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PREFACE
The competitiveness is one of the most important components 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 5th International Conference on Competitive Materials and
Technology Processes (ic-cmtp5) and the Symposiums is-ism2 are the
followings:




Promote new methods and results of scientific research in the fields of
material, chemical, physical, biological, environmental, healts as well as
processing and technology sciences;
Change information between the theoretical and applied sciences and
promote their technical and technological implantations.
Improve the communication between the scientist of different nations,
countries and continents.

Among the major fields of interest are traditional and advanced materials with
increased physical, chemical, biological, medical, thermal and mechanical
properties; 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 metallic and non-metallic materials and composites,
including competitive metal-alloys, ceramics, polymers, glasses, thin films, etc.
Mashinery, IT tools, 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-cmtp5, and its symposiums
is-icbm3 and is-icm3 we have received more than 450 inquires and registrations
frome 40 countries of 5 continents. Finally, from them more than 150 abstracts
were accepted for presentation, including the 9 PLENARY and 14 KEYNOTE
talks. Scientists and researchers have arrived to Miskolc-Lillafüred (Hungary)
from 36 countries of Asia, Europe, Africa, North and South America and
Australia. The largest delegations have arrived from Russian Federation, Japan,
China, Hungary and Czech Republic.
Together with co-authors in this book are presented abstracts from 450-500
scientists and researchers.

Prof. Dr. László A. Gömze
chair, ic-cmtp5
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Yuliya Rikun, Tatyana
Computer Modeling of the Stress-Strain
Tchaikovskaya, Sergey
State of the Cervical Spine Segment
Kulkov

Poster

Lijuan Zhao, Yuting Fu,
Yuao Guo, Liying Guo,
Bing Wu, Jinjin Liu and
Hua Yu

Poster

F- ion-induced Improvement of
Luminescence Properties of Yb3+ in
Oxyfluoride Glass Ceramics

Competitive Light-Weight Metals and Nanostructured Alloys
Author(s)

Title

Nguyen Q. Chinh and
Zsolt Kovács

Microstructure Decomposition and
Unique Mechanical Properties of Al-Zn
Alloys Processed by High-Pressure
Torsion

Oral (15
minutes)

V.S. Shadrin and S.N.
Kulkov

Sintering of Al – ZrW2O8 Powder
Mixtures Characterized by In Situ XRD
Analysis

Short
Oral (5
minutes +
poster)
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Effect of Composition and Heat
Short
Treatment on Porosity, Microstructures
Oral (5
and Phase Composition of Technical
minutes +
Ceramics Made From Kaolin and IG-017
poster)
Additive
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Author(s)
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Muhamad Nasir, Rana
Nanostructure and Surface
Ida Sugatri, Putri Putih
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Properties of Carbon Black/PVDF
Puspa Asri, Fitri Dara and
minutes)
Copolymer Nanofiber Nanocomposite
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Highly Purified Pectin
Short
Dara Slobodova, Raisa
Polysaccharides From the Food
Oral (5
Gorshkova, Aleksandr
Industry Waste Obtained by a New
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Method
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Dara Slobodova, Raisa
Decomposition of Polysaccharid
Oral (5
Gorshkova, Aleksandr
Matrix in a Column Type Reactor
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Author(s)

Title

Olga V. Alekseeva, Anna N.
Rodionova, Alexander V.
Agafonov, Andrew V. Noskov

Physicochemical Properties of
HEC/Bentonite/Magnetite
Composite Materials

Poster

Effect of Extrusion Speeds and
ATO Content on Rheological and Poster
Thermal Properties of PVC
Somdee Patcharapon, Lassú- Effect of Chain Extender on Hard
Oral (15
Kuknyó Tímea, Kónya Csaba,
Segment inPolyurethane
minutes)
and Marossy Kálmán
Elastomers Structure
Ali I. Al-Mosawi, Kálmán
Marossy
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Author(s)
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Ali Al Dabbas, Katalin Kopecskó

Corrosion of Glass Used for
Radioactive Waste Disposal
Influenced by Iron Corrosion
Products

Oral (15
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Aurelian Catalin Galca

Optical Properties of Zinc
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Hetero-Modulus and Hybrid Materials – Properties and Applications
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Aleksandr Rygin, Yuriy
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Burlachenko, Svetlana
Buyakova and Sergey Kulkov

Structure & Mechanical
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ZrC/C Ceramics
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Interface as a Functional Material – Behavior, Function and Application
Author(s)
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Zhenyong Man, Jiangtao
Zeng, Liaoying Zheng,
Guorong Li

Computer Simulations of Size effects
of BaTiO3 Ferroelectric Thin Films

Oral (15
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Toufik Outtas, Djemoui
Mohamedi

The Interfacial Contact Pressure
Between Two Deformable Cylinders
Simulate by 3D Finite Element
Approach. Application to a Spur Gear
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Oral (5
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+
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Azin Atashzar, Ali Rafe
and Seyed-Ahmad
Shahidi

Microstructure and Chemorheological
Behavior of Whipped Cream as
Oral (15
Affected by Rice Bran Protein
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Protima Rauwel,
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Frédérique Ducroquet
and Erwan Rauwel

Highlight of Photocurrent Generation
in Carbon-Based Nanohybrids
Combined with HfO2 Nanoparticles
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Doped Titania Nanoparticles
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Catalytic Activity in Methane
Yakovleva, E. Sutormina, Oxidation of La1-XCaXCoO3-d(X = 0- Oral (15
E. Gerasimov and
1)Perovskites Prepared by
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Vladimir Rogov
Mechanochemical Route
Nfluence of Nanodiamond (ND)
Tomáš Remiš, Tomáš
Loading on Properties of Poly(vinyl
Kovářík and Jaroslav
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alcohol) (PVA) Nanocomposite
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Membranes
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Formation of Iron Sulfide Catalytic
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Colloidal Dispersion via Laser
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Jandová, Tomáš Křenek
Ablation in Liquids
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Mechanical Properties and Processing Technology of Advanced
Materials
Author(s)
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Residual Stress Analyses in Oil
and Gas Pipe Welding
Simulation: 3D and 2D Pipe
Models

Oral (15
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Bendoukha Mohammed,
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Biomechanical and Radiographic
Analysis of Adjacent Segment
Level FollowingHybrid Dynamic
Stabilization Topping off Fusion of
the Lumbar Spine

Poster

Local Mechanical Properties of
Advanced Skutterudites
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Autowaves of Localized Plastic
Deformation in TRIP Steels
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Buršíková, Gerda Rogl and
Peter Rogl
Vladimir Danilov, Vadim
Gorbatenko, Dina Orlova,
and Lidia Danilova
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Nyikes, Enikő Bitay

S15

8
Tünde Kovács, Péter
Pinke, Enikő Bitay

The Effect of the Synthetic Fibre
Reinforcement on the Fracture
Energy of the Concrete
Mathematical Model for Mass
Exchange in Wood Drying Process

Oral (15
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Surface Modification Innovation for Oral (5
Wear Resistance Increasing
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Experimental Study of the
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Technology Parameters Effect in
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the Laser Welded Joints
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Vladimir Voropaev1, Viktor
Aisi 420 Steel Surface Layer
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Kuznetsov1, Andrey
Strengthening by Friction Stir
Oral (5
Skorobogatov1, Aleksandr
Processing with Subsequent
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Petunin1
Milling at the Machining Center
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Effect of the Formulation of
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Ouazzani Touhami
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Geopolymers
Investigation of Structures and
Ruslan Levkov, Sergey
Properties of Oxide-Hydroxide
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Systems After Mechanical
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The Termal Deformation Reducing
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in Sheet Metal on Manufacturing
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Parts by CNC Cutting Machines
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Large Periodic Shear Deformation
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for Modeling of Nonlinear
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Viscoelasticity Polymeric Materials
Marek Stanisław
Microstructural Evaluation of Re
Węglowski, Adriana
Particle Reinforced Composite on
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Aluminium Surface by Friction Stir
Maria Richert
Processing
Jithin Ambarayil Joy,
Design and Fabrication of Friction Oral (15
Muhammad Sajjad, DongStir Welding Machine
minutes)
Won Jung
Minerals for Environmental and Medical Applications
Author(s)
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Zharylkasyn Abilov,
Shynar Zhumagalieva,
Rizvangul Iminova, Bates
Kudaybergenova and
Gulfayruz Kayralapova

Bentonite Clay Containing
Polymeric Composition Materials
with Plant Extract of Tamarixidin
(TN-10)

Poster

Tomoyo Goto, Sung Hun
Cho, and Tohru Sekino

Removal of Cs+ and Sr2+ from
Aqueous Solution Using Titania
Nanotube

Oral (15
minutes)

Tatyana Shchemelinina,
Olga Kotova, Maria Harja,
Elena Anchugova

Biogeosorbents for Solving
Ecological Problems

Oral (15
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Nanomaterials for Electronic and Electrotechnical Applications
Author(s)
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Leonid Kotov, Mikhail
Dianov, Vladimir Vlasov,
Vladimir Ustyugov
Aishui Yu, Liangyu Li,
and Chunguang Chen
Paweł Rutkowski

Title
Nanoscale Chemical Templating
Technique to Fabricate High
Resolution AFM Silicon Cantilevers
Hypersound Excitation of ThreeLayer Magnetic Film by Microwave
Field
Design and Synthesis of Catalysts
and Cathode Structure for LithiumOxygen Batteries
Synthesis of Lead-Free Piezoelectric
Powders
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Novel Synthesis and Processing Technologies
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Hiroshi Furuichi

S19

2
A.G.Knyazeva
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Hiroaki ONODA and
Haruka Muraki
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Ustimenko
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Amorphous Iron Formation Following
Occupancy of Iron Atoms in Vacant
Sites of Epsilon-Iron that Transformed
from Alpha-Iron during Rubbing in a
Low Vacuum
Mathematical Modeling of Volume
Synthesis of Titanium Based
Composites
Synthesis and Powder Properties of
Cerium Phosphate White Pigments
Biomimetic Synthesis of
Nanostructured WO3 Particles from
Aqueous Solutions Containing Gelatin
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Solid Waste Processing Technology in
Reactor Equiped with Plasmatron
Having Nanocarbon Electrodes

Oral (15
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New Approach of the Compatibilization
of Low Density Polyethylene/Polyamide
Blends with a Polyethylene Modified
with Maleinized Hyperbranched Polyol
Polyester

Poster

Phase Diagram as a Tool of Materials Science
Author(s)
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Oral (5
minutes +
poster)

Georgy Khartsyzov,
Svetlana Sinyova,
Roman Starykh, and
Maria Kareva
Jean-Claude
Tedenac, Marina
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Fartushna
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Experimental Investigation of HighTemperature Phase Transformations in
Cu-Pd-Sn Ternary System

Oral (15
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Investigation of the Phase Equilibria in
the Cr-Si-Ti System During
Solidification. Phase Diagram
Determination Below 40 at% Si

Oral (15
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Processing, Properties and Application of Ceramics
Author(s)

Title

Mehtap Demir, Taha
Oğuz
Jaroslav Kadlec, Tomáš
Kovářík, Jiří Hájek,
Michal Pola and Tomáš
Křenek
Minami Kaneko,
KazuyaKudo,
KazukiEbisawa, Ken
Saito, Katsuyuki Tanaka,
and Fumio Uchikoba

Effects of Pumice Powder on
Silicone Exterior Coating Material

Oral (15
minutes)

Thermomechanical Properties of
Nanodiamond/Potassium Silica
Based Geopolymer Nanocomposite

Poster

MEMS Air Turbine Generator with
Ceramic Magnetic Circuit Aiming at
Power Supply for IoT Edge Devices

Oral (15
minutes)
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B Kanev, T Beznosova,
Emese Kurovics, Olga
Kotova and László A.
Gömze

Some Mineral Deposits for
Building Materials and Facing
Stones in the Ludlow and Pridoli
Region of Komi Republic in
Russia

Tomáš Kovářík, Michal
Pola, Jiří Hájek, David
Porous Geopolymers: Processing
Oral (15
Rieger, Miloš Svoboda,
Routes and Structural Properties
minutes)
Jaroslav Kadlec and
Věra Jandová
Ludmila MahnickaProperties of Slip Casted Porous
Oral (15
Goremikina, Ruta Svinka,
Mullite Ceramics Doped with
minutes)
Visvaldis Svinka
Zirconium Dioxide
David Rieger, Michal
The Effect of Short Carbon Fibers on
Short
Pola, Petr Franče,
Rheological Behaviour and
Oral (5
Jaroslav Kadlec and
Mechanical Properties of
minutes +
Tomáš Kovářík
Metakaolin-Slag Geopolymer Binder
poster)
Maris Rundans, Gaida
Mechanical and Thermal Properties
Sedmale, Liga Grase and of Porous Cordierite Obtained from
Poster
Ruta Svinka
Natural Raw Materials
Mohamed Mostafa
Abdelfattah

Effect of the Alkali Silica Reaction on
Metavolcanic Mortars

Testing and Characterization of Materials – Methods, Equipment and
Errors
Author(s)
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Poster

Title

Oscar Chamarraví Guerra,
Antonio Ferrer Cárdenas,
Design and Construction of a Salt
Carlos Alfredo Pinilla
Spray Chamber to Perform
Poster
Quevedo, Evelio Ricardo Corrosion Tests in Metallic Materials
Cadena Barahona
Finite Element Method Analysis for
Mechanistic Design in Flexible
Seoyoung Cho, Csaba
Oral (15
Pavement, Review: From How to
Tóth, Zoltán Soós
minutes)
Build a Material in FE Analysis to
Complexity in Reality
Modiefied Failure Assessment
M. Hadj Meliani, M. Sadou,
Diagram on the Presence of
Oral (15
D. Selmane, FT. Arzour, G.
Hydrogen Embrittlement of API 5L
minutes)
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Pipeline Steel
Detection and Evolution Technique
of the Optical (Thermoradiative)
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Vladimir Merzlikin, Andrei
Characteristics with Compensation
Oral (5
Bystrov, and Andrei
of the Effect of Reflection
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(Transmittance) Indicatrices of the
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Semitransparent Materials with
Subsurface Scattering
Damage of Thin-Walled Box Beams
with Omega Cross-Section Joined
Oral (15
T. Sadowski1, M. Nowicki1
by Adhesive Layers Subjected to
minutes)
Bending Deformation Processs
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Examination of the Utilization of
Oral (5
Aluminum Dross in Road Construction minutes +
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The 2st International Symposium on Intelligent and Smart Materials
Author(s)

1
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Biomechanical and Radiographic
Analysis of Adjacent Segment
Bendoukha Mohammed, Mosbah
Level Following
Poster
Moustafa
Hybrid Dynamic Stabilization
Topping off Fusion of the Lumbar
Spine
The 3rd Interdisciplinary Symposium on Innovative Construction Materials
Author(s)

Title

1

Use of Fly Ash as Partial
Imam, M. A. H.; Shah, S. A. R.;
Replacement Material in Ordinary
Ghafoor, Z.; Ismail, M.; Qurban, N.;
Poster
Portland Cement Concrete - An
and Arif, N.
Exploratory Study
2
The Plasticity of Red Mud and
István Kocserha, Alexandra Hamza
Poster
Clay Mixtures
isThe 3rd Interdisciplinary Symposium on Innovative Carbon and Carbon
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Based Materials
1

Author(s)

Title

János Lakatos, Gábor Muránszky,
Peter Rugóczky

Dependence of Oxidation Rate
From Structures in Case of
Graphites and Diamonds
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Preparation, Self-Assembly and Properties
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AlN-graphen nanocomposites
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Sergei Kulkov
Tomasz Sadowski, Marek Boniecki,
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Smart Materials Based on a High and Low
Temperatures SME-Alloys
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Multifunctionalities
Ultra-High Temperature Materials Based on
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Interface as a Functional Material: Case
Study and R&D in the Future
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Composites with Extreme Dynamic
Strength
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Preparation, Self-Assembly and Properties of Colloidal Spheres
Limin Wu
Lmw@fudan.edu.cn
Department of Materials Science, Fudan University, Shanghai 200433, China

Colloidal spheres have drawn tremendous interests in the past decades because they and their
assemblies have the enhanced even novel properties and can find potential applications in
coatings, catalysts, opto-electronic devices, surface-enhanced Raman scattering devices, solar
cells, high-performance display units.

1

Many physical and chemical methods have been developed to fabricate these colloidal spheres
and their ordered superstructures. Recently, we have developed several novel methods, including
―Pickering emulsification polymerization‖, ―Nano-solid- -fluid assembly‖, ―Oil-water interfacial selfassembly‖, etc., to fabricate these spheres and their assembles. For example, oil-water interfacial
self-assembly has come to be considered an ideal strategy for the assembly of various lowdimensional nanostructures into nanofilms. The low-dimensional nanostructures are well
dispersed in water, and then an oil phase is added to form an oil-water interface. After the
addition of an appropriate amount of inducer, the decreased interfacial energy causes the
nanostructures self-assembled into closely packed monolayer nanofilms at the interface.

2

Very recently, we have developed this self-assembly procedure to fabricate hierarchical hybrid
colloidal spheres and their assemblies, and further investigated their properties and potential
applications in coatings, photodetectors and super-resolution imaging.

3-5
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SHSynthesis and Additive Manufacturing of AlN-graphen nanocomposites
Dariusz Kata, Pawel Rutkowski, Jan Huebner
kata@agh.edu.pl
AGH University of Science and Technology al. Mickiewicza 30, 30-059 Cracow, Poland
Faculty of Materials Science and Ceramics

Additive Manufacturing (AM) is widely known and appreciated due to its flexible and customized
manufacturing capabilities. Today, the AM technology has contributed to almost all engineering
areas that include mechanical, materials, industrial, aerospace, electrical and most recently
biomedical engineering. It is also very useful to manufacture and shaping of AlN-graphen
nanocomposites.
The new AlN-graphen nanohybryds were prepared by SHS and additive manufactured to
demonstrate anisotropic thermal features. Preparation of dense polycrystals required addition of
liquid phases for sintering. Commercially, MgO, CaO, or rear earth metal oxides are used but
most promising addition is Y2O3 resulting the highest values of thermal conductivity. The AlN
grains are usually covered by thin layer of aluminum oxide therefore during sintering yttria forms
with alumina several compounds e.g. YAP (YAlO3), YAG (Y3Al5O12), and YAM (Y4Al2O9). The
garnets formation promotes densification process but additionally leads to the removal of oxygen
o

from AlN structure at temperatures above 1750 C. This is related to improving thermal
conductivity and density of polycrystals
The 30% of anisotropy in thermal conductivity, elastic properties and fracture toughness was
obtained. The structures, morphologies, and microstructures of the hybrids were examined by Xray diffraction, SEM and TEM methods. It is showed that graphen plays a crucial role in
anisotropy and influences on microstructure appearance. The results were correlated with thermal
conductivity of the samples carried out by the laser pulse method - LFA 427 apparatus. The
possibility of controlling anisotropy by graphen content and sintering conditions was showed.
Finally, a fundamental interaction of laser beam and AlN-graphene(GPLs) polycrystals was
examined. This the additive manufacturing was performed to shape different forms of innovated
heat exchanger or sensors. Laser processing parameters, microstructure, and features of joined
layer, are illustrated. The different aspects of the ceramic laser processing from fundamental
mechanism up to engineering applicability is discussed.
Keywords: Additive Manufactruring, Sellf Progaptating High Temperature Synthesis, Sintering,
Thermal Conductivity,
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Smart Materials Based on a High and Low Temperatures SME-Alloys
Sergei Kulkov
kulkov@ms.tsc.ru
Tomsk State University and Institute of Strength Physics and Materials Science of the Siberian
Branch of the Russian Academy of Sciences.

The analysis of the nature of low plasticity of composites with strengthening of hard phases are
shown that plastic shear constraint in thin interlayer of the binding phase does not provide the
small scale of the structural level of deformation. As a result, a material undergoes a brittle
fracture. Therefore, one should find another mechanism for relaxation of internal stress
concentrations in composites during loading.
The aim of a present paper is to illustrate the concept of how use a shape memory alloys with
phase transformation for metal matrix composites.
It has been studied NiTi and NiMn based alloys with shape memory effects and deformation and
fracture of MMC with phase transformations in matrix.
It has been shown that if plastic deformation is considered as local structural transformation and
structural instability in the material is provided from the very beginning, this will result in a general
increase of plasticity due to a decrease in the scale of the structural level of plastic deformation.
Deformation tests of composites near the phase transition temperature show that there are
different transformations induced by a highly non-uniform stress state of the binding phase. Under
loading the ―quasi-amorphous state" is realized in the binding phase with the formation of a
microcrystalline, highly misoriented structure with the characteristic size of crystallites less than
10 nm. This structure has high plasticity and strong hardening. It governs an efficient transfer of
external load to solid particles, inducing dislocation glide even in typically brittle titanium carbide
particles.
Moreover, a structure of binder which formed during loading correspond to a loading conditions
and the physical meaning of using binders with unstable structure in composites involves a
decrease in the scale of the structural level of plastic deformation due to the formation of the
microcrystalline structure of the binding phase during non-uniform loading.
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Quasi-static and Dynamic Degradation Process of 2-phase Ceramic Matrix
Composites and Cermet
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Department of Solid Mechanics, Lublin University of Technology, 20-618 Lublin, Poland
2
Institute of Electronic Materials Technology, 01-919 Warsaw, Poland
3
Institute of Advanced Manufacturing Technology, 30-011 Cracow, Poland
4
Institute of Fundamental Technological Research, Polish Academy of Sciences, 02-106 Warsaw,
Poland

Quasi-static degradation of brittle composites exhibits different mechanical response under
uniaxial tension and uniaxial compression. In this paper we analysed cracking processes and
failure under quasi-static loading of 2 phase ceramic material made of alumina and zirconia
mixture, subjected to tension and compression. Constitutive modelling of two phase ceramic
composites obeys description of: (1) elastic deformations of initially porous material, (2) limited
plasticity and (3) cracks initiation and propagation.
Modelling of polycrystalline ceramics at mesoscopic level under mechanical loading is related to
analysis of a set of grains, which create so called Representative Volume Element (RVE). The
basic elements of the defect structure inside polycrystal are: micro- and meso-cracks, kinked and
wing cracks. To get macroscopic response of the material one can calculate averaged values of
stress and strain over the RSE with application of analytical approach.
Dynamic degradation process was illustrated for 2 phase ceramic matix composite and cermet,
-7

which was subjected to short compressive impulse. The pulse duration was 10 s and the applied
pressure level - 480 MPa. In the proposed more advanced finite elements formulation of the
cermet behaviour is was necessary to take into account the following data and phenomena
revealing inside of the RVE: (1) spatial distribution of the cermet constituents, (2) system of grain
boundaries/binder interfaces modelled by interface elemnets, (3) rotation of brittle grains. The
cermet response due to pulse loading is significantly different in comparison to the quasi-static
behaviour, i.e. the stress distributions and microcracking processes are quite different.
Keywords: ceramic matrix composites, cermet, quasi-static degradation, dynamic degradation,
analytic model, numerical model.
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Development of Ceramic-Metal Nanocomposites and Their
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Metal dispersed ceramic-based composites have widely investigated for not only improving
mechanical properties but also addition of functionalities such as magnetic, electrical and optical
properties. In this study, we have focused on fabrication of fine-titanium (Ti) dispersed alumina
(Al2O3) ceramic composites by using conventional but controlled powder-metallurgical method. Ti
metal has unique elastic properties and performs good physicochemical consistency with Al 2O3.
However, due to the discrepancy of bonding nature of ceramic and metal, interfacial reactions and
oxidation of Ti in Al2O3matrix were often occurred. In addition, obtaining and hence dispersing fine
metallic Ti is extremely difficult due to its fundamental mechanical and thermodynamic
characteristics. Therefore, to realize fine-Ti dispersion into Al2O3 homogeneously, we have
selected TiH2 as the source of metallic Ti dispersion.
Fine-grained TiH2 particles could be obtained by atmosphere-controlled ball-milling process
together with Al2O3 powder. Obtained mixtures were hot-press sintered under the vacuum
condition that makes ―in-situdispersion‖ of Ti within Al2O3 host during sintering process. The
interfacial reaction in obtained Al2O3/Ti composites containing 0 ~ 30 vol% Ti was minimized by
this in-situ hot-pressing. Particle size of Ti was varied depending on the amount, and the
composites contained small amount of nano-sized Ti particles as well as single-micronmeter Ti.
Fracture toughness was enhanced by dispersing Ti due mainly to the crack deflection and
bridging by Ti. In addition, electrical resistivity was drastically decreased above 15vol% of Ti
content, which was due to the percolation of conductive Ti phase. As the reuslt, electro-discharge
machining for the composites could be possible. From these results, it can be considered that the
fine-Ti dispersion into Al2O3 ceramic realized multifunctional composite. Detailed relationships
between fabrication processes, micro/nano/interface structure, mechanical and electrical
properties and further functionalization will be discussed.
Keywords: alumina, titanium, nanocomposite, mechanical properties, electrical conductivity,
percolation, multifunctions
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Jointly with carbon (graphene/graphite), the refractory monocarbides MeC 1–x of Ta, Hf, Nb and Zr
possess the highest melting points among all the solids ever known [1]. This amazing property
allow these carbides to save their physico-mechanical, thermophysical and physico-chemical
stability, including hardness, strength and wear and erosion resistance, at the certain level up to
ultra-high temperature ranges. The carbides are also very stable under the conditions of intensive
nuclear radiation, when the radiation affects the solids jointly with higher temperatures. The
extraordinary and very special behaviour of carbide compounds, formed by d-elements (transition
metals) and also called as metal-like (or interstitial) carbides, is caused by the specific chemical
bonds between carbon and metal, which include and combine metallic, ionic and covalent
interatomic bonding/interaction simultaneously [2]. The hetero-desmic character of chemical
bonding in transition metal carbides is almost always accompanied by non-stoichiometry and
existence of wide homogeneity ranges of these carbide phases (variability of composition), e.g.
zirconium monocarbide ZrC1–x exists in the area of compositions from ZrC~0.5 to ZrC~1.0 in the
same cubic crystal structure with only certain change of its lattice parameter. The monocarbides
of Ta, Hf, Nb and Zr and semicarbides of Ta and Nb can be used as materials or constituents of
composite materials for high and ultra-high temperature technical applications. The refractory
carbides of Ta, Hf, Nb and Zr vary sufficiently in their possible compositions and physico-chemical
properties. Some of them are exceedingly inert to chemical attacks, though their chemical stability
has commonly a selective character. At higher temperatures all the carbides are susceptible to
gas corrosion in oxidizing atmospheres, although some carbides have better resistance to
oxidation than do the refractory metals, and most of them are more resistant to oxidation than
graphite or other carbonaceous materials. In order to realize successfully the high and ultra-high
temperature properties of carbides, special attention must be paid first of all to the issues of their
chemical compatibility in contact with various solid, liquid and gaseous substances in the wide
range of temperatures and pressures of the media. In addition to the extremely high melting
points, carbides possess a wide range of other valuable properties, among which it is necessary
to note first of all, their super-high hardness [2]. For massive machinery production this property is
much more important than anything else. The fundamental significance of refractory carbides lies
3

in the fact that in their lattices the breakdown of sp -configurations has a considerable extent
deferred to much higher temperatures than those at which it occurs in diamond. Thus, refractory
carbides represent a unique compromise as their hardness, although less than that of diamond, is
retained at the temperatures, which are unreachable in general for ―the champion of hardness‖.
Keywords: ultra-high temperature materials, refractory carbides, chemical compounds of Ta, Hf,
Nb and Zr.

30

References
[1] Shabalin, I. L., 2014. Ultra-High Temperature Materials I. Springer, Dordrecht
[2] Shabalin, I. L., 2018. Ultra-High Temperature Materials II. Springer, Dordrecht (in press)

31

Interface as a Functional Material: Case Study and R&D in the Future
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Interface has been recognized for a long time as a part of materials such as surface and grain
boundary in bulk in spite of the fact of important roles in materials property and durability in
practical use. Interface is also well known to have four principal performances such as
mechanical, electrical, magnetic and optical properties. Here, I will at first review the interface
behavior with special emphasis on materials science and then introduce typical examples of case
study.
Mechanical behavior of interface can be attributed to joining of different materials in particularly at
low temperature and intrinsic defects introduced in the process of joining caused by difference in
thermal expansion. Defects thus introduced is known to result in work hardening of interface.
Recently, an epoch-making method of joining to utilize water gas adsorption layer as an adhesive
agent. This gas adsorption joining (GAJ)

(1)

was demonstrated in cycloolefin polymer(COP) film

and borosilicate glass system. Both surfaces were first modified by atmospheric pressure plasma,
followed by close lamination to reaction distance and heated at about 100℃ to result in the
formation of a strong covalent bond for joining. Durability thus formed system was found to remain
unchanged even after weathering test in 60 ℃，95％RH for 2000 hrs. Joining mechanism can be
explained in terms of an increase in density of functional molecules at the interface, followed by
dehydration

(2)

. Thickness of joining layer was confirmed by X-ray photoelectron spectroscopy and

STEM and EELS

(3)

to be 1~2nm. Sealing performance of GAJ was examined by measuring

Water Vapor Transmission Rate(WVTR) by Mocon system using joined PET films on which high
barrier layer was coated. The WVTR of line sealing with 1 mm width and 1-2 nm thick was found
-4

2

to be better than 5 x 10 g/m /day. Practical applications of thus developed GAJ for joining and
sealing are now in progress for flexible film devices such as OLED display, solar cells, and
healthcare devices. Finally, roles of interface in materials science in future will be critically
discussed.
Keywords:Interface, Adhesive free joining, Water vapor gas adsorption joining, Ultrathin Joining
thickness, Low temperature joining, Water vapor sealing, Sum-frequency generation spectroscopy,
STEM-EELS, XPS
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This talk is about the contribution of ferroic nanostructures (nanoferroics) to microelectronics. With
the continuous increase of needs of mobile, agile and low cost communications, nanosized ferroic
materials seems to be an option to this challenge. Nanoferroics include ferroelectric, ferroelastic,
magnetic and multiferroic nanostructured materials. Some examples of lead free ferroics are
BaTiO3 and BiFeO3. However, it is well known that the properties of ferroics are strongly affected
by the geometric confinement originating from surfaces and interfaces constraints when in the
nanometer scale. Consequently, their properties may vary markedly from their bulk counterparts.
On the other hand, the unique small size features create new behaviors and new application
opportunities. Via a sequence of case studies relevant aspects on nanosize effects in the physics
of ferroelectrics will be summarized. Developments on the synthesis of 1D and 2D ferroics and
associated limitations will be highlighted. Advances in the fabrication of CNTs / ferroelectrics will
be revised as a strategy to develop 3D nanostructures. The role of nano porosity will be
presented and discussed and applications exploited. In addition the role of the stress on the
ferroic properties will be described in different materials and discussed from the application point
of view. Technological routes towards sustainable processes will be part of this discussion and
low temperature synthesis processes will be exploited for some flexible nanosized microelectronic
applications.
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It is obvious that ceramic materials have different modules of elasticity and melting temperatures
depending on their chemical compositions, morphological and crystalline structures [1-4].
Because of these the composite materials created from components and particles of different
melting temperatures and modules of elasticity have better ability to absorb and dissipate kinetic
energy during dynamic beats and high speed collisions [5-8]. Examining the behaviors of different
ceramics and CMCs under high speed collisions in several years the authors have confirmed the
advantages of hetero-modulus, hetero-viscous and hetero-plastic complex material systems.
Applying the rheo-mechanical principles the authors first have developed new corundum-matrix
composite materials reinforced with Si2ON2, Si3N4, SiAlON and AlN submicron and
nanoparticles. These new nanoparticles reinforced hetero-modulus CMCs have excellent dynamic
strength during their collisions with high density metallic bodies with speeds of 1000 m/sec or
more. During the high energy collisions the phase transformation of submicron and nanoparticles
of alpha and beta silicone-nitride crystals into diamond-likecubicc-Si3N4 particles [1] were
observed.
Based on the rheological principles and the energy engorgement by fractures, heating, melting
and phase transformations in solid stages of components the authors successfully developed
several new hetero-modulus, hetero-viscous and hetero-plasticself-healing complex materials
with extreme dynamic strength. These new, self-healing, nano particles reinforced composite
materials generally are based on traditional ceramic matrixes (Al2O3x2SiO2, Al2O3, Si3N4, SiC),
and non-ceramic components with different melting temperatures and modules of elasticity. To
prepare new CMCs with increased dynamic strength in additions to the ceramic matrix both
materials with relatively low (graphite, Mg, Al, Ti, Si) and high (borides, nitrides and carbides)
modules of elasticity were used.
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: alumina, ceramics, CMC, collision, composite, corundum, diamond-like, dynamic,
materials, nanoparticles, phase-transformation, rheology, silicon-nitride, solid-stage, strength
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The multiple-sample approach by means of multiple-sample handling (MSH), multiple-sample
bonding (MSB), and centrifugal adhesion testing (CAT) technology allows the determination of
bonding strength of adhesive-bonded joints on a statistical basis of up to eight samples at the
same time under identical conditions. Hence, continuous handling and identical processing of an
octet of samples is ensured within the entire process chain of wet-chemical cleaning, plasmachemical pre-treatment, bonding of samples, and testing of bonding strength.
This strategy guarantees a statistically validated evaluation of bonding strength based on identical
preparation and testing conditions. For the process steps bonding and testing, a multiple-sample
bonding set-up and an analytical centrifuge have been developed. Construction, function, and
features of both systems are discussed regarding the advantages of multiple-sample bonding and
multiple-sample testing. It is advantageous that an octet of samples is treated batch-wise in the
same way (same pot-life, identical bonding pressure, equal transfer conditions) and that certain
requirements of conventional single-sample bonding and testing such as alignment and clamping
of samples are much easier or even unnecessary.
Within the multiple-sample bonding set-up a defined bonding pressure can be adjusted regardless
the actual number of samples. In dependence on the viscosity of the adhesive and the surface
topography of the adherend, an improved reproducibility of adhesive film thickness can be
achieved even without spacers also at elevated temperatures. The multiple-sample testing in an
analytical centrifuge does not require any sample clamping, bonded assemblies are simply
inserted in a way that any shear forces are avoided. A comparison of the single- and multiplesample approach reveals for bonding strength of selected adhesives, double-sided adhesive
tapes and different material combinations [stainless steel vs. stainless steel, polyamide (PA), and
polypropylene (PP)] that besides an enormous saving of time, a remarkable improvement of
reliability at lower standard deviations may be achieved. Besides pull-off tests, lap-shear tests are
presented and discussed.
Keywords:

multiple-sample

cleaning,

multiple-sample

plasma

activation,multiple-sample

bonding, multiple-sample testing, bonding strength, adhesives and adhesive tapes
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Miniaturized tubes are increasingly required in automobile or medical applications. Tubes with low
diameters, 3 mm, low thicknesses, 120 m, and good surface finish with low Ra are obtained with
the fixed plug tube drawing process. In the present work, this process is investigated
experimentally and numerically in order to optimise the industrial pass sequence. Tube drawings
are performed on a laboratory drawing bench equipped with force, displacement and temperature
sensors. The die is equipped with 2 thermocouples to determine the temperature increase due to
the dissipated heat by friction and plastic deformation. The drawability limit of 316LVM stainless
steel (SS) tubes is determined by varying the plug position and the effect of lubricant is discussed
(Figure 1-a). Fracture statistically occurs at >2 mm from die exit (Figure 1-b) where the tube is in
uniaxial tension. The numerical model relies on the accurate die geometry measured using a
contact method and on the mechanical behaviour of SS 316LVM characterised by tensile tests
between 20 and 200°C on annealed tubes. The friction coefficients between tube and die and
tube and plug are determined by FE modelling by comparing measured and simulated plug, die
and drawing forces. The identified coefficients are discussed in terms of the classic Stribeck
friction curves.

Figure 1. (a) Forces and tube thicknesses obtained by varying plug position;
(b) Typical X-ray tomography cut views of a tube drawn beyond the drawability limit (fracture a
few mm after tool exit).
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Rheological Behavior of Aerated Sludge
Nicky Eshtiaghi

Rheological behaviour and motion of bubbles in sludge is of great importance in sludge
management process concerning design, optimisation and hydrodynamic operation of the
treatment process. Sludge rheology plays a significant roles on the size of bubbles and
consequently on mixing and mass transfer efficiency which is an important parameter for design
and scale-up. As only few studies have investigated the impact of aeration on different process
parameter (such as viscosity, gas holdup, membrane fouling, etc.); the comparison between them
is difficult due to the variation of sparger type, experimental setup, and assumptions made for
calculation. Moreover, there is no study correlating the impact of aeration on sludge rheological
properties and gas holdup in concentrated sludge. So, this study aims to systematically
investigate the effect of gas injection on sludge rheological properties and gas holdup.
In this study, we showed that measuring the rheological property of aerated sludge for both waste
activated sludge and digested sludge while injecting gas is not reliable because of slippage. For
the first time, we also showed that the storage and loss modulus decreases by gas injection due
to extra shear imposed. Furthermore, we also proved that the amount of stress imposed by gas
injection could be predicted using a simple model based on sludge concentration, and gas
velocity. The correlation of sludge physical properties such as zeta potential and suspended
solids, soluble COD with the sludge concentration and the gas flow rate helps to understand the
stability of the system and the bubble life in the fluid.
This study can give us a new insight to optimise the sludge treatment process by understanding
the effective viscosity and bubble behaviour in the sludge reactor. Also, we revealed that the
imposed stress in waste activated sludge showed a logarithmic relation to the gas holdup.
Correspondingly the theoretical correlation based on dimensionless groups was modelled with to
predict the gas holdup using physical properties and geometrical parameters.
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In this research 13 drilling production, up to 18 m depth of “Lenti” conventional brick clay deposit
were examined both onmaterial and mineralogical structures and compositions as well as on
technological properties.During the examination the mineralogical and chemical composition of
the different layers were determined and tested on physical and technological properties. The
authors have found that the grain size distributions and the volumes of X-ray amorphous
submicronand nano particles of these conventional brick clays do not influence on the dry
sensitivity of theextruded and formed green products of ceramics roof tiles. The authors have
found also a strong correlation betweenthe X-ray amorphous nano particles of raw materials and
the bending strengths of the sinteredceramic rods. As more the volumes of submicron and nano
particles are in the conventional brickclays as higher are the bending strengths of the produced
from them sintered ceramics.
Keywords: bending strength, bricks, ceramics, clays, drying, dry sensitivity, granulometry,
minerals, roof tiles, shrinkage, X-ray diffraction
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We use molecular dynamics simulations to study thermal transport in disordered materials. In
particular we will expose the relative role of compositional and structural disorder in a phononic
thermal conductivity reduction by studying three 50-50 SiGe alloy structures: ordered alloys,
disordered alloys, and amorphous alloys. We find that while both types of disorder significantly
reduce thermal conductivity, structural disorder is much more effective to this aim. The
examination of phonon lifetimes in disordered semiconducting alloys shows high lifetime values in
a low frequency regime governed by phonon-phonon, Umklapp scattering –these values are
reduced rapidly with increasing frequency following Rayleigh scattering behavior. The local
properties analysis reveals that the structural disorder leads to elastic heterogeneities that are
significantly larger than density heterogeneities, which is likely the key reason for amorphous
semiconductor alloys having lower thermal conductivity than random semiconducting alloys. We
will also discuss how high pressure can be used to permanently densify oxide glasses, thus alter
their structure, and potentially increase their thermal conductivity.
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Inorganic Polymer Composite Fibers for Water Treatments, Examples for
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After the Great East Japan Earthquake and Tsunami damaged the Fukushima Daiichi Nuclear
Power Plant during and after March 11, 2011, long-term radiation contamination ensued,
presenting severe difficulties to human life and the local environment. Since radioisotopes were
released, therefore, the area was left with contaminated soil, air, and water. The release of Cs
caused environmental contamination for which mitigation, especially for

137

Cs, requires

considerable effort. After six years have passed, however, still the treatment level for extra lowlevel pollution on the radioactive Cs in Fukushima is insufficient. Regarding the abundance of
sources of radioactive Cs and its damaging effects, extensive research has been conducted
related to the adsorption of Cs on various materials with Prussian blue, clays, and cements.
However, practical technology is Among them, for the efficient removal of radioactive Cs from
low-level radioactive liquid wastes, natural zeolites, because of their low cost and selectivity, are
important alumino-silicates used in sorption processes. Nevertheless, some exposure risk to
residents of Fukushima persists in each area. Effective methods to treat and dispose of the
hazardous substances should be developed quickly to protect local residents.This study assesses
zeolite composite fibers as a radioactive Cs decontamination technology. It is noteworthy that the
composite material enables recovery after decontamination treatment [1]. Consequently, fiber
adsorbents were actually used for decontamination in Fukushima to investigate decontamination
of Cs from extra-diluted water in exposed areas of Date, Iwaki, and Ohkuma. Its operation is
simple and beneficial, entailing installation of the zeolite composite fibers in a living environment.
When a contaminant in a river flows downstream, it is transferred from mountain areas to plains
and fields near residents. The compoite fibers can be used for passive decontamination to
prevent radioactive Cs penetration to downstream residential areas. Composite fiber barriers
reduce exposure risks while requiring no driving force or energy for the decontamination. In
addition, the detection of radioactive Cs in the fiber adsorbents settled in water can be used as
alarms notifying residents of the spread of radioactive Cs as a waterborne contaminant. The
present paper describes preparation of the zeolite composite and includes evidence related to
decontamination of radioactive Cs from a natural water environment [2]. Evidence shows that
passive decontamination using zeolite composite fibers eliminated radioactive Cs from water
environments of surrounding fields that have extremely diluted radioactive Cs.
Keywords: Composite fiber adsorbent, decontamination, water treatment, radioactive cesium,
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[2]K. Nakamoto, M. Ohshiro, T. Kobayashi, J.Environm. Chem. Eng., 5,513–525 (2017)
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New Adsorbent Materials on the Base of Minerals and Industrial Waste
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Mining industry wastes are sufficiently hazardous. The main method of their processing both in
Russia and in other countries remains land storage as technogenic massifs representing dumps
of overburden and empty rocks, tailings, etc. The specificity of the wastes as raw resource lies in
various ways of their utilization. At present, when environmental problems are becoming more
pronounced, special solutions are needed. One of the ways is to use cheap adsorbents that do
not need restoration.
This is very important for the vulnerable nature of the Arctic. The fundamental task, the article is
aimed for, is to obtain new knowledge about formation, stability of phase transformations and
aggregation of ultrafine matter and creation of adsorption materials with predetermined properties
on the basis of natural and technogenic raw. An example of the development of a class of
advanced materials such as zeolite will be the technology of synthesis from ash of thermal power
plants operating in the northern regions of Russia. The synthesis conditions create necessary
parameters of adsorption properties for removal of heavy metals and radionuclides. "Clean"
technologies are formed to replace natural and commercial zeolite. Another example of
developing a class of advanced materials can be technologies for the synthesis of nanotubes
from refractory leucoxene ore.
Development of low cost adsorbents based on minerals/wastes and creation of new materials for
industry (water purification, medicine, ceramics, etc.) at the national level can become an
important source of profit, creation of new jobs and increase of competitiveness of the industry.
Keywords: eco-materials, zeolite, nanotubes correlation "structure–properties", modeling
(synthesis, modification), remediation of ecosystems
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Development of Ceramic Thermoelectric Materials Suitable for the Topping
Cycle Application in Power Plants
Takao Mori

Thermoelectric materials are being actively developed now, utilizing state-of-the-art processing,
novel concepts and novel materials [1,2]. It may not be widely known, due to the straightforwardly
relatively high efficiency of turbines, but one especial need exists to develop TE materials which
can utilize high temperature unutilized/waste heat in thermal power plants, steelworks, factories,
incinerators, etc. and also focused solar power [3]. The thermal power plant application will
especially need ultra-high temperature TE materials. We have been particularly interested in
developing the properties of inorganic and refractory materials mainly composed of abundant,
inexpensive elements (so-called ―Element Strategy‖) like borides, silicides, sulfides, oxides,
nitrides, by utilizing and controlling particular features of the crystal structure and structureproperty relationships. I will give an overview of this strategy, together with the recent
developments we have made in further developing various promising boride [4], sulfide [5], oxide
[6], and nitride [7] compounds for thermoelectrics.
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Recent Advances in Nanoparticles Applied to Water Remediation and
Biomedical Applications
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The past 2 decades have seen the development of new nanomaterials for applications in
biomedecine and in water remediation. Amongst biomedical applications, nanomedicine has
emerged as a new field of research with the development of new strategies and solutions to cure
diseases that seem difficult to cure. In fact, nanomaterials and more particularly metal
nanoparticles have become essential in the development of new technologies and applications in
these fields. The main interest for nanoparticles lies in their unique properties and their large
surface-to-volume ratio.
The advances in synthesis methods over the years have improved, hence realizing nanoparticles
with a good size and shape control is now possible. Surfactant-free nanoparticles are very
sensitive to their environment and more particularly in the human body. So, the functionalization
of the surface for targeted applications has sparked a lot of interest for cancer treatment and the
development of biocidal coatings. Biological approaches and green synthesis routes using
biological molecules originating from plant extracts have therefore been developed for the
synthesis of nanoparticles which discards the use of toxic chemicals. Here, the active molecules
of plant extracts are used as active capping agents that enhance nanoparticle properties. The
intrinsic toxicity of the nanomaterials should also be taken into consideration during the
development of these solutions, more specifically in biomedical applications.
Contamination of aqueous solution by heavy metal ions and also dyes is a critical problem
worldwide raising serious concerns as they are carcinogenic to animals and humans.
Decontamination processes involve many methods involving nanomaterials and will be discussed,
highlighting their present advantages and disadvantages The development of biocidal coatings
will also be discussed and commented upon on taking into account the intrinsic toxicity of the
nanomaterials. This talk will focus on some of the recent advances in the biomedical field and
also in water remediation that appear to be a major concern in the coming decades. Our recent
investigations with ultrastable metal nanoparticles (Ag, Co and Ag_Co nanocomposites) in these
fields will also be described.
Keywords: Metal nanoparticles, water purification, biocidal properties, cancer cells
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Morphological Control of Alkaline Earth Metal Phosphate Particles by
Microwave Heating
Takeshi Toyama
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Alkaline earth metal phosphatesare used in various applications.However,their morphological
control is difficult because it is insoluble.Nevertheless, I hadpreviously succeeded in preparing
highly concentrated solutions of alkaline earth metal phosphates, M 3(PO4)2 (M=Mg, Ca, Sr, Ba),
by CO2 gas blowing[1]. The mechanism of the CO2 gas blowing method involves the formation of
soluble hydrogen carbonate salts (M(CO3)2) upon blowing CO2 into the appropriate solutions,
which increases the solubility (Eq. 1) [2].
M3(PO4)2 + 6CO2 + 6H2O → 3M(HCO3)2 + 2H3PO4(1)
These solutions are unstable, and alkaline earth metal phosphates are precipitated by heating. In
addition, microwave heating is a method of internal heating.By using this method, it is possible to
synthesis small and uniform particles. In the lecture, I will explain the preparation and
morphological control of uniform particles of various phosphates upon the microwave irradiation of
highly concentrated alkaline earth metal phosphate solutions.
In magnesium phosphate solutions, Mg3(PO4)2･8H2O is produced ineither heating methods. The
particle shape obtained by external heating (with a gas burner) was plate-like, while uniform
spherical particlesin size of 0.5 µm were obtained by microwave heating [3].In the case of calcium
phosphate, a sand-rose-like shaped hydroxyapatite (Ca10(PO4)6(OH)2) particle was precipitated by
both the heating methods. The particle size distribution obtained by external heating was wide
and nonuniform, thougha uniform particle insize of 1 µm was formed in the case of microwave
heating. In strontium phosphate, the product differeddepend onthe heating method. A hexagonal
plate-like Sr3(PO4)2 particle was precipitated by external heating, and needle-like Sr10(PO4)6(OH)2
particles were precipitated upon microwave heating. Finally, in the case of barium phosphate, the
product was plate-like Ba3(PO4)2 particles in either heating method.
Keywords:microwave heating, morphological control, alkaline earth metal phosphate
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The Change in the Quality and Properties of New Materials by Changing the
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In the world of physics and chemistry of substances and materials, scientists, University
professors, school teachers and their students (schoolchildren, students, graduate students and
Junior researchers) traditionally represent substances by their specific chemical symbols and/or
their names. As a rule, the substance itself is identified and even replaced by its chemical symbol.
Therefore, in scientific encyclopedias, in physical and chemical reference books, as well as in
scientific articles, the characteristics of substances and their properties are stated without taking
into account the presence of gases in them. At the same time, the substances themselves and
their physical and chemical properties are traditionally considered exclusively in a chemically pure
form.
As a rule, all proceed from the fact that we are talking about "pure" substances, that is,
substances devoid of any physical and chemical impurities. In this case, the presence of
impurities is allowed, but in the minimum values. In addition, the list of impurities in question
traditionally include other substances that in the earth's conditions are exclusively in solid and/or
liquid aggregate states. However, scientists in research laboratories and workers in enterprises
proceed from the fact that in practice there are not absolutely "clean" substances and can not be.
At best, it is possible to have a substance as a highly purified chemical reagent with the brand
"clean for analysis" or as a standard with certain physical and chemical properties. However,
such" purified "substances today still" not cleaned " (not released) from gases !
At the same time, the results of our research have shown that in the conditions of modern
scientific laboratories and factory shops new substances and new materials are created with the
participation of gases. Very often this is due to ignorance, ignorance and/or mistake of scientists
and manufacturers. The fact that air and various gases can easily penetrate into the natural
conditions in many solid and liquid substances and often affect their quality and properties. In
addition, there are all conditions for the artificial saturation of any gas of almost any substance
and vice versa, a significant reduction in the content of gases in it. It turned out that both
directions of change in the content of gases in substances can significantly change their
properties and therefore can be used to create new materials with new properties !
We have analyzed the data and the most accessible facts. The results of our work have shown
that gases have a significant impact on the properties of substances. Therefore, we propose to
include gases in impurities and/or factors affecting the physical-chemical properties and quality of
substances.
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Unfortunately, our appeals have been ignored by the scientific community for a long time, so gas
is still not considered as an admixture and/or as a worthy independent factor of physical and
chemical activity of almost every liquid and solid substance in the world.
Here is an example of the effect of gas on the physical property of water, which formed the basis
of the new method of storage of drinking water invented by us. The essence of our invention (RU
2620641) is that in conditions of total darkness and average vacuum, the melt water is degassed,
frozen and stored in the form of ice.
The fact is that in the proposed method, due to degassing, freezing of thawed water and storing it
in the form of ice in conditions of complete darkness and medium vacuum, it provides maximum
inhibition of chemical processes and the life of microorganisms in it, which maintains high water
quality. It is shown that melt water is not pure water and is not sterile. Melt water is a solution of
many chemicals in which microorganisms live. In particular, in melt water there are algae, fungi,
bacteria, other microorganisms and products of their life and death. In this regard, the deprivation
of water fluidity, gases, its transformation into ice and complete cessation of illumination inhibits
the rate of chemical reactions, the intensity of the life of microorganisms and the formation of
histamine-like substances, which ensures the safety of high water quality, preservation of its high
microbiological, infectious and allergenic safety for people with long-term storage.
The average vacuum (negative pressure in the range from 1 to 10-3 Millimeters of mercury)
deprives water of gases and reduces the amount of ice formed from water.
In particular, our studies show that when 150 ml of carbonated melt water is frozen in an
environment of atmospheric air at atmospheric pressure of 760 mm of mercury ice having a
volume of 161 cm3 is formed, and when freezing completely degassed melt water in an average
vacuum (at a pressure of 10-3 mm of mercury) ice is formed, having a volume of 154 cm3. On the
other hand, freezing 150 ml of carbonated water (at an excess pressure of 0.2 ATM carbon
dioxide at +8° C) in the ambient air at atmospheric pressure of 760 mm of mercury ice is formed,
having a volume of 200 cm3.
Finally, today we declare that typically, the amount of gases in the substances is determined by
the presence, concentration of their in the surrounding space, by the ease of dissolution of gases
in matters and the value of the gases pressure. At the same time amount of gases contained in
the substances is greater, the more gas is in the environment and the greater the magnitude of
the pressure in it. In this regard, the creation of materials surrounded by different gases and under
conditions with different gas and/or air pressure automatically changes the gas content in
materials. Introduction to materials different gases and in different amounts alters the composition
of materials that change their physical-chemical and mechanical properties.
In particular, the different content of gases in one and the same substance makes various
changes its volume, mass, density, strength, hardness, preservation and/or corrosion resistance
and other properties. Therefore, when creating of new materials should take into account the
presence of gas in them. It should be noted that gases can play various roles: they can improve
or degrade the quality and properties of materials.
Keywords: material property, materials quality, gas,ingredient, aeration.
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Nanostructured Electrode Materials for High Energy Secondary Batteries
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The rapid development of energy storage and the electric vehicles urgently demands
rechargeable batteries with high energy density. Various metal-ion insertion (or intercalation)
+

+

2+

materials including Li , Na , Mg

and others have been proposed and developed for high

capacity electrode materials in rechargeable batteries. In general, the insertion hosts with the
close-packed structures such as Si and Sb involve large volume changes during the
insertion/extraction process, leading to the electrode structure degradation and loss of electronic
contact. In this presentation, nanostructured Si/C and carbon coated graphene/antimony
composite with a unique sandwich-like structure are designed and prepared to suppress the
+

severe volume effect and significantly improve the electrochemical reversibility of Li and Na
+

+

storage. In addition, some new bimetallic oxides are proposed for Li , Na , and Mg
the related reaction mechanisms are discussed. For example, both Mg

2+

2+

+

storage and
+

and Li ions can

reversibly co-insert into V2MoO8, along with the valence changes of Mo/V ions. The large capacity
electrode materils may be promising for the high energy secondary batteries.
Keywords: Ionic insertion,Si based anodes, bimetallic oxide electrode materials,secondary
battery
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Ultra-high voltage electron microscopy (UHVEM) has been applied to observe a crystallization
process of an amorphous material. A semi-metallic antimony material, which is utilized as a
component of recording materials for an optical disk and so on, is important in the device
developments, and has been focused here. On the assumption that the recording region is
nanometer-sized region of antimony materials, nanoparticles were adopted as an analytic sample.
Crystallization processes and the mechanisms in amorphous antimony nanoparticles have been
investigated by microsecond temporal and pico-meter spatial resolution in situ observations under
electron irradiation. Electron irradiation experiments and the simultaneous in situ observations
were carried out by an UHVEM operating at an accelerating voltage of 1 MV, which has temporal
resolution of 625 s per frame. At the early stage of the crystallization in approximately 20 nmsized amorphous nanoparticles, small crystal nucleus on the surface repeats between formation
and annihilation. When the nucleus size becomes more than the critical size of 6.3 nm in
diameter, the crystal growth takes place in the whole nanoparticle. The crystal growth rate
estimated was approximately 20 m s . The growth rate depends on the particle size, and it was
-1

confirmed that the smaller the particle size is, the faster the growth rate is. It was suggested that
the crystallization driven by long-range elastic interaction due to small crystal nucleus formation in
amorphous nanoparticles is induced by short-range atomic rearrangements.
Keywords: nanoparticle, characterization, TEM, dynamics
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Nonstoichiometry of Crystalline Compounds and Materials on Their Basis
Igor Avetissov, Elena Mozhevitina, Andrew Khomyakov, Mikhail Grishechkin, Roman Avetisov,
Alina Akkuzina, Marina Zykova
aich@rctu.ru
Department of Chemistry and Technology of Crystals, Dmitry Mendeleev University of Chemical
Technology of Russia, 125047, Moscow, Russia

The progress in semiconductors for the last fifty years basically deals with doping [1]. Dopant
atoms incorporating into crystal lattice generate point defects which determine structure sensitive
properties of the crystals. These properties also sufficiently influence on crystal quality such as
dislocation density, twins, micro- and macro-segregations etc.

But in the case of chemical

compounds there is no difference what is the source of point defect generation either dopants or
over stoichiometric components [2].
III

V

II

VI

The advantages in technology of complex inorganic semiconductors such as A B and A B are
directly associated with non-stoichiometry investigations [2,3]. To date, there is no absolutely
reliable information available on non-stoichiometry of some compounds, for example AlN, GaN,
InP, but investigations of pi–T diagrams, which are necessary for a successful study of
nonstoichiometry, were conducted way before the nonstoichiometry of GaAs, GaSb, etc. was
investigated.
In the case of organic semiconductors, the situation is more uncertain. There is no available
information about pi–T diagrams for organic semiconductors in the literature. The organic
chemists, in general, consider chemical compounds as substances with a fixed chemical formula.
But according to the thermodynamic laws at T>0 K the generation of atomic point defects is
inevitable in crystalline substance [3]. This means that a crystal phase of any chemical compound
exists in a range of compositions, which is customarily called the homogeneity range. The width
of homogeneity range for the most compounds varies from 0.1 to 0.001 mol%, but within this
range, the functional properties of the crystal phase could change in orders of values. Analysis of
the relationship between non-stoichiometry, synthesis conditions and functional properties is a
subject of solid state chemistry [3]. And the first step for the determination of this relationship is
obtaining reliable information about the range of synthesis parameters within which one can
obtain a single crystalline phase. Usually, this information is presented in the form of pi–T–x
diagrams.
The general approach and specific features of pi–T–x diagrams investigations for inorganic and
organic compounds as well as their application for crystal growth and OLED technologies will be
discussed.
Keywords: p-T-x diagram, nonstoichiometry, crystals
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In this work, frequency dependent dielectric properties of polycrystalline magnesium diboride
(MgB2) were investigated. Two set of samples, i.e. in situ and ex situ MgB 2 were used for this
study. The samples were prepared at 650 – 850 °C in argon gas flow environment. Dielectric
permittivity (ε′, ε″), dielectric loss (tan δ), AC conductivity (ζ ac) as a function of frequency in the
range of 100 Hz – 10 MHz were measured at room temperature. The X-ray diffraction (XRD) data
and grain structure were analysed and correlated to the findings in dielectric properties. Due to
weakly coupled grains and presence of high fraction of oxides, positive real dielectric permittivity
was measured for the ex situ samples as compared with the more conductive in situ MgB2 which
showed negative real dielectric permittivity. Higher sintering temperature improved grain
connectivity as reflected by the higher AC conductivity and dielectric loss. As opposed to the sole
bulk response of the in situ MgB2,the electrical behavior of the ex situ samples is mainly due to
the bulk and grain boundary responses as indicated by the complex impedance and the combined
spectroscopy plots. The modelled equivalent circuit also suggests the presence of insulating grain
boundary barrier next to the conducting bulk in the ex situ samples. Such insulating barrier can be
contributed by the oxide phases as shown in the XRD patterns.
Keywords: dielectric, magnesium diboride, X-ray diffraction, microstructure
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Safety issues of batteries have received significant attention in recent years.Most of the work on
battery mechanical safety has centered on external packaging, with little attention paid to the
enclosed electrolyte. Namely, the traditional solution to this problem is adding physical protection
packages, which brings a drawback of heavy weight. As demonstrated by our previous work, we
have developed a new strategy to improve battery safety as well as maintain the performance by
introducing shear thickening properties into electrolytes.These electrolytes not only show higher
ionic conductivities but also exhibit the shear thickening effect under pressure or impact. Shear
thickening electrolyteshave been further investigated and considered as one of the most
promising methods of ensuring safety in Lithium-ion products.
Adding shear thickening fluid into ballistic fabrics to generate ―liquid body armour‖ has drawn
attention because it improves the velocity resistance of fabrics with more flexibility. A significant
amount of research has been conducted on conventional ballistic fabrics and liquid body armour
in ballistic, blast and stab protection, to be energy absorbing and flexible at the same density..
Here we report a soft-packaged wearable battery containing ballistic fabric and shear thickening
fluids. Kevlar was used as a separator and shear thickening fluid was used as electrolyte. This
configuration is exactly the same as the ―liquid body armour‖ which combines Kevlar fabric with
shear thickening fluids. The electrochemical performance of this battery was tested, and it
demonstrated reasonable charge/discharge capacities. We also found that the moisture absorbed
inside the Kevlar textile has huge impact on the battery performance, which cause a severe
problem of solid–electrolyte-interphase (SEI) and gas evolution during the charging/discharging
processes. Removing moisture from the electrodes, fabric separator and electrolyte is essential
for better performance. The assembly process of such a soft-packed battery, including the gas
release and re-sealing procedures, need to be carefully controlled. The concept of bullet-proof
soft-packed battery has been proved, however there are still technical issues to be addressed
during assembly. Optimizing the fabrication process of a soft-packed battery based on shear
thickening fluids and ballistic fabric and evaluation of ballistic performance will be our future goals.
Keywords: wearable battery, shear thickening fluid, Kevlar fabric, protection, charge/discharge
capacities
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Magnesium aluminum titanate (Mg0.3Al1.4Ti1.3O5 and MgAl8Ti6O25) ―MAT‖ based ceramics were
o

successfully prepared by reaction sintering at a temperature of 1300 C for 6h starting from
aluminum dross waste and rutile ore powders. Different mixtures of dross-(0-60 wt %) rutile were
prepared. The obtained ceramic composites were characterized by XRD and FE-SEM. Physical
and mechanical properties of MAT based ceramics were also investigated as well as the linear
thermal expansion. XRD data illustrated that the solid solutions of composition Mg 0.3Al1.4Ti1.3O5
and MgAl8Ti6O25 were initially formed in the specimen containing 10% rutile(R). Afterward, their
amount increased with further addition of rutile up to 60%. The best values of densification
3

parameters (≈2.76 g/cm bulk density and ≈12.46% apparent porosity) were recorded for
specimen containing 20% rutile. In contrast, 50% and 60% R added samples, which are mainly
3

composed of Mg0.3Al1.4Ti1.3O5, MgAl8Ti6O25 and traces of TiO2 exhibited density of 2.31 g/cm and
3

2.5 g/cm , respectively. Moreover, the obtained samples present thermal stability even at high
o

temperatures. No decomposition was observed over a range of temperature of RT-1200 C. In
addition, the TEC’s of the obtained samples have lower values than those of AT ceramics. As a
consequence, the solid state sintering of aluminum dross waste and rutile ore can be considered
as a promising way to produce a new advanced ceramic materials based on MAT. Also, using
this waste has two intrinsic impacts. One over the nature by reusing this waste and the second on
production cost.
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Silver nanowire transparent conductive composite film, which is prepared by depositing silver
nanowires onto a substrate, shows both high optical transparency and high electrical conductivity.
The film can be easily prepared via liquid suspension, so it is said to have advantages as
compared to Indium Tin Oxide transparent conductive film from the viewpoints of cost saving and
applicability to large area substrate. Moreover, silver nanowire transparent conductive film coated
onto flexible polymer substrate shows good bending tolerance, it can be used in flexible devices,
such as flexible display, lighting equipment, and so on. Generally, polyol method, which is
performed in liquid phase, is used as a synthetic method of silver nanowires. Although silver
nanowires with high aspect ratio and nanometer-sized diameter can be synthesized by this
method, there are some problems on synthetic conditions, processes, and waste emission.
Furthermore, silver nanowires obtained by polyol method are single-crystalline solid wires. In
general, it is necessary to apply silver nanowires to complicated high temperature and high
pressure annealing process to make connections among wires when transparent conductive film
is prepared. Consequently, the overall process requires high cost and emits much waste. To
improve these problems, a novel method, painting and subsequent reduction of organic
precursor, is proposed in this study. In this method, needle-shaped organic precursor is used as a
self-template, and then polycrystal silver nanowire is simply obtained by reducing them to metallic
silver with retaining their needle-shaped morphology. By optimizing synthetic and reducing
conditions of the precursor, preparation of highly transparent and conductive polycrystal silver
nanowire transparent conductive composite film could be expected.
Keywords: polycrysyal, silver, nanowire, organic precursor, flexible, transparency, conductivity
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The phase evolution of pure KNN powders during hydrothermal reaction was systematically
studied by investigating the effect of KOH:NaOH molar ratio of the starting alkaline solution,
reaction time, and reaction temperature on the phase, chemical composition, and morphology of
synthesized particles. As the starting KOH:NaOH molar ratio was changed from 8.0:2.0 to 7.0:3.0,
the phase of KNN particles synthesized by the hydrothermal reaction at 220C for 24 h was
changed from K-rich KNN single phase to Na-rich KNN single phase, via two-phase mixtures
consisting of both phases.In the cases of the starting KOH:NaOH molar ratio of between 7.0:3.0
and 7.6:2.4, K-rich KNN crystals firstly nucleated and grew during the hydrothermal reaction at
220C. As the reaction time increased, K-rich KNN particles became unstable and started to
dissolve, and simultaneously, the stable Na-rich KNN particles started to precipitate. Therefore,
the morphology of KNN crystals and their chemical composition were found to be dependent on
the progress of the dissolution-precipitation process.
Keywords:KNN, piezoelectrics, hydrothermal synthesis.
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Recently, novel hydrogels for tissue engineering applications showing a biodegradable nature has
a purpose in polymers occurring in new strategies for producing engineered tissue on synthetic or
natural materials as a scaffold [1,2]. To select appropriated polymers for tissue engineering, it is
necessary to understand the influence of the polymer such as surface and mechanical properties
on cell viability, growth, and function. Sugar cane bagasse waste sourced from Okinawa, Japan,
was regenerated into transparent and flexible cellulose hydrogel film [3]. The biocompatibility of
the hydrogel films was evaluated by in vivo test with mice. Cellulose fibers purifi ed from sugar
cane baggase were dissolved in lithium chloride/N,N-dimethylacetamide (LiCl/DMAc), and
physically cross-linked cellulose fibers could change into hydrogel film by a phase inversion
process of the cellulose solution under ethanol vapor. To evaluate biocompatibility, cellulose
hydrogel films were implanted in the intraperitoneal of mice for 4 weeks. The results showed small
influence of the implanted hydrogel films on the growth of mice. It was seen that no inflammation
reaction in the intraperitoneal was observed by post-mortem examination. Furthermore, the
5

5

molecular weight of cellulose was somewhatdecreased from 5.7x10 to 3.9x10 in 3−4 weeks,
meaning that the cellulose segments were biodegradable. However, viscoelastic measurement
revealed that the hydrogel films kept their mechanical strength in the living body. Consequently,
the cellulose hydrogel films regenerated from sugar cane baggsse waste showed not only
acceptable biocompatibility but also durability in the body.
Also, ultrasound (US) drug release system using cellulose based hydrogel films was developed
as triggered to several medicines. Here, as the loading drug incellulose hydrogel films prepared
with phase inversion method, the drug loading hydrogels were fabricated, when the solution
wasexposed to ethanol vapor. The US triggered release of the drug, mimosa from the hydrogel
matrix was carriedout under following conditions of US powers (0–30 W) at 43 kHz for
differentmimosa hydrogel matrix from 0.5 wt% to 2 wt% cellulose solution[4]. To release the drug
by US trigger fromthe matrix, the better medicine release was observed in the matrix prepared
from the 0.5 wt% cellulosesolution when the 43 kHz US was exposed to the aqueous solution with
the hydrogel matrix. This suggested that the enhancement of the mimosarelease was caused by
the US exposure.
Keywords: Hydropgels, Cellulose, Biocompatability, Cytotoxisity, Tissue engineering, Drug
relese
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It was shown that an amorphous phase and nanocrystalline hex-LaPO4 with crystallite size of
about 10 nm are formed in co-precipitation of LaPO4. The thermal treatment at temperatures of up
to 500°C leads to the crystallization of the amorphous phase to give lanthanum orthophosphate
nanocrystals having a rhabdophane structure, with the average size of these nanocrystals varying
within the range 8–12 nm.
The transformation temperature of hex-LaPO4 nanocrystals to the phase with monazite structure
was found to be 520–540°C. It was shown that this transformation is initiated by the loss of
crystal-hydrate water by nanoparticles with rhabdophane structure and does not lead to any
noticeable change in the average size of crystallites.
The technological modes were found in which nanopowders of anhydrous lanthanum
orthophosphate with monazite structure and crystallite size of about 10 nm are obtained and their
sintering occurs to give a dense ceramic that contains no open pores and, consequently, is
potentially promising for application as a matrix for immobilization of radioactive wastes.
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Nanostructured metal coatings for microelectronic applications
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Today there is a high demand to develop nano-structured new soft magnetic materials in order to
improve or miniaturise the electromagnetic devices. It is well known that decreasing the average
grain size of the magnetic materials below the domain wall width can produce soft magnetic
layers [1]. The commonly used ferrites cannot be applied above 120 °C and their saturation
magnetization is limited to 0.4 T. This is why intensive research is carried out worldwide to
replace the MnZn ferrites with metallic alloys which show higher saturation magnetization and
higher temperature limit for applications. The mainly iron-based amorphous magnetic ribbons
(with a thickness around 20 µm) can be used up to the medium radio frequency (RF) range only;
this is why the thinner, electrochemically deposited layers have got importance in high frequency
applications.
There are many different technologies to produce nanostructured metal and alloy coatings.
Electroplating, over vacuum processes such as sputtering and molecular-beam-epitaxy, is a
common, cost effective technique for mass production of functional coatings
This lecture presents the pulse plating of nanostructured FeNi permalloy coated on Fr-4 substrate
previously coated by electroless NiP layer for high frequency applications.
The interest to pulse electrodeposition of nanostructured iron and FeNi alloys is due to their
unique soft magnetic properties.
Downscaling of power electronic devices has led to requirements of higher driving frequencies
and higher working temperatures for inductive elements. The commonly used ferrites cannot be
applied above 120 C and their saturation magnetization is limited to 0.4 T. This is why intensive
research carried out worldwide to replace Mn Zn ferrites with metallic alloys which shows higher
saturation magnetization and higher temperature limit in high frequency applications.
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Current report deals with the advantages of functionalized magnetic silica adsorbents, their
synthesis routes, texture, morphology, surface layer structure, and sorption properties. We
developed a single-step technique of producing magnetite/silica functional composites, during
which it is possible to change the size of the obtained particles, porosity of the polysiloxane layer,
the amount and nature of functional groups. So, the composites Fe3O4/SiO2/-(CH2)3NH2,
Fe3O4/SiO2/=[(CH2)3]2NH,

Fe3O4/SiO2/-(CH2)3NH2/-CH3,

Fe3O4/SiO2/-(CH2)3NH2/-C3H7,

Fe3O4/SiO2/-(CH2)3SH, Fe3O4/SiO2/-(CH2)3SH/-CH3, Fe3O4/SiO2/-(CH2)3SH/-C3H7, Fe3O4/SiO2/(CH2)3NH-C(S)-NH-C2H5 were obtained and studied. The synthesized materials were analyzed by
scanning and transmission electron microscopies, Fourier-transform infrared spectroscopy,
Raman spectroscopy, N2 adsorption–desorption isotherms, elemental analysis, thermogravimetric
analysis, energy-dispersive X-ray spectroscopy, and X-ray diffraction analysis. The data of
physico-chemical methods assume that the amounts of functional groups introduced during the
syntheses coincide with those expected basing on the ratios of reacting components, and the use
of the ammonium fluoride as catalyst provides almost complete proceeding of the reaction of
hydrolytic polycondensation.
Adsorption experiments showed that the amino-containing samples had high sorption capacity to
Ni(II), Cu(II), Pd(II) ions and albumine, while the mercapto-containing magnetite/silica
nanoparticles could be used as effective solid phase extractive agents for Ag(I), Cd(II), Hg(II), and
Pb (II) ions from aqueous solutions. The samples functionalized with ethylthiocarbamidepropyl
groups could selectively adsorb and concentrate Au(III) ions from metal ions mixtures at pH=2. In
addition, the adsorbents with mercaptopropyl groups were employed to treat real wastewater from
Ruskov region (Slovakia) with excessiveconcentrations of Fe, As, Sb, and Cr. After treatment with
the sorbents, the concentrations of these metals in such water decreased to acceptable limits.
Thus, the described approach opens wide opportunities for the controlled surface design of
magnetic materials for their sustainable use in water purification.
This work has received funding from the People Programme (Marie Curie Actions) of the EU's 7th
Framework Programme under REA grant agreement No. 609427 co-funded by the Slovak
Academy of Sciences (SASPRO grant n°1298/03/01) .
Keywords: magnetic adsorbents, silicashell, hybrid materials, functional groups, metal ions,
wastewater treatment
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Maleic anhydride (MA) is the compound more employed to make the modification of PP for
improving its hydrophilicity, but the functionalization degree (FD) reached with this material for
obtaining PP functionalize with MA (PP-g-MA), is lowest (around 1 wt%). In order to obtain new
materials in this study was done the functionalization of PP with a maleinized hyperbranched
polyester polyol (MHBP) for obtaining a PP-g-MHBP. The proportion of MHBP was 10 wt% and
that of PP was 90 wt%. The concentrations of dycumyl peroxide (DCP) were of 0.5, 1.0, 1.5 and
2.0 wt%. The presence of signals of MHBP in the infrared spectra of the PP-g-MHBP allowed to
evidence the functionalization of PP with MHBP. The FD determined by infrared and gravimetric
analyses were high (between 6.4 and 9.1 wt%) and upper than those of the commercial samples
of PP-g-MA (lower than 1.2 wt%). The major reduction on contact angle of the PP-g-MHBP regard
to PP was 26.4°. The rheological behavior of the PP-g-MHBP was pseudoplastics and they
exhibited  scission. The melting temperature, enthalpy and crystallization temperature of the PP
were higher than those of the PP-g-MHBP. The thermal stability of the PP-g-MHBP was lower
than that of the PP (T5% and T10%). By scanning electronic microscopy (SEM) was observed that
the fracture of the PP-g-MHBP and PP were fragiles. The tensile modulus and tensile strength of
the PP were greater than those of the PP-g-MHBP, but the elongation at break followed an
opposite behavior.
Keywords: Hyperbranched polyester polyol, polypropylene, functionalization, properties.
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The development of modern wound coverings with targeted delivery and controlled release of
the drug allows to increase the efficiency of wound healing and to maintain a constant level of
active substance in the blood plasma. To create a hydrogel matrix that performs the functions of
both the coating and the carrier of drug, it is necessary to form three-dimensionally crosslinked
biopolymer hydrogels. The efficiency of the formed hydrogel depends on its structure and
porosity, which can be varied by varying the ratio of the components of the composition, taking
into account their different capacity for swelling at different pH.
In the present work, a hydrogel composition based on low- and high-methylated pectin was
formed and the kinetics of the release of the model drug incorporated into it was studied. To
reduce the degree of swelling of the polymer matrix and to prevent rapid diffusion of the model
drug, a hydrophobic component, a low molecular weight vegetable protein, was introduced. Zinc
ions were used as a stapling agent.
It has been found that the most preferred for the formation of the hydrogel matrix are the low
esterified pectins. The rate and conditions for the release of the drug substance can be controlled
by varying the ratio of the components of the composition. The resulting hydrogel carriers with the
same protein / pectin ratios have varying degrees of swelling, dose and time of release of the
drug. Kinetic curves, with the exception of the initial and final periods, are linear in the time
interval of about 42 hours. During 45 hours of incubation, the hydrogel matrices are destroyed,
independent of the base. Prior to this time point, the diffusion of the drug into the external medium
occurs due to the relaxation of the polymer network due to the swelling of the pectin. The
disintegration of the mesh leads to a marked release of the drug. The difference between the
release of the drug from pectin-based carriers with different degrees of esterification is explained
by the formation of bonds between the crosslinking agent and pectin. The kinetic parameters of
hydrogel carriers differ depending on the conditions of the experimental medium.
The data obtained show that the diffusion in the matrix plays a limiting role in the process of
drug release from hydrogel carriers. A noticeable difference in the kinetic constants in the media
studied indicates that the polymer network formed by pectin and protein is subject to external
action, which makes the polymer polymers that are studied attractive for transdermal transport of
drugs. In addition, systems based on biodegradable polymers are an alternative option for the
administration of most drugs, reducing side effects by reducing their dosage.
Keywords: pectin, pectic polysaccharides, hydrogel, wound cover, biopolymers
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For the treatment of wounds of various etiologies, in some cases, need a bound materials with
a applied composition with an injected drug is necessary. In this regard, it is necessary to select
components that ensure maximum prolongation, protective function and release of the active
ingredient. At present, the method of micro - and nanocapsulation of medicinal preparations has
become widely popular by the method of formation of a dispersion medium, which contributes to
the improvement of therapeutic efficiency and the reduction of a number of side effects of
biologically active components of drugs. In this aspect, significant attention is paid to natural
polymers, in particular pectins and whey proteins, due to their polyionic structure, biocompatibility
and the ability to form gels.
The initial and modified pectic substances of apples and citrus were used in the work. As an
encapsulated model preparation, co-trimethoxazole (C-Tx) was used. As the basis, a cotton nonwoven fabric was chosen on which a biopolymer composition in the form of a dispersion system
was applied. The oil / water dispersion system was prepared by complex formation of pectic
substances with a whey protein concentrate. Next, a model drug was added. In the emulsion
composition, the amount of the incorporated medicament is significantly higher when using the
high esterified starting pectin substances as the base. At the same time these pectin substances
allow to achieve a longer prolonged effect
It is established that the drug release occurs due to the joint contribution of both diffusion
processes and erosion of the secondary layer on the surface of the dispersion system. The yield
of LP is subject to the zero-order release kinetics.
The release rate of the model drug from the system can be controlled by choosing the ratio of
biopolymers. The developed dosage forms with continuous, evenly extended release are more
effective than those with a periodic release, provide a constant concentration of the drug at the
therapeutic level.
Keywords: pectin, pectic polysaccharides, gydrogel, wound cover, biopolymers
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Expanding knowledge about the compounds involved in pathological processes, potentially
hazardous components in biological objects and the environment cause an increase in the need
for simultaneous detection and control of several analytes without using complex measurement
equipment in the shortest possible time. The ability to detect several compounds in the analyzed
mixture was called multiplex assay, which is capable of determining several analytes in an
immunoassay using a single test strip. This ability can be provided by the simultaneous use in the
analysis of markers with different properties. In particular, the implementation of the multiplex
method in immunoassay is an actual task that can improve the performance of immunoassay. As
a rule, several zones containing various immunoreagents associated with colored or fluorescent
markers are successively applied to the strip. Thus, it becomes possible to detect several
analytes in the sample. This approach has an unconditional advantage, as it reduces the
consumption of sample and consumables. Development in the field of nanotechnologies and
nanomaterials and their further adaptation for scientific and clinical research have made it
possible to use a wide range of markers, including colloidal quantum dots (QD), in multiplex
immunoassay.
The purpose of this work is to investigate the possibility of using QD in a fluorescent multiplex
analysis. We used a scanner based on the spectrometer (350-1000), in which fluorescence is
excited by a 460-nm LED.
A number of QDs fluorescing in the visible and near-IR spectral range, were used as samples.
Solutions of QDs with a concentration of 43.8 μg / ml were applied to a paper strip. It can be
seen that the spectra obtained are well correlated with the characteristics presented. Also, in the
work were used CTs synthesized in the high-temperature synthesis method followed by their
functionalization. A series of solutions of CT was prepared in concentrations of 0.8; 1.0; 3.0; 5.0;
10.0 μg / ml, which were applied to a paper strip similar to the previous experiment and scanned
at 700 nm.
The obtained data testify to the possibility of applying the developed approach not only for
qualitative, but also for quantitative multiplex analysis.
Keywords: multiplex assay, immunoassay, quantum dots.
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Dental restorations are used to restore the function, integrity, and morphology of missing tooth
structure and to resolve esthetic problems. Commonly used materials have two layered structure.
The outer veneer layer, which ensure aesthetic, is built from weak ceramic or composite
connected with a strong supporting core made off ceramics or metal alloys. The oxide layer have
a great influence on the metal-veneer bond strength. Base metal alloys are formed by elements
that are able to be passivate, especially chromium. These oxides and organic contaminants are
mostly removed through sandblasting. One of the challenges in Cr containing alloys is controlling
the excessive formation of chromium oxide that results in lower bond strength between base
metals and veneer. After sandblasting some abrasive particles remains and adhere to blasted
surface and can positive influence on adhesion properties of material. Despite benefits of
sandblasting this process also induces subsurface damages and residual stresses. It is commonly
known, that structural defects change mechanical properties of a material and could contribute to
faster wear.
In current report crystalline defects induced by sandblasting of Cr-Co, Cr-Ni, Cr-Ni-Fe dental
alloys with the stream of alumina particles, propelled by compressed air under pressure 0.1 or 0.4
MPa, were studied using positron annihilation spectroscopy techniques. Most of defects created
during sandblasting were vacancies on dislocations edge. The range of damaged area depend on
applied pressure and type of alloys and expand up to the depth of 50 µm. The higher
compression of air propelling abrasive particles 0.4 MPa increase the defected zone range 1.5-2
times in comparison with 0.1 MPa. The most resistant to damage during sandblasting from all
studied alloys was Cr-Co based alloy. The obtained results indicate also on the shallow
deposition of alumina after sandblasting in sandblasted alloys and reveal that the erosion process
during 60s sandblasting under 0.1 MPa pressure cannot completely remove metal oxides from
surface and the higher compression of air 0.4 MPa should be used. The SEM and AFM studies
show that roughness of samples increase as well as pressure, but the meaningful differences in
this parameter between the same dental alloys were not observed.
Keywords: sandblasting, positron annihilation spectroscopy, dental alloys, defects, alumina
retention
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Mechanical Properties of Magnetron Sputtered MoBC and WBC Coatings
Vilma Bursikova
vilmab@physics.muni.cz
Masaryk University, Faculty of Science, Department of Physicsl Electronics

Recently, the X2BC (X = Mo, Ta and W) materials became promising candidates for protection of
cutting and forming tools due to their unusually stiffness and moderately ductility. Their attractive
mechanical properties were predicted using theoretical calculations. The unusual combination of
high stiffness and moderate ductility of these materials can be understood by considering their
electronic structure and particularly their extreme anisotropy. In this work we focus on
nanostructured Mo-B-C and WBC layers grown on hard metal, steel or silicon substrates by DC
magnetron sputtering of three targets: B4C, X (X=Mo or W) and C. Micropillars were prepared
using focused ion beam (FIB) technique in a Tescan LYRA 3XMU SEM×FIB scanning electron
microscope (SEM). Micromechanical testing was done in a Hysitron TI950 nanoindentor using a
flat diamond indenter (diameter of about 10 &#61549;m). Elastic modulus and indentation
hardness data were obtained by means of indentation tests using diamond Berkovich indenter
with tip radius less than 50nm. Moreover the fracture resistance of layers was measured using
Cube Corner indenter. The mutual relationships between the obtained results were evaluated and
discussed. Thin lamellas were prepared from indented parts of layers and from pillars along
compression axis and observed in a Philips CM12 STEM transmission electron microscope
(TEM) and a JEOL 2100F high resolution TEM. The research has been supported by The Czech
Science Foundation (Project 15-17875S). The authors thank to Tescan company in Brno for
cooperation in preparation of micropillars.
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The presence of crystallographic texture imparts a certain level of orientation-dependent physical
and mechanical properties to half-finished materials and products, and consideration of its
occurence and development allows to optimize known and develop new manufacturing
technologies. The formation of the integral texture of the material occurs due to the summation of
the process results realized at the submicrolevel, such as slip of dislocations under deformations
and movement of the intercrystallite boundaries during crystal lattice transformations (structural or
phase transformations). A significant role in the process of a BCC lattice materials destruction is
played not by the integral crystallographic texture of the product, but by one of its component
{001}<uuw> – in the form of extended regions with a homogeneous orientation, the length of
which exceeds the critical size of origining cracks.
The structure and texture of low-carbon low-alloy pipe steel after thermo-mechanical controlled
processing (TMCP) and subsequent isothermal quenching were studied by the method of electron
backscatter diffraction (EBSD) analysis. The texture, obtained after TMCP, was formed mainly by
two strong scattered orientations from {112}<110> and two weaker scattered orientations from
{110}<223>. Complex multicomponent textures were observed after heat treatment. The regions
with "ferrite" and martensitic structures were identified and analyzed using Oxford Instruments
HKL software. Orientations, constituting textures for both selected areas types, are associated
with the basic orientations of the initial deformed austenite grains, formed during hot deformation
by orientation relationships (OR), transitory between Kurdjumov-Sachs OR and NishiyamiWasserman OR. The fact of existence of orientation

interconnection

between

the

texture

components of the γ and α (αꞌ) -phases, as well as the fact of structural-textural heredity, is
explained by the beginning of the phase transformations realization on crystallographically
determined special boundaries.
Keywords: pipe steel, thermo-mechanical controlled processing, EBSD, texture, CSL orientation,
CSL boundaries
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The use of polymeric materials to replace metallic parts is the obvious choice to address weight
and cost constraints in a large number of devices and applications, including space, aircraft and
portable electronics applications. Whilst polymeric materials offer excellent features of mechanical
flexibility, resistance to fatigue, low weight and low cost in comparison with metallic materials,
they exhibit poor heat transfer performance due to their low thermal conductivity.
In the present work, it is proposed to fabricate composite polymer sheets embedding pulsating
heat stripes (PHS), which exhibit significantly higher equivalent thermal conductivity as compared
with the solid polymer material. The PHS technology is based on a self-propelled working fluid
that circulates in a closed-loop serpentine channel, which is cut out in a polypropylene sheet, and
sandwiched between two transparent polypropylene sheets, bonded together by selective laser
welding. When heat is supplied to one side of the composite polymeric sheet (the evaporator), the
working fluid evaporates; the consequent increase of temperature and pressure causes the
vapour to expand and push the fluid from the evaporator to the so-called condenser section,
where heat can be released to a colder environment. Vapour plugs act mechanically as a pump
piston with respect to adjacent liquid slugs, ensuring circulation of the working fluid in addition, the
return of the condensate from the condenser to the evaporator can be further driven by gravity
and/or capillarity, depending on the channel size.
The thermal performance of a composite polypropylene sheet (250 mm x 100 mm x 1.5 mm)
containing FC-72 as working fluid was tested by applying to the evaporator section an
ascending/descending stepped power ramp ranging approximately between 2 W and 30 W, and
measuring the temperatures on the sheet surface. At the maximum heat supply of 31.82 W, the
equivalent thermal resistance attains a minimum of 1.35 °C/W; in comparison, the equivalent
thermal resistance of the composite polymer sheet envelope without working fluid is 7.9 °C/W,
which means the equivalent thermal conductance increases of 585% with respect to the
composite polypropylene sheet without working fluid.
Keywords: Pulsating Heat Stripes; Plastic Heat Pipe; Selective Laser Welding, Composite
Materials.
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Microstructure of Laser Cladded of Inconel 625 - WC Metal Matrix
Composite
Jan Huebner, Dariusz Kata, Paweł Rutkowski

Main goal of the research was to obtain material that can be used in high temperature
environment by using 3D printing method. High temperature corrosion and erosion could be
defined as fretting. This process leads to the wear of the surface of materials which later proceed
to destruction of the material.
Nckel based alloys - Inconels were selected for the matrix because of their excellent high
temperature properties. They are characterized by high fatigue strength, plasticity, thermal
stability and also chemical resistance. Inconels are often used in aerospace, chemical and power
industries. Ceramic reinforcement in form of tungsten carbide will be used to improve the
performance of composite because of abrasion resistance and high hardness. Laser cladding
technique (sometimes called LMD - Laser Metal Deposition), allows for great flexibility during
design process in both material properties and shape of the product. This offers possibility to
obtain product that is prepared exactly for intended work conditions.
The solidification process of Inconel alloys have shown that the tendency of individual elements to
segregate into dendrite axes and interdendritic spaces depends on their k parameter (partition
coefficient). It has been confirmed that the elements for which parameter k <1 tend to segregate
at interdendritic spaces and those for which the value of parameter k> 1 diffuse into the dendrite
axis. The k parameter is experimentally determined, by x-ray microanalysis of concentration of the
element in the dendrite core or cell - Ccore, and its average concentration in the analyzed coating
area C0 in equation

k = Ccore/C0
Because of the nature of laser cladding process it is possible to force the segregation of the
elements in the material. Thus, it is possible to initiate formation of TCP phases that normally
appears after long-term work in elevated temperature environment. The detected TCP phases
contains different secondary carbides together with Laves phase. It leads to strengthened
microstructure of the final product.
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Single phase Fe doped GdMnO3 ceramics were synthesized via solid state reaction method.
structural and magnetic characteristics of the perpeared samples were examined using various
characterization techniques, including X-Ray Diffraction (XRD), Scanning Electron Microscopy
(SEM), Energy Dispersive Spectroscopy (EDX) and Vibrating Sample Magnetometer (VSM).
Sample with certain doping concertration exhibit single phase that emphasized by SEM and XRD.
Magnetic properties of all prepared samples at the low temperature (10 K) showed the precence
of antiferromagnetic behavior with small different in magnetization. The slight change in magnetic
characteristics could be propably occur because of slight structural distortion in the lattice. Fe
doped GdMnO3 could be a potential candidate for multiferroic application exhibiting better
antiferromagnetic property.
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Perovskite nanocrystallines such as SrAl2O4 and CaTiO3 were synthesized by sol-gel method and
hydrothermal reaction. The prepared perovskite nanocrystallines were modified by impregnation
of metal ions on their surface. The physicochemical properties of the perovskite and modified
perovskite nanocrystallines were measured using various analysis system. Their photochemical
properties also examined by photoluminescence and UV-vis diffuse refractance spectroscopy.
The photocatalytic decomposition of nuclear wastewater was assessed to remove a pollutant and
to produce hydrogen energy. Ethanolamine has been used as an ammonia substitute in the
secondary system of nuclear power plants.
Ethanolamine-contained wastewater was decomposed by photocatalytic reaction using liquid
phase plasma. Effect of irradiation of liquid phase plasma applied as a light source was examined
concerning with ethanolamine degradation and hydrogen production. The ethanolamine removal
and hydrogen evolution were characterized from the photocatalytic decomposition of
ethanolamine-contained waste water on perovskite and modified perovskite photocatalysts. The
photochemical decomposition by irradiation of the liquid phase plasma without photocatalysts
produced some hydrogen evolution with degradation of ethanolamine, which is attributed to the
decomposition of the reactant by active species generated by liquid phase plasma irradiation. The
photocatalytic decomposition of ethanolamine was improved by the addition of the
perovskitephotocatalysts in the photocatalytic reaction. The metal loading on perovskite
photocatalysts brought out an improvement of ethanolamine degradation and hydrogen evolution
driven from the enhanced photosensitivity. Hydrogen evolution was accelerated due to the
additional hydrogen production by the photocatalytic decomposition of ethanolamine.
Keywords: perovskie, liquid phase plasma, wastwater degradation, hydrogen evolution,
ethanolamine
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The results of experimental investigations show that the actual strength of the metal-ceramic
composites under shock loading is lower than the theoretical strength estimates. The results of
investigation of microstructure in the composites after loading show the fractured ceramic
particles and cracks between particles and matrix. This specificity of the mechanical behaviour of
composites can be caused by processes on meso-scale level.
In this work the results of studying of the mechanical behaviour of metal-ceramic composites with
an aluminium matrix on meso-scale level are submitted. Computer simulation of mechanical
reaction of representative volume of composite material, considered as ensemble of the
interacting structural elements (ceramic particles and metal matrix), is used for studying
processes of the nucleation and growth of damages on meso-scale level of metal-ceramic
composites under the loading by shock pulses. The sizes of representative volume gives the
possibilities to enter effective mechanical parameters of a composite material. The mechanical
behaviour of aluminium matrix is described by the model of the damaged elastic-plastic medium.
The model of the damaged brittle solid is used for ceramics. The problem is solved in 2D
statement with application of finite-difference method.
The results of computer simulation show that there are strong variation of stresses on meso-scale
level of metal-ceramic composites. The distribution of stresses depends on meso-scale structure
of composites, but have no essential dependence on the shock pulse amplitude.The local tensile
stresses can appear in unloading wave and can cause damages in ceramic particles.
There are more significant damages of metal-ceramic composite in the region where two
opposing unloading waves interacts (spall zone). The calculation predicts the existence of
cracked ceramic particles, local damages in metal matrix and existence of meso-scale and
macro-scale cracks. The spall zone in composites have larger dimensions then in metals and
ceramics. There is the effect of bridging meso-cracks in composite materials under loading by
shock pulses. The efficiency of strengthening of metal-ceramic composites depends on not only
concentration of ceramics but on meso-structure of composites.
The work was carried out with the support of the Tomsk State University competitiveness
improvement program and within the framework of the Fundamental Research Program of the
State Academies of Sciences for 2013–2020, line of research III.23.
Keywords: composites, structure, mechanical behaviour, shock loading, numerical simulation
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Silicon carbide is one of the most promising wide band gap semiconductor material for power, high
temperature and radiation-hardened electronics. Single-crystalline SiC ingots have been obtained by
o

seeded growth using sublimation technique (above 2000 C, the so-called Lely method). As a growth
atmosphere, a mixture of an inert gas (Ar) with hydrogen of various compositions was used. The
variations in crystal perfection and growth rate of ingots have been investigated depending on the
hydrogen content.
Ingots grown in an inert gas atmosphere usually contained a large number of defects caused by the
incongruent evaporation of silicon carbide and nonstoichiometry of the gas phase in the growth cell
(large excess of gaseous silicon).
It was found that an addition of small amounts of hydrogen (3-20% vol.) to the inert carrier gas makes
it possible to eliminate majority of crystalline defects. An analysis of phase equilibria in the Si-C-H-Ar
system has been shown that hydrogen causes an observable increase in the transport of carbon
species through volatile hydrocarbons, mainly acetylene, removing the carburizing of the solid-phase
source and the corrosion of the graphite fittings in the region of the single crystalline seed.
The structural characteristics of the obtained ingots with a diameter of 3 inches are presented.
Keywords: silicon carbide, defects, hydrogen
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The study of the nature and quantitative characteristics of localized plastic flow of bimetals under
uniaxial tension by sby two non-contact methods was considered.
It has been established that the plastic deformation tends to localize on the macro-scale level in
the bimetal from the yield limit to the failure.
The localization phenomenon is manifested as spontaneous layering of the material bulk into nondeformed and actively deforming volumes, which are arranged over the test sample, making up a
clearly defined pattern.
Bimetal composite is the good model material for study of the localization plastic deformation in
combination of multi-layered metals with BCC- and FCC-lattices.
The research conducted allowed to identify the main patterns of proliferation of lokalized fronts of
plastic deformation in the main layer material. It is revealed the cladding layer does not suppress
the formation of lokalized fronts of plastic deformation, leading to an increase in the propagation
speed of the fronts in the main layer. Metallographic studies have shown that at extension of
bimetallic samples of A 283 Grade C + 321 AISI a decarbonized layer is formed in bimetal at the
side of A 283 Grade C steel, and at the side of 321 AISI steel a carburized layer is formed. On the
boundary of conjugation of bimetal layers an intermediate layer (carbide) is found, by the depth of
up to 50μm.
Keywords: plastic deformation, bimetal, BCC- and FCC-lattices, uniaxial tension
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The corrosion inhibition performance of 3-cyanophenyl organic compound on heat treated 420
martensitic stainless steel in 6 M H2SO4 was evaluated through potentiodynamic polarization test,
ATR-FTIR spectroscopy and adsorption isotherm studies. Results obtained proves the compound
to be effective with with highest inhibition performance value of of 99.4%. The inhibition property
was determined to be mixed type inhibition with significant anodic inhibition tendencies.
Adsorption of the compound onto the steel was through chemisorption mechanism in agreement
with the Langmuir and Freundlich isotherms models at correlation coefficients of 1 and 0.7570.
The transmittance of detected functional groups of 3-cyanophenyl diminished at distensible
wavelengths as a result of excellent surface coverage and adsorption of the compound onto the
steel.
Keywords: corrosion, 420 stainless steel, inhibition, adsorption
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The influence of silicon carbide volumetric content at 10%, 15% and 20%, and particle sizes at 3
μm, 9 μm, 29 μm and 45 μm on the corrosion resistance of AA1070 aluminum in 1.78% NaCl
solution was evaluated through potentiodynamic polarization test, open circuit potential
measurement and optical microscopy analysis. Data obtained showed the aluminium composite
at 10% silicon carbide content and 3 μm particle size had the lowest corrosion rate. Higher silicon
carbide content and particle size in addition to the electrochemical action of chlorides
excercebated the formation and propagation of localized corrosion. The dominant influence of
anodic dissolution reactions was observed on the polarization plots with respect to increase in
silicon carbide content while cathodic potential shift was observed with respect to changes in
silicon carbide particle size due to electrochemical reactions associated with localized corrosion
and breakdown of the oxide film.
Keywords: composite, aluminum, pitting, corrosion, passivation
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The synergistic effect of 4-methyl-norvalin and 2-methoxy-4-formylphenol on the corrosion
inhibition of mild steel in 3.5 wt.% NaCl solution was studied with potentiodynamic polarization
technique, open circuit potential measurement and optical microscopic analysis. Results obtained
from the electrochemical test showed the organic derivatives performed effectively with optimal
inhibition performance of 89%. Mixed type inhibition behaviour was observed. Anodic corrosion
potential shift occurred as a result of effective surface coverage of the inhibitor molecules. The
adsorption mode was determined to occurr through physisorption reaction from thermodynamic
calculations in agreement with the Langmuir, Frumkin and Freudlich isotherms at correlation
coefficients beyond 0.7. Corroded morphology of steel occurred without with inhibitor compared to
the steel from solution at highest inhibitor concentration.
Keywords: corrosion, steel, inhibitor; NaCl, leucine, vanillin
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New variant of the modified electrode theory has recently been developed for conducting polymer
films containing a homogeneous cation-radical (polaron) population in their volume [1]. The main
difference of the developed approach as compared to the existing one [2-3] results from a new
―definition of reduced quasi-particles as species that contain only one repeat unit of polymer
chains, but not the same number of m units…included into polaron species according to the
previously accepted description‖ [4]. Although generalization of the approach in relation to
inhomogeneous polaron populations and polaron/bipolaron systems was performed in paper [4],
its consistency with general thermodynamic principles has still remained to be questionable. To
prove such consistency, we firstly accounted for the proper Gibbs-Duhem equation of a polaroncontaining polymer film, as well as the equilibrium formation of polarons and electroneutrality of
the bulk film. As a result, we have obtained thermodynamic relationships that connect chemical
and electrochemical potentials (of reduced repeat units and polarons, respectively) with the
electrode potential. Subsequent use of kinetic representations based on the Brönsted rule and
non-equilibrium thermodynamics allowed us to find out concrete forms of such potentials and
show their agreement with the above thermodynamic requirements. Some other related questions
are also discussed.
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In present paper we have investigated the electronic structure of some Z 2 topological phase
compounds - NaSnX(X=Bi, As and Sb) based on the density functional theory. The mechanical
and optical properties have also been computed. The second-order elastic constants have been
calculated, and the other related quantities have also been estimated in the present work. The
band gap trend in NaSnX can be understood from the nature of their electronic structures. The
obtained electronic band structures for NaSnBi and NaSnSb are metallic but has a local gap.
Compared with NaSnAs, the most noticeable feature is that there is a band inversion at Γ point
between the s-character state and pzcharacter state of Sn and Sb (Bi, As) atoms. In
centrosymmetryic material systems, the band inversion between two states with opposite parities
will change Z2 topological indices. However, inversion symmetry is broken in our case. Our further
calculations of topological invariants show that NaSnSb is also topologically.

Similar to

topological insulators, there is a pronounced hybridization of electronic states between Sn-site
cations and anions in NaSnX.
Keywords: topological insulator, DFT, band structure, optics
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BaMnF4 belongs to the family of BaMF4-type fluorides (M = Mn, Fe, Co, Ni, Mg, Zn) which share
the same orthorhombic structure. In present paper, the structural and electronic properties of
pyroelectric paramagmetic BaMnF4 have been investigated by means of the first-principles
density-function theory (DFT) calculations by using the spin-polarized local density approximation
method with Hubbard U correction, based on the projector-augmented wave

potentials, as

implemented in the Vienna ab initio Simulation Package . The main focus of this study is to
elaborate the changes brought about in the electronic and the structural properties by applied
pressure. The calculated total spin magnetic moments of the compound are found to be in good
agreement with experiments.
group A21am, in which Ba

2+

BaMnF4 can be described by the non-centrosymmetric space
2−

ions are layered with sheets of distorted corners-sharing [MnF6]

octahedra. It has attracted considerable research interests due to its multiferroic properties, which
possesses a large spontaneous polarization along a-axis and antiferromagnetism with magnetic
moment roughly along b-axis simultaneously. Such a multiferroic nature provides the possibility to
tune BMnF4’s physical properties via magnetic/electric stimulation. Band gap of BaMnF 4 in our
DFT calculation is about 3.0 eV, separating the empty upper-Hubbard t2g bands and occupied
lower-Hubbard eg bands. Noting that the spontaneous ferroelectric polarization of BaMnF 4 distorts
the lattice and changes the symmetry of electronic wavefunctions, which may be responsible for
the violation of selection rule as proposed for ideal isolated atoms. According to the DFT band
structure, both the eg bands and t2g bands are further split due to the Jahn-Teller distortion of
[Mn-F]6 octahedra.
Keywords: BaMnF4, multiferroic, incommensurate phase transition, band structure
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This article deals with the subject of using iron and titanium carbide (Fe + TiC) based composite
powder for treatment of cutting tools in a magnetic field with the purpose of improving internal
thread cutting process. As a result of studies performed by us, it has been established that
composite powder grain size influences the condition of the contact surfaces of cutting tool teeth
and process efficiency. Also a relationship has been discovered between the changes in internal
thread roughness and the condition of thread tap teeth contact surfaces pretreated in a magnetic
field by Fe + TiC composite powder having various grain sizes.
Keywords: Internal thread, thread cutting, thread surface roughness, thread tap, magneticabrasive finishing, tooth contact surfaces condition, composite powder
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In this paper we consider the use of composite metal sprayed coatings for the improvement of the
abrasion resistance levels in the working surfaces of friction couples. It is noted that pre-surface
preparation, which provides the proper surface roughness that improves the adhesion of the
coating to the base, is an important processing step prior to applying such coatings. As a method
which enhances the adhesion strength of the sprayed coating, we consider the jet-abrasive (shotblasting) treatment to be ideal. The object of our research was the compression piston rings the
internal combustion engine with a composite steel-molybdenum coating. Such coatings provide
high abrasion resistance for the rings of a good many large-sized engines. The research that has
been carried out allowed the conclusion to be reached that the surface roughness depends on
abrasive blasting modes, and that it impacts upon the strength of adhesion between the coating
and the base. We proposed the jet-abrasive processing modes, which provide the required
roughness to the working surface of the piston ring before spraying.
Keywords: composite coatings,wear resistant sprayed coating, surface roughness, adhesive
strength, abrasive jet machining, piston ring
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Selective cobalt etching from WC–Co composite usually carry out prior diamond deposition by
chemical vapor deposition was investigated. Diluted Caro’s acid as primarelly utilized. Etching
reagent was used. The cobalt and tungsten dissolution from hardmetals were determined as a
function of time and were compared in the case of different hardmetals grade. Beside the
hardmetals pure metallic cobalt and binderless, plasma sprayed tungsten carbide dissolution was
tested for comparison. Scanning electron microscopic technique was used to characterise the
microstructure of the cobalt sintered and the binderless tungsten carbide. Atomic Absorption
Spectrophotometer and Inductive Coupled Plasma Emission Spectrophotometer were used to
determine the cobalt and the tungsten respectively from the etchant acidic reagent.
The investigation highlighted for that:
a) the selective cobalt etching means only different rate of dissolution of Co and WC since the
WC dissolution was not zero,
b) the dissolution rate governed by the composite substance structure by the pore size formed
during the selective dissolution process, therefore the dissolution rate of both components will
have influenced by the grain size of WC and the cobalt content of the hardmetal.
Based on this research a better understanding of the mechanism of the pre-treatment and a
chance for optimising the selective cobalt etching from hardmetals prior diamond deposition will
be achieved.
Keywords: selective cobalt etching, diamond coating, diamond support layer, WC-Co composite
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In modern life of any state, energy-saturated materials or energy condensed systems are of great
importance.
Energy condensed systems are rocket, artillery, plasma, laser and rifle propellants, mixed rocket
solid fuels all kinds of explosives, pyrotechnics and hydro-reactive solid-fuel compositions.
Energy-saturated condensed systems are the basis of the defense capability of the state and
have an impact on the economy, on the development of science and technology.
The aim of the work is to obtain solid compounds or a mixture of individual high-energy
substances capable of burning in the mode of self-igniting high-temperature synthesis due to the
heat of exothermic reactions, with the allocation of a large amount of gaseous working medium
with a high temperature.
To synthesize compounds with high energy characteristics, multicomponent systems containing
an oxidizing agent, a fuel and a reducing agent are selected.
As oxidants are selected compounds, the decomposition of which releases a certain amount of
free oxygen.
Of the existing oxidizing agents, ammonium nitrate, potassium nitrate and an octogen are
selected for work.
In the decomposition of ammonium nitrate, excess free oxygen can be from 20 to 60%. In
addition, the gas formation of ammonium nitrate is higher than that of other nitrates, which is
important for obtaining a high specific impulse.
Potassium and sodium nitrate during the decomposition are released 2.5O2, which is important
when creating high-energy condensed systems. In addition, nitrate based oxidizers are the most
environmentally friendly.
Keywords:HIGH ENERGY, ammonium nitrate, potassium nitrate, combustion, aluminum powder.
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An In Situ Study of Quenched Ti-Al System Samples During Heating
Sergey Demakov, Kirillova Irina, Iana Semkina
Iana.semkina@urfu.ru
Department of Physics and Heat Treatment of Metals, Ural Federal University, 620002
Yekaterinburg, Russia

The study of the Ti-Al system samples containing up to 10 wt.%Al water quenched from different
temperatures in β-phase region, was carried out in situ during heating on X-ray diffractometer.
XRD analysis of quenched samples showed the presence of α’-martensite only. After quenching
the increase of Al content in alloys displayed the decrease of the lattice parameters a and c and
the rise of c/a ratio, since the lattice parameter c dropped slightly in contrast with the lattice
parameter a. Furthermore, Thermo-XRD (T-XRD) analysis represented the anysotropy of the
coefficient of thermal expansion (CTE). Besides, T-XRD analysis indicated, that c/a ratio of
samples Ti-0.5 wt.%Al with the least amount of Al revealed the fall of c/a ratio and at the same
time samples contained 7 and 8 wt.%Al remained practically the same during heating. Whereas,
samples Ti-10 wt.%Al with the largest quantity of Al showed the significant rise of c/a ratio during
healting.
Keywords: titanium alloy, α’-martensite, coefficient of thermal expansion
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Mathematical Modelling: Case of Haoud Berkaoui
MELLAK Abderrahmane
Hydrocarbons and Chemicals Faculty – Director of Laboratory
of Hydrocarbon Engineering (LGPH),
Université M’Hamed Bougara de Boumerdès, Algérie.

Researches done in the Physic Laboratory in the School and Observatory Physic of Strasbourg
consist of placing in a theoretical frame necessary to a better comprehension of the severe
problem of the collapsing of the Haoud Berkaoui well (creation of a huge underground cave and
important collapsing of the surface ground due to a bad drilling of a petroleum well in the south of
Algeria) and especially mathematical modelling.
Keywords: geo-mechanics, Haoud Berkaoui, environment, major collapsing, rupture
criterion, modelling.
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The perovskite rare earth manganites have attracted a great deal of interest for many years
because of the coexistence of (anti) ferromagnetic and ferroelectric orders in these materials. The
coupling or connection of ferroic orders in the same phase can be applied in future informationtechnology devices in which data can be written to HoMnO3 and GdMnO3 are good
magnetoelectric materials in the sense that their magnetic phase at low temperature can be
controlled by an applied electric field.
In this study, Fe cations were doped into the GdMnO 3 ceramic to replace Mn ions, GdMn1xFexO3

(x=0.2 and 0.8) compounds were prepared by solid state reaction route. Several

characterization techniques were used to investigate the micro-structural and magnetic properties
of the samples including, X-ray diffraction, scanning electron microscopy, energy dispersive
spectroscopy and vibrating sample magnetometer. All samples indicated single phase which
confirmed by x-ray diffraction and scanning electron microscopy. Both samples show
antiferromagnetic behavior at 10K with small different. The slight enhancement in magnetization
might be attributed to the distorted spiral magnetic ordering caused by the doping of Fe element.
Fe doped GdMnO3 samples could be a good candidate with new functionalities and attractive
potential applications for microelectronic, information-technology and data storage devices.
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Laser Ablation: Efficient Technique for Formation of Metastable
Nanostructured Materials with Unique Properties
1

Tomáš Křenek
tkrenek@ntc.zcu.cz
1

University of West Bohemia, Research Centre New Technologies 30614 Plzen, Czech Republic

There is growing interest in fabrication of metastable phases of elemental metals, alloys and
inorganic compounds due to the expectations of new discoveries of advanced materials for both
fundamental and applied research fields.
Pulsed Laser Deposition (PLD) processes ensure very rapid heating and cooling within the
order of μs time intervals which leads to highly non-equilibrium states. These specific conditions
are challenging for formation of metastable amorphous/multi-phase structures, of alloys from
metals which are immiscible in the bulk and of range of novel yet morphologically unknown
materials with unique properties.
In this work we report examples of successful laser assisted formation of immiscible
nanostructured alloys, metal glasses and metastable phases of inorganic compounds.
Novel processes for formation of nanostructured alloys have been examined and optimized.
One process is based on laser induced gas phase co-decomposition of mixed precursors.
The second one consists in laser ablation of solid metal target and simultaneous decomposition of
gaseous reactant through laser induced dielectric breakdown. Immiscible Ge-Sn [1] and Sn-Si
alloys with interesting semiconducting properties were successfully synthesized.
Laser ablation of pure titanium target resulting in deposition of amorphous titanium coats
containing scarce nanocrystalline grains of titanium and titanium suboxides is demonstrated
which shows that PLD represents a suitable method for formation of metal glasses [2].
PLD of iron sulfide allowed formation of metastable smythite (Fe 9S11) and marcasite (FeS2m)
phases which are potentially useful photovoltaic and photoelectrochemical semiconductors.
Another example confirming potential of this process for formation of metastable phases of
inorganic compounds is laser ablation of cobalt sulfide resulting in reactive deposition on
unheated substrate and formation of unstable amorphous as well as crystalline phases with
enhanced catalytic properties.
Keywords: laser ablation, metastable phases, nanostructures, nanoalloys, metal glasses,
nanocrystals
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Advanced Metallized Nanoporous Aluminum Oxide Films – Properties and
Applications
Gleb Lyubas
sciencenano@yandex.ru
Vorozhtsov Institute of Organic Chemistry, Siberian Branch, Russian Academy of Sciences,
Novosibirsk, 630090 Russia

Nanoporous aluminum oxide (NAO) is the subject of intense research because of its nanoporous
nature and the variety of practical applications arising from it [1-3]. For example NAO films can be
used in micro/nanoscale lasers with indirect electrical pumping by laser diodes [1], in optical
interferometricchemical sensors [2] and for the selective interference coloration of the metal
surface improving of the corrosion resistance of the metal [3].Determination of the optimal
conditions of the aluminum electrochemical anodization and electrochemical and chemical
metallization for each particular case is important task. This work is a logical continuation of the
works [1-3].This work was aimed at obtaining in optimal conditions the metallized NAO films and
the study of its applications.In the present study, the optimal conditions of the aluminum
electrochemical anodization and electrochemical and chemical metallization were determined.
Metallized NAO filmswere obtained using the optimal conditions and were further characterized
usinghighresolution scanning electron microscopy and the reflective interference spectra (RIfS) in
a wavelength range of 235–735 nm at different angles.
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The development of nanotechnology can be applied to many types of work. Extensive research in
nanotechnology has allowed us to improve and revolutionize technology and industry. This led to
an interest in the synthesis of other forms of carbon nanomaterial, such as graphene, fiber,
carbon nanotube, particle. A variety of carbon materials that offer the flexibility to modify carbon
properties. Therefore, the manufacture of several shaped carbon materials is a likely way to take
advantage of the morphology and relate to the properties of the carbon nanomaterial. In this
research, the carbon nanosheets were successfully prepared from stinging nettle (nettle stem and
nettle leaf) using chemical (KOH and H 2SO4) and thermal treatment process. The stinging nettle
is a new material to study and produce carbon nanostructured materials from. The carbon
nanosheets can be found in the nettle stem after treating by KOH (solid) with the thickness
ranging from ~ 159.2 to 252.3 nm and thickness ranging from ~ 70.43 to 111.2 nm by KOH
(solute). The SEM micrographs of the nettle leaf by KOH (solute) activation show smooth surface
and clearly reveals the formation of carbon nanosheets ~41.14 to 183.3 nm thickness, whereas
the formation of carbon nanosheets at KOH (solid) activation has thickness ~ 48.61 to 122.6 nm.
However, the samples after treating by KOH (solute) were found with lots of micropores on the
wall more clearly than treating by KOH (solid). This method is simple and uncomplicated for
producing carbon nanosheets from natural waste materials and possible to use for improving the
properties of materials. The microstructure and morphology of the samples were investigated by
scanning electron microscopy (SEM, HITACHI S-4800, ZEISS EVO-MA10), the chemical
composition was analysed by energy-dispersive X-ray spectrometry (EDS).
Keywords: Carbon nanostructured, Chemical treatment, Carbonization
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PhononicCrystals (PnC) are periodic structures made of two elastic materials with different
mechanical properties. The basic property of PnC is that mechanical (either elastic or acoustic)
waves, having frequencies within a specific range, are not able to propagate within the periodic
structure. This range of forbidden frequencies is called a phononic band gap. This is analogous to
electrons in a crystal, where classical waves propagate in a structure with periodically modulated
material parameters.
In this study, we investigated band structure of a 2D PnC which was consist of hollow aluminum
cylinders in different media. To validate the finite element predictions, we made a square
latticePnCwhich has lattice constant a=14 mm, outer radius r=5 mm andinner radius r=4 mm of
cylinders. In our experimental measurement,by using a signal generator software, we sent 100
Hz-16 kHzsine signal for 5 seconds duration from speaker to the PnCwhere placed1 m away from
the PnC. With the help of a microphone, we recorded the sound in front of the PnC (Pin)
andbackside thePnC (Pout). Then we were converted our recording into frequency domain by
standard FFT algorithm. Then we calculated the Transmission Loss value according to the
formula TL = 20*log10(Pout / Pin) and obtained the experimental Transmission Loss.After
experimental validation, we conducted band structure analysis of different combination of the 2D
PnC by finite element method.
Keywords: Phononic crystals, acoustic band gaps,finite element method.
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Preparation and Study of Properties of Compoite Counter Electrodes Based
on Langmuir Films of N-doped Graphene Oxide and Pt
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The photovoltaic and electrotransport properties of dye sensitized solar cells (DSSC) with counter
electrodes based on langmuir (LB) films of N-doped graphene oxide (NGO) deposited over a
platinum catalyst film were studied to reduce the Pt used for DSSC. To provide layers of different
thicknesses, the deposition time of Pt was equal to 2, 5 and 7 minutes. The NGO LB film was
deposited onto Pt layer at a constant top pressure of 10 mN/m on the KSV Nima bath.
Preparation, assembly and measurement of solar cells was carried out according to the
procedure detailed in [1-3].
The measurements showed that the best photovoltaic characteristics are provided by the cells in
which the Pt-based electrodes deposited within 5 minutes were used (Table 1). The data obtained
were also confirmed by impedance measurements, where the best diffusion coefficient was
observed in the cells where Pt+NGO (5 min) and Pt+NGO (2 min) were used. The result is due to
the fact that in cells where a platinum catalyst was deposited for 5 minutes, a low recombination
coefficient and a long lifetime of electrons are observed. This indicates that in these cells the
recovery of the electrolyte at the electrolyte/catalyst interface (graphene oxide) occurs more
efficiently than in the rest.
Table 1. Photovoltaic parameters of DCCS with various counter electrodes
2
Counter electrode
Jsc, mA/cm
Uоc, V
FF
Pt, 2 min
13.64
0.161
0.222
Pt, 5 min
9.7
0.503
0.512
Pt, 7 min
9.7
0.67
0.670
Pt+NGO, 2 min
12.29
0.323
0.494
Pt+NGO, 5 min
13.70
0.505
0.484
Pt+NGO, 7 min
13.71
0.464
0.426

η, %
1.95
3.10
4.4
0.08
2.44
2.10

Keywords: N-doped graphene oxide, Langmuir-Blodgett films, counter electrodes, dye sensitized
solar cells, composites
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The paper studied mechanical (microhardness and the strength of an adhesion bond to the
substrate) and the performance (tool life of a coated cutting tool) properties of multilayer
composite nano-structured Ti-TiN-(Ti,Al,Si)N coatings with different values of thickness for wearresistant layers: 2.0, 3.5, 5.0, 6.0, 8.5, and 12.5 μm with a constant thickness of the intermediate
layer (of about 1.5 μm) and adhesive sublayer (about 50 nm). The cutting tests carried out during
the longitudinal turning of such materials as steel C45 (at vc = 250, 300, and 350 m/min) and steel
AISI 321(at vc = 85, 100, 120, and 150 m/min) showed that the relationships of the thickness of a
wear-resistant coating layer, the tool life of a coated tool, have a clearly pronounced extremum
corresponding to the optimum thickness of a wear-resistant coating layer for each relationship of
the grade of the material being machined at the cutting speed. The studies of the mechanisms of
coating wear and failure carried out on cross sections with the use of a scanning electron
microscope showed differences in those mechanisms for thicker and thinner coatings.
Keywords: multilayer composite nano-structured coatings, longitudinal turning, tool wear,
nanomaterials
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The paper considers simulation of cutting process conditions and state of a metal-cutting tool
using the finite element method (FEM). The study considered the distribution of normal equivalent
and tangential stresses in workpiece material during turning of aluminum-deformable alloy GAlMg5 (DIN 1725) and copper C11000. Based on the calculated stress values, the values of
plastic strains of the workpiece material were determined throughout the whole process of turning
with the necessary time sampling of the process. The distribution of temperatures in cutting zone
during turning of steel 5135 by carbide tools with coatings of different composition and thickness
was studied. The obtained results were compared with the data obtained during the
corresponding cutting tests. The paper considered the influence of such coating parameters as
thickness, element composition and architecture on distribution of temperatures in a workpiece,
cutting tool and chips during the cutting process.
Keywords: finite element method (FEM), multilayer composite nano-structured coatings,
longitudinal turning, tool wear, nanomaterials
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Titanium alloys due to their high strength, toughness, oxidizability and low thermal conductivity
are hard-to-work materials, which leads to considerable difficulties in the process of their
machining. End milling is a widespread and effective method of machining titanium alloys, which
allows to ensure high cutting efficiency and good quality of the treated surface. However, the
further increase in the efficiency of the cutting process in end milling, in particular the cutting
speed, is constrained by the fact that modern tool materials have reached their upper limit in
terms of heat resistance. The purpose of this work is to increase the productivity of the end milling
process of a titanium alloy due to the use of multilayer composite nanostructured coatings. The
cutting properties of Sandvik Coromant R300-016B20L-08L end mills with mechanical fastening
of carbide inserts Coromill 360 - 0828 were investigated. The mills with commercial coatings TiTiN, Zr-ZrN, nanostructured coatings Ti-TiN-(Ti,Cr,Al,Si)N, Zr-ZrN-(Zr,Al,Si)N, and also without
coatings were considered. The obtained data show the possibility of a significant increase in tool
life (up to 3 times), as well as an increase in the cutting speed while maintaining sufficient tool life
when using the developed nanostructured coatings.Cutting forces were also investigated during
the end milling of a titanium alloy by milling cutters with various coatings and without coating.
Waveforms of three instantaneous cutting force components (Fv, Fh, Fx) were obtained for
different values of the cutting speed. Graphs of the variation in the calculated circumferential and
radial components of the cutting force (Pz and Py, respectively) were also plotted, depending on
the depth of cut. Investigation of the force parameters of cutting showed that the tool with the
developed coating Zr-ZrN-(Zr,Al,Si)N showed the lowest value of the cutting forces due to the low
friction coefficient at the cutting temperature.
Keywords: multilayer composite nano-structured coatings, end milling, tool wear, cutting force
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Extra Pure Tellirium Oxide for the Growth of High Quality Paratellurite
Crystals
Mikhail Grishechkin, Ivan Ermochenkov, Anika Islam, Elena Mozhevitina, Andrew Khomyakov,
Roman Avetisov, Marina Zykova, Igor Avetissov,
aich@rctu.ru
Department of Chemistry and Technology of Crystals, Dmitry Mendeleev University of Chemical
Technology of Russia, 125047, Moscow, Russia

At present, tellurium (IV) oxide single crystal is a very popular material for the production of
acousto-optical devices. To grow high-quality crystals one needs to use the charge with a purity
better than 99.999 wt. %. The main industrial method of synthesis of extra-pure TeO2 involves the
oxidation of high-purity tellurium (5-6N) with nitric acid followed by the subsequent
recrystallization from high-pure HCl solution. This method is followed by obtaining a large amount
of wastes. The present work is devoted to the development of a procedure for the synthesis of
high-purity tellurium (IV) oxide without the use of liquid oxidants, which excludes the stage of
recrystallization.
The process of oxidation of elementary tellurium by pure oxygen was carried out in a quartz
reactor.The initial material was tellurium, previously subjected to vacuum sublimation. According
to ICP-MS analysis tellurium purity was 5N7 [1]. The oxidation temperature was 600-670°C and
the gas flow varied from 0.1 to 0.3 l/min providing the necessary nonstoichiometry of the obtained
product. The resulting preparation was a mixture of fine crystalline powder and acicular dendritic
crystals of bright white color. According to the X-ray diffraction analysis, the obtained preparation
contained only the paratellurite phase of β-TeO2, which was also confirmed by SEM data. The
final product was as pure as 5N6 with controlled oxygen nonstoichionetry. The main advantage of
the obtained product was the absence of residual OH-groups, which contained in β-TeO2
industrial preparations. The expirience of SiO2 optical fiber technology demonstrated that the
presence of residual OH-groups in the charge materials did no allowed producing high quality
optical fiber with low transmission loss [2].
Paratellurite single crystals were grown by the Czochralski technique. We used the obtained
crystalline β-TeO2as a charge material. A specific feature of the growth setup was a possibility to
control gas atmosphere during the growth process. We could control oxygen and argon mixture
atmosphere to provide the desired acousto-optical properties.
Keywords: extra-pure material, tellurium oxide, paratellurite crystal
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3+

Ce

2+

and Mn singly doped and co-doped CaAl2O4 phosphors were synthesized by the solid-state
3+

reaction method. Photoluminescence of CaAl2O4: Ce shows an asymmetric broad band peaking
at 400 nm, corresponding to the d-f transition in Ce

3+

ions. The emission spectrum of CaAl2O4:

2+

Mn shows a broad green emission band centering at 545 nm corresponding to the d-d
luminescence transition of Mn

2+

ions in crystal field CaAl2O4. When co-doped Ce
3+

CaAl2O4 host, the energy transfer occurs from Ce
photoluminescence of CaAl2O4: Ce

3+

3+

2+

and Mn in the

2+

to Mn was due to the spectral overlap of the
2+

and photoluminescence excitation of CaAl2O4: Mn . The

critical distance between luminescence centers is about R c = 20,4 Å, indicating the energy
transfer between the Ce

3+

and Mn

2+

ions mainly takes place via multipolar interactions.
3+

2+

Keywords: energy transfer, multipolar interactions, CaAl2O4 : Ce , Mn
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Precursor alcoholysis track and molecular mechanism of reactions that compound colloidal
nanocrystals are significant for the promotion of effective doping in synthetic process, the key of
which is to separate the nucleation and growth process of instrinsic and doping synthesis. In this
study, Fourier transform infrared spectrosopy technology was applied to search for molecular
mechanism connected with the formation of lithium-doped nickel oxide (NiO). We found that the
reaction temperature of the nickel precursor were not in consistence with the lithium dopant,
which inspired us to design a hot-injection method to unify the precursor and dopant alcoholysis
pathway, and generate uniform NiO nanocrystals. Structural, optical and electrical analysis
+

proved effective doping of Li ions into the host lattices. Through the hot-injection method, the
4

best conductivity of the Li-doped NiO thin film is 4.464S/cm, which is 2.69x10 times as the pure
NiO film. The FoM of Li-doped NiO film through the hot-injection method is about 25Ω ，from
-1

which we concluded that the most economical and effective dopant concentration to prepare
electro-optical film was about 4-6 at% of Li.
Keywords: NiO nanocrystals, Li-doped, Transparent Conductive Film
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The article offers a technique for simulation of the optical and thermal characteristics using
modeling of phase shift between:
- the oscillating external thermal effect (by convective and thermoradiation phase components),
and
- the generated temperature fields by conductive and radiant heating
for a weakly absorbing semitransparent medium (natural and artificial materials) with specified
scattering in UV, visible and IR ranges of wavelengths.
The absorption and scattering of radiant energy in the medium causes a phase shift in the
temperature term, which depends on their optical, thermal characteristics, and the phase of
external oscillations of convection and thermoradiation.
It was shown that the oscillating factor, in the particular solution of the temperature field generated
by the function of the thermoradiation source, does not coincide in phase with the incident
radiation flux. The terms of the temperature field possess different extinction indexes sqrt(ω/2aT)
of their amplitude, due to the thermal diffusivity coefficient aT, frequency ω of temperature
variations of the external medium (and fallen radiant flux).
The calculated nomograms of optical and thermal characteristics of semitransparent medium
were presented with in-phase variation of the internal temperature field with respect to a given
oscillating temperature on the surface, irradiated with a radiant flux with a phase shift φ, using
equation of connection κ +κ·ζ=ω·ctg(φ)/aT, where ζ and absorption κ are volumetric subsurface
2

extinction indexes with a spherical scattering indicatrix
The presented methodology for simulation of optical and thermal characteristics with oscillating
thermal convective radiation exposure is relevant for the radiation treatment and control of
ceramics, composites, biomaterials and natural medium.
Keywords: scattering, absorption, semitransparent, oscillating temperature, phase shift,
convection, thermoradiation
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Advanced Electromagnetic Consolidation of Powder Materials
Evgeny Grigoryev
eugengrig@mail.ru
Laboratory of Shock-Driven Processes

Advanced technologies for the production of new materials and, in particular, nanostructure
materials, using powder technologies require fundamentally new approaches for the formation
and preservation of a given structural-phase state. Precision control of the state of materials in the
process of consolidating powders of nanomaterials can be carried out using pulsed
electromagnetic fields. The aim of the project is to study the effect of high-voltage and low-voltage
pulse electromagnetic fields in the technologies of powder consolidation. We used spark-plasma
sintering, flash-sintering, high-voltage consolidation and magnetic-pulse compaction for the
production of advanced materials from metal powders, ceramic and composite powders. We can
produce boron carbide, silicon carbide, uranium nitride, tungsten carbide - cobalt - diamond
composites, tungsten heavy alloys, and others by electromagnetic methods of powder
consolidation. Experimental results to consolidation metal powders, ceramic and composites
powders by electromagnetic methods presage fruitful results.
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2

Titania nanotube (TNTs) is a unique low-dimensional oxide photocatalyst synthesized from TiO 2
powder by solution chemical processing. It is expected as energy production and environmental
purification material because of its synergy of photochcemical property based on absorbing
ultraviolet light and generating electron/hole pairs and of high adsorptivity of ions/molecules
derived from its multilayered tube-structure with high surface area. However, there are
disadvantages that TNT can not absorb visible light and has low electrical conductivity. Therefore,
our group focused on hybridization of TNT with conductive polymer, polyaniline (PANI), which
absorbs visible light and has high conductivity. Additionally, we proposed the new synthesis
method of nano-hybridizing TNTs and PANI by photopolymerizationwithout any polymerization
initiator used in the existing method. In this method, polyaniline is polymerized by radical species
generated from TNTs by photo-irradiation. The photopolymerization method is a very simple
method but might make a more complex nanostructures of low-dimensional TNT and functional
PANI. Further improvement of photoelectrochemical properties and new functions are thus
expected. In this study, we attempted the synthesis of a nanohybrid material of TNT / PANI by
photopolymerization method. Formation of polyaniline was carried out under UV light irradiation to
TNT-dispersed anilinium monomar aqueous solution at 25℃ for 6h under pH = 1, 3, 5. When the
pH was low, conductive polyaniline was formed and aggregated on TNTs, which result is the first
case for hybridizing nanostructure-oxide (TNT) and PANI by simple self-photopolymerization
route without using any iniciating agent. Materiaps processings and nanohybrid structures as well
as fundamental properties wil lbe discussed.
Keywords: titania nanotubes, polyaniline, nano-hybridization, photopolymerization, photocatalyst,
solar cells
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Recently, porous materials are more often used in various technological and science fields,
because of significant losing of technical product weight, preserving the functionality and
increasing of effective characteristics achieving possibility. Porous ceramics based on the ZrO2MgO system can be interesting in case of their components special properties: high thermal and
chemical resistance, strength, inertness to the biological environment, which makes it possible to
use such ceramics in thermal protection elements, catalyst carriers or osteoreplacement
materials.
Porous ceramic compositional matrices based on magnesia partially stabilized ZrO 2 and MgO,
with pore space volume 70%, and in the MgO concentrations range from up to 100 wt. %,
о

sintered at a temperature of 1600 С with high-temperature exposure from 10 to 600 min. The
effect of the MgO concentration and the duration of high temperature exposure on the phase
composition, average crystallite size, crystal lattice microdeformation, microstresses, and
compressive strength were studied.
The use of an organic burn-out pore-forming additive particles made it possible to obtain a
bimodal pore structure with an average pore size of 50 and 3 μm, figure 1, which is favorable for
the use of such ceramic as an osteosubstitution material [Aguilar C. et al. Materials Science and
Engineering]. With an increasing of high-temperature exposure, the average size of macropores
decreases, and the micropores size increase, which is explained by the action of pores
coalescence mechanism.
X-ray diffraction analysis showed that with the increasing of magnesia concentration, the average
size of ZrO2 and MgO crystallites grows up and their crystal lattice microdistortion decrease.
Strength with increasing of MgO concentration is increasing and the dependence of compressive
strength from microstresses has shown that the strength is determined by micro-stresses and
decreases with their growth [Smolin, A. Y., Roman, N. V., Konovalenko, I. S., Eremina, G. M.,
Buyakova, S. P., & Psakhie, S. G. Engineering Fracture Mechanics; Fitzpatrick M. E. et al.
Determination of residual stresses by X-ray diffraction; Kulkov, S. N., & Buyakova, S. P. Russian
nanotechnology], figure 2.
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Figure 1. Pores dimension distribution of ceramics ZrO2 + 50 wt. % MgO, sintered with a curing
time of 300 min.

Figure 2. Dependence of strength from microstress.
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Biomorphic mineralization is process by which new materials are obtained using natural templates
in combination with synthetic compounds. There are few studies that focus on use of illite clay to
produce biomorphic products.
This study investigates possibility of producing biomorphic ceramics by deposition illite clay
nanoparticles on natural templates - wood, moss, lichen and cotton fibers.
Source of illite was quartenary clays in western of Latvia. Deposition of illite clay nanoparticles
was done by immersing chosen natural templates in water - illite slurries. Infiltrated samples were
dried and sintered in air or nitrogen at temperatures 800°C, 900°C, 1000°C. Morphology and
phases boundary was analysed using SEM(Hitachi TM 3000 and NovaNano SEM 650
Netherlands.), phase composition - by XRD (model D8 Advance Bruker). FTIR was also used to
determine chemical bonding.
It is shown that moss and lichen templates sintered in air well retain the templates
morphology.Sinthesized biomorphic ceramicsis weak, but have sufficient strength and may be
3

3

characterized by the bulk densities up to 0.7g/cm for moss template and up to 0.5 g/cm for
lichen template.

Compressive strength for both templates is less than 1 MPa.XRD analysis

shows crystalline phases formed as clay transformation products, and it are quartz, Ca-Na
plagioclase, orthoclase and hematite. Illite phase disappears at temperature 1000°C. Presence of
hematite assigns red-brown color to these samples. In nitrogen synthesized samples are black
and also keeps morphology of templates, but are delicate. These biomorphic ceramicsafter
sintering at the same temperatures is formed from the same crystalline phases as in air sintered,
but illite phase disappears already at temperature 800ᵒC. For both cases there are presence also
glassy phase.
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Studying the Effect of a Green Inhibitor Admixture on the Compression
Strength of XD3 Concrete Samples Mixed with Different Superplasticizers
Shaymaa Abbas Abdulsada, Prof Dr TAMÁS TÖRÖK
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In recent years the use of corrosion inhibitors in producing high-performance steel reinforced
concrete structures has increased significantly to minimize the chloride and sulphate attacks.
However, most inhibitors available in the market are toxic to the environment. Hence, one
objective of the present investigation was to test a novel, eco-friendly, so-called green inhibitor
extracted from a fruit waste (orange peel), and it’s effects were studied on the compression
strength of the XD3 type concrete samples. The inhibitor was added to the concrete mix in
concentrations of 1% or 3% by weight of cement in addition to two different superplasticizers. The
test results showed that this new penetrating type corrosion inhibitor used as an admixture did not
impair the compressive strength, and what is more, with one of the superplasticizers it showed
higher (acceptable) values in comparison to the other one due to the difference in their capacities
in reducing the water to cement ratio of the studied concrete mixtures.
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Phyllosilicates containing ceramics are mostly used for wide diffusion applications. Thanks to their
mineralogical characteristics and their environmentally friendly issues as well as the low cost of
these raw materials, several studies have been carried out on the improvement of their properties
in order to use them for technical ceramics applications.
The main objective of this work is to study the influence of the initial texture, due to the particles
morphology of such natural raw materials, on the final properties of the resulting products shaped
through tape casting. The raw phyllosilicates materials used are namely: two type of kaolins
®

®

®

labeled CR super and RG (Imerys), and halloysite NZCC (Imerys), which respectively have
platelet and tubular particle shapes. Samples are elaborated from proportional mixtures of
halloysite and kaolin (0, 25, 50, 75 and 100 mass %) and shaped using tape-casting (shear rate =
-1

35 s ). The surfactants used to ensure the stability and the cohesion of green-tapes are: dolaflux
®

B11

as dispersant, Polyvinyl alcohol 22000

®

as binder and Poly(ethylene glycol) 300

®

as

plasticizer.
The rheological behavior of the as prepared slurries matches the required characteristics for the
tape casting process. The characterizations of the dried and sintered (1400°C) tapes show that
the in-plane organization is less modified when increasing the halloysite content. Moreover, the
mechanical appeared to be improved with increasing halloysite content except for the mixture with
50 mass% of halloysite. The latter trend can be related to the mullitisation within these samples.
Keywords: kaolin, halloysite, tape-casting, sintering, properties of use, rheological behavior.
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In this paper, the silicon carbide-reduced graphene oxide (SiC/rGO) composites with different
o

content of rGO are investigated. The hot pressing (HP) at 2100 C for 60min under a uniaxial
pressure of 40MPa resulted in a near fully-dense SiC/rGO composite. In addition, the influence of
graphene reinforcement on the sintering process, microstructure, and mechanical properties
(fracture toughness, bending strength, and Vickers hardness) of SiC/rGO composites is
1/2

discussed. The fracture toughness of SiC/rGO composites (7.9MPam ) was strongly enhanced
by incorporating rGO into the SiC matrix, which was 97% higher than the solid-state sintering SiC
ceramics (SSiC) by HP. Meanwhile, the bending strength of the composites reached 625MPa,
which was 17.3% higher than the reference materials (SSiC). The microstructure of the
composites revealed that SiC grains were isolated by rGO platelets, which lead to the toughening
of the composite through rGO pull out/debonding and crack bridging mechanisms.
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At present, porous ceramics occupies a prominent place in various technical and technological
fields. Due to their physical, chemical and mechanical properties, porous ceramic materials are
preferred to metals and other materials under certain conditions, for example, high temperatures
and corrosive environment. A combination of good biocompatibility and mechanical strength of
porous ceramic materials makes them applicable for creating such products as bioimplants,
catalyst carriers, filters. The challenge is therefore to study how pore characteristics affect elastic
and strength properties of ceramics with a hierarchical pore structure as well as how this structure
affects the fracture pattern.
The aim of this paper is to study mesoscopic deformation and fracture in uniaxial compression of
porous Al2O3-based ceramics. For this purpose, we perform a numerical simulation of mechanical
behavior of porous alumina ceramics using various local fracture criteria.
The computational investigation of deformation and fracture processes in the studied materials is
performed using a finite-difference method of numerical solution of differential equations of the
solid mechanics. A mechanical response of porous ceramic materials is described by the
mathematical model of an elastic-brittle-plastic medium. Constitutive relations of this model
include the equations of a hypoelastic medium and the Nikolaevskii nonassociated plastic flow
rule.
The calculation results are analyzed for the influence of the porous structure on local fracture
patterns in material mesovolumes as well as on the macroscopic deformation diagram. In
addition, we investigate how various fracture criteria affect the resulting fracture pattern and
macroscopic deformation response.
Keywords: aluminaceramics, porous structure, modelling, fracture
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The investigations of initial nanocomposites show that Metal/Carbon Nanocomposites represent
to the metal clusters associated with carbon fibers which are found within carbon shell consisting
from 3-4 layers of carbon fibers. Each from carbon fiber includes poly acetylene and carbine
fragments with delocalized electrons on fragments joints. In other words, the Metal/Carbon
nanocomposites obtained by mechanic/chemical method have active surface, which contains
double

bonds

and

delocalized

electrons.

The

conditions

of

Copper

(Nickel)/Carbon

nanocomposites modification by such substances as silica (or silica gel), ammonium
polyphosphate (or poly phosphoric acid), ammonium thiosulphite (or sulphur) are substantiated.
The mechanochemical modification mechanism of correspondent nanocomposites is proposed.
The results of modified nanocomposites producing with the mechanism confirmation are
discussed. The structures and properties of modified nanocomposites are investigated by the
following methods: x ray photoelectron spectroscopy, radiography, IR spectroscopy, transition
electron microscopy (TEM). The investigation results are given and the structure changes of
modified nanocomposites as well as the metal atomic magnetic moments increasing are
presented. In the phosphorus containing Cu/C nanocomposites the Copper atomic magnetic
moment is increased from 1,3 to 4,2 Born Magnet on, and the oxidation state of Phosphorus atom
is decreased from 5 to zero, according to x-ray photoelectron spectroscopy. In this case there are
bulges and strands of fibers. The possible phases is found: Carbon – 70 %; phases Cu-C-P-O
and C-Cu-P-O in which the content of Copper equals to 15%, and Phosphorus – 7%. These facts
open new era for development of metal/carbon nanocomposites application fields.
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The definition and theoretical fundamentals of new scientific trend – chemical mesoscopics are
given and considered on the example of nanostructure new class

– metal/carbon

nanocomposites. This new synthetic science includes synergetic, fractal theory, chemistry within
nanoreactors and mesoscopic physics. Everyone from these scientific trends consider the objects
of nano sized level (0,1–1000 nm) and investigates near phenomena such as interference,
spectra quantization and charge quantization.
Chemical Mesoscopics is scientific trend concerning to the formation of nanostructures,
including the synthesis within nanoreactors, as well as the behavior these nanostructures
in different media and compositions, and also the influence of nanostructures minute
quantities on media and compositions.
The restrictions for processes defined by the limits of Chemical Mesoscopics are concluded in
following:


The mesoscopic particle is found in the active interaction with medium.



The size of phase coherency is located in limits up to 1000 nm



The phenomena such as interference, spectrum quantization and charge quantization are
appeared.

The hypothesis of mesoscopic metal containing cluster creation at mechanochemical formation of
metal/carbon nanocomposites is proposed. The electron structures of carbon shells for metal
obtained clusters are determined. The metal nature influence of metallic phase cluster on the
carbon shell is shown. The changes of media electron structure are possible under the
nanocomposites minute quantities influence that it is confirmed by the X-ray photoelectron
spectroscopic investigations and also is explained by the Chemical Mesoscopics principles. It’s
shown that the orientation processes lead to the changes of sub molecular structures of polymeric
compositions.
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Using the conventional kaolin powders and the IG-017 additives of IGREX Ltd. [1-3], the authors
have developed new ceramic composite materials which can meet successfully different industrial
requirements [4-6]. For these purposes first the mix of raw material powders were mechanically
activated in a laboratory planetary ball mill and after were compacted in to cylindrical specimens
and heat-treated in a laboratory chamber kiln in different atmospheres. In case of oxygen-free
sintering, new high-porosity ceramic composites were obtained, in microstructure of which carbon
nano and micro particles were also formed. Before the experiments the particle size distribution
and thermo analytical properties (DTA, TG, DTG) of the used raw materials were determined by
laser granulometry and derivatography. The microstructure and morphology of the developed
specimens were studied by scanning electron microscopy, the elementary material composition of
the breaking surfaces was determined by EDAX and the oxide and phase composition of
specimens were studied by X-ray diffraction test.
The results obtained by the authors have shown the intensively influences of the raw material
compositions and the used heat treatment conditions not only on the sintered material micro- and
macrostructure and porosity, but also on the physical properties of the developed new ceramic
composite items such as phase compositions and colors.
Keywords: ceramic, heat treatment, kaolin, microstructure,morphology, oxygen-free sintering,
porosity, X-ray diffraction
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The human spine is a complex structure that provides both mobility and stability and also protects
the spinal cord. One of the most important components of the spine is the intervertebral disc. An
intervertebral disc (IVD) separates each vertebra. The discs allow a complex movement between
vertebrae without mechanical disadvantages of the opposing vertebra surfaces. They resist the
spinal compression while permitting limited bending, torsion, and sliding between vertebral
bodies.
Degenerative changes of intervertebral discs are the major cause of pain in the spine and neck in
those of the middle and older age. The intact IVD contains a significant amount of water. A
reduction in hydrophilia of the disc reduces its height and changes its mechanical properties.
The most expressed morphological changes occur in one or several IVDs. If morphological
changes occur, it is required to replace an IVD by an implant. An adequate choice of implants has
a crucial role since the wrong choice of mechanical properties of implants can result in the
deterioration of bone tissue and the spine in general.
The aim of this study is to investigate the influence of the IVD degradation on the it stress-strain
state in the cervical spine segment at the flexion of the head to forward.
A geometric vertebra model was modeled based on the literature data about experimentally
obtained dimensions.
Degenerative changes of the intervertebral disc, namely, decrease in height and increase in the
elastic modulus of the disc lead to a decrease in the mobility of the C3 vertebra.
Keywords: stress-strain state, computer modeling, intervertebral disc
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3+

Oxyfluoride glass ceramics doped with Yb is a kind of material that fluoride nanocrystal doped
3+

with Yb is embedded in oxide glass. It could be a good kind of femtosecond laser medium due
3+

to the broad emission band between 1030 and 1100 nm of Yb , which is from the transition of
2

2

F5/2 to F7/2. Two multiple energy levels of Yb

3+

will Stark split effected by crystal field surrounding

it. Generally, different symmetry of crystal field results in varied numbers of Stark splitting and
larger crystal field strength results in more obvious splitting of energy level.In this work, lattice
structure of fluoride nanocrystal doped with Yb

3+

at medium and high dopant concentration has

been studied. It is also presented that luminescence properties of Yb

3+

-

are affected by F ionin the

crystal field in the different lattice structure.
3+

The fluoride nanocrystal doped with Yb

2+

3+

are assumed that Pb are partially substituted by Yb ,
-

while charge balance can be achieved by interstitial F . For the case of medium and high dopant
concentration, Yb

3+

may substitute two or three Pb

2+

in unit cell, forming two different kinds of

lattice structure, PbYbF5 and PbYb3F11. The two kinds of structure are both gotten in our
experiments. What is realized easily that more Yb-F chains form in PbYb3F11, which can be
proved by Raman spectra. Focus on the two lattice structure, what can be realized that site
symmetry of Yb

3+

are the same, while the number and distance to Yb

different. Consequently, numbers of Stark splitting of Yb
crystal field strength surrounding Yb

3+

3+

3+

-

of interstitial F are

energy level may be constant while

may change. Generally, the larger crystal field strength is,

the greater energy level splitting, which can be observed in emission spectra analyzed by spectral
fitting. With dopant concentration increases, apart from ground sub-level, position of other sub2

levels of F7/2 all shift to higher energies, where sub-level 3 and 4 are so close that be
distinguished.
Oxyfluoride glass ceramics doped with Yb

3+

at medium and high dopant concentration are

synthetized, where forming lattice structure of PbYbF 5 and PbYb3F11. The site symmetry of Yb

3+

are both believed as P4/mmm, which implies the number of Stark splitting is constant. However,
in fact, larger number and shorter distance to Yb

3+

-

of interstitial F will result in larger crystal field

3+

strength and greater energy level splitting of Yb .
3+

Keywords: Yb

-

Luminescence, F ions, oxyfluoride glass ceramics
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Microstructure decomposition and unique mechanical properties
of Al-Zn alloys processed by high-pressure torsion
Nguyen Q. Chinh* and Zsolt Kovács
chinh@metal.elte.hu
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Al-Zn alloys with different Zn concentrations between 2 and 30 wt.% were processed by highpressure torsion (HPT) to produce ultrafine-grained (UFG) materials. Microstructural and
mechanical and properties of these UFG alloys were then investigated using depth-sensing
indentations (DSI), focused ion beam (FIB), scanning electron microscopy (SEM) and differential
scanning calorimetry (DSC). Emphasis was placed on the decomposition due to the HPT process,
as well as on its effects on the mechanical properties of the UFG alloys. For low Zn contents, HPT
gave strengthening due to grain refinement while for the highest Zn concentration the
decomposition of the microstructure yielded an abnormal softening at room temperature. The
microstructure decomposition led also to the formation of a Zn-rich phase which wet the Al/Al
grain boundaries and enhanced the role of grain boundary sliding with unusually high strain rate
sensitivity. The occurrence of intensive sliding in these UFG alloys at room temperature is
demonstrated by deforming micro-pillars, illustrating a potential for the effective application of
these UFG materials in micro-devices.
Keywords: Al-Zn alloys, phase decomposition, grain boundary sliding, indentation, micro-pillars,
strain rate sensitivity, ultrafine grains
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Development of new class of metallic materials doped with non-metallic particles
possessing anomalous thermal properties is of a great interest in various fields of technology [1].
Zirconium tungstate (ZrW 2O8) with isotropic negative thermal expansion (NTE) characteristics
within a wide temperature range is a perspective material for such applications. In [2] it was
shown that sintering of aluminum with zirconium tungstate obtained by hydrothermal synthesis
near the melting point of aluminum leads to its decomposition into ZrO 2 and WO3 oxides with
subsequent formation of whisker-shaped ZrW 2O8 particles. Nevertheless, more detailed study on
phase transitions during sintering process using in-situ XRD analysis was required.
The work presented was aimed at investigating sintering kinetics of Al – ZrW 2O8 powder
mixture near the melting point of aluminum.
Using in-situ XRD analysis phase composition, lattice parameters, coherent diffraction
o

domain and microdistortion of the crystal lattice values at temperatures varying from 25 to 700 C
were investigated. The thermal expansion coefficient of ZrW 2O8 was determined from the
variation of crystal lattice parameter with increasing temperature. It was shown that
О

decomposition of ZrW 2O8 in aluminum matrix begins at 450 С with further formation of WAl12 and
ZrAl3 intermetallic compounds after 1 h of isothermal holding at 600

O

C. The Increase of

isothermal holding time leads to crystallization of whisker-shaped ZrW 2O8 particles in Al matrix.
References:
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Expansion of Ceramic Composites witg Addition of ZrW 2O8 // IOP Conf. Ser. Mater. Sci.
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Carbon black/PVDF copolymer nanofiber nanocomposite has been synthesized by electrospining
process.

Nanostructure and surface properties of carbon/black/PVDF copolymer nanofiber

nanocomposite were studied by scanning electron microscopy (SEM), fourier transform infrared
spectroscopy (FTIR), XRD and water contact angle measurement. Based on SEM analysis,
nanofiber nanocomposite has smooth surface morphology without bead on nanofiber string.
Increase of carbon black content in nanofiber composite decreased in diamater of nanofiber size.
Range of nanofiber composite diameter were from 405 nm-to 421 nm where it depent on carbon
black contect in nanofiber composite. FTIR spectra analysis showed that structure of PVDF
copolymer in nanofiber nanocomposite had a dominant

 phase crystal structure.  phase
-1

structure was showed and confirmed by vibration band peak at 838.55 cm . XRD analysis
showed that crystalinity of carbon black/PVDF copolymer nanofiber nanocomposite lower than
pristine PVDF copolymer nanofiber. Presence of carbon black in nanofiber nanocomposite also
influenced water contact angle value. Water contact angle pristine PVDF copolymer, carbon
black/PVDF copolymer nanofiber with 1 % carbon black, and carbon black/PVDf copolymer with
o

o

o

5% carbon black were 113.8 , 105.2 , 117.3 , respectively. From this result showed that
nanostructure and suraface properties can be adjust and control by presence of carbon black in in
nanofiber composite. This result has potential application for air filtration to solve air pollution
issued.
Keywords: carbon black/PVDF copolymer nanofiber composite, carbon black, nanostructure,
electrospinning, water contact angle of nanofiber composite
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The development of effective technologies for obtaining of pectic polysaccharides from the food
industry waste will solve the problem of their utilization and satisfy the population's needs for
biologically active substances and products based on them.
Pectic polysaccharides obtained from plant raw materials by hydrolysis-extraction are a mixture of
polymer homologues that differ in structure, composition and molecular weight, which makes their
application difficult, especially in medicine and pharmaceuticals. There is a need to develop
effective methods for purifying pectic polysaccharides from concomitant low molecular weight
fractions.
We have developed a method combining the processes of hydrolysis-extraction, purification and
fractionation and exclude repeated stages of isolation and dissolution of pectic polysaccharides.
The method is approved on sunflower heads (SH), apple pomace (AP) and citrus peels (CP). The
swollen raw material was placed in a column reactor and subjected to extraction at T = 365.15 K,
a flow rate of 6 ml / min for 60 minutes, using a hydrochloric acid solution with pH = 1.2 as the
hydrolysing agent. The hydrolyzate solution was excreted at a rate equal to the rate of its entry.
The hydrolyzate solution was divided into eight fractions into separate containers. From the
fractions were isolated microgel (MG), pectin substances (PS) and oligosaccharides (OS). For the
fractions obtained, the main physicochemical parameters were determined: the content of
galacturonic acid (GA), the degree of esterification (DE), and the intrinsic viscosity.
The patterns of change in the yield of fractions of pectic polysaccharides remain similar for all raw
materials. At the beginning, the MG is extracted with a maximum in the third fraction (V solution =
150ml, t = 18 minutes), after the yield of the MG is reduced, the yield of PS (V solution = 250ml, t
= 35 minutes) is increased to the fifth fraction, then stabilizing. After the fifth fraction, the output of
the OS increases continuously. A sequential increase in the yields of MG and OS prove the
gradual conversion of MG to PS, and then to OS. This fact confirms the obtained results on the
content of galacturonic acid units in the MG and PS, the change in the content of these
parameters occurs according to a pattern similar to the yield changes, i.e. passes through the
maximum for the MG by the third, and for the PS on the fifth fraction.
Thus, the application of the developed chromatographic purification and fractionation method
allows the separation of pectic polysaccharides enriched with GA with a high intrinsic viscosity
value from the associated fractions directly in the hydrolysis-extraction process.
Keywords: pectin, pectic polysaccharides, chromatographic purification, fractionation, microgel,
pectin substances, oligosaccharides
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Most of the existing technologies of obtaining pectic polysaccharides - decay products of the
polysaccharide matrix (PM) are based on hydrolysis-extraction of plant material in a closed
system (static mode). The developed new method is based on extraction in a column reactor. In
this case, the plant cell is in the flow of the hydrolyzing agent and the diffusion processes of both
the acid catalyst and the decay products of the polysaccharide matrix, their sorption and
desorption change significantly, which leads to a change in both the yield of the individual
components and their structure.
The decomposition of the polysaccharide matrix has been studied using the example of beet pulp,
sunflower heads and albedo pomelo. The swollen raw materials were placed in a column reactor,
subjected to hydrolysis-extraction and, at the outlet, the solution-hydrolyzate was divided into the
required number of fractions. A high molecular weight water-swelling polymer, microgel (MG),
water-soluble

polymer-pectin

substances

(PS)

and

low

molecular

weight

residues-

oligosaccharides (OS) were isolated from each fraction. It is established that irrespective of the
type of raw material, the decay of the polysaccharide matrix proceeds according to an identical
mechanism: firstly, the microlgel extraction process, then the pectn substances, and then the
oligosaccharides, is extracted from the hydrolysis-extraction process. Taking this fact into
account, the equation of the first-order irreversible first-order decomposition reaction of a
polysaccharide matrix into pectic polysaccharides was used to describe the mechanism of the
hydrolysis-extraction process in a column reactor, taking as its content the sum of microgel and
pectin substances (PM → MG + PS). But, taking into account the fact of the formation of the
intermediate compound - microgel, the experimental data were processed using the equation of
successive decay of PM in the flow (PM → MG → PS). This approach allowed us to evaluate and
compare the kinetic parameters and the activation energies of both processes. As a result, a high
correlation of the lnk dependence on the reciprocal temperature is shown for the two
mechanisms. The fact of a sharp decrease in the activation energy E (k1) of the decay of the
polysaccharide matrix in the region of the yield volume of the reaction components 200 ml with
subsequent stabilization is established. Thus, in the flow of the hydrolyzing agent, the
decomposition of the polysaccharide matrix proceeds in two stages: first, a biopolymer with a
network structure is extracted from the cell wall of the plant, then the extracted pectic
macromolecules diffuse from the raw material into the solution and their fractionation by the gel
chromatography mechanism. The results obtained shed light on the structure of the most
complicated macromolecular natural complex - the polysaccharide matrix, and also have practical
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value, since enable us to direct the process of obtaining the target products towards the formation
of high-molecular reaction components enriched with galacturonic acid units.
Keywords: pectin, pectic polysaccharides, polysaccharide matrix, column reactor, microgel,
pectin substances
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Currently, a considerable attention is given to the research aimed on creating of multi-functional
composite materials, such as natural or synthetic polymers filled with layered aluminosilicates.
Hydroxyethyl cellulose (HEC) is one of the best known polymers with excellent film-forming ability,
biocompatibility and biodegradability which make it a suitable material for biomedical applications.
However, this polymer has insufficient mechanical strength. Apparently, stated disadvantage can
be offset by the introduction of particles on base of bentonite that will be reinforcing component
due to a flat configuration and a large axial ratio.
The purpose of present paper is to describe a production process of HEC/bentonite/magnetite
composite films to study their structure, optical, and mechanical properties.
Bentonite/magnetite powder was synthesized by chemical co-precipitation of iron salts in the
pores of clay. Hydroxyethyl cellulose was filled with bentonite/magnetite particles by mechanical
dispersion, and composite materials were produced in form of films.
Structures of both pure HEC and HEC/bentonite/magnetite composite films were researched
using the X-ray diffraction method. Pure HEC film shows the presence of the broad diffraction
peaks (halo) centered at 2θ=9°–10° and 20°, which are typical for the semi-crystalline structure of
this polymer. The absence of HEC reflection at angles smaller than 8° allows one to detect
structural changes of bentonite/magnetite in the modified polymer film. For the composite films
under study, an aluminosilicate reflection is shifted towards angles 2θ≈5°. For film containing 3 wt.
% of filler, the interplanar distance is equal to 1.8 nm.
Concentration effect of the filling agent on tensile properties of composite films was revealed. We
found that insertion of this filler (up to 5 wt. %) resulted to minor increase in tensile strength (from
127 to 135 MPa) and to increase in breaking elongation (from 6.5 to 8.2 %).
Date of IR spectrometry indicate an interaction between the oxygen-containing groups in polymer
and silanol (or hydroxyl) groups in bentonite/magnetite filler that is accompanied by the hydrogen
bonds formation. Increase in the density of hydrogen-bond net resulted in reinforcement of
polymer material.
Keywords:hydroxyethyl cellulose/bentonite/magnetite, X-ray diffraction, IR spectroscopy, tensile
properties
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Rheological and thermal properties of antimony trioxide (ATO) modified PVC were measured at
different extrusion speeds (20-100)rpm. The results showed a positive effect of the presence of
ATO accompanied with increased extrusion speed, where the rheological properties and gelation
grade of PVC have been improved.
Keywords: Rheological properties,DSC , ATO modified PVC.
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Monoethylene glycol (mEG) was used for chain extender to reacted with diphenylmethane-4,4’diisocyanate (MDI) and polypropylene glycol (PPG) and prepared to polyurethane elastomers
(PUR). Effect of chain extender was investigated by varying the mEG content between 7 and 34
phr while PPG as polyol was used at the same content. Hard segment (HS) was based on MDI
and mEG while soft segment (SS) was based on PPG. Chemical structure of hard segment (HS)
was characterized by Fourier Transformed Infrared (FT-IR) spectroscopy. Cross-linked structure
of polyurethane elastomers was investigated by hardness Shore A/D and tensile properties. FT-IR
spectra exhibited the bands typical for PUR such as –NH, CH2– and C=O group. Spectra reveal a
few interactions among the polymeric chains being responsible for the shift of transmittance peak.
This can be suggest that HS has more aggregated to form domains in the PUR when mEG
content increases as shown in below Figure. The domain formation has significant effect on
mechanical properties. Hardness Shore A and D trend to increase with increasing mEG content.
The highest hardness Shore A and D are 96.6 Shore A and 60.5 Shore D at 34 phr mEG.
Hardness Shore A and Shore D were increased up to 1.7 and 4.9 times when compared to PUR
at 7 phr mEG. Moreover, increasing of mEG content increase Young’s modulus and tensile
strength of PUR. Young’s modulus increased from 4 to 513 MPa and the tensile strength
increased from 6 to 24 MPa. Young’s modulus suddenly increased with increasing chain extender
content upto 34 phr mEG around 128 times when compared to PUR at 7 phr mEG while tensile
strength was enhanced 4 times at 34 phr mEG. On the contrary, elongation at break trend to
decreased with increasing mEG content from 638 to 19 %. These results indicate that chain
extender reacted with MDI became highly cross-linked hard segment in PUR structure when
chain extender content was increased. It is significant effect on structure and properties of PUR.
Keywords: polyurethane elastomers, chain extender, mechanical property
mEG34
mEG30
mEG22
mEG10

mEG7

FT-IR spectra of PUR with various chain extender content

151

152

SESSION 11
Glasses, Coatings and Related Competitive Materials
Author(s)

Title

Ali AL Dabbas, Katalin Kopecskó

Corrosion of Glass Used for Radioactive
Waste Disposal Influenced by Iron
Corrosion Products

Mihai Elisa, Raluca Stefan, Ileana
Cristina Vasiliu, Bogdan Alexandru
Sava, Lucica. Boroica, Aurelian
Catalin Galca

Optical Properties of Zinc Phosphotellurite
Glass

1

2

153

154

Corrosion of Glass Used for Radioactive Waste Disposal Influenced by Iron
Corrosion Products
1

2

Ali AL DABBAS , Katalin KOPECSKÓ
ali.al.dabbas@epito.bme.hu,kopecsko.katalin@epito.bme.hu
Faculty of Civil Engineering,
Budapest University of Technology and Economics,
Műegyetemrakpart 3, Budapest 1111, Hungary

The iron corrosion products of the steel canister in the nuclear waste container are highly silica
sorptive materials and very much expected to delay formation of the protective layer (gel) on the
nuclear glass interface. This paper is focusing on a future study on the role of the iron carbonates
(ankerite), which is probably one of iron corrosion products and already exists in the clay structure
of the disposal depth. French SON68 inactive reference glass (alternative to the R7T7-type)
samples are planned to leach in different series of experimental models with dissimilar quantities
of ankerite. In the future study all batch experiments will be cultivated in synthetic CallovoOxfordian groundwater; where different pH (4-9) values and temperatures (35, 50, 90 °C) are
considered. In this paper the radioactive waste glass corrosion in the circumstances of deep
geological disposal will be extensively studied.
Future experiments will be conducted with small polished SON68 reference glass chips, involving
accelerated ageing of glass due to environment provided by the microbial activity to figure out the
convenient and optimum conditions of the maximum Si uptake by ankerite. Ankerite is expected
to show noticeable Si uptake, Iron-silicates precipitation is highly predicted to happen. So, they
both are very much expected to sharing the glass corrosion role with the other important
parameters mentioned in the literature. The experiments are expected to show if the ankerite ratio
in the ICPs will increase due to the microbial activity in the given environment by measurable
percentage as well.
The nature and extent of corrosion will be determined by characterizing the reacted glass surface
and volume with scanning electron microscopy (SEM), trans-mission electron microscopy (TEM),
energy dispersive X-ray spectroscopy (EDS) and Raman spectroscopy.
Keywords: durability and corrosion of glass, nuclear waste immobilization and deposition,
radioactive waste glass container, ankerite.
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This work is focused on investigation of optical properties of novel Zn-Te-based phosphate glass
applied as Faraday rotators. The glass belonging to the oxide system 45ZnO 10Al2O3 40P2O5
5TeO2 was prepared by a non-conventional wet route of raw materials processing, followed by
melting-quenching-annealing of the final product. Optical absorption reveals a low intensity band
located at 420 nm and a significant one at 530 nm specific to Te2 diatomic molecules formed as a
result of TeO2 reduction during the melting-refining of the melt batch [1]. Optical extinction
coefficient presents the same dependency on wavelength as absorption coefficient. The band gap
of the glass is about 3.18 eV and it was graphically determined based on absorption spectrum.
Refractive index of the glass is decreasing with visible wavelength, starting from 1.6 at 300 nm to
1.54 at 600 nm. The UV and blue emission of the glass was observed by UV excitation, Te2
diatomic molecules being responsible for this behavior.
Keywords: tellurite glass, optical absorption, band gap, optical extinction, refractive index,
luminescence
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Carbides of IV-VI groups transition metals are characterized by a high melting point of more than
3000 °C; high values of hardness, modulus of elasticity, thermal and electrical conductivity.
Chemically stable zirconium carbide ZrC is one of the most promising materials in aircraft and
rocket engineering, nuclear and manufacturing industries, etc. The main disadvantage of
ceramics based on ZrC, as well as ceramics in general, remains increas of brittleness. Low
values of fracture toughness of 3-4 MPa m

1/2

limit expanding the scope of ceramic ZrC

composites.
The creation of the ZrC/C heteromodulus ceramic matrix systems makes possible to realize the
Cook-Gordon mechanism, which consists of the dissipation of the energy of a propagating crack
at the interface between the "high-modulus matrix and low-modulus inclusion", which will
significantly increase the fracture toughness of the ceramics.
Heteromodulus materials ZrC/C were obtained by the hot pressing method under conditions of a
protective argon atmosphere and using graphite molds. The ZrC and C were represented as a
high-modulus matrix (E = 420-480 GPa) and low-modulus inclusion of carbon C (E = 2-4 GPa),
respectively.
Hot-pressing of ZrC and C leads to incorporation of carbon into crystall cell of ceramic matrix by
thermal diffusion procces. Changes of ZrC lattice parameter were observed with variation of
carbon addition. Relative density depends on the carbon black, also. The positive effect of a small
amount of free carbon on the ZrC compaction is due to removal of adsorbed oxygen from powder
particles. Porosity increasing in heteromodulus ZrC / C composites with carbon addition of more
than 3 vol. % is, probably, associated with a decrease in the intensity of diffusion mass transfer
due to the filling of carbon atom vacancies.
The hardness and modulus of elasticity with increasing content of C in the composition of the ZrC
/ C composite system are logarithmically reduced. At a concentration of C in the amount of 1 and
3%, the hardness of the composites is about 15 GPa, in the carbonless sample it is 21 ± 2 GPa.
The sample containing 3 vol.% of free C reached greatest value of fracture toughness 7.0 ± 0.5
1/2

MPa ∙ m .
Keywords: Zirconium carbide, carbon black, heteromodulus ceramic, composite, ultra-high
temperature materials, unit cell, lattice parameter, microstructure, relative density, porosity
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Computer Simulations of Size effects of BaTiO3 Ferroelectric Thin Films
Zhenyong Man, Jiangtao Zeng, Liaoying Zheng, Guorong Li
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Computer Simulations based on inter-atomic shell-model potential have been performed to study
the ferroelectric phase transitions in BaTiO3 thin films. Phase diagrams as a function of
temperature, during both supercooling and superheating processes, are obtained through
constant-pressure MD simulations. The stress-induced cubic-tetragonal phase transitions are
investigated as a function of thin film thickness. The relationship between the Curie temperature
and the critical thickness is investigated, assuming a crystal mismatch of 1.5%. The simulation
result is in good agreement with the prediction of analysis based on time-dependent GinzburgLandau theory. The spatial dependence of the polarization and the extrapolation lengths as a
function of film thickness is also calculated.
In this paper, we study the stress-induced phase transitions in BaTiO3 thin films using molecular
dynamics simulations. The transition temperatures are found to decrease with the thickness of
thin film. Based on the relation between the transition temperature and the film thickness, the
critical thickness of BaTiO3 thin film is also obtained. The spatial dependence of the polarization
field in a BaTiO3 thin film at finite temperature is calculated, from which the extrapolation lengths
are obtained. Both the super-cooling and super-heating transition processes are considered, and
the difference in the transition temperatures clearly indicates the first-order characteristics of the
phase transition in BaTiO3 thin films, which is similar to that of the bulk material.
The results of computer simulations are in general agreements with the analysis of timedependent Ginzburg-Landau equations and experimental data. However, the calculated transition
temperatures are generally substantially lower than experimental data (the difference is about 150
K), indicating that more careful considerations of the simulation model and the boundary
conditions are required. The present work shows that, besides the Ginzburg-Landau theory, MD
simulations may also provide a feasible and effective route for the study of cooperative
phenomena such as phase transitions in ferroelectric thin films at the atomic scale.
Keywords: Computer Simulation, shell model, Size effects, BaTiO 3 ferroelectric thin films
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The Interfacial Contact Pressure Between Two Deformable Cylinders
Simulate by 3D Finite Element Approach. Application to a Spur Gear
Toufik Outtas, Djemoui Mohamedi
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Knowing the stresses and pressures in the contact between two deformable solids is fundamental
in order to optimize the strength and the lifetime of mechanical components such as bearings or
gears. These constraints can be determined by the calculation (finite element method or Hertz
theory) or by experimental methods such as photoelasticity. The objective of this study is to model
and compute the stress field and interfacial contact pressure using 3D finite element software.
The validation of obtained results is done by comparison with the classical results of the non
linear Hertz theory between two deformable cylinders. An application to spur gears with a circle
involute profile is done and also validate with the same Hertz theory.
References
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Effect of rice bran protein isolate addition on the rheological and structural properties of
commercial whipped cream at 25 and 30% fat were investigated. Results showed that increasing
the fat percentage from 25 to 35%, leads to an increase in the elastic modulus. Furthermore, by
increasing the amount of RBP from 1 to 3% in both creams, significant increase occurred in the
complex modulus. As the fat content increased from 25 to 35%, the slope of flow behavior was
increased revealed more thinning behavior and pseduoplasticity index of cream. Similarly, by
increasing the percentage of whey protein from 5 to 10%, diluted melting behavior intensified. In
general, according to the results it is clear that cream with the highest percentage of fat and the
lowest amount of protein can lead to maximum stability and foaming cream. Among the samples,
the lowest stiffness was observed in cream of 35%, containing 3% rice bran protein. Therefore,
cream containing 35% fat and 1% RBP had convenient overran and good stability.
Keywords: Rheology, Whipping cream, Microstructure, Stability, Rice bran protein, Dairy.
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Combined with HfO2 Nanoparticles
1,2*

Protima Rauwel

3

4

, Augustinas Galeckas , Frédérique Ducroquet and Erwan Rauwel
protima.rauwel@ttu.ee

1,2

1

Tartu College, Tallinn University of Technology, Puiestee 78, 51008 Tartu, Estonia
Institute of Technology, Estonian University of Life Sciences, 56 Kreutzwaldi, 51014 Tartu,
Estonia
3
Department of Physics, University of Oslo. P.O. Box 1048 Blindern, 0316 Oslo, Norway
4
IMEP-LAHC, CNRS, Université de Grenoble-Alpes, Minatec campus, 38016 Grenoble, France
2

During the last two decades composite materials have spurred a large interest. Also, with the
rising of nanotechnology, the development of new nanocomposite materials promoting new
properties has taken a step forward. More recently, hybrid materials combining carbon based
nanomaterials like non-functionalized multi-walled carbon nanotubes (MWCNTs) and metal oxide
nanoparticles (MONPs) have focused a lot of interest for energy harvesting and photocurrent
generation [1]. We have synthesized MWCNTs combined with HfO 2 nanoparticles (~ 2.6 nm) and
ZnO nanoparticles (~80-120 nm). These nanoparticles demonstrated unusual optical properties
and a strong photoluminescence emission in the visible region originating from surface-defects
[2,3]. The structure, morphology, and optical properties of the free-standing ZnO-NPs and HfO2NPs are compared with those of the carbon nanotube-based nanocomposites. The observed
efficient and broad luminescence covering the entire visible spectrum points towards the high
potential of the hybrid nanocomposites in optoelectronic and photovoltaic applications.
Transmission electron microscopy studies show that these NPs decorate the MWCNTs on
topological defect sites. The photoluminescence of the nanocomposites ZnO_MWCNTs,
HfO2_MWCNTs have been studied and photocurrent measurements have been performed [4, 5].
The influence of temperature, light excitation (UV, visible) and applied current (0, 1mV, 1V) has
been studied [6]. A clear proof of intrinsic photocurrent generation has been highlighted and these
investigations indicate a possible combined effects of charge desaturation and charge transfer to
the MWCNTs with an overall reduction of radiative recombination. The photocurrent production,
200nA@0V for 2mg of materials suggests promising features for application in flexible
nanodevices applied to light harvesting.
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Degradation of Methylene Blue Under UV and Visible Illumination by Yttria
Doped Titania Nanoparticles
Jānis Grabis, Dzidra Jankoviča, Inta Sīpola,
jgrabis@rtu.lv
Institute of Inorganic Chemistry,Faculty of Material Science and Applied Chemistry, Riga
Technical University, Latvia

Recently yttria doped titania was proven as promissing photocatalysts under ultraviolet and sun
illumination for degradation organic pollutants [1,2] and for the use as solar cells photoanodes [3].
Active partially X-ray amorphous were prepared by magnetron sputtering of oxides target [1],
weekly crystalline Y2O3 nanosheets were obtained by hydrothermal treatment [2]. Doped TiO 2
nanotubes were prepared by combining sol-gel synthesis with microwave treatment [3]. The yttria
doped TiO2 samples showed improved photocatalytic activity but optimal content of yttrium
differed strongly [1-3].
The aim of work was preparation of crystalline yttria doped TiO 2 nanoparticles by sol-gel method
and determination of its photocatalytic activity in dependence on used precursors and calcination
temperature.
Nanoparticles were prepared by sol-gel method using titanium isopropoxide, acetylacetone, yttria
nitrate, nitric acid and ethanol as precursors. The urea solution in ethanol was added in separate
experiments.
The prepared samples were investigated by using XRD and scanning electron microscope
analysis. Specific surface area (SSA) was determined by argon absorption-desorption method.
Photocatalytic activity was determined by degradation of methylene blue (MB) under UV, LED
and Osram Vitalux illumination. The change of MB content was performed by means of UV-VIS
spectrometer.
XRD patterns of pure and Y2O3 doped TiO2 samples showed only intensive TiO2 peaks
independently on the content of Y2O3 or presence of urea during synthesis. However, content of
anatase and rutile phases depended strongly on the calcination temperature, content of Y2O3 as
o

well as urea additives. Bare TiO2 calcinated at 550–600 C showed maximal photocatalytic
activity. The photocatalytic activity of the samples containing 0.8 wt.% Y 2O3 and calcinated at 600
Cexceeds activity of thebare TiO2. The higher content of Y2O3 and calcination temperature
reduced photocatalytic activity of the samples. The photocatalytic activity of Y 2O3 doped TiO2
samples prepared in presence of urea was lower a bit despite to higher SSA.
Keywords: yttria doped titania; sol-gel synthesis; photocatalytic activity; MB degradation.
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Catalytic Activity in Methane Oxidation of La1-XCaXCoO3-(X =
01)Perovskites Prepared by Mechanochemical Route
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Substituted perovskites La1-xCaxСoO3-are highly active to catalytic oxidation process, attract
interest as bifunctional oxygen electrodes, demonstrate exiting magnetic and electric behavior.
Literature data in the field give evidence of the substantial dependence of the phase composition
and catalytic properties of La1-xCaxСoO3- on the preparation conditions.
The mechanochemical method implies calcination of a mechanically pre-activated mixture of
initial reactants; the better disintegration, homogenization and formation of defects to accelerate
sintering makes it possible to synthesize complex oxides at low temperature and shorter
treatment times against those of the ceramic method. The present work was aimed at
mechanochemical preparation of La1-xCaxСoO3-(x=0–1) samples and at characterization of their
physicochemical and catalytic properties.
A number of perovskite-like oxides La1-xCaxCoO3-δ (x = 01) were prepared by the
mechanochemical method and studied in respect of their catalytic activities to methane oxidation.
The mechanochemical treatment of row oxides taken in needed proportion followed by thermal
treatment at 1100 °C, 5 h was demonstrated to allow preparation of homogeneous solid solutions
in the La1-xCaxCoO3-δ system at x≤0.5. Homogeneous solid solutions with x≤0.5 may be prepared
o

by ceramic route only after prolong calcinations time (more than 100 h) at 1200 C. Thus, the
mechanochemical method, against the ceramic method, allows really the substituted solutions
with larger x to be prepared during shorter time of the calcination at 1100 °C.
Among the oxides, LaCoO3 was demonstrated to be most active. The introduction of calcium
resulted in a non-monotonic decrease in the catalytic activity upon an increase in x with the
intermediate maximum at x=0.3-0.5. The observed changes in the catalytic activity of the calciumcontaining samples correlate with variations in the proportion of weakly bonded oxygen species
(or Cо

+4

cations) only in the composition range x=0.1–0.5. The higher activity of lanthanum

cobaltite may be accounted for by the presence of cobalt oxide particles on the perovskite surface,
that is specialty of mechanochemical route The further decrease in the activity (for x>0.5) may be
accounted for by the formation and increase of the admixture of vacancy-ordered less active
brownmillerite phase. The following series of the catalyst activity is discovered in the as prepared
perovskite-like oxides: LaCoO3 > La0.6Ca0.4CoO3 > La0.8Ca0.2CoO3>Ca2Co2O5.
Keywords: La1-xCaxСоO3-δ, perovskites, mechanochemical route, catalytic oxidation of methane
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Carbon nanomaterials are well-known for their unique physical properties. They have attracted
interest as reinforcing fillers because of their superb mechanical properties. We report the
excellent reinforcement properties of polymer nanocomposites by the incorporation of ND. ND
has been expected to offer polymer nanocomposites optimal properties because of its smooth
surface and excellent optical, mechanical, and thermal properties, which can approach the values
of single diamond crystal. We prepared new nanocomposites membranes based onpoly(vinyl
alcohol) (PVA) and ND in a single step using the solution casting method from aqueous medium
and achieved the high dispersibility of ND in the PVA matrices. In order to verify that all the ND
were immobilized into the PVA matrix, the membranes were analysed by means of Fourier
transform infrared spectroscopy (FTIR).The thermal, mechanical and rheological properties of the
membranes were investigated by means of thermogravimetry (TGA), dynamic mechanical
analysis (DMA) and Ares G2 rheometer. The resulting nanocomposites had excellent properties
derived both from ND and PVA. Thermal and mechanical properties increased dramatically with
increasing ND content, indicating a strong interaction between ND and PVA. We anticipate that
ND will be able to compete as a nano filler against conventional carbon-based nano fillers for
polymer composites, and it is possible their reinforcement properties will be extended in the
future.
Keywords: nanodiamond, nanocomposite, membrane, poly(vinyl alcohol), TGA, DMA
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Highly polymorfic iron sulfide represents an attractive material for solar cell application which
exhibits also interesting semiconducting and magnetic and biocatalytic properties.
Nd:YAG laser ablation of solid iron sulfide target in selected liquid (water/ethanol) results in
generation of nanosized Fe-S particles. The stability of prepared colloids and the process of
coagulation was monitored using Zetasizer. The measurement of the particle-size distribution
which was performed immediately after irradiation revealed two typical sizes: 123 nm and 675 nm
in the water and the uniform size of nanoparticles: 184 nm in the ethanol. In case of water colloid
the coagulation has been observed depending on the time, while the size of Fe-S nanoparticles in
ethanol remained stable. This observation is supported also by the measurment of Zeta potential,
when the colloid in the water exhibits Zeta potential 13,15 mV, which suggests incipient instability
and the Zeta potential of iron sulfide colloid in ethanol shows the value at -41,5 mV which
confirms good stability. In order to characterize morphology, chemical and phase composition of
obtained Fe-S nanoparticles SEM/EDX and Raman spectroscopy of nanoparticles/clusters after
evaporation of the liquids have been used. This study represents the first example of laser
ablation of iron sulfide in liquid medium.
Keywords: laser ablation, liquid, colloid, iron sulfide, nanoparticles, zeta potential, catalyst
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This paper deals with numerically studied the residual stress in a butt-welded steel pipe. Two
types of study are needed. One is to study how control and measure residual stress and the other
are to analyse residual stress using FEM. A comparison of 3D pipe and axi-symmetric finite
element model under same welding simulation parameters was carried out. Numerical simulation
can be used to predict residual stress in pipe welds. The study presents a summary of analytical
techniques used to determine residual stresses. The purpose of this paper is to find whether twodimensional (2D) computations can be substituted for three-dimensional (3D) simulations. 2D
axisymmetric and 3D numerical simulations were used to predict the distribution of residual stress
in welded pipes. Axial residual stresses in both the inner and outer walls of pipes were calculated
by 3D model. The results show that the 2D axisymmetric model can be effectively used to analyse
and simulate the residual stress for steel pipe through the thickness of welding zone.
Keywords: Residual stress, Welding pipe, FEM.
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A comparison of 3D pipe and 2D axi-symmetric finite element model under same welding
simulation parameters was carried out.
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The aim of the project is to manufacture a welding machine which simplifies the work and improve
the accuracy. The working principle of this machine is different other that of other welding
machine. The aluminum work piece is held in the vice. The two pieces of aluminum work piece is
welded with the help high speed drilling head with friction tool. The working principle is very easy
and at the same time production time is very much reduced. This machine is best suitable for
mass production.
Keywords: Friction, Welding, Joints, Motor, Bearings
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Posterior Dynamic

Stabilization Topping-off instrumented lumbar fusion has been proposed to

avoid adjacent segment degeneration ASD by generating a smoother transition zone from
the instrumented segments to the top untreated levels. A ﬁnite element model (FEM) of a L3/S1
lumbar

spinal segment

was solicited

to an axial compression follower of 400 N. Pure

unconstrained moments of 7.5 Nm were additionally applied in the three anatomical
planes.

The center of

assessed. The CORs
intact

model,

the

rotation,

stress, strain distribution,

facet joint

forces

main
was

was found to be almost in the center of the segment, with
center

of

rotation relocated

in

the

center.

remained unloaded in ﬂexion. The facet forces increased up to 26 N with

The
PEEK

facet
type,

joints
with

the center of rotation migrated posteriorly in the ipsilateral side of the topping off fused level.
The

determination

of

CORs

is

highly

sensible against measurement resolution obtained

during in vivo and in vitro studies. This FE method can be used to complement the
knowledge of the COR relocation comparing with experimental predictions.
Keywords: Posterior Dynamic Stabilization , Functional spinal unit, Facet joints; finite element
analysis; Lumbar fusion, stress, strain, PEEK, Topping-off, Center Rotation.
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Skutterudites are complex alloys with promising thermoelectric (TE) properties, i.e. with ability of
direct conversion of thermal energy into electrical energy and, reversibly, electrical energy into
thermal energy. The potential of a material for TE applications is determined by the dimensionless
figure of merit ZT, which depends on the Seebeck coefficient, temperature, electrical resistivity
and the thermal conductivity. Due to the interdependence of electric and thermal properties it
turns out that the only way of increasing the ZT is by decreasing the phonon heat transport. This
can be achieved by various methods; one of them is enhancing the scattering of heat carrying
phonons by introducing various lattice defects, like impurities, dislocations and grain boundaries.
In this work we report on the microstructure and mechanical properties of samples prepared of
the same p-type (DDyFe3CoSb12) powder but differing in the way of preparation and in
subsequent thermomechanical treatment (including ball milling and high pressure torsion). Basic
microstructure was characterized using a scanning electron microscope. Thin lamellas were
prepared from the compacted materials using a focused ion beam. Analytical transmission
electron microscopy was used on lamellas to study details of microstructure. Quasistatic and
dynamic nanoindentation tests were carried out in the range of applied loads from 1000 to 10 µN.
2

Grid indentation tests were carried out on area of 2×2 µm . The modulus mapping capability was
applied to obtain quantitative maps of the storage and loss stiffness and the storage and loss
modulus. During the mapping, the system continuously monitored the dynamic response of the
sample to the oscillating load as a function of the position and simultaneously it recorded the
sample surface morphology. The results were compared with quantitative AFM mapping of local
mechanical properties with 10-nm resolution.

The research was supported by the Czech Science Foundation (Project 17-12844S).
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Autowaves of Localized Plastic Deformation in TRIP Steels
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In terms of autowave theory of locolized plastic flow macroscopic plastic instabilities, namely
Lüders bands and Portevine - Le Chatelier bands, can be considered as a propagation of
switching and excitation autowaves correspondently. Until this time, the study of given waves
were proceeding using different materials, because they usually can not be observed
simulataniusly in a same sample. In this respect steels with transformation-induced plasticity
(TRIP), with the yeild point and stress plateau followed by serrated yielding, allows to study the
change of autowaves type from switching to excitation.This paper presents an investigation of that
process.
It is found that on the stress plateau several regions of localized deformation is formed by nucleus
of a Lüders bands. Next, during the work harderning stage and serrated yielding, the motion of
the localized deformation fronts remains limited by that regions and each sharp serrated yield
point corresponds to the run of a single front. With the growth of general deformation, the velocity
of fronts decreases but they amplitude of deformation increases which finally led to sample
destruction.
Keywords: plasticity, localization, Lüders band, Portevine- Le Chatelier effect, serrated yielding,
autowaves
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Fibre reinforced concrete belongs to the group of composite materials, where matrix means the
concrete, and fibres mean the various shaped (straight, hooked, wavy, etc.) and material (steel,
polypropylene, glass, etc.) fibres, which are short compared to the size of concrete elements.
Fibres are mixed in fresh concrete which supposedly provides a perfect and uniform mix.
Although material of the fibres can be different (steel and synthetic polypropylene are the most
widespread), material models in literature are primarily for steel fibres. Elastic modulus of steel
and synthetic fibres differs from each other in terms of scale (steel 210 GPa, synthetic 8-12 GPa),
despite this, however, similar results are received frequently at bending beam tests. The different
result lies in the energy absorption of the fibres pulling out from the concrete matrix. In the present
paper, this different behaviour is examined and a suggested material model for fibre reinforced
concrete is presented. This material model is based on the modification of the fracture energy.
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It’s well known that some complex processes in organic materials lacks full theoretical description.
The example of such processes is the process of wood drying, where physicochemical
transformation of bound and free water in wood occurs with non-linear variation of capillary
pressure and correspondent variations of stress-strain state of wood material. Extensive usage of
computational resources in scope of traditional models of the mechanics of porous media cannot
guarantee full correctness of obtained models and results. The process of wood deformation
which happens due to unsaturated filtration during the wood drying process is described from the
position of physicochemical poromechanics. As an additional impact, we consider the porous
material of wood like a continuous porous medium of variable mass. The characteristic peculiarity
of such processes is strain metamorphosis of wood material during the wood drying and
correspondent variations of stress-strain state. In such processes physicochemical transformation
of bound and free water in wood, evaporation and absorption, phase transitions, wood material
destruction occurs. The description of processes of mass exchange between bound and free
water in wood material during wood drying have been examined in this work. It was shown that in
some important cases there is a storage equation of non-linear diffusion equation type. Finite
difference method was used for discretization of the obtained system of equations. Regular cubic
grid was constructed in the area of simulation. Linearization of non-linear coefficients was
performed to obtain system of linear algebraic equations. AMGCL computational library was used
to perform fast computations on each time step.
Key words: wood drying, stress-strain state, mathematical modeling
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The surface modification is a suitable technology to increase the surface wear resistance of
steels. In this way the used substrate metal can be a low alloyed, cost effectice chemical
composition steel. After the substrate metal heat treating, hardening and annealing, it needs
surface modification.
It well known some surface heat treating technologies, like carburizing, nitridation, nitrocarburizing, and surface quenching. The surface coating are also very useful technologies, when
by chamical or phisical process it built a new layer on the surface.
In this work we wanted to innovate a new modfication process by the way of the traditional and
new technologies advantages. The chemical compositon and the structure determine the surface
mechanical and wear resistance properties. The available chemical composition determine the
surface modification technology.
It was prepared different surface layers on the same substrate steel by different process and
inspected by different testing methods. On base of the tests results needs to specificate a new
surface modification process for the high level surface resistance layer.
Keywords: wear resistance, surface modification, coating, hardness, wear test, surface heat
treating
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The laser welding technology is improving immediately rapidly nowadays. It has a many
advantage again the traditional welding technologies. The heat affected zone in case of the laser
welding is very thin and the penetration of the joint is depth. This high energy technology work by
a focused high energy laser light accompanied by protective gases. The effect of the gases and
the technological parameters are not well known yet. In this work we wanted to find some
relationship between the welding parameters and the joint mechanical properties. To find this
relationship it was welded the joint by different technologies parameters and the samples
experimented the joint mechanical properties with different parameters and controlled by
experimental way.
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This work investigates a sequential friction stir processing (FSP) technology with a flat-end tool
and final milling of flat surfaces at machining centers with one workpiece set up. When processing
AISI 420 steel in an as-received state, the optimum ratio of rotation speed to tool advance speed
K = 2.8 ... 4.2 at normal force 4 kN is determined according to the hardness criterion. It is
established that, at optimal FSP parameters, the formation of a strengthened layer with
microhardness change within 900 ... 500 HV0.025 up to the depth of 1.2 mm is provided. In the
strengthened layer microstructure, zones with martensitic (up to 0.3 mm), martensite ferritic (0.3
... 1.2 mm) and ferritic (1.2 ... 1.7 mm) structures are identified. The roughness of the
strengthened surface after milling was Ra 0.22 μm.
Keywords:
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The evolution of knowledge about geopolymers has, in recent years, become particularly
important as they appear more and more as an alternative to traditional materials (cement,
plastic, ceramic) in view of their good hydrothermal stability, their resistance to acid attacks and
their good endowment of mechanical properties (A. Bourlon, 2010, A. Aboulayte, 2014, P. Steins,
2014).
Several factors govern the performance of these materials in the fresh state, including raw
material, temperature, alkaline nature or the percentage of sodium oxide and directly impact their
behavior in the cured state. This transition is generally identified from the determination of the
setting time that is calculated either directly from the vicat needle or indirectly by following the
evolution of the viscosity over time of the geopolymer in the fresh state.
Taking into account the results already observed (T.Wang, 2011) concerning the effect of the
formulation of the activation solution on the rheological behavior of the geopolymer considered,
we seek in this work to highlight the effect of the percentage in sodium oxide on the viscosity of
the activation solution on the one hand and the setting time of the geopolymer on the other hand.
This constitutes an additional contribution for the control of the evolution of the flows of the
geopolymers in the fresh state. This also makes it possible to consolidate the control protocols of
the formulations of the activation solutions and to optimize the processes of their use.
In this context, and for the formulation of these solutions, an approach for converting the weighing
of the components (sodium hydroxide pellets, silicates solution and distilled water) into molar
ratios R1=SiO2/Na2O and R2=H2O/Na2O is introduced. This approach is based on the exploitation
of the determination of the percentage of sodium oxide [(% Na2O) =

100
𝑅1+𝑅2+1

] which affects the

sum of the ratios (R1 + R2), and makes it possible to integrate , at least theoretically, a set of
cases for which this sum remains constant. A second observation concerns the rheological
behavior of these solutions, which remain Newtonian with viscosities which depend directly on
this percentage. An empirical law allowing a correlation between these two quantities is proposed.

%Na2O
16,94
16,18
14,26
12,98

Viscosity (SAA) (Pa.s)
0,042
0,019
0,022
0,033
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Setting time (s)
612,6
1340
539,9
903,5

A third aspect relates to highlighting the effect of this percentage on the setting time. We proceed,
in this work, to the development of geopolymers from the dissolution of the same amount of the
metakaolin "S" by activation solutions having the same amount "L" but which correspond to
different percentages of sodium oxide. It is observed in the figure below where all the tests are
conducted for a constant L/S ratio equal to 0.87 a direct impact of the alkaline activation solution
on the setting time of the geopolymer in the fresh state. This result is not the one we are
accustomed to considering in the measurement of the setting time to the extent that the effect
often sought is that of the value of the ratio L/S on this time.
Keywords: Geopolymers, Metakaolin, alkaline activation solution, setting time,formulation,
rheological behavior, fresh state, cured state,%Na2O.
“ The Authors would like to acknowledge the support through the R&D Initiative – Appel à projets
autour des phosphates APPHOS – sponsored by OCP (OCP Foundation, R&D OCP, Mohammed
VI Polytechnic University, National Center of Scientific and technical Research CNRST, Ministry
of Higher Education, Scientific Research and Professional Training of Morocco MESRSFC) under
the project entitled *MATERIAUX DE CONSTRUCTION A BASE DES MATRICES
GEOPOLYMERES ET D’AGREGATS SOUS-PRODUITS DE L’INDUSTRIE DES PHOSPHATES
*, project ID *MAT-MOU-01/2017*”

190

Investigation of Structures and Properties of Oxide-Hydroxide Systems
After Mechanical Activation
1,2

Ruslan Levkov , Sergey Kulkov
levkov.r.v@mail.ru

1,2

1

Tomsk Polytechnic University, 634034 Tomsk, Russia
Institute of Strength Physics and Materials Science SB RAS, 634021 Tomsk, Russia

2

The influence of the mechanical activation duration in the planetary mill was studied. Al2O3, Al
(OH) 3, ZrO2 (MgO), ZrO2 (Y2O3) powders morphology, specific surface and average crystallite
size were investigated.
Measurement of the specific surface by the BET method has shown that an increase in of the
mechanical treatment duration of powders leads to an increase in the specific surface in all
powders studied. In the initial powders a mixture of large agglomerates of the order of 50-150 μm
and isolated particles of 0.076-0.05 μm were observed. Mechanical treatment leads to crushing of
agglomerates into separate particles.It has been revealed that the amount of agglomerates
decreased with the increasing of the mechanical activation time, and the number of isolated
particles increased. The average size of the agglomerates of Al-based powders varies in the
range of 50-15 μm. In the case of powders based on Zr, it varies in the range of 14-10 μm. It is
shown that the average particle size determined from the measurement of the specific surface
showed that the average particle size decreases with increasing time of mechanical activation.
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In various industries for the manufacturing of parts (workpieces) from sheet metal the CNC
machines for thermal cutting (laser/plasma/gas cutting) are used. During process of thermal
cutting, various deformations of the metal can occur, that cause the distortion of the geometric
forms and sizes of the cut parts. These distortions are caused both by the uneven distribution of
temperature in the sheet, and by certain geometric characteristics of the cutting process.
Geometric characteristics are determined by the set sequence (order) of cutting of figured parts,
as well as by selecting the piercing points of sheet material, i.e. the places of inserting the tool
into the material.
Previously, the authors formulated heuristic geometric rules [1,2], that allow reducing the value of
geometric deformations of parts produced by the CNC cutting machines. To comply with these
rules, users of Computer-Aided Design (CAM) systems that are used to generate NC programs,
have to use interactive design methods. One of these rules (so-called "Part Hardness Rule")
refers to the technique of selecting the location of points for inserting (piercing) a CNC machine
tool into the material.
The paper describes a model based on the use of the heat conduction equation, which makes it
possible to calculate the temperature of the sheet material at each moment of cutting process.
The computational experiments showed that the points, which according to the "Part Hardness
Rule" can’t be used for piercing, have a higher material temperature than the points that satisfy
this rule. In the paper the results of the computational experiments are given. Another rule (socalled "Sheet Hardness Rule"), which also reduces the deformation of the material during thermal
cutting, refers to the order of parts cutting from the sheet. A heuristic algorithm that automatically
generates the order of cutting parts that satisfy the rules of "Part Hardness" and of "Sheet
Hardness" is developed.
Developed software allows us to abandon the interactive methods of the NC programs generation
for the thermal cutting of figured parts on CNC machines.
Keywords: sheet metal, CNC cutting macines, NC programs, figured parts, thermal deformation
of material, heat conduction equation, distortionof geometrical forms and sizes
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The analysis of behavior of flows of polymers solutions and melts in the region of a non-linear
viscoelasticity allows to estimate more precisely adequacy of rheological model and in more detail
to describe structure of material. Today many models describe non-linear properties of polymeric
materials with an acceptable accuracy, however, the question of a formulation of uniform
rheological model still remains open. Therefore, in this work the modified Vinogradov-Pokrovsky
rheological model on the basis of which numerical calculations for periodic deformation of shift
currents of polymeric liquids with a big amplitude were executed is considered. The non-linear
viscoelastic behavior which is shown in the course of the research of behavior of polymeric
material at larger deformations was studied by means of the immediate analysis of time
dependence of shear stresses which were calculated with various amplitudes. It was established
that at increase in amplitude of deformation the response stops being the exact harmonica, and
emergence of "step" on the left-hand front is observed that speaks about manifestation of
nonlinearity of a response of an sample. Comparison of the obtained theoretical dependences
and the experimental data for 5 percentage mass solutions of the poly(ethylene oxide) in a
dimethylsulfoxide investigated at harmonic deformations with the big amplitude reaching 40
relative units is carried out. These dependences were measured at 35º and the frequency of 0,2
Hz. Despite the simplicity, the modified Vinogradov-Pokrovsky rheological model shows good
compliance to the experimental data. Results show that the chosen model adequately describes
behavior of polymeric materials at large periodic deformations. Therefore, it is possible to use this
model and for model operation of more composite currents of fluid polymeric environments.
Keywords: rheology, rheological model, non-linear viscoelasticity, oscillations, shift, solutions of
polymers.
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The paper presents the results of friction stir processing (FSP) process of cast aluminium alloy
AlSi9Mg. The studies included a modification of the microstructure in the grain refinement,
elimination of voids and the production of composite material AlSi9Mg + Re. Rhenium is famous
for its refractory character, high density as well as high hardness. It is well known as alloying
element for improvement of strength, plasticity, weldability, reduction of the degree of
recrystallization embrittlement mainly in W, Mo and Ni based alloys. Re is used in superalloys as
a solid-solution strengthening alloying element and increasing corrosion resistance at high
temperatures. Rhenium containing alloys have high electrical resistivity and refractory character.
The modification was carried out single-and multiple runs. The results show significant
fragmentation in the mixing microstructure, and a metallic continuity. Fragmentation in the mixing
microstructure was confirmed by SEM research. The study revealed that mechanical alloying
technology FSP allows to increase the hardness of the material. The ability to produce graded
materials AlSi9Mg alloy matrix by frictional treatment is also indicated.
Keywords: Friction Stir Processing, rhenium, composite
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Extract of biologically active substance tamarixidin (TN-10) obtained from the aboveground mass
of T. hispida, the family Tamaricaceae, has antimicrobial, antioxidant, antifungal, fungicidal and
antideabetic activities. A study of the interaction of TN-10 with bentonite clay (BC), carried out by
a complex of physico- and colloid-chemical methods, showed that the interaction proceeds with
the formation of a complex due to hydrogen bonds. SEM images showed the formation of a
homogeneous system. The particles of BC in a solution of tamarixidine are aggregated and
-5

coarsened with particles no larger than 5•10 m. The release of TN-10 from BC gels depends on
the content of BC in the gel composition, temperature, pH and ionic strength of the medium. The
introduction of bentonite clay and TN-10 in polymeric films on the basis of gelatin and PVA
provides the formation of a composite material with improved strength characteristics and
possess stimulus sensitivity and exhibit a prolonging effect. Ointments with TN-10 based on
bentonite clay with auxiliary components were first obtained. Rheograms, yield strengths,
viscosity and thixotropic properties of samples were investigated. Ointments based on 25 and
30% BC and gels based on PVP, getaline are adopted as corresponding to the requirements for
ointments. Medicinal films show anti-inflammatory and antibacterial activity, in the absence of
phytotoxicity. Obtained medicinal forms based on BС and TN-10 can expand the range of medical
products and medicines and can serve as a basis for creating domestic gel and ointment
preparations based on Kazakhstan's mineral and plant raw materials.
Keywords: tamarixidin (TN-10), bentonite clay, sweling, sedimentation, gel, films, ointments,
sorption, release, reological properties, prolongation effect
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Many researchers have been reported the development of purification materials, because water
purification technique is important issue from the viewpoint of public health and environmental
protection. Among them, two-dimensional layer structure such as titanate is expected for removal
of heavy metals and radionuclides. We focued on the titania nanotube (TNTs), which is onedimensional tubular morphology with layered structures, as novel water-purification material.
+

+

TNTs shows the ion-exchange property with cations, and it is proposed Na or H in TNT structure
+

contribution to cation exchange. In the present study, sorption bahavior of Cs and Sr

2+

of TNTs

from aqueous solution were investigated by simple batch conditions. The sorption model and
+

2+

sorption density of Cs and Sr on TNTs were calculated. TNT powder was prepared base on the
+

reference of water-chemical method of Kasuga et. al. [1]. Then aqueous Cs and Sr

2+

solutions of

0.2-4.0 mM were prepared using cesium chloride (CsCl) and strontium chloride (SrCl2),
respectively. TNT powders were placed into a plastic tube with test solutions, and the samples
were shaken in mechanical shaker at 25 ºC for 1 day. After the test, elemental concentrations of
aqueous solution were determined by atomic absorption spectrometry and inductively coupled
plasma optical emission spectrometry. Elemental compositon of TNT smaples after sorption test
+

was measured by wave length-dispersive X-ray spectroscopy. The sorption isotherm of Cs and
Sr

2+

on TNT showed the langmuir model. From the calculation result, maximam adsorption
+

capacity (Qmax) of Cs was lager than that of Sr. In addition, released Na from TNT samples
+

increased with increaing the initial concentration. These results indicated that Cs or Sr
+

intercalated into layer structure of TNT by ion-exchange with Na .
Keywords: titania nanotubes, sorbent, cesium, strontium, sodium, ion-exchange
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Among the variety of the ecotoxicants the petroleum products are the most environmentally
dangerous, since the intensive migration of pollutants from them can occur because of the
solubility of ionic components [1]. Zeolites have high adsorption and cation exchange capacity
and can be used as adsorbents for hydrocarbons polluting water bodies and soil. The
disadvantage of their application is that after the adsorption of pollutants the secondary waste
requiring costly disposal methods would be formed. Developing biogeosorbents via immobilization
of petroleum oxidizing microorganisms on glauconites can provide the solution to the problem.
The obtaining zeolite-based biogeosorbents through immobilization, rather than freeze drying,
solve the problem of sorbing material utilization, moreover, of increasing the efficiency cell
retention, cell viability and extracellular enzyme activity. In extremely poor environmental
conditions zeolite carrier provides transport of bacteria, allowing to exist in state suspended
animation for up to 10 years [2].
Keywords: zeolites, microorganisms, biogeosorbents, petroleum products
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Nanoscale Chemical Templating Technique to Fabricate High Resolution
AFM Silicon Cantilevers
Maha M O Khayyat
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The p-doped semiconductor nanowire that extends from the apex of the semiconductor pyramid is
conductive and has a controllable diameter and a high aspect ratio, without significant tapering
from the tip of the p-doped semiconductor nanowire to its base. Also, the p-doped semiconductor
nanowire that is provided by the present paper is stiff enough such that it can be inserted into a
biological cell. Moreover, the method describe in the current study can be used to tailor the
dimension and the direction of the p-doped semiconductor nanowire that is produced according to
specific imaging needs. Most importantly, the method of the present disclosure can also be
employed for the mass production of AFM tips which can be easily implemented into any standard
Si AFM cantilever.
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This work deals with the definition of elastic and magnetic oscillations excitation by microwave
magnetic field in a three-layer structure. For the simplicity of the problem elastic properties and
cubic crystallographic symmetry of all the layers were the same. However, the layers have
different magnetic properties and thickness. The external DC magnetic field was directed
perpendicularly to the plane of multilayer structure and microwave magnetic field was directed in
the plane of the film. The density of the energy of the structure can be represented as the sum of
the energy density of the dipole-dipole interactions, a cubic anisotropy, the Zeeman energy in DC
and a periodic magnetic field, magnetoelastic, elastic energy. Landau-Lifshitz equation in the form
of Gilbert and the equations for the elastic displacements to describe the magnetoelastic
oscillations were used. The system for describing of excitation of magnetoelastic oscillations was
solved numerically by the 4-5 orders Runge-Kutta method. Coupling between the layers in our
model was carried out by the zero terms Fourier decomposition. The time dependences of the
magnetization and the elastic displacements for various frequencies were plotted. Also the
resonance curves were plotted for the cases of linear and nonlinear oscillations. The transitions
between the regimes were analysed. Thus, three-layer magnetic planar structure can be used as
an amplifier of hypersonic oscillations, which are used by various electronic devices. These
devices can be used, for example, in medicine for diagnose of the internal organs.
Keywords: three-layer film, magnetic layer, hypersound amplifier, microwave field.
This work is supported RFBR (projects 17-02-01138, 17-57-150001).
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The rechargeable lithium-oxygen (Li-O2) batteries have recently attracted worldwide attention due
to their ultra-high energy density among the state-of-the-art batteries [1]. However, high
discharge/charge over-potentials, bad cycle stability et al. must be addressed before practical
application. As the main site for discharge/charge reactions, catalyst choice and structure design
play an active role in the electrochemical performance of Li-O2 batteries. In this work, the
influence of catalyst and electrode structure on the electrochemical performance were
investigated.
A three-dimensional conductive network molybdenum sulfide decorated graphene aerogels
(MoSx/HRG) are prepared and used as cathode in the Li-O2 batteries. The HRG can not only build
a three-dimensional conductive network which is beneficial for the rapid electron transfer, but also
facilitate electrolyte permeation and oxygen diffusion, offer abundant active sites and
accommodate plenty of discharge products. In addition, hierarchically porous NiCo2O4 hollow
2

-1

microspheres (h-NCO) with large surface area (184.2 m g ) and high ORR/OER catalytic activity
are prepared and conducted as catalysts for oxygen electrode. The NiCo 2O4 showed the
capability to promote the formation of lithium deficient Li2-xO2 and exerted a significant influence
on the electrochemical performance of lithium-oxygen batteries with a low charge over-potential
0.49 V and extended full cycling over 50 cycles. In order to optimize the electrochemical
performance, the influence of catalyst and cathode structure were investigated.

Figure.1 (a) first discharge-charge curve and (b) cycle curves under fully discharge-charge
condition of SP and NiCo2O4 of Li-O2 batteries.
References
[1] G. Girishkumar, B. McCloskey, etc., Journal of Physical Chemistry Lwtters,2010, 2193-2203.
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In the work the sodium-potassium niobate was synthetised as a component of new piezoelectric
sensor. The KNN was obtained from Nb2O5, Na2CO3 and K2CO3 compounds. In the first step
the DTA-TG thermal analysis were performed. During differential thermal analysis the powders,
mixtures were heat up to various temperatures. All of the reaction beds were subjected to the
XRD/Rietveld pahase composition examination. The morphology of the obtained powders was
checked by scanning electron microscopy and EDS analysis was made. The optimal reaction
temperature, selected on the base of DTA and XRD measurement, was used for final synthesis of
KNN powder in larger material quantity. The final powder was examined in the same way like the
beds form DTA analysis.

The research work was financed from the National Science Centre as a project OPUS 12, ST8,
No. 2016/23/B/ST8/01197 titled ―Improvement of the efficiency of the composite piezoelectric
beam generators.‖
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Amorphous Iron Formation Following Occupancy of Iron Atoms in Vacant
Sites of Epsilon-Iron that Transformed from Alpha-Iron during Rubbing in a
Low Vacuum
Hiroshi Furuichi
h-furuichi@msi.biglobe.ne.jp
Furuichi Laboratory, Wadamachi 2878-1, Kofu 400-0001, Japan

The main purpose of this paper is to present two TEM diffraction patterns taken from a layer
(more than 100 um thick) of adhered wear debris on a rubbed surface. The unidirectional rubbing
was made in a low vacuum, regularly separating the slider from the specimen. The specimen and
the slider were alpha iron. One of the diffraction patterns consists of large spots and halo rings
and the other consists of small faint spots and halo ring. The latter seems to be the state just
before the perfect amorphization. All the rings and spots in the diffraction patterns correspond to
the structure formed due to occupancy of iron atoms in O and T sites of epsilon iron. Neither this
way of amorphization nor the occupied structure mentioned above has been reported. Both the
amorphous state and the occupied structure remain at ambient conditions. The mechanisms of
high pressure generation that transformed alpha iron to epsilon iron and the generation of high
tensile strength that elongated interatomic distances in the wear debris are presented. They are
considered to have enabled the occupancy.
Keywords: Amorphous iron, New iron structure, Stress-induced transformation, Rubbing
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Mathematical Modeling of Volume Synthesis of Titanium Based Composites
A.G.Knyazeva
Institute of Strength Physics and Material Science, Tomsk, Russia

The volume synthesis of composites with metal or intermetallic matrix can proceed in various
modes. Classical thermal explosion, dynamic thermal explosion with regulated heating, volume
sintering in solid or/and liquid phase, and etc. The volume synthesis obeys some preference in
comparison with the mode of layerwise combustion, since there is the most homogenization of
synthesized product in a first situation and it is possible to control the process by means of the
change in the thermal contact conditions of the reacting system with the environment and with the
heater. This process can be controllable when the initial mixture composition is varied, inert
particles are used as admixtures; the heating rate and the heating way are changed; external
mechanical loading is applied.
To develop the models allowing predicting the irreversible composition of the synthesis product
the various synthesis conditions corresponding to known labor synthesis ways were analyzed and
a series of basic (fundamental) models was suggested taking into account the staging of the
conversion.
The simplest models of Ti-based composite synthesis with inclusions carbides, borides and
silicides take into account the melting of the mixture in some temperature interval between the
solidus and liquidus temperatures, where the liquid phase part changes with some kinetical law.
More detailed models take into account the irreversible phase’s formation, for example Ti2C, TiC2,
Ti3C2additionally to TiC in the mixture titanium with carbon; several borides appearance TiB2,TiB,
Ti3B4 and 12 various reactions in the system Si-Ti. As the result, the irreversible composition of
the product stays able to the following conversion during composite powders production from
porous composites and during composite powders sintering. The residual oxygen in titanium
powders can lead to oxides formation that is taken into consideration in more complex models.
The addition to the mixtures of aluminum powders change the chemical kinetics and gives the
composites with other phases and new properties.
The suggested particular models of composites synthesis allows to study the various
experimental conditions - the heating rate, given temperature, initial composition of powder
mixture, porosity evolution, the thickness of reactor’s walls, and etc.
The work was supported by Russian Science Foundation, grant number is 17-19-01425.
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Titanium dioxide and zinc oxide are used as white pigments for cosmetic applications. These
oxides are known to be photocatalytically active; therefore, cosmetics containing these pigments
cause decomposition of a certain amount of sebum on the skin under ultraviolet radiation in
sunlight. In our previous works [1,2], titanium and zinc phosphates without photocatalytic activity
were prepared as novel white pigments for cosmetics. These compounds have a possibility to
replace titanium dioxide and zinc oxide with photocatalytic activity. Cerium dioxide is also used as
light reflection materials for cosmetic applications. This oxide is known to be oxidation catalysts;
therefore, cosmetics containing this pigment too much cause oxidation of the skin under. The
substitute for cerium oxide is required to prepare the cosmetics without oxidation activity.
Phosphates have been used as ceramic materials, catalysts, fluorescent materials, dielectric
substances, metal-surface treatments, detergents, food additives, in fuel cells, as pigments, and
so on. Phosphate materials are recognized to have high biocompatibility and are therefore
expected to be useful as white pigments in cosmetics. White pigments that are not oxidation
active are required for skin protection during cosmetic use. Furthermore, the moisture retention of
the materials used in cosmetics is also important for preventing dry skin. Because phosphates
were hydrophilic materials, phosphate pigments are suitable to use for cosmetics from this
viewpoint.
In this study, to obtain a novel white pigment without the catalytic activity, cerium phosphate is
prepared under various conditions. The respective chemical compositions, powder properties,
photocatalytic and oxidation catalytic activities, color phases, and smoothness of the obtained
materials were studied for application of the developed pigments in cosmetics. Samples prepared
from cerium (+III) nitrate solution indicated XRD pattern of cerium phosphate hydrate. All samples
prepared in this work had large particles and no specified shape. The obtained cerium
phosphates prepared from cerium (+III) solutionexhibit relatively low photocatalytic activity and no
oxidation catalytic activity. These samples exhibit a little low reflectance within the range of visible
light and 71-78 in L* value.
Keywords: white pigment, cerium phosphate, photpcatalytic activity, smoothness
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1. Introduction
Biomineralization has attracted much attention as a good model for aqueous solution processes
for preparing nanostructured inorganic materials. Carbonate-based biominerals such as nacres
and eggshells are found to consist of oriented and bridged calcite nanounits of 10–50 nm and to
1

contain biological polymers in the bridged structures. Biological polymers are adsorbed on the
surface of carbonate crystals, leading to the formation of hierarchical nanostructures. These
suggest that biomimetic aqueous solution routes with biological polymers would allow us to
achieve the fabrication of the nanostructured inorganic materials. In fact, we have achieved
2

nanostructured CeO2 and SnO

3-4

particles via biomimetic routes with gelatin. In this work, we

addressed the preparation of nanostructured WO3·H2O particles through crystal growth assisted
by gelatin, and the thermal conversion to WO 3 particles. The morphologies of WO3·H2O particles
depended on the concentration of gelatin, and the nanostructured WO3·H2O particles were
thermally converted to WO3 particles with the same morphologies.
2. Experimental
3

0.10 g of (NH4)10W 12O41·5H2O and 0‒0.040 g of gelatin were added into a 20 cm HCl aqueous
-1

solutions of pH 1.0 under stirring at 80 °C ([(NH4)10W 12O41·5H2O] = 1.7 mM, Cge = 0‒2.0 g L ).
The (NH4)10W 12O41 solutions thus obtained were aged at 60 °C for 1–7 days, resulting in the
formation of WO3·H2O precipitates. The precipitates were washed with purified water and dried at
60 °C for 1 day. Then, the WO3·H2O precipitates were heated at 600 °C for 1 h in air for the
thermal conversion to WO3.
3. Results and discussion
Transparent (NH4)10W 12O41 solutions were obtained irrespective of gelatin contents (Cge). White
precipitates were produced by aging of the (NH4)10W 12O41 solutions at 60 °C for 1–7 days, where
the aging time to obtain precipitates became longer with the addition of gelatin, which indicates
that the nucleation of the precipitates is suppressed by gelatin. The XRD patterns attributed to
WO3·H2O were observed for the precipitates. The morphology of the WO 3·H2O products changed
with increasing Cge. The WO3·H2O precipitates prepared at Cge = 0 g L

−1

were found to be random

aggregates of platy units of ca. 5.0 μm in width. Stacked architectures consisting of platy particles
−1

of ca. 30 μm in width were produced at Cge = 1.5 g L , where the platy particles had segmented
structures composed of block-like units of ca. 500 nm in size. The adsorption of gelatin could
suppress the growth of WO3·H2O crystals, resulting in the branching of crystals. As a result, the
stacked architectures consisting of platy particles with segmented structures were obtained with
increasing Cge.
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The nanostructured WO3·H2O particles thus obtained were converted to WO3 particles by the
heat treatment at 600 ºC, and the morphology as well as nanostructure remained during the heat
treatment.
Keywords: WO3, Nanostructural control, Biomimetic aqueous routes
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The aim of the work was to conduct complex thermodynamic and experimental studies of fuel
biomass (FBM) plasma processing, comparison of the calculated and experimental data and the
development of technological process recommendations. The organic part of FBM is represented
by carbon, oxygen and hydrogen with a total concentration of 99.7%, whereas the mineral part is
only 0.3%. The results of thermodynamic analysis of high-calorific fuel gas production by
gasification of FBM in air are discussing. Also experimental installation is presented and the
results of experiments on gasification of FBM in air plasma compare with the computation.
The aim of thermodynamic calculations was to determine the integral parameters of the
gasification process: equilibrium composition of the gas phase of the gasification products, the
degree of carbon gasification and specific power consumption for the process. The calculations
showed that the maximum yield of the synthesis gas at plasma air gasification of FBM is achieved
at a temperature of 1600K. Synthesis gas with a concentration of 71.6% (СO – 41.9, H2 – 29.7)
can be obtained.
Experimental study of FBM gasification was performed on the installation, main elements of which
are a plasma chemical reactor with productivity by FBM up to 50 kg/h and long live DC
plasmatron of 70 kW nominal power having nanocarbon recoverable electrodes. Gas analysis
showed the following composition of the gas at the exit of plasma installation, vol.%: СO – 42.0,
H2 – 25.1, N2–32.9. Specific heat of combustion of the synthesis gas produced by air gasification
amounts to 9450 kJ/kg. The total concentration of the synthesis gas was 67.1%, which agreed
well with the calculations. Carbon content of the slag in the sample was 1.13 wt.%, which
corresponded to the degree of FBM carbon gasification 96.6%. Specific power consumption for
FBM gasification in the plasma reactor according to the results of experiments amounted to 1.53
kWh/kg of working substance. In the experiments, as well as in calculations, no harmful impurities
were found in the products of FBM plasma gasification.
Keywords: plasmatron, nanocarbon electrod, waste, sinthesis gas
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Low density Polyethylene (LDPE)/Polyamide (PA) can lead to a synergy between the properties
of these materials. These blends are employed mainly in packing industry, especially in the food
factories. The problem of this system is that they are not miscible. Therefore, they require to be
compatibilized. Them, the aim of this study is employing a LDPE modified with a maleinized
hyperbranched polyol polyester (LDPE-g-MHBP) as a compatibilizing agent for LDPE/PA blends.
Hence, in this work were prepared blends of LDPE (50 wt%)/PA (50 wt%), by using proportions of
5 (S1), 10 (S2), 15 (S3) and 20 (S4) wt% of the LDPE-g-MHBP regards to total mix. In the other
hand, for determining the efficiency of the compatibilizing agent was used a control sample
(blends of LDPE (50 wt%)/PA (50 wt%) without LDPE-g-MHBP). By infrared (IR) analysis was
evidenced a strong interaction between PA and LDPE-g-MHBP. By differential scanning
calorimetry analysis (DSC) was observed that the LDPE-g-MHBP acted as nucleating agent to
the LDPE, but the behavior was opposite to PA. The results obtained by X ray diffraction (DRX)
showed that the total crystallinity of the samples obtained with LDPE-g-MHBP exhibited few
changes. The thermal stability and the viscosity of the samples obtained with LDPE-g-MHBP
were higher than that of the control sample. In the range of the shear rate studied. By scanning
electron microscopy (SEM) analysys was evidenced that the LDPE-g-MHBP obstensibly
improved the miscibility of the LDPE/PA blends.
Keywords: LDPE, PA, blends, maleinized hyperbranched polyester polyol, compatibilization.
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The present research is devoted to the investigation of the phase equilibrium diagram of Cu-PdSn ternary system with the use of experimental and calculation methods.
Palladium, copper and tin are the main components of many dental alloys and solders for
manufacturing of orthopedic constructions. When selecting compositions of such alloys and
choosing conditions of their heat treatment, it is extremely necessary to have information about
phase equilibria and components interactions at high temperatures. Besides of practical
importance of the information about Cu-Pd-Sn alloys, obtained data could be important for
developing of thermodynamic models of phases, existed in Cu-Pd-Sn ternary system.
Literature analysis showed reliable phase diagrams of Cu-Pd, Cu-Sn and Pd-Sn binary systems
[1-3], but data on Cu-Pd-Sn ternary system are scarce and describe only solid state equilibria [46]. The lack of information about high-temperature phase relations became the reason for
providing the current research.
Preliminary calculation of liquidus surface projection of discussed system using ThermoCalc
software [7] predicted 14 invariant reactions, where liquid phase takes part (2 reactions of I type,
9 reactions of II type and 3 reactions of III type). The temperatures and equilibrium phases of
these reactions should be defined experimentally.
Within the first step of research three polythermal sections of Cu-Pd-Sn ternary system with
constant content of Sn, Cn and Pd (25% at. of corresponding element at each section) were
constructed. For this purpose 35 samples were synthesized and examined using experimental
methods such as differential thermal analysis, scanning electron microscopy, electron probe
microanalysis and X-Ray diffraction analysis.
Taking into account the topology of polythermal sections and well-known data about binary
systems the liquidus surface projection of the Cu-Pd-Sn ternary system was predicted.
Keywords: Cu-Pd-Sn phase diagram, Pd3Sn-Cu3Sn, thermal analysis,
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Phase transformations in the Cr-Si-Ti ternary system have been studied using DTA, X-ray
diffraction (XRD), scanning electron microscopy (SEM) and electron probe microanalysis (EPMA)
at silicon content <40 at.%. Partial liquidus and solidus projections and the melting diagram
(solidus + liquidus) were constructed. The liquidus surface is characterized by the presence of
primary crystallization regions of a solid solution (Cr, Ti) and the binary compounds (Cr,Ti)3Si,
(Ti,Cr)5Si3 (5/3). The stabilisation of the ternary C14 Laves-phase is obtained with around 10% of
Si. The solidus surface is characterized by the presence of two three-phase fields. They result
from two eutectic ternary reactions connected by a monovariant valley with a maximum. The first
invariant point (E1) results on the four-phase equilibrium Liq &#8596; Cr5Ti3+CrTi + &#964; , at
the composition &#8764;55Ti–32Cr–14Si. The second invariant point (E2; Liq &#8596;
Cr3Si+CrTi + &#964;) is located at the composition &#8764;53Ti–30Cr–17Si.
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Pumice is a silica-base porous aggregate which forms naturally during volcanic eruption. The
pressure drop due to the rapid expulsion of magma into the atmosphere causes there leave of
dissolved gases which forms magma froth. The falling magma froth turns to a porous ceramic
after solidification. Pumice is mainly surface-mined in large quantities and has been used in
structural applications such as light-weight concretes, cements, and filters. Despite being used
mostly in these areas of construction industry, pumice has very few applications in other sectors.
Especially in the present investigation, it have been aimed to spread the usage of pumice in
different sectors by analyzing the particle size of the material.
The micronized pumice particles are added to the pre-prepared Silicon in the specified amount to
distribute the pumice particles in a homogeneous manner with the help of the mixer rotating at a
specific time interval and for a certain period. These samples are naturally solidified under
atmospheric conditions without any heat treatment. The absence of extra processing for
maximum wetting between pumice particles and Silicone makes this study exceptional. In
addition, due to the elasticity of the pumice-added Silicone, it is advantageous to get rid of the
simple external structure cracks which may be present in the buildings or later.
Microstructural analysis of the obtained pumice-added Silicon samples have been investigated.
Microstructure images have been analyzed by Scanning Electron Microscopy (SEM), and
composition analysis by X-ray Spectroscopy (EDS). In the SEM analyzes carried out on the
samples, it have been observed that there have been a negligible amount of reaction between the
Silicon and the pumice particles. In similar studies, when the doping is carried out at high
temperatures, unwanted reactions occur between the particle and the base materialUnwanted
reactions; insulation, mechanical strength, etc. as It affects the physical properties of the material
in a negative way. In our present investigation, due to the doping is in room conditions, there is
little reaction between the particle and Silicon.
Keywords: Pumice, microstructure, characterization, SEM.
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Thermomechanical properties of nanodiamond/potassium silica based geopolymer (NDGP)
nanocomposite was prepared of negatively charged nanodiamonds (NDs) dispersed in potassium
silica solution and pure metakaolin powder. The effects of NDs on rheological behaviour of
prepared mixtures and thermomechanical properties were investigated systematically.
A pseudoplastic fluid (n < 1) and time dependence was observed for pure geopolymer matrix. The
results show that nanodiamond-modified matrixes

consistently exhibited shear-thinning
-1

behaviorwith a steady state linearity between viscosity and shear rate (10 - 150 s ). Also, the
influence of weight of NDs in the range of 0.025 to 0.25 wt% on viscosity was studied in NDGP
slurries. The addition of NDs dispersion resulted in decreasing viscosity from 7 to 3 Pa.s, in the
lowest weight concentrations. Furthermore, the effect of fine ceramic filler on rheological
parameters and the resulting thermo-mechanical properties of NDGP nanocomposites were
monitored. The kinetics of thermal behaviour were determined via TGA and TMA techniques. It
was proved that the major mass loss below 700°C was driven by evaporation of free water,
dehydration of –OH groups and degradation of NDs through oxidative etching where carbon is
oxidized by oxygen in air to carbon dioxide and/or graphitization at argon atmosphere.
The NDGP nanocomposites were tested after being treated at 1000°C for 30 min in air and argon
atmosphere.Significant improvement inmechanical properties were achieved through NDs
reinforcementgiving

compression

strength

increased

by

70%

compared

to

air-treated

nanocomposite and increased by 120% compared to non-treated nanocomposite in initial state.
Keywords: Thermal properties, Rheology, Nanodiamond, Geopolymer
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MEMS Air Turbine Generator with Ceramic Magnetic Circuit Aiming at
Power Supply for IoT Edge Devices
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A miniature electromagnetic induction type air turbine generator was developed. The developed
generator was fabricatd by combining with the MEMS (Micro Electro Mechanical Systems)
process and the multilayer ceramic technology.
This generator solves the problems of the conventional miniature electromagnetic induction type
generator. The miniature generator requires a miniature structure and a miniature magnetic circuit.
Especially, it is difficult to form the miniature magnetic circuit that has a three-dimensional pattern
like a winding wire and a magnetic core. The MEMS process is based on the IC production
process, and it is possible to form a fine and high-accuracy pattern. The multilayer ceramic
technology is usually used for the miniature electronic components. It can form a miniature threedimenisional circuit pattern inside a ceramic material. The ceramic material that has a magnetic
characteristic is used, the miniature coil pattern that has a coil core for a magnetic circuit.
The fabricated MEMS air turbine generator was three-phase type generator. The magnetic circuit
was made from a ferrite ceramic and silver conductor. The dimensions of the generator were 6.17
mm, 5.62 mm, and 7.12 mm, length, width, and height, respectively. Maximum rotational speed
was 228,484 rpm when the flow rate of compressed nitrogen gas was 2.9 l/min and the pressure
was 0.3 MPa. The maximum output power was 3.0 mVA at load resistance of 3 . Moreover, it
showed the power generation by a refrigerant material. By this results, the developed generator is
expected to use for the battery of the IoT sensor.
Keywords: miniature generator, multilayer ceramic technology. MEMS, ferrite ceramic,
refrigerant
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In this research the authors have tried to find mechanisms to increase the productivity of
methods and technological lines associated with the rational use of mineral raw materials and the
creation of traditional and new construction and functional materials on a mineral basis [1-3]. For
this the mineral resources in Republic of Komi in the Russian Federation were studied and
examined and authors have founded significant volumes of mineral resources, suitable for the
production of building and construction materials. Their forecast is a reliable reserve for
replenishment of the prospective needs of the construction industry. As results of geological and
geochemical investigations they identified opportunities and good depositesof mineral raw
materials to produce high quality construction materials and facing stones.
Keywords: building materials, deposites, facing stones, minerals, raw materials
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Cellular ceramics constitute a specific class of materials containing a high level of porosity,
greater than 60 vol%, which are characterized by the presence of three-dimensionally arranged
open and/or closed cells. Because of their structure, cellular ceramics exhibit a unique
combination of properties such as low density, low thermal conductivity, low thermal mass, high
permeability, high thermal shock resistance and high specific surface area, making them essential
for various engineering application.
Nowadays, porous geopolymers have been the focus of promising research in the field of porous
inorganic materials because of their unique combination of good thermal stability and excellent
mechanical properties. An interesting technological feature is that theirs solidification kinetics is
easily adjustable and thanks to ceramic-like structure they have significant structural stability at
elevated temperatures. The processing methods used for the fabrication of porous geopolymers
can be divided into various approaches. Many methods have been explored to synthesize
reproducible porous sponges or foams from geopolymer systems, such as gaseous method, rapid
solidification, foaming, freeze-casting and/or combination of them. Concerning the macro/microstructure of cells, the processing can be strongly influenced by various characteristics as a
chemical composition and rheological behaviour of the slurries, kinetics of pore formation and
hardening behaviour.
This study presents methods of processing and manufacturing approaches with respect to types
of porous materials and experimental results in this field.

Fig. 1. Scheme of structural development of different porosity based on geopolymer systems.

Keywords: Processing methods, Porous geopolymers, Microstructure
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In recent years, much attention has been focused on increasing of the efficient use
oftherawmaterials and energy resourcesin production processes and reduction of heat losses in
technical

equipment. The porous

mullite

ceramics

are

one of

the types

of

high-

temperatureceramics, which can be used as heat-insulating and load-bearingstructural materials
with resistance to thermal shock. These porous ceramics were formed by slurry slip casting
method, in whichporeshas been formed due to H2 evolution after the chemicalreaction of
aluminium paste and water [1]. Commercially available α-Al2O3 and γ-Al2O3, amorphous SiO2 and
kaolin were used as raw materials. The influence of unstabilized and stabilized ZrO 2(in different
amounts: 0, 3, 5, 7 and 10 wt%) on the structure and properties of the porous mullite ceramics
was analysed. The sintering temperatures were 1400 °C, 1500 °C and 1650 °C.
The thermal and mechanical properties of the sintered ceramics were analysed from the position
of the phase compositions, microstructure, porosity and pore size distribution. The thermal shock
resistance of materials was determined during 10 cycles of thermal shock by the scheme 20
°C→1000 °C→20 °C with exposure for 1 h at 1000 °C and subsequent cooling to 20 °C. The nondestructive method and the impulse excitation technique (Buzz-O-Sonic 5.0, USA) were used for
determination of the elasticity modulus after test. The usage of ZrO2 as doping additive allows
obtaining the additionalrefractorycrystallinephase ZrSiO4 in the ceramics, to reduce the
sinteringtemperature and influence on the crystalline structure of the mulliteceramics.
Keywords: mullite ceramics, zirconium dioxide, porous ceramics
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This study investigates the effects of short carbon fibers addition on rheological behaviour of
geopolymer binder and final mechanical strength of prepared composite. The pure geopolymer
binder and variously carbon fiber reinforced composites were tested. The pure geopolymer binder
was synthesized by alkalination of calcined claystone powder and milled blast furnace slag by
potassium silicate solution. The binders reinforced by carbon fibers were prepared under the
same conditions. Modified mixtures were accordingly reinforced by 20 wt% of short and milled
fibers, respectively. The effect of fibers length (3 mm and ≤ 0.5 mm) was studied with regard to
rheological behaviour of prepared mixtures and mechanical properties of final composites. The
rheological properties were determined in accordance to flow properties by rotational rheometry
and by strain controlled small amplitude oscillatory rheometry measurements of hardening
process. The final properties were determined by measurements of flexural strength after 3, 28
and 280 days and by means of optical and scanning electron microscopy.
The results indicate that milled carbon fibers had a slight effect on flow properties compared to
pure binder. In contrast, 3 mm long carbon fibers significantly increased viscosity and noticeably
decreased workability by interlocking mechanism of individual fibers. Also, it was proved that
addition of milled fibers had a low reinforcement effect on composite samples and led only to
slight improvement of stress-strain behaviour. On the contrary, the reinforcement by 3 mm carbon
fibers improved the stress-strain properties and significantly increase ultimate flexural strength
(approximately 5 times) compared to pure geopolymer binder.
Keywords: Geopolymer, binder, carbon fiber, rheology, flexural strength
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Ceramic materials containing cordierite as main crystalline phase, usually characterized by their
low coefficient of thermal expansion, are well known for their excellent thermal and mechanical
properties. Possible applications of cordierite ceramic materials include but are not limited to
substrate materials for catalytic converters, substrate plates for microelectronics, insulation
material for furnaces, crucible materials, etc.
Cordierite ceramics are usually synthesized with solid-state, sol-gel or melt recrystallization
methods. Production temperature of pure-phase cordierite materials may reach its melting point,
i.e. about 1400 °C. As a result, it is difficult to sinter porous cordierite materials without special
means. The temperature of synthesis can be lowered if artificial fluxes like B 2O3, P2O5, Bi2O3, are
introduced, however the use of these additives lead to degradation in both mechanical and
thermal properties.
Natural raw materials have a great potential for substituting synthetic components for the
synthesis. Common raw resources like talk and kaolin are widely used. However, illite clay is yet
another potential substitute, since it also contains a noticeable amount of fluxing components like
FexOy, K and Na feldspars, etc.
In this work porous cordierite ceramics have been prepared using locally obtainable carbonatecontaining illite clays. The mechanical and thermal properties as well as crystalline phase
composition and pore structure of these materials have been investigated and characterised in
the dependence of the sintering temperature and starting compositions.
Keywords: cordierite, clay, CTE, thermal properties, elastic modulus
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Alkali silica reaction is one of the most deleterious infection on concrete and effect on aggregates
so we need first use aggregates with low percentage in silica and high in density and compressive
strength with very low percentage in porosity.
The aim of this work is to study the physico-mechanical and microstructure properties of
metavolcanic aggregates and mortars. In addition to, studying the changing in composition and
phase which formed from alkali silica reaction on metavolcanic mortars. The tests are based on
the published literatures and standards of the American Society for Testing and Materials
(ASTM).
The metavolcanic aggregates are collected from Central and Southern Eastern Desert of
Egypt. The physical and mechanical properties of metavolcanic aggregates and mortars are
measured. The physico-mechanical characteristics of aggregates effect on the physicomechanical characteristics of concrete mortars. So the density and compressive strength of
AMB1 mortar are higher than the other metavolcanic mortar and the same the SMA6. The alkali–
silica reaction (ASR) is a chemical reaction between silica-rich aggregates and alkalis from the
cement paste resulting in an alkali–silica gel that expands and breaks up concrete. Three
metavolcanic prisms are prepared according to ASTM (1260). The preparation of these prisms
are depended on the values of compressive strength and density of aggregates and concrete
mortars. The phase composition and the microstructure of the rock samples were carried out
using SEM-EDX methods
Keywords: Weathering minerals, Metavolcanic Aggregates, Compressive Strength, and
Microstructure.
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Design and Construction of a Salt Spray Chamber to Perform Corrosion
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The general objective of the Project is to design and manufacture a salt spray chamber to perform
corrosion tests on metallic materials, according to ASTM B-117 for the materials laboratory of a
University Institution in Bogotá D.C. Colombia
The article intends to make known in a general way the procedure used for the design and
construction of a salt spray chamber for the purpose of performing corrosion tests on metallic
materials in the materials laboratory of a University Institution. As a first step, Design
considerations were established, in which the main requirements that the equipment had to
comply with based on the ASTM B-117 "Salt spray (Fog) test". A description of the components
was immediately made. systems that would carry the equipment, such as the camera body and
cover, the salt spray generation system, the equipment support, the temperature control system,
the air supply system for the atomization of the solution, system of saline solution supply, and the
design of the sample holder. Then the selection of the materials that were used in its construction
was made, some characteristics and considerations used by the designers are detailed, different
photographs and illustrative schemes are shown that represent the dimensions and forms of the
constituent elements and subsequently a simple explanation of its operation and the role played
by the devices within the equipment is presented, always taking into account the conditions and
requirements referenced by the ASTM B-117 standard
Finally, it is concluded that the saline chamber was successfully designed and constructed based
on the pertinent Standard and with the purpose of supporting laboratory practices in the academic
spaces of Corrosion and Anticorrosive Treatments of a University Institution.
Keywords: Salt spray chamber, Corrosion, Corrosion Test, Materials, Metals, ASTM Standard B117
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There are plenty of applications of finite element methods (FEM) in various fields. FEM itself
stands strong in the field of structural analysis and the trend of applying it into asphalt pavement
is widespread. As the mechanistic analysis becomes an important part of pavement design for the
estimation of its structural response, FEM in terms of precise mechanical design became one of a
strategic tool. Hereinafter a short overview on FEM adapted flexible pavement design field will be
introduced. The main focus will be on how the material model for each layer of pavement
structure is embodied in FE modeling. The aim of this overview is to show a stream of FEM
application in flexible pavement design and call an attention to its potential. A strong point and
shortcoming will be introduced as well, and try to reflect recent trends.
Keywords: finite element method, asphalt pavement analysis, material model
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In this paper effect on hydrogen embrittlement (HE) on mechanical properties of pipe steels is
examined. It appears that yield stress and ultimate strength are few sensitive to HE. However
fracture toughness and elongation at failure exhibits a severe decrease. Failure pressure
establish by different codes involves flow stress which is a combination of yield stress and flow
stress. Pipe defect assessment involves fracture toughness and flow stress when using FAD or
CDF methods.In this paper, consequence of hydrogen embrittlement on failure and critical
pressures of a pipe with a semi-elliptical defect is examined. Influence of assessment method,
relative defect depth and working pressure is examined through a comparison with the associated
safety factors.
Keywords: Integrity of structure,Hydrogen Embrittlement, FAD, CDF, failure pressure codes,
Semi-elliptical crack, FEM.
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The experimental set-up is developed for detectionof reflection and transparence coefficients of
semitransparent materials with high subsurface scattering and small absorption in visible and IR
radiation diapasons. A distinctive feature of the experiment is using the spectral photometric
spheres with compensation of the effect of reflection (transmittance) indicatrices (phase functions)
of tested materials for the fixed wavelengths 0.63 µm (visible), 1.15 µm (near IR) and 3.39 µm
(middle infrared) of probing laser radiation. For the visible and near IR wave ranges, the
integrating sphere was a photometric ball made from porous fluoroplastic. For the middle infrared
wave range, a processed sandblasting aluminum ball was applied. The use of the photometric
ball has reduced the measurement error, associated with various sensitivity of the photosensors
to the detected radiation for materials with different indicatrices due to high subsurface volumetric
scattering.
The proposed method of experimental measurements of spectral photometric characteristics
(reflection and transmission) improved the accuracy of computing evaluations for optical
(thermoradiation) parameters (absorption and scattering indexes), as well as the functions of a
thermal radiation source for the calculation of temperature fields in semitransparent materials. For
-1

the first time, computational and experimental estimation of scattering (~2400-5100 m ) and
-1

absorption (~1-14 m ) indexes (with accuracy at least 1%) was carried out for semitransparent
materials with high subsurface scattering (for example, stabilized zirconium dioxide PSZ,
ZrO2+8%Y2O3) including the poorly studied middle IR range.
This problem is important for the study of the radiant heat exchange of power plants, engines,
turbines and aerospace vehicles using semitransparent Thermal Barrier Coatings.
Keywords: subsurface, scattering, absorption, reflection, transparence, semitransparent,
photometric integrating sphere, middle infrared,photosensor, set-up
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The subject of this study are aluminum box beams omega cross-section, consisting of an omega
profile and connected to the metal by of the adhesive interface of the area 120cm2.In the
laboratory tests used a specimens made from 7075 aluminum with dimensions [mm]: 300x84x36.
To connect the components of the specimens a combination of four different adhesives layers
and rivets was used. In the experimental tests we analyzed series of profiles assembled with the
use of adhesives only and a series of profiles using hybrid joints, i.e. by combination of the
adhesives and metal fasteners. The described samples were subjected to three-point bending
Laboratory tests were conducted using a MTS (25kN) and a Digital Image Correlation (DIC)
system, in order to accurately determine states of deformation of the box beams. With the load
increase the profiles deform elastically at the beginning and then in the final stage of deformation
process, a collapse of the side walls and local plastic deformation occured. This causes a sudden
drop of the load capacity of the entire profile.
To complete the experimental analysis, the numerical model of the thin-walled box beam was
created. The model allows observation of stress and displacement fields variation in the bending
element, as well as places of their concentration. Moreover, a detailed analysis of damage growth
and the final destruction of the connecting elements associated with the load increase was
performed. Numerical simulations were done using ABAQUS code.
Finally, we can specify which of the specimens has maximum strength properties, whether the
type of adhesive used significantly affects the quality of the connection, and to what extent the
hybrid joints parameters are changed in comparison to the purely adhesive connection. The FEM
analysis results confirm correctness of the assumptions in the numerical model and allow for a
more detailed description of the process decohesion adhesive layer and the damage of aluminium
elements of the thin-walled box beams.
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Aluminum dross is a recyclable by-product of the aluminum manufacturing process. Since the use
of aluminum alloys increased in large quantities, which cause a significant amount of aluminum
dross produced, therefore, the need for alternative solutions are also increased. The goal of this
study to investigate the possibility of dross utilization as an alternative asphalt filler.
During the research aluminum dross were investigated and limestone, which is well-known filler in
asphalt technology, was used as reference material. Different tests were done on the samples:
true density, particle size distribution, BET specific surface area and the Rigden voids were
determined on the fillers. Scanning electron microscope was used to characterize the
morphological features of fillers. To reveal the affinity of fillers to bitumen hydrophilic/hydrophobic
properties and oil adsorption ability were also investigated. These examinations were helped to
get to know the interaction between fillers and binder material.
With the use of fillers asphalt mixtures and specimens were also prepared for stiffness tests and
asphalt cracking temperature tests. The results show a good correlation between dross and
limestone fillers, therefore aluminum dross may be an alternative to partly substitute limestone
filler.
Keywords: Aluminum dross, asphalt, filler, stiffness, utilization

242

is-ism2
The 2st International Symposium on Intelligent and Smart
Materials

Author(s)

Title

Bendoukha Mohammed, Mosbah
Moustafa

Biomechanical and Radiographic Analysis
of Adjacent Segment Level following
Hybrid Dynamic Stabilization Topping off
Fusion of the Lumbar Spine

1

243

244

Biomechanical and Radiographic Analysis of Adjacent Segment Level
followingHybrid Dynamic Stabilization Topping off Fusion of the Lumbar
Spine
1

Bendoukha Mohammed , Mosbah Moustafa
Mohamed.bendoukha@univ-mosta.dz

1

1

Laboratory of Numerical and Experimental Modeling of Mechanical Phenomena,
Department of Mechanical Engineering, University Abd El Hamid Ibn Badis. Mostaganem .Algeria

Posterior Dynamic

Stabilization Topping-off instrumented lumbar fusion has been proposed to

avoid adjacent segment degeneration ASD by generating a smoother transition zone from
the instrumented segments to the top untreated levels. A ﬁnite element model (FEM) of a L3/S1
lumbar

spinal segment

was solicited

to an axial compression follower of 400 N. Pure

unconstrained moments of 7.5 Nm were additionally applied in the three anatomical
planes.

The center of

assessed. The CORs
intact

model,

the

rotation,

stress, strain distribution,

facet joint

was found to be almost in the center of
center

of

rotation relocated

in

the

center.

remained unloaded in ﬂexion. The facet forces increased up to 26 N with

forces

main
was

the segment, with
The
PEEK

facet
type,

joints
with

the center of rotation migrated posteriorly in the ipsilateral side of the topping off fused level.
The

determination

of

CORs

is

highly

sensible against measurement resolution obtained

during in vivo and in vitro studies. This FE method can be used to complement the
knowledge of the COR relocation comparing with experimental predictions.
Keywords: Posterior Dynamic Stabilization , Functional spinal unit, Facet joints; finite element
analysis; Lumbar fusion, stress, strain, PEEK, Topping-off, Center Rotation.
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Use of Fly ash as Partial Replacement Material in Ordinary Portland Cement
Concrete - An exploratory study
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Ordinary Portland cement (OPC) is used from decades as binding material in concrete. Now a
day’s researchers are trying to find suitable alternate for OPC by which it can be replace in
concrete and also doing extensive efforts to minimize the cost of concrete and make it more
economical. This research study deals with the partial replacement of ordinary Portland cement
with mineral admixtures such as fly ash in M15 grade concrete. This admixture is partially
replaced with ordinary Portland cement in varying percentage ranges from 0%, to 30%, in
increment of 10% and to investigate the properties of concrete both in plastic and harden state.
Mix proportion was based on 1:2:4 ratio and water/cement ratio 0.60. Workability of fresh
concrete was determined by slump test with each percentage of admixture replaced with OPC.
Cylinders were produced and cured for 7, 14, 28 days and subjected to compression testing
machine to check the compressive strengths (direct and split tensile strengths) of given samples
and compared to their blank (0%) controlled concrete sample results. It was observed that results
are supporting and encouraging for 10% replacement of fly ash and strength was found to
decrease with increasing contents beyond 10%.
Keywords: Fly ash, Ordinary Portland cement concrete, Partial replacement material, mechanical
strength of modified concrete.
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Bauxite residue is the main waste material generated by the Bayer process in alumina production.
Large volume of red mud is stored in deposits worldwide. This material is strongly alkaline, fine
granular besides it has high moisture content and high plasticity therefore the usage of it a serious
challenge.
Red mud may be applied in the field of construction industry, where large volumes of different
materials are in use. As red mud has similar form and contribution as natural clay we analysed
the applicability of it in the conventional brick industry. Since the clay is formed in wetted form the
plasticity plays an important role during shaping. Adding red mud to the clay, the plasticity
changes which has effect on the industrial process. In this study we analysed clay and red mud
mixtures by different plasticity measurement method. The results show how the different amount
of red mud affects the shaping behaviour of the batches.
Keywords: red mud, plasticity, clay
―The study was carried out as part of the EFOP-3.6.1-16-2016-00011 ―Younger and Renewing
University – Innovative Knowledge City – institutional development of the University of Miskolc
aiming at intelligent specialisation‖ project implemented in the framework of the Szechenyi 2020
program. The realization of this project is supported by the European Union, co-financed by the
European Social Fund.‖
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It is well known that the starting temperature and the rate of oxidation of different carbon material
in air determined by the composition and the structure of solids. Often the contaminats have
catalytic or inhibition effect therefore difficult to get clear relations between the structure and the
charcteristic parameters of the oxidation process. In case of wet oxidation these effect less
dominant and the oxidation power of the medium can regulated easily and the difference between
the solid structure can be detected in magnified scale. Using Cr(VI) solutions at different pH
conditions the rate of oxidation was determined by the Cr(VI) Cr(III) transformation. Based on this
way we made attempt to get structural information from different carbon structures: coals, chars,
different graphites and diamonds.
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Fig. 1. Redox capacity of different carbon substances.
(Concentration of Cr(VI): 50 mM in 5 M H2SO4 solution, Contact time: 7 days, Solid: liquid
ratio:1:400.temperature: ambient: static (unstirred) condition
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