative and quantitative phase analysis of the CM 

structure is done. Load limit values leading to the destruction of CM are identified. The character of 

the rupture surface is detected.In order to determine the load required for the separation of coating 

from the test surface of the base composition was applied to the finished wood samples (thickness 2 

mm). After complete drying the samples ripped by defining the load at break cover with an accuracy of 

10 N/m2. The load was applied to the sample by hanging on cargo accessories - hooks. Destruction 

of the sample occurred along the boundary of the composite material and the substrate at the 

structure in the longitudinal section. Limit fixed load value was 1.22 MPa. Cracks in the samples were 

formed. This was confirmed by a discontinuous surface of pictures after the experiment and 

micrographs (electron microscope Hitachi SU 1510) surface separation (out of 10 microns and 50 

microns). Dependence of the specific heat capacity and thermal conductivity on temperature at 

monotonic heating is obtained experimentally. Studies have confirmed the increased thermal 

insulation properties of the proposed composition. X-ray diffraction of samples subjected to heating to 

673,ʂ showed that the material is able to maintain the same chemical structure, confirming that it was 

a higher temperature resistance. CM with such characteristics can be recommended as a coating 

designed to reduce heat losses and resistant to high temperatures. Due to accessibility and low cost 

of its components the proposed material can be produced on an industrial scale. 

Keywords: composite material, thermal insulation properties, water glass, graphite filler, X-ray 

analysis, specific heat, thermal conductivity. 
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Wear-resistant coatings are an important part of modern tool materials. The coatings are applied to 

the most advanced tools. Coating technology allows us to give them the characteristics needed for 

specific processing conditions coating effectively complements the physical and mechanical 

properties of the substrate of tungsten car-bide. 

To control machining using coated tools to solve complex optimization problem - it was necessary 

to relate the criteria describing the properties of the coating to the physical processes in the cutting 

zone. 

Optimization of the proposed architecture of multilayer wear resistant nano-composite coatings TiN-

AlTiN-TiAlN of solid carbide end mills used for the manu-facture of parts of modern aircraft of the 

motor and power systems of aircraft is less affected by the deformation stress by developing 

mathematical models to estimate the stress-strain state of coatings. We present the study of 

multilayer coatings inspection to identify the most efficient architectures of multilayer coatings applied 

to the mono-lithic carbide end mills [1] 

Keywords: solid carbide end mills, multilayer wear-resistant nanostructured coatings, coating defects, 

optimization 

 
[1] Kurochkin A.V. Tehnicheskir osobennosti mnogofunktsionalônyh nanostrukturirovannyh pokrytii 

dlya rezhushhego instrumenta. Vestnik RGATA imeni P. A. Solov'eva, Rybinsk, 2010, vol. ˉ3 

(18), p. 166-172. 
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 The large second-order nonlinearity and high-speed response of doped organic compounds are of 

great interest for optical communications and high-density optical data storage. The sol-gel technique 

is a promising approach in the fabrication of new materials for second-order nonlinear optics. We 

report in the present paper on the sol-gel synthesis of SiO2-P2O5 films doped with some metal azo 

derivatives. The precursors used for sol gel synthesis were tetraethylorthosilicate (TEOS) and 

phosphoric acid (H3PO4). The organic compound and metal salt were added under continuous 

stirring in the precursorsô mixture. The structure of the deposited metal azo-derivatives doped thin 

films was examined by Fourier transform infrared spectroscopy, and atomic force microscopy and 

their optical properties by UV-VIS and fluorescence spectroscopy. The nonlinear optical efficiencies 

due to the interaction of the NLO-active chromophores with the inorganic matrix was measured using 

a femtosecond Ti:sapphire laser. The properties of the films were investigated and correlated with the 

concentration of the organic dopant and the thermal treatment temperature. 
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 Nanocomposites consisting of ceramic materix and metallic nano-particle dispersion are expected 

as advanced structural materials with high mechnical strenght and excellent fracture toughness even 

at high temperatures. Our research group has discover some of the metal/ceramic nanocomposites 

with autonomous crack-healing function at high temperatures in oxidizing atmosphere. In particular, 

Ni/Al2O3 nanocomposites, typically 5 vol% Ni, can be fabricated easily with excellent crack-healing 

perfomance and excellent mechanical properties. In Ni/Al2O3 system, the oxidation product, NiAl2O4, 

is formed in cracks because of significant cation diffusion paasing through the grain boundaries of 

Al2O3 matrix. Filling up of NiAl2O4 in surface cracks can reduce stress concentration at the crack tips. 

As a result, mechanical strength of Ni/Al2O3 can be recovered up to the level of mechanical strength 

of as-polished samples.  

 Ni/Al2O3 nanocomposites are oxidized at high temperatures in oxidizing conditions. Oxidation of 

Ni paricles in Ni/Al2O3 nanocomposites degrades their crack-healing performance. In oxidizing 

atmosphere at high temperatures, Ni dispersoid in the nanocomposites is oxidized with Al2O3 matrix 

into NiAl2O4 from the composite surface. Growth of the oxidized zone, consisting of NiAl2O4 grains in 

Al2O3 matrix, follows the parabolic manner. Oxidation rate of Ni/Al2O3 nanocomposites can be 

decreased by doping Y or Si into Al2O3 matrix.  

 In healing cracks with 200 ɛm in depth introduced by the Vickers indentation, mechanical recovery 

is acheved with heat treatment at 1200ÁC for 1 h in air. Depth of the oxidized zone is approximately 

ɛm. Crack-healing rate of Ni/Al2O3 nanocomposites is larger than oxidation rate. The life-time of 

crack-healing function of Ni/Al2O3 nanocomposites is expected to be long taking account of high 

temperatrue oxidation.  

Keywords: Ni, Al2O3, NiAl2O4, nanocomposites, crack-healing, oxidation 
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Zirconium tungstate as materials with anomalous thermal properties is the perspective material due 

to a isotropic negative coefficient of thermal expansion (CTE), Ŭ = - 9.6Ŀ10
-6

C
-1

, from very low  (- 

273ÁC) to high (770 ÁC) temperatures. Composites with a negative CTE materials may become very 

useful in various applications, for example, an introduction of the ZrW2O8 particles as reinforcement 

element into metal matrix allowed to obtain the composites with high strength properties due to 

difference of values of coefficients of thermal expansionof matrix and reinforcement: calculations 

showed that the internal compression stresses generated by the difference of values of the CTE may 

increase up to 2 GPa compared with Orowan strengthening ȹů ~ 20 MPa.  

The ZrW2O8 was prepared by low temperature decomposition of precursor obtained by 

hydrothermal method. The starting components for preparing the precursor were aqueous 

Na2WO4Ŀ2H2O, ZrOCl2Ŀ8H2O and HCl. The hydrothermal reaction occurred at 160 
o
C for 36 h. The 

product ZrW2O7(OH, Cl)2Ŀ2H2O was repeatedly washed with distilled water, filtered and dried at 

110ÁC. Finally, when being heated at 570 ÁC for 1 h the ZrW2O7(OH, Cl)2Ŀ2H2O was transformed into 

ZrW2O8.  

The morphology of the ZrW2O8 was represented as the rod-shaped particles having a private block 

structure. The average size of this blocks was changed from 20 to 50 nm. The average transversal 

size of rod-shaped particles was variated from 30 to 700 nm, the average length size was varied from 

0.5 to 5Õm.The ZrW2O8 synthesized was kinetically stable from 25 to 540 
o
C. The crystal structure of 

ZrW2O8 was studied. The ZrW2O8 synthesized demonstrated a negative thermal expansion behavior 

from 25 to 750 ÁC. 

Keywords: zirconium tungstate, negative thermal expansion, hydrothermal synthesis  
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The pore structure of the ceramic material is characterized by the presence in it of pores with 

different sizes. Pore size distribution function of these materials contains several (in the simplest case 

of two) maxima. The height and width of each maximum determine a fraction of pore space 

corresponds to pores with the proper size.  

Thus, the materials with a bimodal pore size distribution function and with a certain value of the total 

porosity can be characterized by a great number of combinations of pore structure parameters: 

volume ratio of pore space corresponding to the pores of the first and second peak of the function. In 

this aspect, said material is no longer just a porous body, but it is a construction. The mechanical 

behavior and properties of this construction are determined by the specified parameters of its 

structure. In practice, the combination of the parameters of the pore structure and mechanical 

properties of the material largely determine the scope of its functional application. It does knowledge 

about the mechanical properties of material in the entire range of these pore structure parameters 

very actual and required. Thus, in this paper, a numerical study of the dependence of the strength and 

elastic properties of ceramic materials on the fraction of pore volume corresponding to pores of the 

second maximum of the pore size distribution function in the total porosity of material was curried out. 

Calculations were based on multiscale approach, developed in the framework of the of movable 

cellular automaton method (MCA). Plane MCA-model of ceramic ZrO2(Y2O3), with a pore size 

comparable with the grain size and bimodal pore size distribution function was developed. Material 

with round pores was considered. On the basis of computer calculations an analytical estimation for 

numerical dependence of strength and elastic properties of material under compression loading on its 

total and partial porosities, corresponding to pores with different size, was found. It was shown that 

the strength of brittle materials, containing pores of two different sizes, is defined as the value of total 

porosity and the value of partial porosities, corresponding to one of the maxima of the of pore size 

distribution function. The difference in the strength of such materials with the same value of total 

porosity, but with different number of pores with different size can be up to 50%. Effective elastic 

modulus of the material are determined only by the value total porosity. 

This study was partially supported by the Russian Foundation for Basic Research, Project ˉ 12-

08-00379-ʘ and by the Grant of the President of the Russian Federation for the state supporting 

young Russian scientists, Project MK- 5883.2014.8. 

Keywords: ceramics on the basis of metal oxides, mechanical properties, pores with diifferent size, 

computer simulation, movable cellular automaton method 
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SnO2-TiO2 binary ceramic system is well known to exhibit a solid solution over 1430ÁC and to form 

a spinodal phase separation by annealing within its immiscibility region, which exhibits characteristic 

lamellar structure. Such self-organized composite structure has a large heterogeneous interface area 

within its bulk form. Therefore it can be thought that the hetero-interface might act as ñfunctional 

interfaceò in ceramic materials. In this research, we have challenged multidisciplinary controls of 

spinodal-originated composite and materials electrical properties of the hetero-modulus oxide system, 

and their microstructures and electrical resistivity were investigated. 

 Trivalent iron (Fe
3+

) was selected for the control of the spinodal phase separation in SnO2-TiO2 

system, and was doped to the binary oxides via solid-state reaction sintering. Fe2O3 powder of 2 to 5 

mol% was added to equimolar (1:1) mixture of SnO2 and TiO2, and the mixtures were pressureless 

sintered at 1300 to 1450ÁC under an air atmosphere. The samples were then ground and polished to 

form discs with 13 mm in diameter and 2 mm in thickness. Microstructure was analyzed by scanning 

and transmission electron microscopy (SEM and TEM) and electron probe micro-analyzer (EPMA). 

The phase development was carried out by X-ray diffraction method (XRD). Electrical resistivity of the 

composites was measured by van der pauw method at room temperature. 

Sintering below 1330ÁC, it was found that the sample was mainly composed from SnO2 and TiO2 

rich grains, whereas above 1360ÁC, typical lamellar structure started to form even after the one-step 

sintering, which phenomenon could not be observed for the non-doped system. Thus it is thought that 

Fe accelerate the spinodal phase decomposition in the SnO2-TiO2 system. 

 From detailed SEM and EPMA analyses, it was considered that the lamellar was formed by the Ti 

diffusion to the SnO2 grains at low-temperature and then mutual-diffusion of the Ti and Sn started to 

complete the lamellar formation at higher sintering temperature. Electrical resistivity of the composite 

depended on the phase development, and decreased with the lamellar formation. Detailed 

microstructural development and electrical properties of the self-organized SnO2-TiO2 ceramic 

composites will be discussed. 

Keywords: ceramic, omposites, oxides, semiconductors, dope, spinodal, phase separation 
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The intermediate layer between inclusions and matrix determines the mechanical and 

physical properties of composites. To investigate the kinetics phenomena going near interface it is 

necessary to solve the problem on new phase formation and evaluate the stresses appearing in 

diffusion - reaction zone. When unidirectional fiber composite is synthesized, we can formulate the 

problem in general case in cylindrical coordinate system. The intermediate layer formation occurs 

near by the vicinity of individual fiber of given initial size. The problem on mechanical equilibrium of 

fiber in environment matrix is solved in term of quasistationary thermoelastic diffusion theory with the 

conditions of ideal contact between initial substances and growing new layer. The concentration 

distributions follow from reaction-diffusion problem. The concrete diffusion problem formulation 

depends on the system under study. When the composite on the base of aluminum with fibers of 

aluminum oxide is formed, the intermediate layer forms mainly in the fiber direction. When the 

composite is formed from Si-C fiber and titanium matrix, the intermediate layer growths mainly in the 

direction of the matrix.  In any case, the diffusion ï reaction layer is very narrow in comparison with 

fiber radius. That allows simplifying the diffusion-kinetic problem and constructing its analytical 

solution.  

As a result, we obtain the thickness of intermediate layer, concentration distributions and stresses 

and strains for different time moments varying the input data. 

Keywords: composite synthesis, intermediate layer, diffusion, chemical reaction, fiber, stresses, 

analytical solution, phases and elements distribution  
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Carbon fiber-reinforced plastic (CFRP) bear a great potential for aircraft and automobile 

applications due to its light weight, high specific stiffness and high specific strength. Despite those 

qualities, the CFRP matrix lacks the ability to withstand high temperatures which can lead to 

component failure if exposed to such environments. To protect the CFRP panels from high thermal 

loads it is crucial to apply a protective coating. This is realized through a thermo-kinetic spray process. 

These high energetic deposition processes enable to apply high meltable metallic and ceramic 

coating with melting points above 2000 ÁC. These high process temperatures in combination with the 

polymeric CFRP-substrate require a detailed knowledge on processing and cooling to prevent thermal 

degradation and minimize residual stresses. A main difficulty is the fabrication of the functional layer 

directly on the CFRP substrate, so an metallic interlayer is applied by plasma spray or twin wire arc 

spray process. The main challenge is to achieve satisfying adhesion strengths at the interface 

between coating and CFRP surface, to cope with mechanical stress without coating failure. The 

present work focuses on ways to improve the adhesion strength through surface treatment prior 

coating. CFRP samples are treated on one hand mechanically (grid blasting) and on the other hand 

through laser structuring. After coating the adhesion strength is measured by pull-off test. The results 

are compared to evaluate the efficiency of the applied surface treatments.  

Keywords: Adhesion testing, carbon fiber reinforced plastic (CFRP), aluminum coating, interlayer, 

atmospheric plasma spray, twin wire arc spray. 
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Nowadays polymers have important rule in the field of technological researches. They are used 

instead of metals or ceramics. The other type of interesting materials is the carbon nanotubes. They 

are well known because of their specific properties. The most interesting features can be reached 

when we produce nanocomposites. Polymer nanocomposites consist of two different part: the 

polymer matrix and the nanoparticle. The nanoparticle is often the carbon nanotube.  

 During our experiments we used different polymers as matrix material and multiwall carbon 

nanotube. Concentration series were produces by a new type of mixer called IDMX mixer. The 

mechanical, burning properties and the crystallization of the nanocomposites were investigated. We 

also studied the structure of the nanocomposites. We have found relationship between the properties 

and the structure of the multiwall contained polymer nanocomposites. 

Keywords: polymer, carbon nanotube, mechanical properties, thermal properties, burning properties, 

structure 

 

 

 

 

Figure 1. IDMX mixer 
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Nowadays in Russia we have a steady rising erection volume of pre-fabricated energy-efficient 

buildings based on cold-bent thin-walled galvanized steel profile with economic use of limited fuel and 

power resources. Building system of this type is a system of cold-bent steel profile framework filled in 

with effective heat retainer and then jacketed with sheet materials. Separate elements of the 

framework are joined in one load-bearing structural element (panel) with the help of guide casings 

and sheets. Members in a frame building panel undergo eccentric compression with biaxial 

eccentricity. 

Cold-bent c-shaped profile is used for interior panel members, and cold-bent nonequilateral 

notched C-profile is used in exterior panels. Lengthwise notches made chequerwise in the profile 

walls increase the distance of heat flow and decrease heat conductivity and eliminate cold bridges 

that is why the profile is called ñthermal profileò.  

Cold-bent profile made by cold bending requires alternate approach when engineering structures 

are designed and maintained. The approach means thin wallsô and the profile special formô impact on 

the bearing capacity and stability of the structures should be taken into account. In spite of the wide 

use of cold-bent C-shaped notched profile in building frameworks, we see lack of information on how 

the notches influence the bearing capacity and stability of structures. There are no official normative 

documents on calculation and designing of cold-bent notched profile structures. 

The purpose of the work is to find ultimate bearing capacity and to study stress-strain behavior of 

compressional cold-bent notched C-shaped profile members as well as comparison study of their 

work and that of cold-bent solid section C-shaped profile members. Bearing capacity value is 

influenced by value of eccentricity that increases bimoment, and reduced area, as well as some initial 

imperfections. 

We carry out theoretical and experimental investigations on global buckling and bearing capacity of 

steel members of C-shaped notched profiles of different cross-sections area. The authors of the 

article developed two testing beds ʉ-12 (1200mm/20t) and ɺ-50 (2200mm/50t) to carry out 

experimental investigation.  

Numerical solution of stability of a thin-walled member made of C-shaped profile was received 

during the numerical simulation done in PLM Femap 10.1 Nastran. 

Keywords: cold-bent profile, local buckling, resistive-strain sensor, thin-walled members, numerical 

simulation, bearing capacity 
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Composite materials based on aluminum, reinforced non-metallic particles have a high specific 

strength, hardness, wear resistance, thereby, are of great interest in various fields of science and 

technology. The most versatile method for their preparation - casting. The template for this composite 

material, use aluminum alloy A356 system Al-Si, which has good casting and performance, there by 

providing extensive use in modern engineering. 

The main problem for introducing reinforcing particles micro- or nano-particles of oxides, carbides, 

borides, etc is its uniform distribution in melted metal. One way of solving this problem is ultrasonic 

treatment of melts leading to grain refinement and dispersion hardening alloy nanoparticles in its 

structure. 

Nanocomposite materials with the matrix of an A356 alloy reinforced with 0.2 and 1 wt% of 

highelastic nanodiamonds were produced by ultrasonic dispersion of nanoparticles in the melt 

followed by casting in a metallic mold. The structure as well as the physical and mechanical properties 

of the cast samples were examined using optical and scanning electron microscopy, hardness and 

tensile testing. It is shown that the hardness, Youngôs modulus and electrical resistivity increase with 

introduction of nanodiamond particles to alloys are much higher as compare with initial state. 

Keywords: Composite material, Aluminum alloy, Nanodiamonds, Ultrasonic treatment, X-ray, 

Mechanical properties. 
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Hydrogen and oxygen are key elements influencing the embrittlement of zirconium-based nuclear 

fuel cladding during the quench phase following a Loss Of Coolant Accident (LOCA). Hydrogen and 

oxygen follow a complex distribution within the cladding thickness. The understanding of the 

mechanisms influencing the motion of these two chemical elements is required to fully describe the 

material embrittlement. We propose in this work to measure oxygen and hydrogen concentrations in 

clad after a LOCA transient and then compare the results with simulations. 

High temperature steam oxidation tests were performed on pre-hydrided Zircaloy-4 samples with 

hydrogen contents, prior to LOCA transient, ranging between 11 and 400 wppm. Oxidation 

temperature was 1200ÁC and durations corresponding to Cathcart-Pawel ECR (Equivalent Clad 

Reacted) values of 15, 20 and 25% were used. Oxide layer growth, weight gain and hydrogen pick up 

were measured after high temperature oxidation. The microstructure of the material, especially the 

phase distributions within the cladding thickness, has been characterized. The radial oxygen 

concentration profiles and chemical partitioning of the main alloying elements have been quantified by 

Electron Probe Micro-Analysis (EPMA). The hydrogen distribution and concentration within each 

phase of the material have been mapped quantitatively using Elastic Recoil Detection Analysis 

(ERDA). The material embrittlement was finally estimated by post-quenched hoop tensile tests. Image 

analysis and metallographic examinations were combined to provide an average oxygen profile as 

well as a hydrogen profile within the cladding thickness after LOCA transient. Surprisingly, the 

measured hydrogen profile is far from homogeneous. Experimental distributions are compared to 

calculations derived from the DIFFOX code developed at IRSN. 

Keywords: Zircaloy-4, LOCA, hydrogen, ERDA, diffusion, post-quench embrittlement 
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 The main methods of obtaining quasi-crystalline phases are the creation of the metastable state of 

metallic materials: rapid crystallization of powders from the melt or mechanical alloying of elementary 

powders mixture. Formed metastable quasicrystalline phases are sensitive to subsequent treatments 

(thermal and mechanical). Apart is the method of obtaining the stable quasicrystals by conventional 

crystallization of massive castings. Stable quasicrystals Al-Cu-Fe can be subjected to high energy 

treatment in order to grind them up and then use as nano-reinforcers of aluminum composite 

materials. 

 Ingots of alloys Al-Cu-Fe were obtained by casting in a graphite mold. Mechanical milling of alloy 

particles in the cast state and after homogenization annealing was carried out in planetary ball mill 

Retsch PM400 in an argon atmosphere. As a result of mechanical milling granules with an average 

size of 35-40 ɛm and fine internal microstructure are formed. The refinement of phase components 

was estimated by the change of the size of coherent scattering regions. The size of coherent 

scattering regions in quasicrystalline phase after mechanical milling was about 10-15 nm. Mechanical 

milling after homogenization heat treatment allows much refines the quasicrystalline phase than in the 

case of mechanical milling of cast alloy. 

Keywords: quasicrystals, phase composition, mechanical milling 
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 Icosahedral quasicrystals Al-Cu-Fe due to unusual internal structure have a number of promising 

properties: high strength, wear resistance, low coefficient of friction, etc. Therefore, quasicrystals Al-

Cu-Fe are considered as a possible material for wear-resistant powder coatings and as a particle 

reinforcers in dispersion-strengthened composite materials. The main methods of obtaining quasi-

crystalline phases are the rapid crystallization of powders or mechanical alloying of elementary 

powders mixture. In this investigation we used the method of obtaining quasicrystals by melting and 

casting of massive castings in air atmosphere and subsequent heat treatment.  

 The microstructure and phase composition of alloys Al-Cu-Fe in as-cast state and after heat 

treatment at different temperatures were investigated. The presence of quasicrystalline phase 

Al65Cu20Fe15 which coexists with different crystalline phases in as-cast condition is found. The 

formation of single quasicrystalline phase composition in Al - 40 wt.% Cu - 17 wt.% Fe alloy after 

annealing at 800 
0
C for 100 hours is established. In alloys Al - 33 wt.% Cu - 22 wt.% Fe, Al - 40 wt.% 

Cu - 22 wt.% Fe and Al - 33 wt.% Cu - 17 wt.% Fe the single quasicrystalline phase composition is not 

occur. After heat treatment, i.e. in more equilibrium conditions, the quasicrystalline phase Al65Cu20Fe15 

is transformed into quasicrystalline phase Al13Cu4Fe3 with more complicated lattice. 

Keywords: quasicrystals, phase composition, heat treatment, microstructure 
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The aim of the study was to investigate an influence of a severe plastic deformation realized by 

different methods on the intensity of the plasic deformation instability (Portevin ï Le Chatelier effect ï 

PLC effect) in the commercial 2XXX serie aluminium alloy. To realize the goal extruded aluminium 

alloy rods were subjected to hydrostatic extrusion (HE), equal channel angular pressing (ECAP) and 

accumulated plastic strain process (Max Strain). The above methods allow to induce different 

deformation values from 3.5 to 16 and have a strong influence on microstructure and mechanical 

properties of the material. The assumption was to refine the microstructure to the nanometric scale. It 

os known that aluminium alloys very often reveal instability of the plestic deformation which manifests 

as a serration on the stress ï strain curves during the tensile tests. The investigated 2XXX aluminium 

alloy also exposes this phenomena. It was proved in the experimental works that severe deformation 

leads to decrease of the instability ï especially after equal channel angular pressing the effect has 

disappeared. The intensity of the Portevin ï Le Chatelier effect was describe quantitatively by RL 

factor which associates the frequency and the amplitude of the serration on the stress ï strain curve. 

It was assumed that values of RL factor close to 1 indicates that the deformation in the plastic region is 

stable and values above 1 are resposible for appearance of the PLC effect. The present work has 

shown that after ECAP RL value is 1, after Max Strain 1.2 and after HE 2.1 since the initial state was 

characterized by RL value 5.8. This indicates that the deformation path has a significant influence on 

the intensity of the instability of the plastic deformation PLC in the aluminium 2XXX alloy.  

Keywords: aluminium alloy, plastic deformation instability, severe plastic deformation 




