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Preface 
 

International Conference on Thermophysical and  

Mechanical Properties of Advanced Materials – THERMAM 2015 

and 

4nd ROSTOCKER INTERNATIONAL SYMPOSIUM 

Thermophysical Properties for Technical Thermodynamics 
 
Thermodynamics is a very fascinating scientific field which has to do with many different phenomena in nature 
and technique. As an interesting example we can regard climate change which at the moment is on the agenda of 
many political decision makers and scientists. Climate change is partly caused by the emission of the carbon 
dioxide molecule to the atmosphere from farming, from technical combustion in energy technique and transport 
and from many other human related processes. The heat transfer processes in the atmosphere clearly have to do 
with thermodynamics. On the other hand, measures to reduce human impact on the environment, like CCS, car-
bon capture and storage, from combustion also involve thermodynamics processes. To solve and handle thermo-
dynamics problems one needs “Thermophysical and Mechanical Properties of Advanced Materials”. One example 
is the possible capture of carbon dioxide from atmosphere or exhaust gases in ionic liquids. To make this techni-
cally feasible data for the thermophysical property of solution of carbon dioxide in the advanced material of an 
ionic liquid are needed.  
 
Within this conference we want to bring together international scientists and engineers who work in the very broad 
field of “Thermophysical and Mechanical Properties of Advanced Materials”. This is a very interesting and modern 
research field. It covers experimental and theoretical new results for thermophysical properties, new measure-
ment techniques and their applications, molecular modeling with new theoretical insights, applications which show 
the improvement done with the described research for thermophysical properties and mechanical properties for 
materials like nanofluids, nanocomposites, alternative solvents, metals, alloys, ceramics, composites, etc. These 
subjects cover fundamental and applied research and engineering aspects.  
 
We want to foster lively discussions and future international collaborations on this important and stimulating field 
with this conference.  
 
We choose the venue of the conference as the exciting city of Baku with all the amenities of such a place in a 
very nice surrounding and with the possibility to explore the old and new city and even excursions to historically 
interesting tourist sites like Old City, Ateshgah etc. 
 
We wish you a very pleasant, joyful, interesting and stimulating conference at the Azerbaijan Technical University, 
Baku, AZERBAIJAN. 
 

 
THE ORGANIZING COMMITTEE 
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INFLUENCE OF TEMPERATURE AND MAGNETIC FIELD ON DEAROMATIZATION  
OF DISTILLATES OF NAPTHALENE OIL 

 
Vagif ABBASOV, Gultekin NADJAFOVA, Arzu ALIZADEH, Pervane MOVSUMOVA 

 
Petrochemical Processes named after Yu.G. Mamedaliyev of Azerbaijan National Academy of Sciences, AZERBAIJAN 

e-mail: vagif_abbasov@hotmail.com; azmea_nkpi@box.az; gultekin_najafova@hotmail.com; 
arzu@inspectorate.az; ezizova.pervane@mail.ru  

 
The Naphthalan oil has no analoqs in the world and its importance for health is connected with a special structure 
of naphthenic hydrocarbons. Therefore, the development of process for separation of naphthenic hydrocarbons 
has a special importanc. In the Institute of Petrochemical Processes the technology for separation of of 
naphthenic hydrocarbons from Naphthalan oil was developed yet in 2000. On 23rd of October 2014, "White Naph-
thalan oil" was registered as a medicinal preparation in The Ministry of Health of Azerbaijan Republic. But in order 
to be more effective in its cleaning technology, the researches are continued. The choosing of adsorbents (natural 
and synthetic), the influence of temperature on the adsorbtion process, different powerful magnetic field and the 
flow rate of liquid are investigated on the level of adsorption. For this purpose, the magnetron, having a wide 
range of power (5-380 mT) and working in 21 different power modes, was installed. The influence of magnetic 
field and temperature on dearomatization is investigated. 
 
Synthetic adsorbents are not useful for cleaning distillates. Only natural adsorbent together with maqnetic field 
impact distillates. The influence of flow rate and number of periods of distillates staying in magnetic field was stud-
ied. In the composition of the white oil, there are no rezins, asphaltenes, aromatic hydrocarbons and natural oil 
acids. Aromatic hydrocarbons, rezins, asphaltenes and natural oil acids have a toxic effect and that’s why make 
impossible use of healing crude oil in native state in treatment of several diseases. On the other hand, the healing 
crude oil is used in 38 oC temperature bath method and that’s why during a long time of using, polycyclic aromatic 
hydrocarbons are condensed and form poorly-soluble associates in oil. At the same time resistance of "White 
Naphthalene oil" to temperature was investigated. The oil was affected by temperature in range 20 - 100 oC (20 
oC increase each time) within 1 - 5 hours. Then, by spectral analysis it was determinate that in the noted tempera-
ture interval "White Naphthalene oil" does not change its chemical composition.  
 
From the spectral analysis methods NMR -, IQ - spectroscopic methods were used. The analysis was shown that 
thermal effects had not influenced on "White Naphthalene oil". Thus, there was not any decomposition in "White 
Naphthalene oil", and no oxygenous compounds were produced. 
 
On the other hand, the physical-chemical, as well as thermal properties of "White Naphthalene oil", including re-
fractive index, remained unchanged. These studies have shown that "White Naphthalene oil" can be used in con-
junction with physical therapy techniques. 
 

Vagif ABBASOV is Academician of the Azerbaijan National Academy of Sciences 
and director of the Petrochemical Processes named after Yu.G. Mamedaliyev of Azer-
baijan National Academy of Sciences of Azerbaijan. He is leading specialist in the 
field of oil and gas chemistry research investigations. Under his leadership various 
inhibitors, motor oils, medical oil “White Naftalan oil” were synthesized and investi-
gated. 
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PUZZLES OF COLD WATER 
 

Mikhail A. ANISIMOV 

 
Department of Chemical and Biomolecular Engineering and Institute for Physical Science and Technology,  

University of Maryland, College Park, U.S.A. 
e-mail: anisimov@umd.edu 

 
Liquid water is still a puzzle. This is probably the most studied and yet least understood state of matter. Some-
thing dramatic happens with liquid water below the “biological” temperature (30-40 ºC). Unlike ordinary sub-
stances, one can regard water near the triple point and in the supercooled region, on the one side, and water near 
the vapor-liquid critical point, on the other side, as “the same substance – two different liquids”. Highly-
compressible, low-dielectric-constant near-critical water is commonly used as a supercritical-fluid solvent. On the 
low-temperature side of the phase diagram, water is an almost incompressible, high-dielectric constant solvent 
with mysterious thermodynamic anomalies. These anomalies become especially pronounced in the supercooled 
water that exists between the melting line and the line of homogeneous ice formation. A popular hypothesis that 
explains the anomalies of cold and supercooled water is the existence of a metastable liquid-liquid transition hid-
den just below the line of homogeneous ice nucleation. We have developed an equation of state for the thermo-
dynamic properties of cold and supercooled water, in which water is considered as a non-ideal “mixture” of two 
alternative structures. The equation is valid for temperatures from the homogeneous ice nucleation temperature 
up to 300 K and for pressures up to 400 MPa, and can be extrapolated up to 1000 MPa. Currently, this equation 
is considered by the International Association for the Properties of Water and Steam (IAPWS) as an official 
Guideline for scientific and industrial use. 

 
 

Mikhail A. ANISIMOV is Professor in the Department of Chemical and Biomolecular 
Engineering and in the Institute for Physical Science and Technology at the University 
of Maryland, College Park, U.S.A. His research group at the University of Maryland is 
one of the leading authorities in the field of critical phenomena and phase transitions 
in fluids, fluid mixtures, liquid crystals, polymers, and other soft-matter materials. 
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LOHC AS A FLUID FOR ENERGY STORAGE AND TRANSPORT 
 

Wolfgang ARLT1, Daniel TEICHMANN2 
 

1 University of Erlangen-Nuremberg, Egerlandstr. 3, 91058 Erlangen, GERMANY 
2 Hydrogenious Technologies GmbH, Erlangen, GERMANY 

e-mail: wolfgang.arlt@fau.de 
 

The sea change of German energy policy provokes a lot of research in systems, based on renewable energy. In 
the German state of Bavaria, a new center for research (Nuremberg Energy Campus) and several initiatives (like 
Bavarian Hydrogen center) were started to make possible the phase-out of nuclear energy in the year 2022. 
 
The main problem is to make renewable energy like photovoltaics (PV) or wind able to replace the base load of 
electricity supply as it was done by nuclear power stations. This leads to energy storage. The authors are con-
vinced that medium to long term storage of large amounts of electrical energy is only possible by chemical stor-
age. Hydrogen is suited but not in its pure state. One option is to use LOHC’s (liquid organic hydrogen carrier), 
chemical compounds that exist in an energy-lean state (not hydrogenated) and in an energy-rich state (hydrogen-
ated). To find such a pair of chemicals is a challenge for thermodynamics and chemistry. 
 
In THERMAM conferences 2013 (Rostock) and 2014 (Izmir) the author reported on the process and its thermody-
namics.  
 
This report is about the findings so far and the application of the technology.  

KEYWORDS: thermodynamics, energy, hydrogen, transport. 
 
 
 

Wolfgang ARLT is Professor and chair at the University of Erlangen-Nuremberg in 
Bavaria/Germany. The chair is called Separation Science & Technology. His research 
interest includes: thermodynamics of mixtures, thermodynamical models including those 
stemming from quantum chemistry (COSMO-RS), application to thermodynamics to 
energy engineering, separation processes like chromatography and distillation, tomo-
graphy of separation equipment. Prof. Arlt is founder and director of the Energy Campus 
Nuremberg and advisor to the Bavarian government." 

 
 

  
 

Daniel TEICHMANN is CEO and co-founder of Hydrogenious Technologies GmbH, a 
spin-off of the university of Erlangen-Nuremberg and technology leader in the commer-
cialization of Liquid Organic Hydrogen Carriers (LOHC) for hydrogen and energy stor-
age. Prior to founding Hydrogenious Technologies, Daniel Teichmann has worked for 
BMW and McKinsey and has earned his PhD at Prof. Arlt’s chair over the evaluation of 
how LOHCs can become the basis for a future renewable energy system. 
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THERMODYNAMIC DATA DETERMINATION FOR IMPROVEMENT 
OF IC ENGINE COMBUSTION 

 
Egon HASSEL 

 
Institute of Technical Thermodynamics, University of Rostock, GERMANY 

e-mail: egon.hassel@uni-rostock.de 
 

Local and global mobility of persons and material is a very important aspect of modern life. This mobility today is 
mostly ensured by internal combustion (IC) engines, momentarily mostly depending on fossil fuels and most of 
the engines work with direct high pressure fuel injection. Besides the problem of pollutant emissions, the outlet of 
carbon dioxides (CO2) from the IC engines into the atmosphere today is considered a major issue for the envi-
ronment called global warming. To tackle these problems the combustion within the combustion chamber of the 
IC engines is constantly improved, today with e.g. downsizing, implementation of common rail technology, optimi-
sation of the engine management software, etc. All these measures crucially depend on thermodynamic data for 
the specific fuel used for the individual engine and task at hand. The net CO2 emissions from combustion is re-
duced if so called alternative fuels or renewable fuels, like rape seed or coconut oil, are used, or at least mixtures 
of conventional and alternative fuels are used. Worldwide more and more regulations are to be found which aim in 
this direction.  
 
The price of traditional fuel is increasing every day. Also for these alternative fuels or mixtures thermodynamic 
data are needed to design and optimise IC engine combustion. Use of alternative to conventional gasoline and 
diesel fuels dramatically increased last years. They can be successful use as a fuel in an IC and can demonstrate 
to work in vehicles with gasoline engines without modification. A challenge is caused by the use of fuels and al-
ternative fuels at very high pressures up to 200 MPa. In a near future, injection systems can be designed for 
higher pressures up to 400 MPa. Number of injections at such high pressures per cycle can be expanding and the 
time of one injection process can be reduced.  
 
That is why it is so important to have reliable knowledge of basic thermophysical properties (density, vapor pres-
sure, viscosity, speed of sound, heat capacity etc.) of fuels and alternative fuels under high pressures for model-
ing, understanding, and optimizing the processes in an internal combustion engine. Within the literature the data 
base for this kind of fuels is scarce. With this talk we present measurement techniques, measurement data for 
(p,ρ,T) properties, isobaric and isochoric heat capacities, speed of sound, vapor pressure, and also various deri-
vated thermal properties (thermal properties isothermal compressibility, isobaric thermal expansibility, thermal 
pressure coefficient, internal pressure, isentropic exponent) of fuels and alternative fuels at temperatures 
T=(263.15 to 468.15) K and pressures up to 200 MPa using the experimental and theoretical investigations for an 
example of a modern fuel mixture.  

 
ACKNOWLEDGEMENT: Prof Buchholz, Prof Harndorf, Dr Schümann, Dr Nocke, Dr Safarov, Dr Fink, support by 
BmWi LEDF-Projekt Nr. 03SX369A. 
 

Egon HASSEL is Professor and chair of Technical Thermodynamics at the University of 
Rostock in Germany since 1999. He studied physics at Technical University of Aachen, 
Germany, and went early into Mechanical Engineering, where he received his PhD at 
Technical University of Aachen and later his Habilitation at Mechanical Engineering 
from Technical University of Darmstadt, Germany. His interests mainly cover the fields 
of energy technique, IC engine combustion and measurements of thermodynamic prop-
erties. In November 2012 he received an honorary doctorate from Azerbaijan Technical 
University in Baku.  
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EXPERIMENTAL INVESTIGATION AND NUMERICAL MODELING  
OF THE IGNITION AND COMBUSTION PROPERTIES OF FUELS 

 
Ulrich MAAS 

 
Institut für Technische Thermodynamik, Karsruher Institut für Technologie, Engelbert-Arnold-Str. 4, D-76131 Karlsruhe, GERMANY 

e-mail: Ulrich.Maas@kit.edu  
 

Fuels as chemical energy carriers cover a large amount of the energy demand. Although alternative methods for 
fuel conversion gain increasing interest, the major part of the fuels are still used in combustion systems like inter-
nal combustion engines, gas turbines or furnaces. In order to allow a clean, safe operation of these combustion 
systems, it is necessary to know the thermokinetic properties of these fuels. This is a challenging task, because 
the variety of fuels is increasing considerably. 

 New fuels derived from biomass are emerging for which the thermochemical properties are not yet adequately 
known. 

 New fuels (i.e. mixtures of chemical compounds) are specifically designed for different combustion processes. 

Whereas some thermodynamic properties like calorific values are known for these fuels, many interesting proper-
ties are not yet known adequately. Here we can distinguish between thermokinetic properties needed for the de-
sign of the combustion system (e.g. burning velocities) and thermokinetic properties needed for a safe handling of 
the fuels (e.g. flammability limits). 
 
In this work we discuss first how a combination of experimental methods and numerical modelling can be used to 
derive thermokinetic properties of fuels (single compounds and mixtures). Examples are 

 reaction rates 
 transport processes 
 laminar burning velocities 
 ignition delay times 
 flammability limits 
 minimum ignition energies 

Although these ”generic” properties already allow a good characterization of the different fuels, it is important for 
practical applications to characterize the overall combustion process based on the known thermokinetic proper-
ties. Therefore we shall discuss in the second part of this work how the detailed information on the fuel properties 
can be used to devise models for the overall combustion system. The problem in modelling these (typically turbu-
lent) processes is that the description of chemically reacting systems leads to scaling problems in space and time. 
In particular, an oversimplification of the coupling processes between chemical reaction and turbulent flow should 
be avoided by all means to allow a predictive character. In the presentation it is shown how hierarchical concepts 
can be used to solve this problem. Different examples like turbulent flames and ignition by hot jets show, that 
such hierarchical concepts allow a reliable description of combustion systems. 
 

Ulrich MAAS is a full Professor at Karlsruhe Institute of Technology, Germany. His re-
search interests include mathematical modeling and experimental investigation of reacting 
flows. The focus is on chemical kinetics, coupling of chemistry with turbulent flow, statisti-
cal models for turbulent reacting flows, ignition processes, droplet combustion and hierar-
chical model reduction concepts. Prior to working in Karlsruhe he was a full professor at 
Stuttgart university. 
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GENERALIZED SUBLATTICES IN FRANK-KASPER PHASES, THE Z-MODULE APPROACH 
 

Richard A. PORTIER1, Denis CARRON2, Marianne QUIQUANDON1, Denis GRATIAS1 
 

1 Métallurgie Structurale, LPCS- UMR-CNRS 7045, Ecole Nationale Supérieure de Chimie de Paris - Chimie ParisTech, 11,  
rue Pierre et Marie Curie, 75231 Paris Cedex 0, FRANCE 

2 Laboratoire d'Ingénierie des MATériaux de Bretagne (LIMATB), Centre de Recherches Christiaan Huygens,  
Rue de St Maudé, 56321 LORIENT Cedex, FRANCE 

e-mail: richard-portier@chimie-paristech.fr 
 

The pentagonal Frank-Kasper phases which form in superalloys containing Mo and/or W elements, can give rise 
to electron diffraction patterns with an apparent five or tenfold symmetry together with some diffuse scattering. 
This result suggests the existence of some hidden (average) symmetry. 
 
The corresponding micro/nanostructure, revealed by High Resolution Electron Microscopy, exhibits nanodomains 
of Laves phases (C14, C15) with many faults which can be described by layer of other Frank-Kasper phases (�, 
Zr4Al3, …) and some regions are highly disordered (1) (2). After simulation of such images, the distribution of 
white dots can be correlated with the distribution of parallel columns built with pentagonal antiprisms (icosahedral 
columns) and the white dot distribution reflects the local linkage between the columns. Consequently, the micro-
structure is completely described by the knowledge of the 2-D tesselation of the icosahedral columns. 
 
By analogy with the description used for quasicrystals, this tessellation can be analysed as a decoration of a Z-
module of rank 5 (reducible in a Z-module of rank 4 because the sum of the five vectors gives the zero vector) 
where all column positions (simultaneously in nanocrystals, faulted or disorderd regions) are defined by five inte-
gers with respect to the five basis vectors defined by the regular pentagon in 2-D space. The tessellation is a 2-D 
projection along the [1, 1, 1, 1, 1] diagonal of a 5-D periodic structure embedded in a large space of dimension 5 
(4+1), in a way similar to the Penrose pattern. 
 
The different Frank-Kasper phases will be discussed in terms of the rules selection of nodes of the 5-D space 
which have to be projected in the parallel space (the physical space) for the generation of the phase. These se-
lected nodes are located in planes the 3-D perpendicular space and the defects are associated to specific shifts in 
this space. 
 
REFERENCES: 
1. K. H. Kuo, H. Q. Ye and D. X. Li, J. Mat. Sci. 21 (1985) 273. 
2. D. Carron, PhD dissertation, University Paris VI (1995). 
 
Richard A. PORTIER is Emeritus Professor at Chimie-ParisTech, France in the group 
of Structural Metallurgy. During his career, his research interest was mainly focussed on 
Electron Microscopy (fast electron/matter interactions, symmetry properties, defects 
contrast, high resolution images and image processing), Reconstructive Structural 
Phase Transformations in oxydes ans alloys (Short and Long Range Order, Precipita-
tion) and Displacive Structural Phase Transformations (Martensite, Shape Memory Al-
loys), Quasicrystals and Commensurate or Incommensurate Modulated Alloys, Group 
Action Theory applied to defects and phase transformations (bicrystallography), Gene-
sis and Evolution of microstructures (non conventionnal elaboration methods). He is 
now studying the description of complex metallic structures with the concept of Z-
modulus and some approximant structures. 
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INVESTIGATION OF THERMALLY UNSTABLE FLUIDS BY THE METHOD OF CONTROLLED 
PULSE HEATING: 1. CRITICAL PARAMETERS FOR MULTICOMPONENT LIQUIDS  

INCLUDING OILS 2. HEAT CONDUCTION IN NANOFLUIDS UNDER HIGH-POWER HEATING 
 

Sergey RUTIN, Pavel SKRIPOV 
 

Institute of Thermal Physics, Ural Division of Russian Academy of Sciences, Amunsen Street, 107a,  
Ekaterinburg, RUSSIAN FEDERATION 

e-mail: pavel-skripov@bk.ru 
 
The critical parameters are usually investigated for stable liquids. However, in practical applications one deals 
primarily with thermally unstable mixtures (the temperature of thermal decomposition onset for these mixtures is 
lower than the critical one). Because of experimental difficulties, the properties of these substances are less stud-
ied. The second part of the report is devoted to heat conduction in nanofluids in a wide temperature range. 
 
The most reliable results for the critical parameters for thermally unstable pure liquids can be obtained by the 
method of pulse heating [1]. This method is based on tracking the evolution of the signal of spontaneous boiling-
up of a liquid under stepwise pressure increase. This approach, however, becomes less efficient for multicompo-
nent liquids characterized by significantly lower intensities of boiling-up. To overcome this limitation, we have 
designed new technique within the framework of the method of controlled pulse heating of a wire probe – resis-
tance thermometer [2]. The technique is based on the phenomenon of threshold changes in the thermal proper-
ties of substance in the course of transition from subcritical to supercritical state along the isobar [3]. By selecting 
the probe heating trajectory and an increment in pressure, we find, at certain pressure value, a reproducible sig-
nal indicating the entrance into supercritical region, and, as a result, an approximation for the critical pressure of 
substance. The corresponding value of critical temperature is calculated with an accuracy of 1%, as in the basic 
method [1]. The report discusses the technique of measurement, its validation using reference substances, and 
the results for a number of industrial oils used in power and refrigeration applications. 
 
Nanofluids are considered as potential “next generation” working fluids for advanced heat-exchanging devices [4]. 
By our method [2, 3], we compared the heat conduction for nanofluids in the region of stable states and super-
heated ones. The content of nanopowder in the base liquid served as parameter. The experimental data are re-
liably resolved at small contents of nanoparticles, where, due to complex competition between the different factors 
contributing to the thermal conductivity of nanofluids, the resulting trends are difficult to access a priori. The re-
gime of deteriorated heat conduction in nanofluids has been revealed as a general case. 
 
REFERENCES: 
1. E.D. Nikitin, P.A. Pavlov, P.V. Skripov, Measurement of the critical properties of thermally unstable substances 

and mixtures by the pulse-heating method, J. Chem. Thermodyn. 25 (1993) 869-880. 
2. S.B. Rutin, P.V. Skripov, Investigation of not fully stable fluids by the method of controlled pulse heating. 1. 

Experimental approach, Thermochim. Acta 562 (2013) 70–74. 
3. S.B. Rutin, P.V. Skripov, Heat Transfer in Supercritical Fluids under Pulse Heating Regime, Int. J. Heat Mass 

Transfer 57 (1) (2013) 126–130. 
4. S.K. Das, S.U.S. Choi, W. Yu, T. Pradeep, Nanofluids: Science and Technology, John Wiley & Sons, 2008. 

Pavel V. SKRIPOV is Professor of the Ural Institute of State Fire Service of EMER-
COM of Russia, leading researcher of the Institute of Thermal Physics, Ural Division of 
Russian academy of sciences. He has developed new approaches for studying pulse-
heated liquids in short-lived states which are of interest from both fundamental and 
practical considerations. Using novel experimental methodology combined with the 
original in-house hardware and software solutions, his research team obtained robust 
experimental results describing thermophysical properties and heat transfer in super-
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There is a considerable interest in developing nanoscale thermal and photonic devices by using graphene nano-
composites for terahertz (THz) applications [1-4]. This is because the thermal (i.e. phonons) and optical (surface 
polaritons) energies of graphene lie in the THz range. Here we consider the nanocomposite is fabricated by de-
positing graphene on the top of the polar materials. Examples of polar materials are SiO2, SiC and CdS. We will 
calculate the thermal properties such thermal conductivity and specific heat of these nanocomposites using the 
tight binding method. Optical properties such as photoluminescence and absorption coefficient of these nano-
composites will be calculated by using the density matrix method. Graphene nanocomposites can be used in wide 
variety of applications such as thermal sensing and chemical and biological sensing. It is well known that polar 
materials have optical phonons. It is found that these optical phonons couple with surface electrons of the gra-
phene and produce surface phonon- polaritons (SPPs). Recently, thermally excited radiative modes of SPPs in 
highly doped polar material GaAs and SiO2 deposited on metals were studied for the selective thermal THz device 
applications. Most of the work on SPPs research has been focused mainly on noble metal. It is found that noble 
metals are hardly tunable and exhibit large Ohmic losses which limit their applicability to fabrications of devices. 
Graphene provide an attractive alternative to noble metal because of not much thermal energy loss [2-4]. We 
found that temperature dependence of the specific heat and thermal conductivity of the graphene is very different 
than that of other semiconductors such as Si, Ge. We have that the absorption and photoluminescence spectrum 
of the nanocomposites have two peaks whose height can be controlled by the external radiation and temperature. 
Hence these materials can act as thermal and electrical sensors.  
 
REFERENCES: 
1. Tony Low and P. Avouris, AC Nano 8, 1086 (2014). 
2. J. Cox, M. Singh, C. Bildering, and A. Bragas, Advanced Optical 1, 460 (2013). 
3. J. Cox, M. Singh, G. Gumbs, M. Antón & F. Carreño, Phys. Rev. B 86, 125452 (2012). 
4. J. Cox, M. Singh, M. Antón and F. Carreño, J. Phys. Condensed matter 25, 385302 (2013). 
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The estimation of the thermal conductivity of many kinds of two-phase systems is a problem often encountered in 
many fields of engineering and sciences. The types of systems vary from the thermal conductivity and diffusivity 
of metal or other materials-filled polymers to the thermal conductivity and diffusivity of packed beads, porous ma-
terials, composites, and foams. Many equations have been proposed for the transport properties, such as electri-
cal and thermal conductivity, of two-phase systems, the oldest theory is derived by Maxwell [1]. Using potential 
theory, Maxwell [1] obtained an exact solution for the conductivity of randomly distributed and non-interacting 
homogeneous spheres in a homogeneous medium: This model predicts fairly well the effective thermal conduc-
tivities at low filler concentrations, up to 10%; whereas for higher filler concentrations, particles begin to touch 
each other and form conductive chains in the direction of heat flow, so that this model underestimated the value of 
effective thermal conductivities in this region. There are many other theoretical as well as numerical and analytical 
model studies on thermal conductivity of two-phase systems. Generally, the conductivities of the two components 
and their concentration are considered in all models. Some of these theories neglect several important factors, 
such as the effects due to the shape of the particles, how the particles pack, and possible anisotropy. The con-
ductivity of a system containing two components is not the same when the dispersed phase is in the form of 
spheres as it is when the dispersed phase is aligned rods or fibers. Thus, shape and anisotropy of the system 
should be considered. The conductivity changes with the concentration range near the maximum packing fraction 
as the particle-particle contacts at this concentration provides a path for the flow of heat.  
 
Many experimental measurement methods for measuring thermal diffusivity and conductivity such as flash 
method, hot wire method, photothermal radiometry, 3 omega method and other transient methods will be ex-
plained and the experimental results for many two-phase systems such as polymer composites and granular ma-
terials will be given and compared with theoretical models. 
 
REFERENCE: 
1. Maxwell, J.C. (1954). A Treatise on Electricity and Magnetism, 3rd edn, Ch.9. Dover Inc., New York, NY. 
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Industrial process design creates a considerable demand for reliable values of the viscosity of a wide variety of 
fluid mixtures over extensive ranges of temperature and pressure. The economic case for improving the accuracy 
with which viscosity is determined is strong; however, the plethora of fluid mixtures and wide range of conditions 
of interest precludes obtaining the relevant data by experimental means alone. There is, therefore, a clear need 
for predictive methods that are accurate, reliable and internally consistent.  
 
The modern trends for viscosity prediction are moving away from empirically based methods to those that make 
use of a sound theoretical framework and are validated against primary experimental data. The Vesovic-
Wakeham (VW) method [1-5] is in the forefront of these developments. It is founded on the kinetic theory of hard-
sphere fluids that is appropriately modified to take into account the behaviour of real fluids. The molecules of the 
fluid are modelled as chains of equal sized, tangentially-joined, hard segments. It is assumed that the collision 
dynamics in such a fluid can be approximated by instantaneous collisions between two segments belonging to 
different chains. The VW method makes use of mixing rules that are thermodynamically consistent and more 
importantly have no adjustable parameters. So, far it has been demonstrated that the VW method can accurately 
predict the viscosity of supercritical mixtures, refrigerants mixtures, natural gas and some alkane mixtures. 
 
Recently the VW model has been extended and used to predict the viscosity of compositionally specified multi-
component mixtures that are of interest to the oil and gas industry. In particular, we examine the predictive capa-
bilities of VW model by comparing against accurate experimental data on liquid hydrocarbon mixtures consisting 
of cyclic molecules and short and long alkane molecules. The experimental data used for validation purposes, 
covers a wide range of temperatures and pressures of interest to oil industry, including high pressures. We dem-
onstrate that the viscosity of these mixtures can be reproduced, on average, with the uncertainty of 4%. Thus 
indicting the modelling approaches, based on molecular description, provide us with an accurate, reliable and 
internally consistent method to predict the viscosity of fluid mixtures over wide ranges of thermodynamic states.  
 
REFERENCES: 
1. V. Vesovic, W.A. Wakeham, Chem. Eng. Sci., 1989, 44, 2181-2189. 
2. D.D. Royal, V. Vesovic, J.P.M. Trusler, W.A. Wakeham, Mol. Phys., 2003, 101, 339-352. 
3. A.S. de Wijn, V. Vesovic, G. Jackson, J.P.M. Trusler, J. Chem. Phys., 2008, 128, 204901. 
4. A.S. de Wijn, N. Riesco, V. Vesovic, G. Jackson, J.P.M. Trusler, J. Chem. Phys., 2012, 136, 074514.  
5. V. Vesovic, SPE 107154, doi: 10.2118/107154-MS, (2007). 
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As is known, salts melting at temperatures lower than 100 oC are referred to as ionic liquids (IL). They occupy a 
special place among modern solvents and catalysts. But ILs have a number of other application fields, too. A wide 
range of liquid state, low volatility, thermal stability, high ionic conductivity, wide electrochemical “window” and 
some other particularities stipulate a perspectivity of ILs application in various fields and open a way to “green” 
chemistry. For us, it was of great interest to obtain and study novel surfactants of IL type. 
 
In the present work new ILs of the following formula have been synthesized on the basis of higher alkanols 
(C8C10 and C12), epichlorohydrin and aminoalcohols (di-and triethanolamine): 

 
where R is hydrocarbon group, “n” is chloropropoxylation degree; “x” 
may be 0 or 1. 
 
The structure and composition of these salts have been identified by IR, 
NMR- and UV-spectroscopical methods. Their main physico-chemical 

indices have been determined and a high surface activity of these compounds have been revealed. So, by sta-
lagmometric measurements it was found that at the water-air border these salts lower surface tension from 72.5 
down to 32.1 mN/m (20 oC). 
 
By the laboratory tests on the example of thin petroleum films on the surface of water (distilled, fresh, sea and 
layer) a high petrocollecting and petrodispersing capacity of the obtained salts has been shown. So, using these 
reagents it is possible to remove ecologically hazardous petroleum slicks off the water surface. 
 
Taking into account temperature conditions of natural water basins, surfactivity and specific electroconductivity of 
the shown Ils were studied in the range 10-40 oC. It was observed that with an increase of temperature in the 
indicated interval, the surface tension at the water-air border in the presence of the synthesized Ils decreases, i.e. 
their surfactivity increases. Main colloidal-chemical (critical micellization concentration - CMC, maximum surface 
excess, minimal cross-sectional area of the polar group, adsorption effectiveness and efficiency, degree of coun-
terion binding to micelles) parameters were calculated at 10, 20, 30 and 40 oC. Dependence of these parameters 
from temperature and length of IL alkyl group has been determined. The obtained results show, in general, a de-
crease in surface tension values at the CMC in homologous series. The same regularity is seen in the efficiency 
values. Elongation of the hydrocarbon (alkyl) group increases the hydrophobicity of the salt therefore, hydropho-
bic interactions get enhanced and surface tension becomes lowered. Rise in temperature increases the efficiency 
of the mentioned salts. 
 
The thermodynamic parameters (Gibbs free energy, entropy and enthalpy of adsorption and micellization proc-
esses) were computed for each salt in the shown temperature range. 
 
By electroconductrometric measurements it was shown that with an increase of the indicated Ils specific electro-
conductivity, at first, sharply rises in a linear mode and then continues to increase linearly with a relatively smaller 
slope (in the range from ~55 to 75 μS/cm, these values being very much higher than for distilled water). As tem-
perature rises from 10 oC up to 40 oC, specific electroconductivity of the mentioned ILs increases. It is explained 
by an increase in mobility and a decrease in viscosity with a temperature rise. 
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Increased adoption of renewable energy confronts the energy sector with a number of transformational chal-
lenges. Renewable energy technologies are evolving fast and offer a wide range of possible applications. This 
confronts actors in the already complex energy sector with a variety of skills and capacity challenges that have to 
be developed. Capacity in the context of renewable energy is the set of capabilities a country needs to nurture, 
strengthen and sustain the adoption and deployment of renewable energy technologies and systems. The strat-
egy for capacity building for deploying renewable energy should therefore consist of a set of actions in a number 
of essential areas: institutional, policy and regulatory capacity building, capacity building on financing renewable, 
capacity of private sector actors, technical capacity building through education and training, capacity in data and 
information collection, capacity to achieve behavioural change and raise awareness.  
 
In the talk the problems of capacity building in the deployment of RES in Azerbaijan will be discussed and the 
appropriate possible strategy will be outlined. 
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Adiabatic calorimetry is used for investigation of phase behavior of liquid and gaseous hydrocarbons in wettable 
and non-wettable porous media. N-alkanes (methane, ethane, propane, i-butane) and their two-component and 
three-component mixtures (methane – propane, methane – propane – heptane, methane – propane – hexadec-
ane etc.) have been measured in the temperature range 200 - 430 K and at pressure up to 40 MPa. Measure-
ments have been executed in the volume and in the dried and water saturated quartz powders with average grain 
size 2.32 m  and 31.5 m . Water saturation was about 0.2 – 0.25. 
 
Based on the data of specific heat and of isochoric temperature derivative of pressure, the phase diagrams of 
hydrocarbons in the volume and in the quartz powders have been plotted. Parameters of equilibrium curves at the 
phase transitions were determined based on the extremal values of parameters measured at phase transitions.  
 
Effect of sorption is developed as transformation of phase diagrams of hydrocarbons. Method of the experimental 
assessment of the gas and sorption phase compositions of two and three-component mixtures on the basis of the 
thermal and caloric parameter measurements is represented. Adsorption isotherms of the investigated hydrocar-
bon mixtures are plotted. 
 
Capillary effects on phase behavior of liquid and gaseous hydrocarbons are developed as capillary condensation 
(for water-wet and for hydrocarbon-wet porous media) and capillary evaporation (for hydrocarbon-non wet surface 
of water which covers the water-wet rock).  
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The unique aspect of capillary condensation in porous medium is that vapor condensation of hydrocarbons occurs 
at the pressure that below the saturation vapour pressure of these hydrocarbons in bulk.  
 
Capillary evaporation of liquid hydrocarbons (propane, i-butane) takes place in the quartz powders saturated by 
water. Surface of water covering the water-wet quartz is lyophobic. Capillary evaporation of hydrocarbons occurs 
at pressure above than their saturation vapor pressure in bulk. As a result the shift of the liquid – vapor equilib-
rium line of propane and i-butane in the quartz powders saturated by water with respect to the liquid – vapor equi-
librium line of these n-alkanes in bulk takes place. 
 
Due to transformation of the hydrate formation system as a result of capillary effect the shift of the upper quadru-
ple point of propane and i-butane hydrates into the region of the higher temperature and pressure takes place. As 
result the domains of propane hydrate and of i-butane hydrate stability is enlarged and the state of “overheated 
hydrate” is developed. 

 
THERMOMECHANICAL PROPERTIES OF MWCNTs/PLACL NANOCOMPOSITES  

 
Ali NABIPOUR CHAKOLI1, Maryam AMIRIAN CHAYJAN2 

 
1 Department of Advanced Materials, NSTRI, Kargar Shomal, Post Box: 14395-836, Tehran, IRAN. 

2 Department of Physics, Teachers University, Amirkabir Center, Baghestan, Karaj, IRAN. 
e-mail: anabipour@aeoi.org.ir, a_nabipour@yahoo.com 

 
Biodegradable, biocompatible, and shape memory polymers such as poly(L-lactide) (PLLA), poly(ε-caprolactone) 
(PCL), and their copolymers (PLACL) have been widely studied for various pharmaceutical and medical 
applications such as surgical sutures, tissue engineering, and controlled drug delivery systems. In order to 
expand the medical application fields, it is very important to give these materials novel functional properties. The 
addition of MWCNTs can impart such properties to PLLA, PCL, PLACL, and other biodegradable polymers. 
 
Two functional characteristics are considered for MWCNTs/PLACL80 multifunctional composites. The first 
functional characteristic is shape memory effect and the seconed one is biodegradability. Thermal sensitive shape 
memory polymers (SMP)s usually have two phases, Crosslinking segment and swiching segment. The physical 
crosslinking structure, chemical crosslinking structure and hard phase (crystalline or amorphous) act as 
crosslinking segment. The amorphous phase, liquid crystal phase and low temperature transition of crystalline are 
serve as switching segment. The SMPs in general exhibit lower strength and stiffness, which limits their use for 
many advanced applications. The low stiffness of SMPs produces only a small recovery force in the temperature 
change process. Furthermore, in an effort to boost the naturally low stiffness and low recovery stress of SMPs, 
efforts are underway to create composites using a shape memory polymer matrix material. Thus incorporation of 
MWCNTs as reinforcing fillers is considered to improve the mechanical and recovery properties and to diversify 
the applications of mentioned SMPs. 
 
The shape memory properties of MWCNT-g-PLACLs/PLACL80 and pMWCNTs/PLACL80 composites are investi-
gated systematically by thermo mechanical cycles and the main conclusions are as follows: 
 
(1)  The strain fixity (Rf) of the composites almostly keep a stable value with the increase of the fillers content at 

low initial strain deformation. At high initial strain deformations, the addition of MWCNT-g-PLACLs increase 
the strain fixity of the composites, however, the addition of pMWCNTs have not significant effect on the strain 
fixity of the composites.  

(2)  The addition of pMWCNTs decreases the strain recovery of the composites. When the MWCNT-g-PLACLs 
content is less than 2 wt%, the strain recovery initially decreases and then increases with the increase of the 
MWCNT-g-PLACLs content. With further increasing MWCNT-g-PLACLs content up to 3 wt%, the strain re-
covery decreases again. 
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(3)  The recovery stress of the composites increases gradually with increasing the amount of both kinds of rein-
forcing fillers. The maximum recovery stress can be obtained at the MWCNTs-g-PLACLs content of 2 wt% 
and the pMWCNTs content of 1 wt%, respectively. After that, with further increasing the reinforcing fillers con-
tent, the recovery stress of the composites decreases. The addition of MWCNTs is beneficial to store the in-
ternal elastic energy during stretching and fixing, which leads to the improvement of recovery stress. The 
strain fixity, strain recovery and recovery stress of the PLACL80 and its composites decrease slightly after 
degradation in PBS at 37 °C.  
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In order to analyse a refrigeration system as a thermodynamic or heat transfer system, a complete thermody-
namic and thermophysical property sets should be available in computer environment. Thermophysical properties 
such as thermal conductivity, viscosity, surface tension, and thermodynamic properties of saturated, liquid and 
vapor phases are needed in a complete system analysis. Thermodynamic and thermophysical properties of re-
frigerants are modelled as a set of programs in java language in order to simulate and analyse refrigeration sys-
tems. 
 
Due to recent adaptations of new refrigerants and phase out of old refrigerants, data for all new set of refrigera-
tions shold be available for utilisation of researchers. International standard office (ISO) is started an afford to 
make a standard equation of states, and developed equations for some refrigerants as ISO 17584-2005. This 
standards covers the basic equation of states for refrigerants R744, R717, R12, R32, R123, R125, R134a, 
R143a, R152a, R404A, R407C, R410A and R507A. The basic equations are in the form of helmholts free energy 
eqautions for pure gases and mixtures. This standards as is, not covers all the possible refrigerants and the ther-
modynamic properties of remaining refrigerants can be found from several research papers. Afford of NIST 
should be specially noted. Data found for the remaining gases covers a varity of equation of states such as Bene-
dict-Webb-Rubin, Martin-Hou, Peng-Robinson-Stryjek-Vera. Equation of states are usually given as a function of 
temperature and specific volume of Helmholtz free energy or pressure. The remaining properties derives from 
Legendre transforms of these equation of states called Maxwell relations. In order to use any other set of inde-
pendent variables requeries root finding methods. Root finding from thermodynamic processes is a challenging 
process due to enoumous differences in properties of liquid and gaseous state such as specific volume. In order 
to overcome this difficulty a general form of equation of states with easier methods of root solving such as cubic 
equation of states can be utilised as first estimation method. For the saturation(phase change) region of the equa-
tion of state and for thermophysical properties, it is found out that using cubic spiline and B-spline interpolation 
methods supply minimum errors in data.  
 
By combining all these methods, numerical models of thermophysical and thermodynamic models of refrigerants 
R22, R12,R124, R23, R744, R32, R123, R125, R134a, R143a, R152a, R404A, R407C, R410A, R507A, R728, 
R1150, R50, R702, R508B, R1270, R740, R732, R717, R718, R704, R720, R142b, R402A, R401A, R401B, 
R1234yf are developed as java programs, furthermore by using these thermodynamic and heat transfer simula-
tions of refrigeration system components and complete systems are developed. Programs are freely avalable for 
all scientists requires to use such analysis. Program codes are availabale from adress www.turhancoban.com 
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Monte Carlo simulations allow for the calculation of accurate thermodynamic properties of a substance provided 
that the true intermolecular potential energies are known. We have performed Monte Carlo simulations in the 
isothermal-isobaric ensemble for argon covering a wide range of density along subcritical and supercritical iso-
therms. We utilized the accurate ab initio potentials of Jäger et al. for the pair interaction energies [1] and the 
nonadditive three-body contributions [2]. Quantum effects were accounted for by using the quadratic Feynman-
Hibbs effective pair potential [3]. Comparison with the best experimental data [4] gives proof to the high accuracy 
of our results for the gas, liquid, and supercritical phases. We also demonstrate the effects on the results when 
exchanging the three-body potential for a simple Axilrod-Teller-Muto potential, and what happens when the three-
body contributions or the quantum corrections are neglected. We conclude that our approach is able to add accu-
rate values for thermodynamic properties to the available experimental data, especially at extreme temperatures 
and pressures, and we are confident that it provides the foundation for constructing reliable fundamental equa-
tions of state from pure theory for substances where experimental data are difficult to obtain. 
 
REFERENCES: 
1. B. Jäger, R. Hellmann, E. Bich, E. Vogel, Mol. Phys. 107, 2181 (2009); corrigendum: 108, 105 (2010). 
2. B. Jäger, R. Hellmann, E. Bich, E. Vogel, J. Chem. Phys. 135, 084308 (2011). 
3. R. P. Feynman, A. R. Hibbs, Quantum Mechanics and Path Integrals, McGraw-Hill, New York (1965). 
4. R. Gilgen, R. Kleinrahm, W. Wagner, J. Chem. Thermodyn. 26, 383 (1994). 
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In building, the actual work lies in the thermal characterization scope. An autoclaved aerated concrete (ACC) 
panel was initially saturated and equipped with thermocouples placed at the boundaries and through the thick-
ness. The tested panel is placed between two test environments. The first environment reproduces inside building 
conditions, mean values are: temperature  22 °C and humidity  35%. The second one reproduces summer 
outside conditions, mean values are: temperature  26 °C and humidity  80%. 20 days thermocouples tempera-
tures recorded were exploited numerically. The numerical analysis is achieved thanks to a Matlab built algorithm. 
This allows moisture content monitoring through the panel by estimation. The numerical algorithm connects a 
difference finite numerical model -for heat transfer simulation- to a Levenberg Marquardt estimation algorithm.  

Before performing tests on the panel, prior tests were conducted on an ACC block. Prior tests are based on 
guarded hot plate and heat flow meter methods. This provides the thermophysical properties (thermal conductiv-
ity:  and volumetric heat capacity C) evolution related to moisture content (). Thus, thanks to the prior ex-
perimental work, empirical relationships between these different properties were defined: () and C(). The 
last two relationships are incorporated in the numerical model to connect the parameters (, C, ) and thus 
solve heat transfer equation. 

The obtained promising results are a crucial step before the next validation steps - performing other laboratory or 
in-situ tests applied on different materials - of the developed method. 
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In recent years, the hydrocarbon fuel of plant origin is increasingly being used for energy purposes. The reason 
for this is development of stand-alone generation, increasing attention to environmental aspects of energy produc-
tion, availability and renewability of biomass as a fuel, price increase of fossil fuel. A significant place in the bal-
ance of biomass usage for energy purposes occupy fuel pellets used both as a domestic fuel and as a fuel for 
electricity and heating plants. The disadvantage of fuel pellets is their high hygroscopicity, making them difficult to 
storage and transportation. One way to improve thermal and mechanical characteristics of pellets is the use of 
technology of low-temperature pyrolysis (torrefaction) [1]. Among the companies working in the field of torrefac-
tion we can distinguish Topell Energy (Netherlands), Thermya (France), Atmosclear (United Kingdom), Inte-
groEarthFuels (USA) [2]. Despite the interest to the development of technological process and to the creation of 
installations, realizing it, most of the projects today are in the state of establishing pilot samples. The lack of sig-
nificant progress in this direction is associated primarily with low energy efficiency of the process and, conse-
quently, unsatisfactory economic indicators of technology. 
 
It is well known that technologies of combined production are almost always more profitable than separate pro-
duction. A classic example in the energy sector is the use of cogeneration and trigeneration schemes. In Joint 
Institute for High Temperatures of RAS (JIHT RAS) the research, dedicated to justification of the combined torre-
faction technology is being conducted [3]. The commercial production of this technology consists of torrefied pellet 
fuel, electricity and, if necessary, thermal energy. Schematic diagram of the power technological complex is 
shown in the figure.  
 
The raw materials (pellets) are loaded into the hopper and subsequently pass three zones of reactor: pretreat-
ment zone, reaction zone and cooling zone (unloading zone). Holdup time in each zone is determined by the de-
sired properties of torrefied pellets (rate of weight loss).  
 
Part of the combustion products of gas-piston engine (GPE) passes through the gas-water heat exchanger (HE1) 
and then is sent to the cooling zone. After cooling zone the combustion products are mixed in a mixer with hot 
gas. The mixing ratio is regulated so that the temperature of the combustion products at the inlet of torrefaction 
zone keeps at a predetermined value. Further, the products of combustion consistently pass torrefaction zone, 
zone of preliminary preparation of pellets, and then enter the gas-water heat exchanger (HE2) of disposal unit. 

The selection of the optimal scheme and com-
position of energy-technological complex and 
characteristics of its units and installations, the 
determination of the optimal operating modes 
require large amount of variant calculations. 
For this purpose it is necessary to develop an 
adequate mathematical model and corre-
sponding program code.  
 
This paper presents the mathematical model 
of energy-technological cogeneration complex 
(ETCC) and the program implementation of it. 
The structure of the ETCC mathematical mod-
el consists of mathematical models of main 
and auxiliary units included in ETСС and inter-
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coupling between them, determined by calculation algorithms. The model of GPE is based on empirical relations 
– bench tests data. Thermodynamic characteristics of combustion products are calculated in the approximation of 
thermodynamic equilibrium. For the calculation of tube heat exchangers the classic calculation scheme is used. 
 
The mathematical model of low-temperature pyrolysis thermochemical reactor (torrefaction reactor) is based on 
the conservation equations describing the process of filtering the combustion gases through a porous medium, 
formed by a layer of pellets. The pellets layer is simulated as a layer of spheres of equal diameter with regular 
packing. Geometric characteristics of the package are defined in the approximation of linear Darcy's law accord-
ing to the filtration experiments data. 
 
Calculation program consists of five separate blocks: the calculation block of GPE and properties of the combus-
tion products; the calculation block of the pellets cooling section and combustion products mixing node, the calcu-
lation block of the heat exchange, the calculation block of preheating and torrefaction sections and calculation 
block of heat exchanger of disposal unit. 
 
The software package work results in: capacity of the complex on the main commercial products - torrefied pel-
lets, electricity and thermal energy; efficiency of fuel usage of the complex; operation modes of heat exchangers 
and combustion products mixer, which define the algorithm of automatic regulation. The results of calculations are 
presented. 
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National Standard Reference Service – NSRDS, was founded in 1965 -50 years ago, as an analogous USA Ser-
vice OSRD NBS. Russian NSRDS acts on a base of the Federal low “Assurance of Measurement Uniformity“ and 
a corresponding Order of Russian government. Under the frame of NSRDS there was developed around 1000 
Data on properties of substances and materials tables and Property measurement methods. They approved by 
Russian federal agency on standards, have a legal status as a National standard for official using in Science and 
Technology. According to Agreement between CIS Countries (“Agreement on cooperation on development and 
use Data on fundamental constants and properties of substances and materials“, Russia, Kazan, 2006 ) there 
was developed CIS Data System. To the beginning of this year over over 250 Tables and Methods were ap-
proved by a corresponding CIS Committee. 
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In recent decades Russia has seen a steady increase in the proportion of decentralized energy production. Ap-
plied schemes of small energy systems become more and more complicated: cogeneration and trigeneration, with 
thermal and electrical batteries, hybrid circuits, including the installation of renewable energy. Such complexes 
are operated in either autonomous mode or as a part of local distribution grid. The work of energy complexes is 
usually designed for consumers of housing and social sectors, which are characterized by significant fluctuations 
in the load: daily, seasonal. All this creates considerable difficulties in choosing the composition and characteris-
tics of the equipment of power facilities, their operation modes and control algorithms. As in «big power», the 
main trend of distributed energy is introduction of technologies of intelligent control of power facilities and power 
complexes, smart grids and power distribution systems. All these areas can be combined in one term – «microgrid».  
 

The development of universal mathematical models of power facilities and creation of modern computational pro-
grams that allow determining optimal composition, configuration and operation modes of energy complex in rea-
sonable time are necessary for solving the microgrid tasks. Universal program should take into account the daily, 
weekly and seasonal fluctuations of consumer’s load, and also - changing of climatic conditions, if the complex 
includes installation of renewable energy. The necessity of using large calculation horizons (1 year) with a small 
time step leads to the large dimension of the task, and the non-linearity characteristics make the task even more 
difficult to solve. When using the methods of nonlinear optimization calculation time can be decades of hours.  
 

To solve the task of optimization of power complexes of distributed energy we used the method of linear optimiza-
tion – simplex method. The task, formalized by system of balance equations for the flows of energy with appropri-
ate linearized models of the energy complex components, is reduced to a linear programming task. The purpose 
of calculations is minimizing the objective function – linear functional, built by the criterion of cost of energy pro-
duced. Constructed system of constraints (direction of energy flows, non-negativity of energy amount in accumu-
lators, constraints on their capacity, etc.) reflects the physical essence of the task. To reduce the dimension of the 
task we consider the conditions of applicability of the decomposition method. Generalized universal model of en-
ergy complex includes the entire set of possible within the task elements. A preliminary calculation eliminates 
from the scheme of energy complex elements with the lowest usage factor. The results of comparative calcula-
tions of power complexes of various configurations are presented. 
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In this work, undoped and ruthenium (Ru) doped nanostructure ZnO films were prepared by sol–gel method using 
spin coating technique. We investigated electrical properties of undoped, 1% and 5% Ru-doped ZnO/p-Si het-
erostructure in dark and under 20 40, 60, 80 and 100 mW/cm2 white light (visible light) illuminations using current–
voltage (I–V) measurements. The ZnO/p-Si diode exhibits a non-ideal behavior due to the interfacial layer and the 
series resistance. The values of main parameters such as ideality factors, barrier heights and series resistances 
obtained from different methods decreased with increasing illumination. It is seen that the values of main parame-
ters obtained from different methods are in agreement with each other. 
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Ionic liquids (ILs) due to their unique physicochemical properties are very attractive objects for industrial applica-
tions. Ionic liquids (ILs) have very low vapour pressure within their thermal stability range. Various high perform-
ance techniques such as quartz microbalance, transpiration, torsion, and Knudsen methods are currently used for 
the determination of vapour pressures and vaporization enthalpies of ILs. However, the common disadvantage of 
all these methods consists in impossibility to determine the vapour composition. This problem can be successfully 
solved using mass spectrometric approach. However, the mass spectrometric data on vaporization of ILs are still 
very scanty. This work is devoted to investigation of 1-butil,3-methylimidazolium tetrafluoroborate [BMIM][BF4] by 
Knudsen effusion mass spectrometry. 
 
A serial sector magnetic mass spectrometer modified for thermodynamic investigation was used. IL under study 
(Sigma-Aldrich, 99.9%) was loaded into the molybdenum cell with the vaporization to effusion area ratio of ~400. 
Gaseous species were ionized by the electrons with energy of 40 eV and emission current of 0.25 mA. Registra-
tion of ion currents was performed by Keythley 6485 picoammeter combined with Hamamatsu R595 electron mul-
tiplier. 
 
In electron ionization mass spectra at 472 K have been registered the ions presented in figure below which can 
be considered as the products of detachment of the methyl groups from cation as a result of its dissociative ioni-
zation by electrons. Besides, for the first time the fragment ion BMImBF2+ of ion pair was observed in mass spec-
tra of ILs. The mass spectra did not change with time. It is an evidence of thermal stability of [BMIM][BF4] within 
the temperature range 454-515 K. The decomposition of BMImBF4 was also controlled by IR spectroscopy. The 
IR spectra before and after mass spectrometric experiment were identical that confirm the conclusion on the ab-
sence of decomposition BMImBF4. The temperature dependencies of ion currents were measured and the vapor 
pressure and the sublimation enthalpy were determined. 
 

 
ACKNOWLEDGEMENT: This work was supported by Russian Foundation for Basic Research, project № 15-03-
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In the last few years, it has become important to use semiconductor compounds with a complex structure of en-
ergy bands, in which the delay in the onset of intrinsic conductivity is provided for a reasonably high charge-
carrier concentration. The materials with such features can be found among silver chalcogenides having a non-
spherical isoenergetic surface and a fairly large number of defects. Silver selenide is one of these materials. Sil-
ver selenide is a narrow-gap semiconductor, which has large values of electron and defect concentrations, as well 
as a low thermal conductivity of the phonon. 
 
The assumption of Ioffe 1 that an increase in U/ph (U-is the mobility of charge carries, ph - is the phonons 

thermal conductivity) is caused by a change in the kinetic properties of materials, is based on the fact that the 
additional number of defects is formed during the crystalline-lattice distortion. It means that a decrease in the 
phonon-phonon scattering is completely compensated by an increase in the scattering at impurities (or defects) 
2. Since the electron wavelength is larger than the phonon wavelength, this leads to the general increase in 
U/ph , which is favorably satisfied in Ag2Se.  
 
The mentioned features can be the cause of a high thermoelectric figure of merit Z of silver selenide. With the 
purpose of refining the desceribed features, we investigated the temperature dependences of the electrical con-
ductivity (T), Hall coefficient R(T), thermopower 0(Т) and the thermal conductivity  Tph . We list the data 

obtained for Ag2Se with the excess of Ag as high as -1,0 at.% and Se as high as 0,1 at.%. The Ag excess leads to 
an increase in electron concentration to 61020 sm-3, and the Se excess leads to its decrease to 11018 sm-3. 
 
As is known 3, 4, the basic parameter of a thermoelectric cell are  (the quantity determining the cell efficiency) 
and Z, which also describes its efficiency they are related by what follows:  

 
ZT

Z



1

1

0
          (1) 

where: 
tot

Z

 2

0 . 

Due to high concentration of defects in crystal of Ag2Se they are considered as radiation-proof materials and they 
can be used in the high-level radiation environment. 
 
KEYWORDS: Thermoelectric power, thermoelectric sensitivity, thermoelectric figure of merit, thermal conducti-
vity, defect. 
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Recently, thermally and electrically conductive polymer nanocomposites have attracted considerable attention 
because of their potential applications in advanced technologies, for example, in light emitting devices, batteries, 
electromagnetic shielding, anti-static, corrosion resistant coatings, and other functional applications. The introduc-
tion of conductive fillers such as graphite, carbon black, metal and metal oxide powders into the polymeric matrix 
is a promising approach to fabricate electrically conductive polymeric materials. The recent advancement of nano-
scale compounding technique enables the preparation of highly electrically conductive polymeric nanocomposites 
with low loading of conductive fillers. Nanocomposites may offer enhanced physical features such as increased 
stiffness, strength, barrier properties and heat resistance, without loss of impact strength in a very broad range of 
common synthetic or natural polymers. In this study the conductive fillers was silver nanoparticles (Ag), the matrix 
material was high density polyethylene (HDPE). Nanocomposites containing up to 5 volume % of Ag filler material 
were prepared by mixing them in a Brabender Plasticorder at 180 °C for 15 minutes.  
 
The heat capacity measurement of the samples was carried out at a heating rate of 10 ºC/min between -10 ºC 
and 200 ºC temperature range. For these measurements Perkin Elmer Diamond DSC (Differential Scanning Calo-
rimeter) was used. Calibration process of the DSC was performed by means of Indium, Zinc and Sapphire sam-
ples. Measurements were conducted according to the ASTM E1269 standard. 
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Surface treatments of materials can be done with plastic deformation and especially cold deformation. But, in this 
method, shape of parts changes. Surface treatment of a part in its final shape can also be done with manufactur-
ing methods such as casting, plastic deformation, welding, machining without any plastic deformation. Various 
quenching types, carburization, ion implantation in plasma and various nitriding methods such as salt bath nitrid-
ing, gas nitriding, plasma nitriding can be given as examples for this situation. Plasma nitriding and ion implanta-
tion show some differences from rest of these methods. But, mechanisms of plasma nitriding and ion implantation 
methods are also different from each other. In plasma nitriding, nitrogen ions (N+) were accelerated towards to the 
material surface with low velocities and low forces that were generated with low electric field strengths. Herein, 
penetration of nitrogen ions (N+) to surface is mostly takes place with diffusion. In ion implantation, nitrogen ions 
(N+) are implanted to the surface of material with high velocities and high forces by applying high electric field 
forces to nitrogen ions in plasma. Implantation of nitrogen ions to surface takes place due to the high velocities 
that depend on the high kinetic energies. In this study, treatment of material surfaces with ion implantation is dis-
cussed. In this process, nitrogen plasma is generated in a vacuum chamber where also samples are found in. By 
applying high electric field forces to nitrogen ions (N+), they are implanted to the surfaces of samples which are 
electrically negative polarized.  
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At the present time a significant part of the largest deposits of dry gas in Russia are at the falling production 
stage. In the next decades, the main reserve are added raw material resources base will be accounted for by the 
deposit containing in gas condensate being most valuable raw materials for petrochemical industry. In size of 
design condensate recovery factor (CRF) almost 50 % condensate reserves it is connected with objects, for which 
CRF statement within the range of from 0,6 to 0,7, still for 25 % is below than 0,6. Design factor of extraction 
sharply decreases in accordance with growth of the content gas condensate. At the content of condensate in gas 
within the range of from 400 / м3 and above CRF not exceed 0,6 1. At development of Vuktyl'skij NGCF on natural 
mode during 20 years CRF accounted for 30%. Such discrepancy of modern design and field values of the CRF is cau-
sed apparently by insufficient mechanisms level of scrutiny of filtration of gas condensate mixes in deposit conditions. 

Developing of gas condensate fields possibly significant decrease of efficiency of operational wells. Depending on 
termobar conditions in gas condensate layer one of two modes of filtration is implemented: single-phase, in the 
case of finding of hydrocarbon mix in beyond stall area of phase diagram of condition, and two-phase, in the case 
of finding of mix in two-phase area of phase diagram. At the same time gas and liquid phases have various hy-
drodynamic mobility, therefore at development of gas condensate fields it is necessary to deal with production 
constantly varying their composition. Process of loss of liquid phase in porous skeleton of the layer at decrease of 
deposit pressure it is accepted to name retrograde condensation. In the case of occurrence of similar condensate 
in porous layer space decrease of the fluid charge or even total stoppage of filtration takes place. In such a man-
ner, it is possible to say about formation of gas condensate fuse. 

Theoretical researches of filtration of mix of hydrocarbon conducted at present in porous Wednesdays if there is 
phase transitions showed that arising oscillations of the flowrate the wells are described oscillatory system of 
oscillatory type. Second by necessary condition of occurrence of such system is finding of gas condensate sys-
tem in retrograde area on phase diagram, when at mix pressure decline liquid loss takes place. Properties of os-
cillatory system unambiguously are defined by boundary conditions for pressure (area on pressure on phase dia-
gram of mix is defined) and molar share of easy hydrocarbon at the inlet (Particular point on phase diagram of mix 
is defined). Presence of areas with zero phase permeability is the base of implementation of feedback of oscilla-
tory system. Depending on properties of oscillatory system and sustained oscillations - occurrence of self-
sustained oscillations are possible both fading, Here is system power supply by energy (layer), and energy supply 
does not take place arbitrarily, and is implemented through actuator actuated by system itself. The actuator acts 
as feedback between oscillatory system and energy source (layer), supplying supply of energy in necessary mo-
ment of the period of oscillations. In such a manner, substantially the concept of hydrodynamic effect is ex-
panded. It is not necessarily wave impact, and any impact (pressure, composition, temperature) of wave type 
enabling to use layer energy, i.e. to form such control system of oscillatory system of oscillatory type which would 
supply movement and gas and liquid phases. 
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The growing concern of climate change and global warming has in turn given rise to a thriving research field dedi-
cated to finding solutions. One particular area which has received considerable attention is the lowering of carbon 
dioxide emissions from large-scale sources, that is, fossil fuel power. This article deals with the ionic liquids used 
as a new medium for CO2 capture and calculation of their thermophysical properties in a wide range of tempera-
tures and pressures. 
 
We present in this work, the CO2 solubility in 1-butyl-3-methylimidazolium bis (trifluoromethylsulfonyl)imide 
[BMIM][NTf2] or 1-hexyl-3-methylimidazolium bis (trifluoromethylsulfonyl)imide [HMIM][NTf2] at T = (273.15 to 
413.15) K, and pressures up to p = 4.5 MPa are presented. The measurements were carried out using the iso-
choric method as a function of temperature ranging from T = (413.15 to 273.15) K in decrements of 20 K at se-
lected four different pressure steps ranging from around 4.5 MPa to around 0.5 MPa. The temperature depend-
ency of Henry’s law constant was calculated and the average deviation of the Henry’s law constant is always 
better than ±1%. Thermodynamic properties of solution such as the free energy of solvation, the enthalpy of sol-
vation, the entropy of solvation, and the heat capacity of solvation were calculated to evaluate the solute-solvent 
molecular interactions. 
 
Also, the (p,ρ,T) properties of ionic liquids at T = (273.15 to 413.15) K and pressures at p =( 0.101 to 140 ) MPa 
were investigated using a new, modernized high pressure and high temperature Anton-Paar DMA HPM vibrating 
tube densimeter. The thermophysical properties [isothermal compressibility κT(p,T)/MPa-1, isobaric thermal ex-
pansibility p(p,T)/K-1, thermal pressure coefficient γ(p,T)/MPa·K-1, internal pressure pint(p,T)/MPa, specific heat 
capacities cp(p,T)/Jkg-1K-1 and cv(p,T)/Jkg-1K-1, speed of sound u(p,T)/ms-1, isentropic expansibilities κs(p,T)] 
were calculated at high pressures and temperatures, in which the density of ionic liquids were measured. The 
required heat capacities cp(p0,T)/Jkg-1K-1 at ambient pressure for these calculations obtained using a Pyris 1 
differential scanning calorimeter. 
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Density measurements of n.butanol+ ethylbenzene have been carried out in a temperature range from 290 K to 
560 K at pressures up to 60 MPa using a density apparatus with a dual path length cell.  
 
For experimental investigation the hydrostatic weighting method has been chosen modified variant of the experi-
mental installation has been assembled. The measurement has been carried out with a maximum error of 0.08 % 
in the whole state parameter region under study.  
 
A detailed analysis of the concentration dependence of p-V-T data of studied systems has shown, that concentra-
tion dependence of the density deviates from the additive it line and changes with temperature and pressure.  
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The analysis of the given experimental shows that for all the substances investigated the equation of state pro-
posed by Naziyev and Hasanov is suitable: 

pCpBA  5.04 ,       (1) 
Where p is the pressure, MPa;  is the density of substance, g/cm3; A, B, C are the temperature (T, K) depend-
ent coefficients. The A, B, C coefficients are calculated for each isotherm by the least squares method and are 
described analytically as 
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The equation (1) with account of (2) describes all the experimental data with an average error of 0.05-0.1%. The 
coefficients ai, bi and ci have the concentration dependences. 
 
The generalization of the experimental data is of great interest in vien of information storage in the form of equa-
tion and prediction of properties of the object investigated. The proposed method of a comparative calculation 
attention of investigators by its simplicity and universality. This method allows to predict the properties of the third 
solution with the help of the two ones and also to extrapolate the properties of the system.  
 

A NEW VISCOSITY-SURFACE CORRELATION FOR PROPANE 
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The exact knowledge of thermophysical properties of fluids with industrial importance is needed for a more accu-
rate basic design of compressors, gas turbines, and gas pipelines. Transport properties of propane, in contrast to 
the thermodynamic properties, are not sufficiently well known, particularly in the near-critical region. REFPROP 
9.1 of Lemmon et al. (2013), the current NIST standard data base, recommends the correlation of Vogel et al. 
(1998) to calculate viscosity values. This viscosity-surface correlation is characterized by uncertainties of ±(2.5-
4)% in their range of validity. It was based on an outdated equation of state of Younglove and Ely from 1987, 
whereas REFPROP 9.1 recommends the reference equation of state of Lemmon et al. (2009) for calculating 
thermodynamic properties of propane. 
 
Recently, Seibt et al. (2011) performed new very accurate viscosity measurements including the near-critical re-
gion by using a vibrating-wire viscometer combined with a single-sinker densimeter. The uncertainty of these data 
was conservatively estimated to be ±(0.25-0.4)%, increasing with temperature and in the near-critical region. 
Consequently, they are considered to be primary data. In addition, viscosity measurements by Wilhelm et al. 
(2001) were re-evaluated (2011) and have to be considered as primary data, too. 
 
Based on the new reference equation of state and on the improved data situation in the dense-gas region, a new 
viscosity-surface correlation for propane was generated using the structure-optimisation method by Setzmann 
and Wagner (1989). The bank of terms comprises expressions for different regions: the limit of zero density, the 
higher-density fluid region, and the near-critical range. The structure of the expressions for the region near to the 
critical point was based on the work of Herrmann (2015). Calculated values using the new viscosity-surface corre-
lation were compared with the primary data sets, which were used in the development of the correlation. In addi-
tion, the correlated values were compared with values resulting from the earlier viscosity-surface correlations of 
Vogel et al. (1998) and of Scalabrin et al. (2006). 
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Increase of fuel oils and lubricants stability towards oxidation during the long time preservation and exploitation – 
one of the actual problems of modern chemmotology. The only way of lubricants and oils stabilization is the addi-
tion of the antioxidative additives. The different substituted aromatic 1,2-aminothios have been synthesized and 
the relationship between their structure and antioxidative properties was investigated. In generally the obtained 
compounds can be presented as:  

R-CH2-CH(SH)-CH2-NH-C6H4(R|), R – H; CF3CH2O; R| -H; CH3; OCH3 
1, 2- Aminothiols have been obtained by the interaction of thiirans with different substituted aromatic amines in 
the following conditions: thiiran : amine = 1:2; reaction time 12 hours; temperature 90-1000C. The reaction was 
carried out in the sealed tube. The yield was 50-84%. On the basis of aminothiols the new perfluor-containing 1,2-
aminopropanthiols have been synthesized. It should be noted that up to date the interaction between 1,2-
aminopropanthiols and methyltrifluor pyruvate wasn’t studied. The presence of two active groups (NH and SH) 
into the 1,2-aminopropanethioles molecule allow to assumed that not only C-alkylation but also S-alkylation and 
cyclization under the influence of strong electrophilic reagent methyltrifluorpyruvate will be able to realized. The 
results of investigation have been shown that the interaction between 1,2-aminothios and methyltrifluor pyruvate 
can be realized only in the direction of C-alkylation of aromatic ring in para-position towards NH – group: 
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R'
CF3 C

O
COOCH3

(1:1); CCl4
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OH
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Structures of the synthesized compounds have been confirmed by IR- and NMR spectroscopy analysis; purity – 
by elemental analysis and thin-layer chromatography. Antioxydative properties of the synthesized compounds 
have been studied by chemiluminescent analysis in petrolatum oil at 200 0C by means of equipment elaborated in 
the Institute of Chemistry of Additives of NASA (analog of CHK chemiluminescent installation, elaborated in the 
Institute of Chemical Physics of National Academy of USSA). It was found that synthesized perfluor-containing 
1,2-aminopropanthiols are effective antioxidants for petrolatum oil.  
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The main reasons for these studies are increasing of mechanical properties, durability and to expand the applica-
tion fields. Since 50's years of last century a number of studies and experiments were carried out in the field. 
Many research investigations are devoted to the influence of the tin (Sn) to titanium alloys. In this paper, the re-
sults of the addition tin in Ti-12Mo-xSn (x=2,4,6) group of titanium alloys have been analyzed. There are various 
studies on the effect of Sn in titanium alloys. As an example, in [1,2] were shown (Ti-Zr) 1.5Mo- xSn (x=2,3,4) 
group (50Ti-50Zr is base) and Ti-7.5Nb-4Mo-xSn (x=0,1,2,3,4) group alloys. 
 
Surveys exhibit a shape memory effect and superelastic property by changing amount of tin in the (Ti-Zr)-1.5Mo-
xSn (x=2,3,4) alloys. In this group of alloys, the most stable superelastic property is observed in (Ti-Zr)-1.5Mo-
3Sn. In this alloys the superelastic recovery strain showed a strong dependence on heat treatment temperature 
after cold working. by the increasing temperature during termal treatment the superelastic recovery strain were 
increased. The (Ti–Zr)–1.5Mo–3Sn alloy heat treated at 1073 K exhibited excellent superelastic properties with a 
large recovery strain as large as 7% [1]. 
 
During the studies of Ti-7.5Nb-4Mo-xSn (x=0,1,2,3,4) were found that Sn is a strong stabilizer of the beta phase, 
which is effective in suppressing the formation alpha double prime and omega phases in the alloys. Furthermore, 
the addition of tin has a significant effect on the mechanical properties of alloys. With the increase of Sn addition, 
the yield stress of the alloys is increasing, but their elastic modulus, the fracture strength and the ductility is de-
creasing [2].  
 
Researches on Ti-12Mo-xSn (x=2,4,6) group alloys shows that, addition of Sn is stabilizing beta phase in alloys. 
As in the previous studies Sn have great impact to the mechanical properties of alloys. Research shows, that the 
increases amount of Sn and determine the thermal and mechanical enamels, the results are very different from 
the results of the initial Ti12Mo In studied alloys increasing weight percentage of Sn increases yield point, but 
young's modulus and elongation is decreased. ( Fig. 1). 

 
Fig 1. Tensile test results. 
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Results of researches whenever possible receiving a portlandtsement from clinker with the thermoactivated addi-
tive additive as which damp asbestos-cement waste acts are given in work, the way of preliminary thermoactiva-
tion of damp asbestos-cement waste by their giving on a layer of the hot clinker leaving the furnace for clinker 
roasting is described. It is noted that the cement received by a clinker grinding with the thermoactivated asbestos-
cement additive additive on physicomechanical properties conforms to requirements of GOST 10178-85 and Öz 
DSt (State standard of Uzbekistan) 913-98 of all-construction cements and of cements for production of asbestos-
cement products. Are developed the standard of the organization (Ts) on the asbestos-cement waste thermoacti-
vated as an additive additive to clinker and the technological instruction (TI) on carrying out process of thermoac-
tivation of asbestos-cement withdrawal for industrial development of the developed technology. 
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In this research with using academic V.P.Goryachkin’s plow’s tractive force’s rational formula; plow’s metal capac-
ity’s efficiency, agricultural machines’ effective complex’s and increasing productivity of theoretical basis, also 
theoretical initial conditions of disc plow’s force characteristics’ and tractive resistance’s research’s prerequisites 
were defined. At the same time deformation of the soil with agricultural machines and dynamics of deeply emol-
lient, settlement system of aggregate, dynamic system of plowing were explored. According to rational formula of 
tractive force’s, which was used and proposed agricultural mechanics’ fundamentals by academic V.P. Goryach-
kin:  

    2abvkabfGR  ,       (1) 
interpretation of the formula give an opportunity to plow trunk which is used in efficiency. 

If we use rational formula (1) of plow’s traction, plow’s efficiency changes depending on plow trunk’s number n: 
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here n is number of trunks. 

If we mark plow’s metal capacity with “q” and if we take into consideration 
bn
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q   , we get for efficiency: 
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We see from the formula (3) that, if “q” metal capacity increases “μ” efficiency reduces. Three-bodied plows have 
minimum material capacity, but if the number of trunks increase, for example eight-bodied plow’s material capac-
ity increasing by 1.6 compared with the three-bodied and thus if plow’s trunks are more than 3, for each trunk 
material capacity increases to 13%. 
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Method of maximum pressure in gas bubble in two-capillary modification are measured density and surface ten-
sion of liquid alloy 94,2 % mas. uranium - 5,8 % mas. chromium in the interval of temperatures Tm.p. - 1900К. As 
method of research method of maximum pressure in gas bubble is chosen. To advantages of method well devel-
oped theory, constant updating of the surface of formed bubble during experiment relates, from given one ex-
periment density and surface tension of under study corium receive. However at traditional execution of this 
method with one capillary tube a series of methodical difficulties arises. First, accuracy of measurement of surface 
tension is limited of accuracy of registration of the capillary tube immersing depth to corium. Secondly, it is neces-
sary to correct for curvature of the meniscus in the crucible which is defined by boundary angle of coating with the 
crucible material corium and surface tension of under study substance which can change during experiment In 
given work two-capillary outline of method of maximum pressure in gas bubble for the first time offered in [1] is 
realised. Application of two capillary tubes of various diameters immersed to corium, eliminates necessity of the 
account of curvature of the meniscus in the crucible, and immersing depth enters amendment, size of which is 
small as compared with measured sizes. 
 
At research of density of high-temperature and chemically active substances because of complexity of filling of 
pycnometer and difficulties connected with the control of the level of corium in dilatometer, method of maximum 
pressure in gas bubble becomes to competitive that two the most common methods of density research. 
 
Experimental installation and the technique of execution of measurements are described. Confidential error of 
received data is appreciated. Experimental data of density and surface tension of alloy uranium - chromium are 
received for the first time. In investigated temperatures interval properties of corium decrease linear with growth of 
temperature. 

ρ.103 = 19,11 – 2,2215 Т 
σ = 2548,8 - 0,5960 T, 

where ρ - density in kg/m3, σ - surface tension in mN / m, T - temperature in К. 
 
Confidential error measuring ρ and σ are appreciated equal ±28 kg/m3 and ±52 мN/m. Reliability of experimental 
data received on given technique on this experimental installation, is recognised in modern reviews and reference 
books by results of research of density and surface tension of uranium up to temperatures 2100К [2,3].  
 
It is shown that within the limits of accuracy of experimental data of density of uranium and chromium molar vol-
ume of alloy uranium-chromium is described by the equation of the type additivity υalloy = υ1 χ + υ2 (1-χ), where 
υalloy, υ1, υ2 - molar volumes of alloy and his components, χ there is a molar concentration of the component. 
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In this study, experimental analysis were carried out to investigate static response of flat polymeric composite leaf 
springs for light commercial vehicles. As reinforcement material 600 gr/m2 by weight, 0/900 orientation angles of 
E-glass and as resin material epoxy were used. Leaf springs were produced by vacuum assisted resin transfer 
molding method (VARTM) with specially designed mold. After curing process at 80 0C during 8h, specimens were 
cut by water jet. Composite leaf springs had approximately 53% fiber volume fraction and 28mm thickness at 
center. 
 
Tests were conducted by a novel design leaf spring test machine and a novel design link mechanism for flat leaf 
springs, which have 2014/05721 and 2014/05719 corresponding patent application number to Turkish Patent 
Institute. Experiments were repeated with three specimens for reliability and conducted according to Society of 
American Engineers standard of SAE J1528.  
 
Experimental results show that E-glass/epoxy composite spring characteristic and static load carrying capacity 
are approximately 100 N/mm and 21kN respectively. Results were discussed in detail at the end of the study. 
 
KEYWORDS: Composite leaf spring, vacuum assistant resin transfer method (VARTM), mechanical properties. 
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In this study, PbO and Se element were added to the glass ceramic BSCCO system and thermal properties were 
investigated. For determination of crystallization kinetics under non-isothermal conditions, BSCCO glass samples 
were first heated at the rates 5, 10, 15 and 20 K min-1 to 850 K. It is known that the start of crystallization tem-
perature associates with the nucleation process, and the peak temperature is related to the growth process. Ki-
netics parameters were determined for different heat treatment applied samples by using Johnson –Mehl –Avrami 
–Kolmogorov (JMAK) equations. The values of peak crystallization temperature and glass transition, activation 
energy have been calculated by using Kissinger, Takhor and Augis Bennett equation.  
 
It is observed that the Tg and Tp values increase with increasing heating rate. PbO together with Se doped glass 
transition temperature for the samples (Tg) of between 733 ± 0.5 and 749 ± 0.5 K, crystallization to start the tem-
perature (Tc) of 739 ± 0.5 to 759 ± 0.5 K, the temperature of the top point of the crystallization peak (Tp) is 746 ± 
were calculated between 0.5 and 766 ± 0.5 K. Crystallization activation energies calculated according to Kiss-
inger, Takhor, Augis-Bennett equation were calculated .The activation energy was seen to have risen with the 
increasing PbO and Se contribution.  
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According to [1], the presence of fine particles in air poses a serious threat to public health. These considerations 
are reflected in the US National Ambient Air Quality Standards (NAAQS) that limit the concentration of PM2.5-class 
particles (i.e., the particles with diameters smaller than 2.5 µm). The emission of submicron particles in the proc-
ess of coal combustion is one of the sources of such air contamination. The danger comes not only from the par-
ticles themselves but also from various hazardous substances (e.g., certain toxic microelements present in coals 
[2]) that may condense at the particle surfaces. The bulk condensation of vapors of compounds originating from 
the mineral part of coals in the process of combustion (solid-vapor-particulate pathway [3]) is considered to be a 
probable mechanism of submicron particle formation. In order to capture the mentioned particles efficiently, one 
should determine the parameters (such as the concentration of particles and their size distribution) of condensa-
tion aerosols formed in the process of combustion. These parameters may be obtained via numerical modeling of 
the bulk condensation process.  
 
The products of combustion of coals are essentially a multicomponent reactive system. So it is reasonable to 
apply a complex (thermodynamic and kinetic) approach [4] to simulation of submicron particles formation in this 
case. In accordance with this approach, the compositions of the gas and condensed phases and the order of 
condensation of various substances with the reduction in temperature of the combustion products along the proc-
essing route are determined first using the methods of chemical thermodynamics. The thermodynamic analysis 
results are then used at the second stage to determine the desired condensation aerosol parameters by solving 
the kinetic equation of bulk condensation [5].  
 

The products of combustion of 15 types of power-station coal from different deposits located in Russia and sev-
eral other countries were the objects under study. The composition of all these coals varies greatly. Their ash 
content varies from 5.75 to 48.0%, sulfur content varies from 0.3 to 6.5%, potassium content varies from 0.4 to 
3.5%, and sodium content varies from 0.2 to 1.9%. 
 

The compositions of coal combustion products were calculated as functions of temperature with the use of the 
upgraded TETRAN software that was developed under the supervision of one of the authors of the present paper 
(E.V. Samujlov) and implements the technique for calculating the composition and properties of multiphase reac-
tive systems [6]. A total of 194 compounds formed from 14 atoms were included into the calculations. The calcula-
tions were performed for a four-phase system (a gas phase and three condensed ones). 
 
Based on the results of thermodynamic analysis obtained in the first stage, a closed model of the submicron parti-
cles formation in the coal combustion products was provided:  

1. The formation of condensable components (potassium sulfate) in the gas phase in the approximation of 
the thermodynamic equilibrium;  

2. The formation of condensation aerosol of potassium sulfate considering the kinetics of the process.  

On the basis of the computer implementation of the proposed model, a numerical simulation of the bulk conden-
sation of potassium sulfate in the flow of combustion products at their cooling was realized.  
 
According to obtained results, with decreasing of potassium content in the coal the number density of particles 
increases and their average size decreases. The calculated values of the average size coincide with the experi-
mental data presented in [7], with accepted value of the condensation coefficient of 0.1. The particle size distribu-
tion is lognormal. Moreover, dispersion of the distribution increases with decreasing of potassium content in the 
coal. 
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A large amount of research on plasmonics has been devoted to noble metal nanostructures, which to control elec-
tromagnetic energy flow on nanometer length scales. The interesting thing about metals is that they have free 
conduction electrons and their collective oscillations on the surface of metals create quantized particles called 
surface plasmons. In the presence of photons surface plasmons couple with photons to create new particles 
called surface plasmon polaritons (SPPs). The study of SPPs is called plasmonics. Metallic nanostructures have 
applications in biophotonics and sensing. Recently there is an interest in studying SPPs in metallic nano-hole 
structures experimentally and theoretically [1, 2]. They provide simple way to excite SPPs at perpendicular inci-
dence without varying the angle of the incident beam. It is found that these structures transmit more radiation than 
that of incident light due to the presence of SPPs in these structures. We have investigated theoretically and ex-
perimentally the transmission of light in metallic nano-hole structures in the presence of SPPs. The transmission 
spectrum is measured for several samples having different radii and periodicities. We found that the spectrum has 
several peaks. The effective dielectric constant of this structure are calculated by using the transmission line the-
ory [3]. Using effective dielectric constant the SPPs are calculated using the transfer matrix method and it is found 
that the SPP energies are quantized. A theory of the transmission of light has also been developed using the 
quantum density matrix method. The transmission expression is compared with experimental results of three 
samples and a good agreement is found between the theory and these experiments. We found that the location of 
the transmission peaks in can be modified by changing the periodicity and radius of the nano-holes. This can be 
achieved by applying an external laser or pressure pulse on the structure. These results can be used to make 
nanosensors and nanoswitches for medical and engineering applications. 
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Up to now, the structure and chemical composition of porous zeolite materials have been studied adequately, but 
there is insufficient knowledge about the physical properties associated with transport phenomena. This situation 
in particular is related to the electrical and thermo-electric properties. The study of electrical conductivity, thermal 
electromotive force, dielectric permittivity, dielectric loss, and other parameters are important for the solution of a 
number of fundamental and applied problems of advanced porous materials. This is true when it comes to deter-
mining the activation energy, concentra-tion and mobility of charge carriers, and the relaxation time. Electrical 
properties of natural zeolite, in practice have not been studied up to now. This is due to a number of objective 
difficulties namely; formation in nature in the form of small (0.1-0.01 mm to 1 m) crystals, filling its cavities and 
channels by water molecules, the difference in the cation composition, the presence of phase boundaries and the 
presence of impurities [1]. It is necessary to identify the factors affecting the dc conductivity to improve the micro-
electro-optic applications of aluminosilicate materials [2]. Therefore, we study the bulk electri-cal conductivity of 
natural zeolites to understand the thermophysical properties of the porous materials which is required to ensure 
proper optimization of gas discharge electronic device (GDED). Transport mechanisms were interpreted in details 
for GDED with zeolite cathode. It was shown that electronic conduction also contributes to ionic conduction which 
occurs in rare earth cations located in zeolites’ inner structure, which occurs due to possible electron multiplica-
tion in pores and gas discharge gap. Thus, the main aim of our study was to show how pressure-driven new 
mixed electronic and ionic transport mechanisms of aluminosilicate materials occur when zeolite plates are used 
as a cathode in GDED. Consequently, our important experimental result is a required stage for understanding the 
zeoli-te electrical conduction mechanisms in mode of enhanced electric field.  
 
The electrical characterizations of nanoporous zeolite and transport mechanisms were studied for the first time in 
a wide operating temperature range (28-800 K), gas pressure (10-2-760 Torr) and elec-tric field strength (60-200 
kV/cm) at room temperature. The influence of temperature, gas pressure and electric field on the dc conductivity 
was described. The resistivity decreased from 2.341010 to 2.17108 .m whiles the temperature increased from 
28 to 800 K which is associated with the ionic mobility. The existence of water in the channels and pores is the 
decisive parameter in the ionic transport and it de-pends strongly on the electric field and gas pressure. When a 
high voltage was applied to gas discharge gap and porous structure, ionization phenomena increased. In this 
stage, electronic conduction also contributed to zeolite dc conduction. Therefore, understanding of the ionic and 
electronic transport mechanisms and thermophysical properties of the porous materials are essential in enhanc-
ing applica-tions in microdischarge devices with nanoporous zeolite cathodes [3].  
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The unified thermodynamic model that allows to calculate the parameters of the critical point and binodal for insu-
lator-metal (vapor-liquid) phase transition in the vapor of various metals, semiconductors and ionic salts (alkali 
halides) is suggested. The model is based on the assumption that the transition is appeared in a dense atomic 
gas (gas near the critical point) due to special kind of attraction between the atoms caused by the appearance of 
the conduction electrons and conduction band. For liquid and solid metallic states this attraction is well known – it 
is a cohesion (cohesive energy). For atomic hydrogen [1], alkali metal vapors [2] and the gas of excitons [3] cohe-
sion can be calculated analytically for all atomic densities. For most other metals and other substances (such as 
semiconductors, inert gases, halides et al) having many-electron valence shell, cohesion can be calculated only 
numerically using the Hartree-Fock method and the density functional theory. For such substances, we used the 
scaling dependences for energy coupling, generalizing the results of numerous numerical computations and des-
cribes a simple and universal expression for various types of binding energy [4] (Universal Bind Energy Relation, 
UBER). Universal expression for the cohesive energy is defined through evaporation energy, normal density and 
isothermal elastic modulus of the metal at normal density.  
 
Isotherms for all substances, considered as in [1, 2], when the temperature decreases show the appearance of 
the van der Waals loops, which clearly indicates the presence of the first order vapour-liquid phase transition. 
Analyzing the isotherms we can immediately estimate the critical temperature, density and pressure. Calculations 
are performed for the alkali and alkaline earth metals, Boron group and transition metals, and noble metals, semi-
conductors (Ge, Si, C, Se, S). We applied our model to the calculation of the critical parameters of the vapor-
liquid transition in halides also.  
 
The calculated critical point parameters are in reasonable good agreement with the experimental data for the 
alkali metals and with estimates of the critical point parameters for most metals made by other authors. The 
model allows to calculate analytically the vapor-liquid phase transition binodal for all considered substances and 
to obtain the density of the liquid and the gas phases near the critical point. The liquid phase is a metallic one 
because it contains conduction electrons. Transitions in liquid metal state precedes the formation of a new, un-
usual substance – Likal'ter gaseous metal. The analogy of this phase transition in metal and semiconductor va-
pors is discussed.  
 
Thus, in this work we propose a new method for calculation the parameters of the critical points and binodal of the 
vapor-liquid transition (insulator-metal) in the metal vapors, semiconductors and halides. All transitions are of the 
same nature, as described by an unified thermodynamic model, which is based on a single hypothesis about the 
dominant role of quantum collective interatomic bonding energy – cohesion for condensed matter, and in the gas 
near the critical point.  
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Interest to the co-firing of different kinds of coal and different types of biomass is caused by tendency to wider 
usage of renewable hydrocarbon raw materials in energy purpose and to enhance the consumer characteristics of 
low-grade fossil solid fuels. One of the purposes of combustion studies of coal-biomass mixtures is to clarify the 
possibility of predicting the behavior of such mixtures on the base of the characteristics of their components. In 
the scientific literature there is no common opinion on this subject [1]. 
 
In this paper as initial raw materials there were considered coal slack, straw and their mixtures with different mass 
fractions between components. The coal slack has little content of volatile matters (about 18% by mass) and high 
ash content (about 47%) in its composition. On the contrary straw has moderate ash content (about 8%) and high 
content of volatile matters (72%). Investigations were carried out with the help of the analyzer SDT Q600, which 
allowed applying the methods of thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). 
The experiments were carried out in inert (nitrogen) and air atmosphere. The heating rate was equal to 20ºC/min. 
On the basis of the experimental TG, DTG and DSC curves, measured in nitrogen and in air for straw and coal 
slack, the corresponding weighted average curves for mixtures of straw and coal slack at different mass ratios 
between the original components were calculated. Comparison of the calculated and measured DTG curves in 
nitrogen showed, that when mass fractions of coal slack and straw in a mixture are approximately equal, in the 
temperature range, corresponding to yield of volatile products as a result of thermal decomposition of straw, there 
is observed a noticeable increase in the measured rate of mass loss in comparison with the calculated value. In 
the end it leads to a reduction of mass of solid residue by 10%. Increasing the mass fraction of any component in 
the mixture results in a reduction of this effect. 
 
Comparison of the calculated weighted average DTG curves with experimental DTG curves in air showed that for 
all mixtures of straw and coal slack in the temperature range corresponding to oxidation of straw, the experimen-
tal values of the rate of mass loss is less than the calculated values. On the contrary, in the temperature range, 
corresponding to oxidation of coal slack, the experimental values of mass loss rate exceed the calculated values. 
In both cases the difference between the experimental and calculated values increases with increasing mass 
fraction of the coal slack in the mixture. The experimental values of heat release are higher than the calculated 
values practically in the whole temperature range. From a comparison of the TG and DSC curves one can con-
clude that an addition of straw contributes to a more complete burning-out of the coal slack. 
 
Application of TGA and DSC to investigations of mixtures of coal slack and straw with different mass ratio be-
tween the mentioned components made it possible to detect the conditions at which non-additivity of mixture 
properties as respects to the rates of thermal decomposition and oxidation, as well as to the heat release during 
burning takes place. 
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Spiropyrans are among the most important classes of photochromic compounds due to high quantum efficiency of 
their photoinduced rearrangements by the reversible photochemical broken of the Cspiro-O bond in the 2H-
chromene ring [1]. 
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It must be pointed out that spiropyrans may show their photochromic properties in solution and in polymeric films 
[1]. For practical applications (recording and storage of optical information, 3–D memory etc.) is very important to 
use spiropyrans possessing photochromic properties in the solid phase. 
 
New spiropyrans both of indoline and benzoxazine series containing formyl group in [2H]-chromene fragment 
have been synthesized. Photochromic properties of this compounds thin solid films have been investigated. 
 
Thin solid films of spiropyrans were obtained during vacuum thermal deposition of target compounds onto quarts 
or glass plates. The VUP-4 apparatus was used for vacuum deposition (remaining pressure ~ 1,5•10-5 Torr, tem-
perature of evaporation ~250– 400 °C). Control of the film homogeneity had been realized with the polarity inter-
ference microscope MPI – 5 (PZO Warzawa, Poland) by scanning two coordinate axis and observing interference 
signals. Electronic absorption spectra of the spiropyran thin solid films were taken using “Specord UV VIS” spec-
trophotometer supplied special rotating mirror. Documator DDB–2 (Germany) unit was used for irradiation. 
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1,3,3-Trimethyl-6´-formyl-8´-allyl-indoline-2,2´-[2H]chromene IV containing 
free formyl group in 8´-position was synthesized. This spiropyran shows 
photochromic properties in thin solid films obtained during vacuum thermal 
deposition onto cooling glass or quartz plates. After irradiation by UV light 
λmax 365 nm photoinduced form of spiropyran 1 (λmax 567 nm) was generated 
(Fig.1). The back reaction of the spiropyran VI photoinduced form of can run 
thermally or by visible light irradiation (Fig.2). 

1 
Among three spiropyrans of benzoxazinone series containing formyl group in 6΄ (2) or 8΄ (3, 4) position only com-
pound 3 shows photochromic properties in thin solid films obtained by vacuum thermal deposition (λmax of 
photoinduced form 595 nm). However, their light sensitivity is very low. 
 
We have y studied photochromic properties in solid state of two spiropyrans 5 and 6 containing ortho–located 
formyl and hydroxy groups. Absorption spectra of these compounds are represented at Fig. 3. Long–wave maxi-
mums of photoinduced forms are at λmax 520 nm for compound 5 and 550 nm for 6 correspondently. 
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Fig.1 Changing of absorption spectra of thin solid film of 
spiropyran 1 depended UV irradiation time: 1,2,3,4,5 - 0, 
60,120,300, 600 seс irradiation (λmax 365 nm) corre-
spondingly; 6,7,8 – following 60, 300, 600 sec irradiation 
(λmax 313 nm) correspondingly 

Fig. 2. Changing of absorption spectra of thin solid film 
of the spiropyran 1 photoinuced form: 1-11 – 0, 180, 
360, 540, 720, 900, 1080, 1260, 1440, 1620, 1800 sec 
after irradiation by UV light (λmax 365 nm); 11, 12 - 
following 60, 180 sec irradiation by visible light (λmax 
578 nm), 13 - following 180 sec irradiation by visible 
light (λmax 546 nm)  
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2: R1 = OCH3, R2 = CHO; 
3: R1 = CHO, R2 = CH2Ph; 
4: R1 = CHO, R2 = iso-C3H7 
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Fig.3. Absoption spectra of thin solid 
films of spiropyrans 5 and 6 before 
(curves 1,3) and after (curves 2 and 4) 
irradiation by UV light (λmax 365 nm) 
correspondently 
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The surface heat of the Earth is applied in industry, agriculture, communal, medicine in around the world due to 
exhaustion of energy reserves. In energy production and consumption the main advantage of the use from geo-
thermal energy resources is that, application of them does not require huge amount of financial resources. Pos-
sessing the characters of accumulator of underground heat energy of geothermal waters and high heat-energy 
capacity characterize the thermal water as crucial energy resource between alternative energy reserves. Thermal 
water holds crucial position in human life. Mineral water has the specific role in types of ground waters. Mineral 
waters are the natural waters with holding varied biological active mineral components and specific physical-
chemical ingredients which are beneficial to human body.  
 
There are mineral water resources in almost all world countries. Also Azerbaijan is rich with mineral waters. The 
main water resources locate in Istisu, Shusha, Naftalan, Sirab, Vaykhir and other regions. There are more than 
1,000 mineral water springs in our Republic. Most of them locate in mountainous regions. Azerbaijan’s physical-
geography has shrap changing relief structure. That is why, 90% of natural mineral water springs or 905 out of 
them locate in mountainous and rest one or 98 mineral water springs is in plain regions. The main ingredients of 
the water are more active in for the “weight”. Mineral waters are selected from common ones. There are mixed 
gases, salts and microelements in their ingredients. Waters have varied physical and chemical characters, quali-
ties in according to the quantities and types of materials in inside. Physical characters of mineral waters include 
their temperature, colour, smell, limpidity. Temperature of any type of ground waters reflects the thermal regime of 
surface of Earth. Temperatures of waters in different parts of the world are varied. The temperature of Azerbaijan 
mineral waters is from 4 ºC to 65 ºC. This belongs to only natural water extractions. However, 95 ºC water is ex-
tracted with drilling methods from deep layers in Azerbaijan. In our republic the highest temperature waters are in 
Donuzuten (64 ºC Masalli) and Istisu (62 ºC Kalbajar). In according to the temperature characters waters with 35-
36 ºC are more expensive. The same temperature fit with human body. Their role in medicine is more important. 
These waters include Khaltan (Shabran district), Ilisu (Qakh) (36 ºC - 42 °C) and others. 
  

ACCESSING THE ACCURACY OF PREDICTED SUBSTANCE PROPERTIES 
 

Karsten MÜLLER, Wolfgang ARLT 
 

Institute of Separation Science and Technology, Friedrich-Alexander-Universität Erlangen-Nürnberg,  
Egerlandstr. 3, 91058 Erlangen, GERMANY 

e-mail: karsten.mueller@fau.de  
 

Substance properties are crucial for research as well as process development. In many cases experimental data 
are not available and measurement is time consuming and expensive. Predictive methods, such as group contri-
bution methods, quantum chemistry or other molecular modelling approaches, allow for quick estimates of the 
missing data. However, if the values obtained from such methods are used it is important to know about their 
reliability and accuracy. Most methods are published along with some error metrics. Nevertheless, these values 
are often not useful for a reliable evaluation of the actual accuracy. 

 
The major problems are transferability and assessment of total uncertainty. Limited (or usually unknown) transfer-
ability is caused by pure internal validation of the models with missing external validation. In such cases a test for 
transferability becomes challenging if the whole data base is not available. Even more difficult is the quantification 
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of the total uncertainty of the model. It has to be kept in mind that uncertainty is not only caused by the scatter of 
the model but also by the uncertainty of the underlying experimental data. 

 
Total uncertainty of a prediction method can be excessed by different approaches. A mathematically rather de-
manding approach is a parameter fitting based on maximum likelihood methods. This would not only allow for 
finding optimized parameters, but also for estimating the distance between estimated and actual values (not only 
experimental values). A rather straight forward approach is based on error propagation. Assuming statistical inde-
pendence of experimental uncertainty and deviation of prediction from measurement, an estimation of the com-
bined uncertainty is possible. However, statistical independence has to be checked, since the parameters of the 
model are fitted to the erroneous experimental data and thus uncertainty induced by the parameters may show a 
bias concerning experimental uncertainty. 

 
In this work approaches for accessing the actual accuracy of prediction methods are presented and discussed. It 
will be shown that the uncertainty of predictions can be significantly higher than expected based on the conven-
tional error metrics. To account for this problem an error metric combining both, experimental and statistical un-
certainty, will be proposed. Its applicability will be demonstrated on a number of examples from the field of prop-
erty prediction. 

 

THERMOPHYSICAL PROPERTIES OF IONIC LIQUIDS WITH BF4 ANION 
 

Aygul NAMAZOVA1,2, Javid SAFAROV2,3, Ismail KUL4, Astan SHAHVERDIYEV2, Egon HASSEL3 

 
1 Depart. of Electroenergy and Heat Techniques, Mingechevir Polytechnic Institute, D. Aliyev Str. 21, AZ4500 Mingechevir, AZERBAIJAN 

2 Department of Heat and Refrigeration Techniques, Azerbaijan Technical University, H. Javid Avn. 25, AZ1073 Baku, AZERBAIJAN 
3 Institute of Technical Thermodynamics, University of Rostock, Albert-Einstein-Str. 2, D-18059 Rostock, GERMANY 

4 Department of Chemistry and Biochemistry, Widener University, One University Place, Chester, PA 19013, USA. 
e-mail: javid.safarov@uni-rostock.de 

 
Ionic liquids (ILs) are a salt in the liquid state, which are very popular substances using in the industry during the 
last two-three decades. They have been suggested as potentially “green” replacements for conventional organic 
solvents since they are nonvolatile (negligible vapor pressure), nonflammable, thermal stable, and recyclable. ILs 
are also claimed to be useful as heat transfer fluids in solar heating and absorption refrigerating systems, mass 
spectrometry, supports for the immobilization of enzymes, in separation technologies, as liquid crystals, templates 
for the synthesis of mesoporous, nano-materials and ordered films etc. Such wide range applications of them 
require high quality thermophysical properties, like as density, gas solubility, surface tensions, viscosity, diffusion 
coefficients, thermal and electrical conductivities. 

 
This work is a continuation of our investigations in the field of (p,ρ,T) properties of ILs. The new accuracy (p,ρ,T) 
data of ILs 1-butyl-3-methylimidazolium tetrafluoroborate [BMIM][BF4], 1-hexyl-3-methylimidazolium tetrafluorobo-
rate [HMIM][BF4] and 1-methyl-3-octylimidazolium tetrafluoroborate [OMIM][BF4] at the wide range of temperature 
and pressure [T=(273.15 to 413.15) K and pressures up to p=140 MPa] are reported with an estimated experi-
mental relative combined standard uncertainty of Δρ/ρ= ±(0.01 to 0.08) % in density, which were investigated 
using a Anton-Paar DMA HPM vibration-tube densimeter. The density measurements at ambient pressure were 
carried out using the Anton-Paar DSA 5000 density and sound of speed measurements. The heat capacities at 
ambient pressure and various temperatures were measured using the differential scanning calorimeter Pyris 1.  

 
An empiric equation of state for fitting of the (p,ρ,T) data of ionic liquids with BF4 anion has been developed as a 
function of pressure and temperature. This equation together with the heat capacity values was used for the cal-
culation of the thermophysical properties of IL, such as isothermal compressibility κT(p,T)/MPa-1, isobaric thermal 
expansibility p(p,T)/K-1, thermal pressure coefficient γ(p,T)/MPa·K-1, internal pressure pint(p,T)/MPa, specific heat 
capacities cp(p,T)/Jkg-1K-1 and cv(p,T)/Jkg-1K-1, speed of sound u(p,T)/ms-1, isentropic expansibilities κs(p,T) at 
high pressures and temperatures, in which the density of ionic liquids with BF4 were measured. 
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Traditional energy sources (oil, natural gas and coal) countries reduce the rate to ensure its energy security and 
diversification of the energy sources. In this case, it is important to pay attention to the development of renewable 
energy sources (RES), including the use of thermal waters in order to achieve any success in sustainable energy 
economy. World experience shows, that developing of RES stimulates the creation of new jobs to the develop-
ment of regions and gives impetus to the development of economic gain additional RES. 
 
Only about 1% of the RES include to the global electric power production. Obe of the RES is using of heat energy 
from thermal water soruces.There are many thermal electric heating systems in the Central American country, in 
Europe, in Philippines, Iceland etc. Icelanders using of thermal waters can be an example model for the other 
countries [1]. Thermal energy sources are using in the steam turbine, where hot water vapor generate the electric-
ity in the turbines.  
 
Thermal water, not depending on the time of year and day, also from other factors is inexhaustible. The advan-
tage of using thermal water does not require the use of a large financial investment in energy production and con-
sumption. Thermal energy compare with fossil fuels needed lower production costs up to 80 percent compared 
and no additional fuel necessary to generate electricity. The capacity of thermal power stations was 5000 MW in 
1990 years, up to 6000 MW in 2000 years, but it was increased up to 10500 MW in 2008 year. 
 
Attending of enough of high temperature (t= 30 - 97 ºC) thermal waters in the territory of Great Caucasus side of 
the Republic of Azerbaijan make possible to use of them as the production of energy. Such prognoses can help 
for suppling of electricity in the Great Caucasus, Absheron peninsula, and Capsian Sea coast – Guba regions. At 
the present time, there are no thermal electric power stations, but the wide range activities are doing in this field. 
Various energy generators are testing in the Azerbaijan side of the Great Caucasus region [3].  
 
Prognosis of the exploitation stocks of thermal waters of the great Caucasus is about 43654 m3 per day [4]. De-
pendence from exiting pressure and temperature of thermap waters in the Azerbaijan side of the Great Caucasus 
region they can be use in heating and energy sections. 
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High temperature sintered Fe-Cu-Ni steels have been quite popular in Japan and Europe for their balanced 
strength-toughness performance. Excluding the nonconforming forging data from the evaluation, the scatter 
bands of plane bending and axial loading overlap with a statistical superiority of the bending results.  
 
The basic mechanical properties are a long term structured accumulation of results obtained under semi-industrial 
conditions. There is no other single source offering a similar wealth of information. The drawbacks are that the 
data are related almost exclusively to a single powder manufacturer and that the cooling rates from the sintering 
heat must not necessarily match those of industrial furnaces. This may cause deviations from the values pre-
sented here, if the material considered tends to transform at least partially into bainite or martensite. 
 
For the higher strength range samples were manufactured from the widely used Distaloy family of steels contain-
ing 4 % Ni, 1.5 % Cu and 0.5 % Mo which are diffusion bonded to pure iron to prevent segregations and maintain 
highest compressibilities. All powders were blended with 0.5 fine graphite and in most cases with additions, which 
were expected to change the pore morphology. As additions powder boron were used. Further the standard 
grade, Distaloy AE, based on water atomised iron was made from a coarse powder > 45 µm and a fine fraction < 
45 µm and compared with the same alloy based on sponge iron. The specimens were compacted with 600 MPa 
in the R & D department of Höganäs AB, Sweden, were the sintering took place in semi-industrial equipment at 
1120 ºC in a non-decarburizing protective atmosphere. The cooling rate between 800 and 500 ºC was 1.0 ºC/s. 
Plane bending fatigue tests were performed with 60 specimens in six stress levels per S-N curve, which permits 
to evaluate the data statistically and to determine a rather reliable endurance limit for a failure of survival probabil-
ity of 50 %.  
 
In a fracture are visible pore, which have got the extended form during deformation of sintered steel. The part 
pores has revealed at destruction. As a whole character of a break viscous, a plenty large and fine hole is visible. 
In order to improve the mechanical characteristics of sintered materials, it is increased necessary, the density to. 
In order to avoid an increase of the density through atrophy or a swelling preserving the sinters, but to simultane-
ously reach higher mechanical characteristics, is used in this work Distaloy AE as a basis powder. 
 
Application of an electronic microscope has allowed revealing laws of a microstructure of fracture which it is ac-
cepted to allocate special area fractography. The small cyclic weariness is in most cases connected to action of 
high stress, therefore features of a structure, characteristic for fracture of a cyclic overload are inherent in frac-
tures. 
 
Fractures considered by us are characterized by presence of appreciable traces of plastic deformation, is especial 
on a site of final destruction. The microfractography analysis has shown in the centers of fractures and near to 
them presence rough microfatigue strip, that testifies to action significant on size of repeated stress. 
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The classical principle of thermodynamic congruence originated with van der Waals (vdW) who applied it to 
express the properties of binary mixtures in terms of the simple vdW-EOS for pure components by the well-known 
one-fluid model. The hypothesis about the existence of a wide vdW-like class of so-called global fluid asymmetry 
(GFA) between the liquidlike ) ;( cll    and gaslike ) ;( cgg    equilibrium states (including the orthobaric 

ones) was formulated and extended recently by authors to the range of near-critical universal behavior of real 
fluids and mixtures. Particularly, the consistency of the independently predicted in the framework of the fluctuation 
thermodynamics’ (FT) model critical exponents and amplitudes with those well-founded by the scaling theory of 
critical phenomena was established and confirmed for l-states. To extend the FT/GFA-methodology for the much 
more complicated (possibly, heterophase) behavior of near-critical g-states the generalized principle of 
congruence is proposed in this work as the essential addition to the fundamental principle of scaling isomorphism. 
The universal for any real fluids extension is formulated in terms of the effective non-singular finite-range pair 
potential and the generalized Ornstein-Zernike (OZ)-formalism of the total and direct correlation functions' 
integrals. It seems that such approach is promising if one wishes to have a global fluid theory based on the 
specified microscopic interactions, rather than a crossover theory, limited to the non-analytic behavior close to the 
actual critical point and to the mean-field behavior far away from it. The crossover theory ignores the realistic 
features of a pair potential and its substance-dependent cutoff radius while the mean-field antipode of the scaling 
theory adopts an existence of the artificial infinite-range interactions. The proposed generalized principle of 
FT/OZ-congruence omits any signs and arguments of analyticity due to the GFA-hypothesis but provides the well-
defined prediction of criticality, separately, in the regions of its g- and l-states. 
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Friction stir welding which developed in 1991 for aluminum alloys has been continued to progress nowadays. In 
this study, microstructure evolutions and effect of heat transfer mechanism on friction stir welded 7075 aluminum 
alloys were investigated. For this purpose, friction stir welding of 7075 aluminum alloys carried out with combina-
tion different rotational speed and welding speed. Temperature distribution around the welding region was meas-
ured during the welding by using the non-contact infrared thermometer and K-type thermocouple. Mechanical 
properties of welded plates were examined from the point of tensile strength, microstructure and hardness test. 
 
Plates joined by FSW were modeled as three-dimensional solid for the finite element analyses. Simulation of the 
welding processes was carried out by using ANSYS software. APDL (ANSYS Parametric Design Language) 
codes were developed for the transient nonlinear finite element analyses. The thermal analysis was modeled by 
taking into consideration the heat transfer from the pin and shoulder to the plate. 
 
Finally, mechanical properties of 7075 aluminum alloy plates joined by the FSW were discussed in terms of stress 
and microstructure. Then these results were compared with the numerical results. 
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The aim of this study was to determine the effects of water pollution on the water environments in Ardahan, Tur-
key. Kura River, which is a trans-boundary river that runs into the Caspian Sea, Lake Çıldır and Lake Aktaş were 
exmined whether the pollution sources are of anthropogenic or natural origin. Although monitoring the quality of 
the Kura River is of international importance, there has been no study on its water and sediment quality within the 
borders of Turkey. The ecotoxicological studies on Lake Çıldır and Aktaş were performed between 2013-2015 by 
our team. The water and sediment quality of Kura River's were determined and the ecological risk threshold by 
evaluating annual changes in water quality were established. The Chemical Oxygen Demand (COD) of Aktaş 
Lake was144 mg/L which was the highest between all water environments. The amounts of heavy metals (Cu, 
Pb, Zn, Ag, Ni, Mn, Hg, Cd, Al, Fe, As) were measured and Cd and As were at the highest level in all water envi-
ronments in Ardahan. The heavy metal enrichment using multiple elements analysis (ICP-MS) was found in sam-
ples of alluvial soils formed on the river flood plains. The detailed physico-chemical analysis of samples taken 
from the Kura River revealed that, in particular, anthropogenic pollution occured between 2012-2015 in water 
environments. The most possible pollution sources of heavy metal enrichment could be usage of fossil fuels for 
heating and agricultural activities.  
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Azerbaijan and Turkey possesses rich water (geothermal, mineral and river water) resources. Various thermal 
water resources of these countries has temperatures up to ~140 °C. Mainly, these resources potentially use for 
bottled water production, medicinal purposes, for spas and health clinics that utilize the waters to treat arthritis, 
dysfunction of the nervous system and skin diseases. But they can be also used for: thermal heat, for warming 
soil, hotbeds and hothouses with the aim of early and rapid growth of vegetables and fruits (40-50 °C). In this 
filed, Turkey have more knowledge and there are many alternative energy installations already installed in the 
country. There are some installed energy equipments in Azerbaijan also and this work developing speedily.  
 
In the presented work, we will inform the thermophysical properties of geothermal waters of south Azerbaijan 
(Yardimli region) and west Turkey (Chesme and Hitit Ayash Thermal). The thermal waters of tehse regions have 
high exiting temperature, high mineralization, which make them good candidates for using in domestic and medi-
cine purpose. For example, the Hitit Ayash Thermal Health center has all possibilities for the medical therapie of 
patients. Various medical and touristic centres have the Yardimli thermal waters. To use the thermal water re-
sources in medicine, alternative heating source or domestic use, the investigation of the chemical and thermo-
physical properties of a wide range of parameters must be investigated can. In this work, the thermopysical prop-
erties of investigated thermal waters were studied in the wide range of temperature and pressure. 
 



International Conference: “Thermophysical and Mechanical Properties of Advanced Materials” and  
 4th Rostocker International Symposium: “Thermophysical Properties for Technical Thermodynamics”, 17-18 September 2015, Baku, Azerbaijan 

 55 

The first investigations were the analysis of chemical compounds using a IRIS Intrepid II Optical Emission Spec-
trometer and DX 100 ion chromatography. The (p,ρ,T) behaviour at T=(274.15 to 413.15) K and p=(0.101 to 100) 
MPa using the DMA HPM vibrating tube densimeter; density measurements at T=(278.15 to 363.15) K and 
p=0.101 MPa using the DMA 5000 vibrating tube densimeter; vapor pressure measurements at T=(274.15 to 
413.15) K using the two different static method installations and viscosity measurements at T=(278.15 to 343.15) 
K using a SVM 3000 Stabinger Viscometer will discussed in this presentation. 
 

The thermal water samples were filtered and degassed slowly using the vacuum system. To stop vaporisation of 
pure water, the vacuum procedure was very slow (the groove of the flask valve, which held the sample, was very 
slightly opened). These investigations have been examined for the first time. 
 
An empiric equation of state for fitting of the (p,ρ,T) data of these thermal water samples has been developed as a 
function of pressure and temperature. The molecular weight of thermal waters was analysed. The fitting of proper-
ties of thermal water resources are discussing. The equation of state is used for the calculation of the thermo-
physical properties of IL, such as isothermal compressibility, isobaric thermal expansibility, thermal pressure coef-
ficient, internal pressure, isobaric and isochoric heat capacities, speed of sound and isentropic expansibility. 
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It has been almost two decades since research started on nanofluids, potential heat transfer fluids of next genera-
tion. Although many studies have been published on the subject, there are still inconsistent and contradictory 
results between the reports. In this study, thermal conductivity and viscosity of Ag – deionized water nanofluids 
with different particle concentrations (0.25 to 1% weight) were studied experimentally, and the results were com-
pared with the effective thermal conductivity and effective viscosity models from the literature. Thermal conductiv-
ity measurements were performed by 3-ω method at 20 ºC, room temperature. Results show that there is no 
anomalous thermal conductivity enhancement for the samples. For viscosity measurements, experiments were 
carried out by Brookfield DV3T model rheometer for the temperature range of 20-50 ºC. The results of the 
rheological measurements indicate that, nanofluid samples show a Newtonian fluid behavior and Einstein model, 
one of the classical effective viscosity model, fails to predict the viscosity of nanofluid samples. 
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Difficulties of experimental investigation of thermal properties of materials under extreme pressures and high 
temperatures results in to an increase in the role of theoretical methods for predicting the behaviour of highly 
compressed substances. In this paper we discuss the equation of state of polymeric phase of solid nitrogen at 
extremely high pressures and temperatures, based on results of Monte Carlo computer simulations [1]. A method 
for predicting thermodynamic properties of substances at extreme parameters of state based on combination of 
theoretical equations of state and results of computer simulation as well as ab initio quantum mechanical calcula-
tions data was developed. It was applied in thermodynamic properties calculations of the polymeric cubic gauche 
phase of nitrogen and uses the equation of state, which combines the modified Mie-Grueneisen model and an-
harmonic corrections to the Helmholtz free energy of a solid [2]. 
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We discuss the effect of negative thermal expansion of polymeric nitrogen found earlier [1]. This effect is mani-
fested both in the polymeric crystalline cubic gauche phase and in amorphous polymeric nitrogen state. It plays 
an important role in explaining the specific features of thermodynamic behaviour of the polymer phase and in the 
configuration of the phase diagram of nitrogen at high pressures. Theoretically predicted PVT-data are in good 
agreement with the existing limited experimental data [3].  
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Maximum of the melting temperature first predicted in ab initio simulations of highly compressed molecular hydro-
gen [1] has been extensively discussed in the literature during the last years. Despite serious difficulties in ther-
mophysical measurements at megabar pressures and elevated temperatures, a lot of efforts have been made by 
experimentalists to prove the existence of such a maximum. Finally the turnover in the melting line of hydrogen 
has been confirmed [2]. A similar behaviour of the melting line was observed in nitrogen in the pressure range 50-
80 GPa [3]. There are different points of view on what the physics is behind this effect, in particular, specific 
changes in the intermolecular interaction during melting have been assumed as its reason [1,4]. However, similar 
maxima of melting temperature observed in other molecular systems, particularly in carbon and water, gave some 
grounds to suppose that the origin of the turnover effect may have a more general reason. 
 
The study of transitions between disordered phases and crystalline phases having different symmetry is a serious 
problem for molecular dynamics (MD) simulation technique. Nevertheless in this work MD computer simulation 
was applied to study relative stability of molecular liquid and solid phases of nitrogen and hydrogen at high pres-
sures. The pressure dependence of melting temperature of solid nitrogen and hydrogen was determined at high 
pressures using the combination of several methods: single-box (single-phase and two-phase in the box) and 
two-box, and the results of these two types of MD simulations were compared. Conditions, corresponding to 
maximum melting temperature of hydrogen at extreme pressures were found and possible explanations [5] of the 
turnover of the melting line discussed. Molecules forming the solid were considered as non-rigid strongly bound 
pairs of atoms. Intermolecular interaction was represented by the sum atom-atom and quadrupolar forces and the 
influence of the quadrupole interaction on the stability of different phases examined. It was also found that quad-
rupolar forces have only a weak influence on the structure, energy and pressure, but significantly affect the stabil-
ity of the crystalline structures and the shape of the melting line on the phase diagram.  
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Laminated composite materials have superior in plane mechanical properties such as stiffness and strength. To 
overcome their low bending stiffness problem without significant weight increase, sandwich composites can be 
preferred. Sandwich composites have been used popularly in marine, wind turbines, space and aircraft vehicles. 
Sandwich composites are composed of the core, which is lighter but thicker and has lower strength, and the face-
sheets, which are rigid and stronger. Sandwich composites’ rigidity depends on the core material thickness. Rigid-
ity increases with increasing core thickness. However this increase could not be possible every time and every-
where due design limits. It is aimed in this study to investigate the bending performance of sandwich composites 
with some improvements. 
 
Sandwich composites were manufactured using PVC foam core and multidirectionally placed unidirectional glass 
fiber mats by vacuum infusion method. Four different types of sandwich composites were manufactured. First 
type of specimen, which has unperforated core with 20 mm thickness, is selected as the reference material. The 
other specimens have perforated cores with 10 mm, 15 mm and 20 mm thicknesses. The holes have predeter-
mined diameters punched with determined intervals. During infusion process epoxy filled in the holes of the perfo-
rated cores and after curing they behave like columns. Bending tests are performed according to ASTM C393 
standard for all types of the specimens and the results are compared.  
 
From experimental results it is concluded that epoxy columns increase the bending loading capacity and rigidity of 
the investigated sandwich composites. It is also seen that there is the possibility of acquiring similar bending per-
formance with thinner sandwich composites. 
 
KEYWORDS: sandwich composite, bending, glass fiber, epoxy, PVC foam. 
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The renewable energy systems including solar and wind power plants are widespread now. The main problem of 
using renewable energy sources (RES) systems is storage of electric power for providing secure consumers sup-
ply. It is necessary to have a reservation system which store energy in the period of its redundant production and 
spend energy when it necessary for secure consumer supply. Hydrogen technologies are considered to be the 
most promising direction in energy storage. Today researches in USA, Japan, European countries are concen-
trated their efforts in this direction. In Russia such researches are carried out in the Joint Institute for High Tem-
peratures of the Russian Academy of Sciences (JIHT RAS), Moscow and in Research and Design institute 
“Rostovteploelectroproect (ROSTEP), Rostov. 
 
Hydrogen application solves the problems of wide-scale power sector development based on renewable energy 
sources: sun, wind, hydraulic. At the time of manufacture of excessive amounts of the electric power on RES 
installations production of hydrogen in electrolyze installation and further his accumulation is carried out. Then 
accumulated hydrogen is used for generation of electric and thermal energy. One of the most promising directions 
of accumulated hydrogen use for electric and thermal energy production is gas piston installations. 
 
Untill now, gas piston installations running on pure hydrogen are not designed. It is connected with detonation 
combustion of fuel with high hydrogen content at it use as fuel in the internal-combustion engine. Basic opportu-
nity of modification gas piston installations for work on hydrogen fuel is demonstrated during complex of re-
searches performed in JIHT RAS. Concept “work on hydrogen” includes use of hydrogen with some additives, for 
example, with using of combustion products recycle, or methane additives. The condition of use of gas mixes 
based on hydrogen as fuel for internal-combustion engine is that with the use of “additives” loss of capacity with 
reference to use of pure hydrogen should not exceed 15 %. 
 
A result of feasibility study of the demonstration sun-wind installation with hydrogen storage is present. It is 
planned that this installation may be constructed in the place not having today centralized supply by electric and 
thermal energy. This installation can include sun-wind power plant with the system of storage and reserving of 
electric power, the system of production and hydrogen storage and gas piston power plant using hydrogen as a 
fuel. Parameters of designing installation are following:  
 - total installed power - 1800 kW, including:  
 - photo-electric sun installation - 1000 kW 
 - wind electric installation - 600 kW 
- gas piston installation - 200 kW. 
 
It is shown that the construction of given installation is the project of high investment attractiveness. 
 
ACKNOWLEDGEMENT: This work is carried out with support of the Russian Fund of Basic Researches, the 
project № 15-08-02860 
 
 



International Conference: “Thermophysical and Mechanical Properties of Advanced Materials” and  
 4th Rostocker International Symposium: “Thermophysical Properties for Technical Thermodynamics”, 17-18 September 2015, Baku, Azerbaijan 

 59 

DISTRIBUTED POWER SYSTEM ON LOCAL FUEL-ENERGY RESOURCES 
 

Viktor ZAICHENKO, Vladimir KACHALOV, Vladimir KOSOV 
 

Joint Institute for High Temperatures of the Russian Academy of Sciences (JIHT RAS),  
street Izhorskaya, 13/2, 127412, Moscow, RUSSIAN FEDERATION 

e-mail: zaitch@oivtran.ru; ongk@mail.ru; kosov@ihed.ras.ru 
 
The technical and economical comparison of various technologies of distributed power system is presented in this 
report. Ranking of various technologies of distributed power system from the standpoint of financial and economic 
efficiency is considered. The problems connected with the local fuel resource using for distributed energy are 
considered.  
 
There are two technologies are necessary for development of distributed power system on local fuels. The first 
one is production of fuel from biomass which can replace hydrocarbon fuel in existing power plants. The second 
problem is production of energy gas from the biomass which can be used in power plants as a fuel for combined 
heat and power production. As a rule, for these purposes gas turbine and gas piston installation are considered. 
Today replacement of hydrocarbon fuels including coal in energy installations to local energy resources is a prob-
lem, decision of which is one of the most important tasks of power distributed system development. But wood has 
smaller heating value in comparison with coal, smaller specific gravity, the wood should be stored dry otherwise at 
the expense of absorption of moisture from atmospheric air wood humidity is increased considerably. The coal is 
hydrophobic, i.e. does not absorb moisture at storage. Fuel transmitted on pipelines does not change its proper-
ties at transport and storage. 
 
Torrefaction is technology of low temperature pyrolysis at temperatures 250-280 ºC, that can provide hydrophobic 
properties of processing biomass fuels, increasing of heating value (by 20-25%), and decreasing of bulk weight 
(by 25-30%). Studying and optimization of the torrefaction process are carrying out in many science centers.  
 
The second direction of biomass using for energetic purposes is development of technology for conversion of 
biomass into fuel gas with increased heating value. At present, there are two processes for energetic gas produc-
tions from biomass notably pyrolysis and gasification. The main disadvantage of existing biomass technologies is 
the presence of liquid phase in gaseous reaction products. This liquid phase consists from high molecular hydro-
carbons and its presence can lead to formation of carbon deposits inside energy producing installations. Thereby 
existing processes of biomass thermal conversion such as pyrolysis and gasification cannot be used for distrib-
uted energy. 
 
Technology, which is meeting the modern requirements for distributed energy is developed in JIHT RAS. The 
main advantage of the technology is production of energy gas free of liquid phase. The technology has a high 
degree of energy conversion of processed biomass into gas fuel energy. In developed JIHT RAS technologies 
this ratio is 0,75 - 0,80. Amount of produced gas is about 1,4 nm3 by 1 kg of the raw material, and heating value of 
the produced gas is about 11,5 MJ /m3. The technology allows carrying out an effective processing of local fuel-
energy resources with production of dry energy gas with enhanced heating value, which can be used effectively 
as a fuel for distributed energy systems.  
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RELIABILITY OF CONSTRUCTION OF LINEARLY EXTENDED FACILITIES 
 

Gasim ABDULLAEV 
 

St. Petersburg State Polytechnic University, RUSSIAN FEDERATION 
 

Leading organizational and technological indicators are very important in assessing the reliability of design deci-
sions on organizing the construction of linearly extended facilities. The resulting fluctuations and deviations from 
the values of various parameters defined or planned by their values, the trends of these deviations give the great-
est opportunity to assess the reliability of the implementation of the approved design decisions. 
 
To assess the reliability of the realization of the plan, one can use the following deviations of indicators or pa-
rameters from the desired values: 
-  by volumes of redistribution of examined types of resources between the set of activities and facilities; 
-  by volumes of attracting additional resources; 
-  by sizes of change of deadlines of the set of activities and construction of facilities; 
-  by sizes of change of the duration of carrying out the set of activities and construction of facilities; 
-  by volumes of reprioritizing of coherence and order of the execution of the set of activities and construction of 

facilities. 
 
The main idea of achieving high reliability of the implementation of the planned structure is to form specific tasks 
and systems in the field of technology and construction of facilities, the execution of which is possible with a fairly 
large margin of time and major resources. By creating a reserve of time and resources, one can achieve remark-
able improvements in the reliability of the execution of any program. 
 
On the basis of these reasonings, one can suggest an overall strategy of building design solutions. It involves 
building the plan to construct linearly extended facilities with the maximum possible saturation of the work with 
resources and the shortest construction schedule, as well as the presence of certain features of added resources 
from reserve options when necessary. All constructions must be carried out within the allocated resources and the 
appointed schedule of constructions when achieving certain reserves in time resources. 
 

 
DEVELOPMENT OF COMPOSITE POLYMERIC MATERIALS FILLED WITH POWDER  

FILLERS USED FOR PARTS OF COTTON PROCESSING MACHINES 
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The article presents the results of research of creating the optimal composition of the composite polymeric mate-
rials (CPM) with the non-activated and mechanically activated additives, which are intended for use in parts of 
rubbing pairs of working bodies of cotton proceeding machines. Developed new compositions of CPM increase 
strength, durability, wearproof properties, improve thermo- and electrical properties and decrease the friction coef-
ficient or materails.  
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Azerbaijan possesses rich geothermal energy and mineral water resources. Some of these thermal water groups 
are located in the nord-west regions of Azerbaijan in Gabala (Gamarvand, Yengije) and Gakh (Moksu, Ilisu and 
Ilisu-Beshbulag). Gamarvan villiage of Gabala region is rich in water springs, rivers and waterfalls. The thermal 
water deposit 600 meters north of the village with 39 °C comes from under the ground. The thermal water re-
sources of Gakh region are springing around the village of Ilisu and 1,400 to 1,600 m above sea level. To use the 
geothermal energy resources as an alternative energy source requires the investigation of the thermophysical 
properties of a wide range of parameters. In many cases, the temperature of the geothermal water remains high, 
but pressure quickly becomes equal to ambient pressure. If, we will use the geothermal resources for power gen-
eration directly at the source, they can be generating the energy.  
 
In this work, we present the chemical and thermophysical properties of geothermal water resources of the nord-
west regions of Azerbaijan using the various installations (Spectrometer, Chromatography, Densimeter, Viscome-
ter, DSC calorimeter etc.). The samples were filtered and degassed slowly using the vacuum system. To stop 
vaporisation of pure water, the vacuum procedure was very slow (the groove of the flask valve, which held the 
sample, was very slightly opened). These investigations have been examined for the first time. 
 
An empiric equation of state for fitting of the (p,ρ,T) data of these water samples has been developed as a func-
tion of pressure and temperature. The molecular weight of geothermal waters was analysed. The fitting of proper-
ties of water resources are discussing. The equation of state is used for the calculation of the thermophysical 
properties of IL, such as isothermal compressibility, isobaric thermal expansibility, thermal pressure coefficient, 
internal pressure, isobaric and isochoric heat capacities, speed of sound and isentropic expansibility. 

 

THERMOPHYSICAL PROPERTIES DATA OF THE GEOTHERMAL SYSTEMS 
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e-mail: akhmedova_la@yahoo.com  
 

Geothermal fluids play a significant role in nature as geothermal systems. The thermodynamic data on geother-
mal brines, which can be considered as mixtures of aqueous solutions of NaCl, KCl, CaCl2, MgCl2, K2CO3 etc., 
are needed for geothermal energy utilization devices. The underground water (geothermal fluids) are the largest 
reservoir of aqueous electrolyte solutions. The volumetric (density and derived partial and apparent molar volume 
properties), caloric (heat capacity and enthalpy), and transport properties (viscosity and thermal conductivity) data 
of the geothermal fluids are important in geothermal exploration and energy production, for example, to establish 
optimal operations for the productions of geothermal brine fields. Also accurate thermophysical properties data of 
the geothermal brines are prerequisite for chemical and reservoir modeling of geothermal brine systems (multi-
phase underground flows) and fundamental importance for the understanding of various physic-chemical proc-
esses occurring in the natural environment (quantify the natural processes occurring below the surface). To un-
derstand and control those processes which used geothermal fluids, it is necessary to know their thermodynamic 
and transport properties, particularly density and viscosity as a function of temperature. 
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Alternative energy sources such as solar, wind energy, bio-diesel and biogas are becoming very important in 
many countries, because the amount of traditional fuel is decreasing. Various possibilities are analysing for the 
increasing of power received from alternative energy resources. Various organic or biological compounds were 
tested during the last years for the using as additive in traditional fuels. Normal alcohols (methanol, ethanol, 1-
butanol etc.) are also important fluids for this purpose. 1-butanol has been proposed as an alternative to conven-
tional gasoline, diesel fuels and using of them dramatically increased during the last years.  
 
Current fuel injection systems of compression-diesel engines reach pressures up to 200 MPa for transport sys-
tems. In a near future, injection systems can be designed for higher pressures up to 400 MPa. Number of injec-
tions at such high pressures per cycle can be expanding, the time of one injection process can be reduced and it 
is wished for to have exact control of injection rate shaping. That is why it is so important to have reliable knowl-
edge of thermophysical properties of the fuel under high pressures, such as density, vapor pressure, viscosity, 
speed of sound, heat capacity etc. would allow modelling, understanding, and optimizing the processes in an 
internal combustion engine. 
 
A new method for the analysis of thermophysical properties of substances at high pressures and over wide range 
of temperature was developed by our research group. This work is an application of that method to 1-butanol + 
diesel mixture. The (p,ρ,T) properties at T = (263.15 to 468.15) K, pressures up to p = 200 MPa, vapor pressure 
at T = (274.15 to 468.15) K, heat capacity at T = (253.15 to 468.15) K and ambient and saturated pressures were 
measured experimentally. An equation of state for fitting of the (p,ρ,T) data has been developed as a function of 
pressure, temperature and concentration. The various thermophysical properties (density, vapor pressure, speed 
of sound, specific heat capacities at constant pressure and volume), also isothermal compressibility, isobaric 
thermal expansibility, thermal pressure coefficient, internal pressure and isothermal exponent were calculated at 
high pressures up to 200 MPa and temperatures, in which the (p,ρ,T) properties were studied experimentally. 
 
The excess molar volumes E

mV  of 1-butanol + diesel mixture were calculated using the experimental values of 

investigated solutions. The molecular mass of diesel, which is necessary for these calculations, was used as the 
recommendations of various literatures.  
 

INVESTIGATION OF THE INFLUENCE OF PROCESSING TIME TO PHYSICAL  
AND MECHANICAL PROPERTIES OF GYPSUM BINDER 

 
Dilfuza AHMEDOVA, Madina BABAHANOVA, N.H. TALIPOV 

 
SUE “Science and progress” TSTU, Tashkent, UZBEKISTAN 

 e-mail: polycomft2005@rambler.ru 
 

In the paper, the processing of sulfate mineral raw materials by heat treatment in thermal units has been shown. 
That the increase in the duration of heat treatment, dehydration occurs dihydrate crystals have been shown. It is 
accompanied by the removal of water molecules, which causes a decoupling of Ca+2 and SO4-2 with H2O mole-
cules and mixing calcium sulfate chains (-Ca- SO4 -Ca- SO4 -Ca) to 0.317 nm. 
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Silicoaluminophosphate molecular sieves (SAPOs) have considerable potential as acidic catalysts which can play 
different key roles such as membrane or adsorbent in sorption reactions and catalyst in petrochemical reactions, 
especially in methanol-to-olefin (MTO) process. SAPO-34 is the best catalyst known among silicoalumino-
phosphates because of its remarkable pore structure and hydrothermal stability, it shows an exceptional selectiv-
ity for light olefins and the complete conversion of methanol in MTO process. Our main aim was to synthesize 
SAPO-34 silicoaluminophosphate via hydrothermal method with using of different structure directing agents and 
to investigate influence of these templates to the activity and stability of catalyst. 
 
In order to synthesize stable SAPO-34 catalyst, different single and mixed templates such as triethyamine (TEA), 
tetraethylammoniumhydroxide (TEAOH)/TEA, TEAOH/morpholine (further abbreviated as S1, S2 and S3) were 
used as structure directing agents. Required components for synthesizing of zeolite were mixed for 25 h, then 
transferred into stainless-steel autoclaves and heated at 200 ⁰C. Crystallization time for these samples are 24 h. 
After heating catalysts washed with distilled water several times, then dried at 120 ⁰C and at the end calcined at 
550 ⁰C. XRD analysis proved presence of according peaks of pure SAPO-34 phase in the case when mixed tem-
plate (TEAOH/morpholine) was used. When only TEA and mixed TEAOH/TEA templates were used some diffrac-
tion peaks of SAPO-5 were observed, too. Catalytic tests were conducted at 450 ⁰C-, and 0.125 MPa-, for 5 h on 
stream using CH3OH:N2=60:40 feed with a contact time of 2.05 mgcat·min·ml-1 with respect to methanol. 
 
C2-C4 low olefins were main products of reaction and the yield of light olefins over S1, S2 and S3 was 55.8%, 
75% and 78% respectively. It was revealed that using a single structure directing agent in SAPO-34 synthesis, 
results in rapid coke formation and the coke cover acidic sites and block the pores of SAPO-34 which finally leads 
to catalyst deactivation. That’s why S1 deactivates fast and it prevents for obtaining of lower olefins. Compared 
with using a single template, a mixed template leads to the particle size reduction. Besides, the catalytic stability 
of SAPO-34 was found to be affected by the preparation parameters during synthesis which are closely related 
with crystal size and the silicon contents during synthesis. The crystal size and elemental composition of prepared 
samples were described in Table. 
 

Table: Crystal size and elemental composition of prepared samples 

Elemental composition (wt.%) Sample № 
Si Al P O 

Crystallite 
size,nm 

S1 8.,6 20.5 21.6 49.3 >100 
S2 7 21 16 56 45 
S3 6 15 16 63 33 

 
The reduction of silicon content during synthesis of gel led to the formation of only pure SAPO-34phase. Thus, S3 
sample because of its small crystal size (33 nm) and a low amount of silicon content (6 wt.%) shows best behav-
iour in MTO reaction and deactivates a little bit slowly in compare to samples S1 and S2.  
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Results of researches on development and industrial development of the production technology of portlandtse-
ment clinker with use as a ferruterous mineralizer and an alyumosilikate component of nonconventional raw mate-
rials – volcanic rocks of Uzbekistan are given: diabase-porfirits, diabase-spillits, diabase-piroksenits, andesite-
porfirits, basalts, gabbro and rocks of tufoalevrolite structure. High reactionary ability of new raw mixes at the 
expense of the high maintenance of a phase from glass as a part of volcanic rocks and rather low temperature of 
their melting is established (1100-1320 ºC). Thanks to formation of silicate fusion of quite low viscosity and high 
fluidity at a low-temperature stage, reaction of a formation of clinker when roasting new raw mixes comes to the 
end at 1380-1420 ºC that on 30-70 ºC temperatures of roasting of clinker from raw mixes of traditional structure 
are lower. Lack of intermediate phases, full digestion of free oxide of calcium with good crystallization of brick 
minerals provides their high hydraulic activity and high durability of cements from them - from 53,2 to 60,3 MRA. 
This technology is introduced as at a dry and wet way of production of clinker on JSC Kuvasaysement and JSC 
Kizilkumsement. Now a preparatory work on development of the developed technology on JSC Akhangaranse-
ment is carried out. 
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The results of the detailed measurements of the temperature dependence of surface tension of high-purity mer-
cury in range of 297-623 K held within the sessile drop method have been presented. The mercury surface ten-
sion polytherm has been shown to be satisfactorily described by the linear equation with negative temperature 
coefficient of – 0.196 mN/(m·deg) at studied temperatures. 
 
Mercury ant its alloys possess unique thermal and physic-chemical characteristics attracting huge theoretical and 
practical attention when facing numerous needs [1,2]. The analysis of the reference data on surface tension (ST, 
) of mercury reveals that the values range in a broad limits from 400 to 515 mN/m [3-10] much exceeding the 
inaccuracies of determination of ST (several percents) declared by the authors. That is why the studies of ther-
mophysical properties of mercury availing contemporary experimental equipment and measuring techniques re-
main to be still actual ones. 
 
The measurements of the temperature dependence of surface tension were held within the sessile drop method 
at temperatures from 297 to 623 K in conditions of high static vacuum and in a strict compliance with the condi-
tions of the thermodynamical equilibrium between a surface of the studied mercury drop and its saturated vapor. 
The mercury used in experiments was of purity 99,9997% of the base element (label R-O).  
 
The measuring unit was exposed to the thermal (at 630 K) and vacuum (10-4 Pa) treatments for several hours 
prior to mercury leading in. Here has to be mentioned that to determine the temperature dependence of surface 
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tension of mercury we have applied for the first time a new original modern automated software [12] availing to 
obtain an enormous stack of statistical data (more than a thousand of experimental points). 

 

Table: Recommended values and experimental data on surface tension of mercury at 297 K 

Reference , mN/m 
Nizhenko V.I., Floka L.I., 1976, [4] 479,4 
Keene B.J., 1993, [5] 484,8 
Popel S.I., 1994, [6] 470,7 
Shapiev S.T., Ibragimov Kh.I., 1999, [7] 473,0 (expt) 
Kirillov P.L., Deniskina N.B., 2000, [8] 479,4 
Alchagirov A.B. et al., 2001, [9] 479,4 
Mills K.C., Su Y.C. 2006, [10] 474,6 
Present paper 469,2 (expt) 

 

The processing of the obtained data with the least squares method reveals that the temperature dependence of 
the surface tension, σ(Т), of mercury at temperatures from 297 to 623 Kelvins can be satisfactorily described by 
the equation σ(Т) = 469,2 – 0,196(Т – 297). 
 
The comparison of our experimental results on surface tension of mercury at 297 Kelvins with the most reliable 
recommended data σ(Т) [4-11] demonstrates a good agreement, see the Table. 

ACKNOWLEDGEMENT: The research is supported by the Russian Foundation for Basic Researches, project No 
11-08-00821_а. 
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The accurate knowledge of thermophysical properties of chlorobenzene is a precursor to modeling petroleum 
based fuels. In addition, chlorobenzene plays an important role in the production of synthetic fibres, rubbers, plas-
tics, and so on. The use of chlorobenzene in industry has made it one of the most important substances for which 
the development of accurate equation of state is needed.  
 
Equations of state for pure fluid properties are often expressed as fundamental equations explicit in the Helmholtz 
energy, with the density and temperature as independent variables 
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where a(ρ ,T) is the Helmholtz free energy; α0(δ, τ) is the reduced Helmholtz energy in the ideal-gas state; αr(δ, τ) 
is the residual part of the reduced Helmholtz energy; δ = ρ/ρr is the reduced density; τ = Tr/T is the inverse re-
duced temperature; and ρr, Tr is reducing parameters (often use critical properties, for chlorobenzene Tс=632,35 К 
и ρс=3,24 mol/l).  
 
The ideal-gas reduced Helmholtz energy, in dimensionless form, can be represented by 
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where δ0 = ρ0/ρс and τ0 = Tc/T0. T0 and p0 are arbitrary constants, and ρ0 is the ideal gas density at T0 and p0 (ρ0 = 
p0/(T0R)). 0

0h is the ideal-gas enthalpy at the reference state, and 0
0s is the ideal-gas entropy at the reference 

state.  
 
The calculation of thermodynamic properties from the ideal gas Helmholtz energy requires an equation for the 
ideal gas heat capacity 
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To describe the residual part of the reduced Helmholtz energy, an optimized functional form has been used:  
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The uncertainties of properties of chlorobenzene calculated using the equation (1) (with the exception of the criti-
cal region 0.98 ≤ τ ≤ 1.05 and 0.7 ≤ δ ≤ 1.3) are as follows: density of the liquid phase: 0.3 %; saturated liquid 
density: 0.1 – 0.5 %; saturated vapor pressure: 0.4 – 1.0 %; heat capacity and speed of sound: 0.5 – 1.3 %. 

  
 



International Conference: “Thermophysical and Mechanical Properties of Advanced Materials” and  
 4th Rostocker International Symposium: “Thermophysical Properties for Technical Thermodynamics”, 17-18 September 2015, Baku, Azerbaijan 

 68 

EXERGY ANALYSIS OF CANOLA-BASED BIODIESEL PRODUCTION IN BELARUS 
 

Zoya ANTONOVA1, Vladimir KROUK1, Yadviga PILYUK2, Yuri MAKSIMUK1, 
Larisa KARPUSHENKAVA3, Marina KRIVOVA3 

 
1 Research Institute of Physical and Chemical Problems, Belarusian State University, Leningradskaya, 14, 220030, Minsk, BELARUS 

2 Republican Unitary Enterprise «Research and Practical Center of National Academy of Sciences of the Republic of Belarus for Arable 
Farming», Timiriyazeva street, 1, 222160 Zhodino, BELARUS 

3 Department of Physical Chemistry, Belarusian State University, Minsk, Belarus, Leningradskaya, 14, 220030, Minsk, BELARUS 
e-mail: Maksimuk@bsu.by 

 
The main indicator during manufacturing of a new source of energy is its energy efficiency, which is a correlation 
between the energy and exergy in the received products. In the current work, detailed exergy analysis of the pro-
duction of canola-based biodiesel was performed on the basis of classical model of the environment suggested by 
Shargut, considering all manufacturing stages from sowing of canola seeds to receiving of final biodiesel ready for 
sale. The typical spring canola (Brassica napus L.), cultivated on soddy–podzolic and loamy sandy soils at the 
usual weather conditions in the central part of Belarus, was used in the exergy analysis. Agrochemical character-
istics of soil were considered as: 1.6 – 1.7 % of humus, 128 – 189 mgkg-1 of P2O5 and 172 – 210 mgkg-1 of 
K2O, pH = 6.5 – 6.8.  

 
Biodiesel is composed of methyl or ethyl fatty acids esters (FAE) obtained primarily by transesterification of plant 
oils. To perform the exergy analysis, the whole process of production of FAE (Fig. 1) was divided into five parts: 
(i) cultivation of canola; (ii) drying of canola seeds; (iii) receiving cold-pressed canola oil; (iv) transesterification of 
the canola oil into FAE; (v) processing of glycerin fraction (main by-product of transesterification). Values of stan-
dard chemical exergies Exio for the majority of substances involved in the current exergy study were taken from 
approved reference data, while characteristics of such complex materials as canola plant, seed, straw and oil 
were obtained from our own calorimetric measurements of specific heats of combustion and heat capacities of the 
substances.  

 
The total exergy costs of methyl and ethyl FAE transesterification were estimated to be respectively 30.97 and 
33.28 GJha-1yr-1, and 32.8 and 35.1 GJha-1yr-1 considering exergy of glycerin fraction processing. The output of 
chemical exergy with the target products (esters, glycerin and potassium dihydrogen phosphate) is equal to 27.82 
GJ and 29.19 GJ. As it follows from the calculations, the exergy costs for ethyl FAE production are 7 % higher 
than that for methyl esters. This means that additional exergy costs for ethyl esters, caused by the necessity of 
running of oil transesterification with ethanol at higher temperatures, are not entirely compensated by the higher 
heat combustion values of ethanol and ethyl esters. The Grassmann diagram were constructed as the summa-
rized scheme of the exergy costs for the process of methyl FAE production to illustrate the amounts and places 
where exergy is lost, and all the rearrangements between technological components that occur during the whole 
manufacturing process. As it comes from our study, the major exergy expenses in this case are for mineral fertil-
izers and plant protection chemicals due to their artificial nature and thus high standard chemical exergies. Prepa-
ration of dried canola seeds and their pressing requires only 7.8% of exergy, while transesterification of the pro-
duced oil in FAE consumes 25.2% of exergy. Some insignificant losses of 883.3 MJ of exergy appears with the 
side products (scourage, oil waste fraction) and comprises about 3% of the total expenses. The exergy costs for 
the transportation needs introduce the smallest part of exergy balance and do not exceed 1%. And as it follows 
from the analysis, significant part of chemical exergy in the canola straw can be further minimized by converting 
into solid fuel. Besides, processing of glycerin fraction wastes can provide valuable pure glycerin and potassium 
phosphates that can be used as mineral fertilizers. Therefore the performed exergetical calculations of FAE pro-
duction testify to the high exergetical effectiveness of biodiesel production from canola, especially when major by-
products and wastes are further processed into valuable matter.  
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The measurements of the surface tension (ST) and electron work function (EWF) of several Na-Cs-Rb alloys 
(possessing concentrations along one of the radial sections with constant ratio of sodium to cesium amounts 
within the initial binary alloys and converging to the rubidium corner of the concentration triangle) have been re-
ported previously.  
 
In this research the results of the further experimental investigation of temperature and concentration depend-
ences of ST and EWF of ternary Na-Cs-Rb alloys have been presented. The compositions of alloys were chosen 
along the radial sections again converging to the rubidium corner but this time in such a manner to provide the 
uniform cover of the area of the concentration triangle of concentrations by the experimental points. The surface 
tension has been measured using the known sessile drop method while EWF have been determined by the 
Fawler method of isothermal curves [1] applying the single-sealed measuring cell [2]. Both methods were adapted 
to the peculiarities of the alkali metals. 
 
The images of the drops were fixed with help of the digital USB-camera “TS-5” when measuring ST of ternary 
alloys. The software allowed us to detect and register the images from the videocamera in an automated regime 
and to perform the digital processing of the profile of the drop as well to calculate the values of ST [3].  
 
The measurements of EWF by means of photoelectric Fawler method were held by lighting of the surface of the 
alloys through the quartz window with a monochromatic light of various wavelengths. 
 
The experiments were performed in a temperature range from the liquidus line up to 400 K while those of EWF 
were held from the room temperatures up to 330 K on the samples not worse than purity of about 99.995 % of the 
base element in conditions of the high static vacuum 10–7 Pa. The exposure of alloys to a certain temperature 
aimed on the homogenization of the alloys lasted at least 20-30 minute prior to measurements of ST and EWF. 
The error in determining of ST was 1% and 1.5% in case of EWF.  
 
The ST and EWF polytherms of the studied ternary alloys can be described by the linear dependencies with both 
positive and negative temperature coefficients. The isotherms of the surface tension can be represented by the 
smooth curves decreasing with the increasing rubidium content in ternary alloys with predominating sodium con-
centration. At greater cesium content in the alloy the additions of rubidium result in increasing ST of ternary al-
loys.  
 
The EWF isotherms can be represented by the smooth decreasing curves or, in other words, by the increasing 
with the concentration of rubidium ones in melts in respect to the ratio of the concentrations of sodium and ce-
sium in ternary alloys. 
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Work is devoted to development of technology of receiving cement clinker with use of the recycled steel-smelting 
slags as ferriferous and alyumosilikat complex raw materials for formation of raw mix. It is established that use of 
the recycled steel-smelting slags is reduced a limestone consumption in raw mix that in turn, reduces emission of 
carbon dioxide in the atmosphere and the ecological situation around metallurgical and cement productions im-
proves. When roasting raw mixes of new structure speed process of dissociation of CaSO3 with allocation of 
CaOfree is considerably accelerated, and binding of the last in brick minerals and its full assimilation happens at 
1350-1420°C. Hydraulic activity of cement on the basis of skilled clinkers makes 41,8 – 43,2 MPa that corre-
sponds to brand of 400 cement. By production of clinker the economy of natural raw materials makes 10-20% of 
raw furnace charges of new structure, fuel on clinker roasting - to 20%, increase of productivity of the rotating 
furnaces – to 10%. By roasting of the three-component raw mixes including limestone, the loess and the recycled 
steel-smelting slag possibly production of standard clinker for cement of all-construction appointment and sulfate-
resistant cement. 
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Chilling metallic alloy from liquid state at an extreme speed (106K/sec) sometimes leads to the formation of amor-
phous structure. This paper studied kinetics of crystallization of amorphous structured alloy obtained as a result of 
rapid cooling (106 K/sec) of the Ti50Ni25Cu25 alloy. The presence of amorphous state was initially confirmed by 
electronic microscope (TEM), X-ray analysis (XRD) and microstructure research.  
 
We have researched the process of crystallization of the amorphous structured Ti50Ni25Cu25 alloy via different 
methods, but conducted crystallization kinetics in the device that studies the change of electric resistance de-
pending on temperature developed for researching thin films. The presented paper widely studied kinetics fea-
tures of temperature dependence of electrical resistance. Temperature dependence of electrical resistance (after 
being chilled at an extreme speed in liquid state) and its change depending on the thickness of the sample have 
also been studied. In addition, the analysis of crystallization parameters among kinetic equations has been re-
searched in the research and the activation energy of the crystallization process evaluated.  
 
The crystallization parameters of isothermic storage at temperatures 420, 430 and 440 ºC of amorphous layers of 
Ti50Ni25Cu25 alloy obtained through chilling from liquid state at 106 K / sec speed have been set. The incubation 
period (pre- crystallization time) gets reduced from 6 minutes at 420 ºC to 1 minute at 440 ºC. The of the time of 
formation of the first 50% of the crystal phase is less than the time of formation of the remaining 50%, which is 
explained by more rapid emergence and spending of seeds (crystal centers). 
 
When thinning from 45 mkm to 5 mkm, the crystallization process of the amorphous layers of Ti50Ni25Cu25 alloy 
obtained obtained through chilling from liquid state was observed to speed up significantly; it proves the signifi-
cance of the role of the surface in crystallization processes in solid state.  
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Kura river (total length is 1515 km) starting in north-eastern Turkey, it flows through Turkey to Georgia, then to 
Azerbaijan, where it receives the Aras River as a right tributary, and enters the Caspian Sea. Pollution of the river 
from the territory of the neighbouring states creates an environmental tension. Mineralisation of the water of the 
Kura river raises till 800-1200 mg in the connecting part of Araz and Kura rivers is 35-50 per cent more compared 
to its medium current. Density of polluted water of Kura river is max. 9 times more than sanitary norms. More than 
350 million m3 of the chemically and biologically polluted water annually injects the Kura river pool. From this point 
of view, it is important to conduct, from the security of the population point of view, a general monitoring over the 
dangerous substances in the transborder rivers.  
 
During our last research activities, we have investigated the thermophysical properties (density, vapor pressure, 
viscosity, speed of sound, chemical compounds analysis) of 14 Kura river water sample in Azerbaijan side from 
west to east over the parameter range of interest. In this presentation, we will inform the the thermophysical prop-
erties of four new water samples of Kura River in Turkey side from its source at Ardahan region, which are carry 
out at DMA HPM high pressure – high temperature vibration tube densimeter. The density and speed of sound 
measurements at ambient pressure are carry out using the DSA 5000M density and speed of sound measure-
ment installation. The chemical compounds analysis using the IRIS Intrepid II Optical Emission Spectrometer and 
DX 100 ion chromatography are also presented. These investigations have been examined for the first time. The 
comprehensive and accurate thermodynamic equation of state over a well specified range of parameters which 
are of interest in ecological research are constructed, which are used to calculate thermophysical properties of 
these samples. Using the (p,ρ,T) data, the comprehensive and accurate thermodynamic equation of state over a 
well specified range of parameters which are of interest in ecological research was constructed, which is used to 
calculate thermophysical properties of these samples. 
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For protection against from corrosion of equipment in the chemical, petrochemical industry and in engineering, 
various widely used corrosion resistant polymer coating. However, developments in the production and study of 
corrosion-resistant coatings, filled with a variety of siliceous fillers to protect metal surfaces from aggressive and 
abrasive environment is currently insufficient. In the paper the process of heating in temperature 20-500 ºC in 
composition on base modified epoxy resin with furfirol alcohol stilling with variety fillers as bentonite, kaolin, waste 
of gold extraction is shown. The objects of study are organic coatings based on bottoms of furfuryl alcohol with an 
epoxy oligomer ED-20, gossipol resin (HS), an amine hardener - polyethylene polyamine (PEPA), filled with a 
variety of silica filler - bentonite, kaolin, waste of gold extraction (OZIF). 
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This article presents the results of research on the development of environmentally and economically viable tech-
nologies of production of clinker and cement through the formation of a low-carbon raw material mixture using 
local raw materials. SUMMARY technology is to reduce the saturation coefficient (CN) raw mixture clinker synthe-
sis at relatively low firing temperatures (1350-1380 ºC) and the subsequent modification when grinding cement 
composition tuffite phosfoanhydrite additive. The cement clinker from low basic with SR = 0.88 for activity not 
inferior without addition cement clinker from the highly basic traditional composition, and the addition of up to 20% 
of the additive composition of the thermally activated tuffite phosphogypsum and greatly increases its strength, 
which provides up to 20% savings clinker component additional cement. 

KEYWORDS: low carbon raw mixture saturation coefficient, low-temperature synthesis, mineralization, low basic 
clinker, belite structure, phase composition, microstructure, savings in raw materials and fuel, environmental and 
economic benefits. 
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The paper provides information on the development of design dismembratora, provides a fine mineral ingredient 
at the nanoscale. The principle of operation is dismembratora shock-raskalivayuschee-grinding action of the 
workers in the milled object. It is noted that the use of the obtained nano-dispersed materials in the production of 
building materials (cement, chemically bonded bricks, concrete, etc.) greatly increases efficiency, improves per-
formance properties building materials and products. Comparative data on the effect of recycled steel slag on the 
properties of Portland cement. Found that using nano-grinding dismembratora increases the strength of cement 
compositions by 22-40% compared with cements, slags containing these conventional dispersion. 
 
KEYWORDS: Cement, cement compositions, slags, nano-dispersed materials, mineral ingredient building mate-
rials 
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In order to analyse a refrigeration system as a thermodynamic or heat transfer system, a complete thermody-
namic and thermophysical property sets should be available in computer environment. Saturation thermophysical 
properties such as thermal conductivity, viscosity, surface tension, and thermodynamic properties of saturated, 
liquid and vapor phases are needed in a complete system analysis. One single equation representing saturation 
curve and thermodynamic properties around saturation curve may not have enough accuracy, specially around 
critical region. One way of representing data is through spline functions, but spline functions requires many coef-
ficients to represent data, therefore they are not very suitable for hand type of calculations. Modern calculation 
environment utilises computers, and if coeffcients are given in a computer programs, it is not that important num-
ber of variables representing data, and when error analysis are carried out, it is shown that much smaller error 
can be obtained by using spline type of function definition. In this study, B-Spline and cubic spline computer 
models are prepared to represent refrigerant saturation thermodynamic and thermophysical properties. Two class 
developed in java programming language, on efor cubic spline interpolation and the second one is for B-spline 
interpolation and error analysis are carried out. As a result, it is shown that in both cases error level is very small 
and these type of functions can be used as general saturation property representation. Program has capability of 
calculating the following properties: buble point vapor pressure, dew point vapor pressure as a function of tem-
perature, buble point vapor temperature, dew point vapor teperature as a function of pressure, saturated liquid 
heat capacity, saturated vapor heat capacity, saturated liquid density, saturated vapor density, saturated liquid 
viscosity, saturated vapor viscosity, saturated liquid thermal conductivity, saturated vapor thermal conductivity, 
saturated liquid-vapor interphase surface tension, saturated liquid enthalpy, saturate vapor enthalpy, saturated 
liquid entropy, saturated vapor entropy, saturated liquid speed of sound, saturated vapor speed of sound. The 
programs can be calsulate these properties fort he refrigerants R12, R22, R23, R32, R123, R124, R125, R134a, 
R152a, R245fa, R404A, R407C, R410A, R507A, R717, R718, R744, R50, R170, R290, R600, R600a, R1150, 
R1270, R702, R702p, R704, R728, R732, R740.  
 
Program codes are availabale from adress www.turhancoban.com 
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This article presents results of studies pioneered developed compositions gypsum binders and technology of 
obtaining of water-resistant and biostable powder composite materials with improved properties of finishing pur-
poses. It was found that purposeful change of their structure and composition of the material in bound zone which 
is passing a few tenths of a micron from the joint of dough of gypsum binder with filler, by introducing mechani-
cally activated alloying mineral ingredients is the most effective way to significantly enhance the contact area and 
improve the properties of the artificial stone. 
 



International Conference: “Thermophysical and Mechanical Properties of Advanced Materials” and  
 4th Rostocker International Symposium: “Thermophysical Properties for Technical Thermodynamics”, 17-18 September 2015, Baku, Azerbaijan 

 74 

HIGH-TEMPERATURE THERMOPHYSICAL PROPERTIES OF THERMOELECTRIC  
CERAMICS BASED ON CALCIUM COBALTITE WITH CARBON NANOTUBES ADDITION 

 
Svetlana DANILOVA-TRETIAK1, Liudmila EVSEEVA1, Andrey KLYNDYUK2,  

Nataliya KRASUTSKAYA2 

 

1 A.V.Luikov Heat & Mass Transfer Institute of the National Academy of Sciences of Belarus,  
P.Brovki 15, 220072, Minsk, BELARUS 

2 Belorussian State Technological University, Sverdlova 13a, 220006, Minsk, BELARUS. 
e-mail: dts@hmti.ac.by; evseeva@itmo.by 

 
Efficiency of thermoelectric devices is evaluated by a dimensionless figure-of-merit ZT=(S2··T)/, where S is the 
thermopower,  the electrical conductivity, λ the thermal conductivity and T the working temperature. The main 
task for thermoelectrics is to maximize the thermoelectric figure-of-merit. This can be achieved by electric conduc-
tivity increasing and thermal conductivity reducing. Misfit-layered cobaltite Ca3Co4O9 exhibits high values of ther-
moelectric power factor P=S2· and ZT [1]. Nanostructures addition is another factor which increases ZT. Authors 
[2] have shown that the introduction of nanographite leads to reduce of thermal conductivity of a material with 
simultaneous increase of electrical conductivity. Furthermore, the introduction of carbon nanographite in ceramics 
can prevent recrystallization.  
 
The results of thermophysical properties investigation of calcium cobaltite ceramics with incorporated carbon 
nanotubes in the range from room temperature to 900 °C are presented in the paper. Ceramics Ca3Co4O9+ was 
received in the Byelorussian State Technological University by citrate gel method followed by milling and com-
pression in the presence of carbon nanotubes. The concentration of nanotubes was 0.1, 0.5 and 2.0 wt.%. Meas-
urement of thermophysical properties were carried out on the device LFA457 MicroFlash (NETZSCH, Germany) 
by laser flash method. 
 
It has been shown that carbon nanotubes, even in a small amount (0.1 wt.%), increase the thermal diffusivity and 
the thermal conductivity of a material and significantly reduce the specific heat. The increase of the thermal diffu-
sivity and conductivity is about 200% at room temperature. But at temperature above 400 °C we observe de-
creasing of the parameters to 15%. Moreover, the increase of nanotubes concentration virtually does not effect on 
the thermal performance of the modified ceramics. It is of interest that the thermal conductivity and thermal diffu-
sivity of calcium cobaltite is constant in the entire range of temperatures and the specific heat is constant at tem-
peratures ranging from about 100 to 700 °C. It is connected apparently with the recovery of samples due to the 
deoxygenation from their volume in the environment. The character of the electric conductivity changes from 
semiconducting to metallic [3]. In semiconducting thermoelectrics heat transfer is carried out by phonons, elec-
trons (holes), and radiation heat transfer can occur at high temperatures. At moderate temperatures, the thermal 
diffusivity and the thermal conductivity decrease in inverse proportion to the temperature. That is observed in 
samples with nanotubes and was not observed for ceramic base. Thus, the introduction of nanotubes in calcium 
cobaltites does not reduce the thermal conductivity, as might have been expected. The reasons for this behavior 
of the thermal conductivity are considered.  
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The system C6H6 – C6H5Cl represents undoubted industrial interest. This mixture is used in refrigeration, heat 
pumps, foam-blowing, and other applications. Mixture equations are required to evaluate the performance of pos-
sible working fluids. The mixture model presented here is based on corresponding states theory and uses reduc-
ing parameters that are dependent on the mole fractions of the mixture constituents and critical points of the pure 
fluids to modify absolute values of the mixture density and temperature.  
 
The proposed approach allows the thermodynamic properties of the mixture to be based largely on the contribu-
tions from the pure fluids. Without additional mixing functions, the model is similar to that for an ideal mixture, and 
only the excess values, or the departures from ideality, are required to accurately model the properties of the 
mixture. The model uses the Helmholtz energy as the basis for all calculations. The Helmholtz energy of the mix-
ture is calculated as the sum of an ideal gas contribution, a real fluid contribution, and a contribution from mixing. 
The Helmholtz energy from the contributions of the ideal gas and the real fluid behavior is determined at the re-
duced density and temperature of the mixture by the use of accurate pure fluid equations of state for the benzene 
and chlorobenzene. The equation for the mixture Helmholtz energy used in this work is 

),,(),,(),,( 0 xxTx r         (1) 
where α(δ,τ,x) is the mixture Helmholtz energy; α0(ρ,Т,x) is the reduced Helmholtz energy in the ideal-gas state; 
αr(δ,τ,x) is the residual part of the reduced Helmholtz energy; δ = ρ/ρr(x); τ = Tr(x)/T. 
The reducing parameters ρr(x), Tr(x) can be defined by the following relations 
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where Tc,i and ρс,i is the critical properties of component i; xi is the mole fraction of component i; βv,, γv, βT, γT is 
the binary interaction coefficients.  
The ideal part can be defined by the following relation 
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where α0i0(ρ,Т) in the ideal part of Helmholtz energy of component i.  
 

The excess part can be defined by the following relation 
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where α0ir(δ,τ) is the excess part of Helmholtz energy of component i; αijr(δ,τ) is the excess function 

    







ijpol

kij

ijijpol

ijpol

kijkijkijkij

K

k

l
KK

Kk

td
kij

td
kij

r
ij NN

,

,

exp,,

,

,,,,

1 1
,, exp,     (6) 

Determination of the binary interaction coefficients in Eq. 2, Eq. 3 and coefficients of Eq. 6 took place simultane-
ously using nonlinear optimization. The uncertainties of properties calculated using proposed model are as fol-
lows: vapor-liquid equlibrium (VLE) data: 1.26 %; saturated liquid density: 0.25 %; heat capacity: 0.65 %.  
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DEVELOPMENT OF NEW SYNTHETIC CAST IRON FOR OIL INDUSTRY 
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This paper discusses the possibility of using synthetic cast iron for manufacturing the "fitting" instead of corundum 
(Al2O3 powder). The union is made by special technology. In our opinion, the synthetic cast iron with a high den-
sity meets the requirements of corundum. Lifetime of the fitting made of synthetic cast iron is at the level of corun-
dum, but several times cheaper. This paper includes researches on cost reduction of parts such as "fitting." They 
are intended for pumping formation fluid from oil wells under high pressure - 100 ÷ 150 atm. 
 
The service life of these components is within 20-30 hours. The fitting is made by special technology of Al2O3 

powder (corundum) by sintering. The hardness of the working surface of the fitting is equal to 85-87 HRA. We 
propose to prepare it by using cheap waste of metal, i.e., solid white iron of bimetal type, while retaining the hard-
ness of the working surface and performance properties. 
 
The main advantage of bimetal is its lower cost compared to the same monometallic product made from only one 
cladding layer (corundum). When pouring bimetal, the cladding layer is welded over the entire surface to the ba-
sis, mutually filling the surface irregularities. The quality of adhesion of the cladding layer (white cast iron), with 
the main (gray cast iron) is determined by a test on cut; the resistance to shear along the interface of the layer - 
base must not be below a shear strength of gray cast iron. 
 
The results of industrial tests of these fittings from bimetal showed that the service life is 20 to 25 hours. Thus, we 
can assume that the fitting of wear resistant bimetal can replace the corundum fitting. According to the results of 
the work, one can make following conclusion: the technology of pouring fitting of wear resistant cast iron bimetal 
has been developed. In the meantime, the hardness of the working surface is maintained at the same level equal 
to 85 Rockwell HRA. 
 

BEHAVIOUR OF FRICTION WELDED THIN-WALLED STEEL TUBES UNDER TORSION 
 

Efe IŞIK1,3, Çiçek ÖZES2  
 

1 Dokuz Eylül Üniversitesi, Fen Bilimleri Enstitüsü, Makina Mühendisliği Bölümü, Izmir, TURKEY 
2 Dokuz Eylül Üniversitesi, Mühendislik Fakültesi, Makina Mühendisliği Bölümü Izmir, TURKEY 

3 Tirsan Kardan A.Ş., Organize Sanayi Bölgesi, Manisa, TURKEY 
e-mail: cicek.ozes@deu.edu.tr 

 
The aim of this study is to experimentally investigate the weldability of thin walled steel tubes having different 
material properties by friction welding technique and to examine the mechanical behavior of friction welded joints 
under torsional loading. 
 
In this experimental study, both thin walled steel tubes having different material properties were successfully 
welded. The torsional load carrying capacity of friction welded tubes was determined by performing static torsion 
tests. Furthermore the fatigue behavior of the welded tubes was investigated by conducting bi-directional torsional 
fatigue tests at different torque levels. 
 
The torsional load carrying capacity of friction welded thin walled steel tubes without any damage was 4.447,55 
Nm in 90 % confidence interval. After conducting 13 bi-directional torsional fatigue tests, the fatigue strength of 
friction welded steel tubes was detected as 876.46 Nm.  

KEYWORDS: Friction Welding, Mechanical Behavior, Torsion Test. 
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ON OPTIMALITY EQUATION FOR THE LINEAR HYPERBOLIC EQUATION OF SECOND  
ORDER WITH NUMEROUS NON-LOCAL BOUNDARY  

 
Oruj HUSEYNOV, Nazir ISMAYILOV, Rauf MAMEDOV, Ilgar KUBISHEV, Aynur GASIMOVA 

 
Ganja State University, Ganja, AZERBAIJAN 

 
With the known variants of the method increments it cannot be generalized maximum principle of Pontryagin for 
the processes described by hyperbolic equations in the non-local boundary conditions. In this work by construct-
ing a fundamental solution for a hyperbolic equation of second order with non-local boundary conditions, when the 
right side of the equation, as well as the boundary conditions depend on some vector-control functions or vectors, 
a necessary and sufficient conditions of optimality.  
Let’s assume that    1,1
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trol functions, а  01 2
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It is obvious that    1,1
pu W G   is the solution of the corresponding problem in the variations that the linearity of 

the problem (2), (3) coincides with it when 
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TERMOIZ OF A BORGIDRID AND TETRAHYDROALUMINATE OF STRONTIUM 
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In this presentation process of thermal decomposition of a borgidrid of an itetragidroalyuminat of strontium ispol-
zovanyy by method a tenzimetriya with membrane zero manometer are discussing. Application of a tenzimetriya 
as the main experimental method is caused by features of work with such strongly hygroscopic and easily oxi-
dized substances as alyumogidrida and also slowness of the studied processes. The Tenzimetrichesky method 
differs in that time of establishment of balance in the course of decomposition of hydrides is almost not limited to 
anything that does it preferable when studying of very slowly proceeding processes. 
 

From literature it is known that process of thermal decomposition of borgidrid and tetragidro-aluminates of the IIA 
elements of groups proceeds in three stages according to the following scheme: 

)(2)()(63)(4 )(
3

1
)( газТтвnтвn HAlAlHMAlHM      (1) 

with formation of geksagidroalyuminat according to the scheme  

)(2)()()(6 )( гТTnТn HAlMHAlHM       (2) 

and the following step corresponds to a termoliz of binary hydride 

)(2)()( 2 гжTn H
n

MMH         (3) 

For borogidrid of the IIA elements of groups [95, 104] the following scheme of a termoliz is offered 

)(2)()()(4 2

3
)( гТTnTn nHnBMHBHM       (4) 

at a certain temperature in parallel with the scheme (3.4.) goes termoliz binary hydride  

)(2)()( 2

1
гжT HMMH         (5) 

In this work as one of the main experimental methods of research of process of thermal decomposition of a bor-
gidrid and tetrahydroaluminate of strontium the static method (tenzimetriya) with membrane zero manometer is 
used. Application of a tenzimetriya as the main experimental method is caused by features of work with such 
strongly hygroscopic, easily oxidized substances as alyumogidrida and also slowness of the studied processes. 
 
KEYWORDS: Zero manometer, tetrahydroaluminate of an iborgidrid of strontium, tenzimetriya, thermochemical 
cycle of Borna-Haber. 
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TECHNIQUE AND EXPERIMENTAL VACUUM-PUMPING SETUP FOR STUDING  
REFLECTIVITY AND RADIATIVE PROPERTIES OF MATERIALS AT HIGH TEMPERATURES 
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The optimality of technological process at action of laser radiation depends significantly on thermophysical prop-
erties of a surface. Experimental data relating to the beginning of melting and total melting of a surface layer allow 
optimize the laser action on the material. Now melting of materials is determined from behavior of surface reflec-
tivity [1,2]. However the reflectivity depends variously on surface roughness and temperature. This does not allow 
determine the beginning of melting and total melting of a surface. In this connection it was suggested to study 
evolution of the melting process from dynamics of spatial distribution of probe radiation scattered by anisotropic 
rough surface. Since action of laser radiation on materials can be performed in various technological conditions, 
the experimental study is performed in air atmosphere, inert gases, and vacuum. In the experiment, oxidation of 
the metals is investigated at heating and melting processes. 
 
In present work the experimental setup is intended for study of melting of anisotropic rough surfaces at heating in 
the vacuum up to 10-5 mm Hg, inert gases and air atmosphere. Samples are heated thermally with a flat heating 
unit. The unit consists of Al2O3 plates 33 cm each having thickness 2 mm. The plates have linear groves. Plati-
num wire having diameter 0.5 mm is located in the grooves and allow obtain temperature up to 1500 oС. The 
heating unite is located in high-temperature isolation material Oxidal-1800. The samples and heater are located in 
water-cooled chamber made from stainless steel. Vacuum is provided by vacuum and diffusion pumps. The setup 
also includes laser with the wavelength of 660 nm, optical system for measuring reflectivity, LightWaySystems 
camera recording spatial distribution of the scattered laser light, a thermal radiation gauge, and the platinum-
platinum/rhodium thermocouples. The described systems are controlled by a computer. 
 
ACKNOWLEDGEMENT: The study is supported by Russian Foundation of Basic Researches (Grant №14-08-
00696). 
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Repulsion pressure is proportional to pressing pressure after elastic counteract factor takes pressing pressure 
within matrix and during extraction of pressing from matrix of press- cast and depends on internal friction and 
Poisson factor. It is known from pressing practice of powder materials that, if pressing pressure is higher, then 
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lateral pressure affecting the wall of matrix and fricting it will be higher also. In connection with that, due to emerg-
ing of elastic counteract effect in the pressings, probability of occurrence of cracks in the pressings during extrac-
tion from matrix is higher [1].  
 
In this article, method of pressing of powder materials in closed press-casts prepared by us, is offered, which 
enables realization of relaxation of tension created in pressings in the pressing processes within matrix up to ex-
traction level. This method enables obtaining of foliated, qualitative pressings, without cracks, with the relative 
density up to 0.98%. Construction of press-cast (picture 1) if necessary, enables possibility of pressing of matrix 
to circle and extraction from circle. In first level of pressing, 1- matrix pressed to 2-circle with less tension. Tension 
is necessary in joint of matrix with circle for provision of full seating of circle in appropriate contact surface with all 
external surface of matrix. After the matrix is pressed to circle, lower poisson-3 is installed; further, indicated ele-
ments of press-cast are allocated on working desk of press and powder materials are added to matrix (picture 1, 
level II). Then, upper poisson-4 is installed to matrix and pressing level is executed. Densification of powder mate-
rial is executed in accordance with required pressure. During pressing process of powder material, in result of 
affection of lateral pressure, matrix is tensed toward pressing direction in perpendicular flatness and this causes 
increase of tension in matrix-circle joint. Value of extension of matrix and tension in connection with it, depends on 
value of pressing pressure.  
 
Next level of pressing process consists of extraction of circle-2 from matrix-1 by aid of two carves 5 and 6 (Figure, 
level IV). In result of extraction of circle and matrix, tension, occurred in pressing during pressing process will be 
decreased significantly. And this, in its turn, creates condition for decreasing of further affection in the process of 
extraction operation. Final level of pressing ends with extraction of pressing (Figure, level V) and dismissal it from 
press-cast. 
 

 

Figure. Level of pressing operations of powder 
materials in contact surfaced press-cast of mutual 
cylinder of matrix and circle: I – pressing of matrix to 
circle; II – pouring of powders to matrix ov; III – 
pressing; IV – extraction of circle from matrix;V – 
extraction of pressing;1 – matrix; 2 – circle; 3 – 
lower poisson, 4 – upper poisson; 5,6 – carves. 
 

 
Suggested method of pressing of powder materials in closed press-casts creates condition for execution of ten-
sion in pressing up to extraction level of relaxation and this residual porosity provides obtaining of 5-3% qualitative 
non-boiled materials. Applied pressing method does not require any significant change in universal pressing 
equipment, increases working period of working surfaces of matrix and poisons, decreases isothermal holding 
period in sintering process, and most of them are wasted to process of elimination of porosities, enables avoiding 
of re-pressing of boiled briquettes, as well as, limits exploitation of lubricators and superficial active matters, ap-
plied to material. Thus, method of pressing of applied powder materials in closed press-casts is considered as 
efficient and economically purposeful. 
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The problem mentioned on the title for the composite plate subjected uniformly distributed loads with different 
intensity over rigid insert and annular parts, is investigated in the paper. The statically allowable fields of bending 
moments and the corresponding fields of the rate of deflections are determined too.  
 
We consider the plastic bend of a circular plate occupying the area of 0 ≤ r ≤ b, - h / 2 ≤ z ≤ h / 2, 0 ≤ φ ≤ 2π in 
dimensionless cylindrical coordinate system r, φ, z where z axis is down-directed. We think that the central part 0 
≤ r ≤ a (a < b) of the plate is not deformed i.e. circle r = a is articulate one. The plate is situated on incompressible 
foundation and subject to influence by positive load with p1 intensity evenly distributed along deformed circular 
part a ≤ r ≤ b. The thickness of the plate h is constant one. The central layer of the plate with different yield loads 
kσ0 and σ0 (0 < k ≤ 1) on tension and compression is reinforced by fibers in two orthogonal directions coinciding 
with the axes of capital bending moments. The materials of the fibers and coatings are also considered ideally 
stiff-plastic ones. The amount of the fibers is variant in each direction. The coatings are sufficiently thick layers, 
material which is homogeneous, isotropic, ideally plastic one with yield points Q0 and Q-0 = vQ0 (0 ≤ v ≤ 1) while 
tension and compression, respectively. Composite yield conditions are deduced in [1].  
 
The plate is situated on incompressible medium, therefore incompressibility condition is fulfilled  

b0∫w(r)rdr = 0,          (1) 
where: w is deflection rate of the plate in positive direction. Equilibrium equation of the plate has the following 
appearance  

(rm1)′ - m2 = -2 (p - q) a2 + 2 (u - q) r2, a < r < b,     (2) 
where the stroke implies derivative for r and u is dimensionless intensity of medium reaction. The equation (2) is 
ordinary differential equation with two unknown quantities m1 and m2. The second equation between these values 
of form f (m1, m2) = 0 is the condition of plastic flow [1] and boundary conditions are: 

w = 0, dw / dr = 0 or m1 = m+01 when r = a and r = b,     (3) 
as well as continuity conditions between the zones of different plastic regimes. 
 
The rates of curvature change in radial and peripheral directions χ1 and χ2 are expressed through the derivatives 
of deflection rate w: 

χ1 = -w′′, χ2 = - (w′ / r)         (4) 
and under associated plastic flow rule in capital directions are associated with yield equations  

χ1 = λ ∂f/∂mi (i = 1, 2)         (5) 
Solution of the assigned task allows definition of statistically acceptable fields of bending moments, bearing ca-
pacity of composite plate and kinematically acceptable fields of deflection rates. Character of dependences of 
limiting load coefficient and resistance of medium from properties of materials formed plates has been developed.  
 
REFERENCE: 
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Gas sensors are applied in many fields of industry, automobiles, domestic living and environmental monitoring for 
analyzing the chemical composition of the ambient atmosphere, to protect from harmful and hazardous gases as 
well as dangerous solvent vapors [1]. According to the working principle, several kinds of gas sensors can be 
found, like pellistors, quartz-micro-balances (QMB), optical systems, electrochemical sensors as well as metal 
oxide semiconducting gas sensors because of high stability, easy production and long lasting [2]. The principle of 
semiconducting metal oxide gas sensors is described in reversibly change their surface electronic resistance in 
the presence of hazardous gases. Therefore, to improve the reliability, stability and sensitivity of the metal oxide 
gas sensors, the different factors may affect the gas sensing of sample, such as the morphology, producing 
methods, surface defects and doped with different metals [3]. During the production of materials, annealing tem-
perature is one of the key factors which significantly affect the structure, optical and electrical properties of the 
sensing materials. It was concluded that the final annealing temperature influences the concentration of the reac-
tive sites for oxygen ionosorption [4-5]. The effects of thermal annealing on the electrical properties for gas sens-
ing materials is important to increase the gas sensing properties.  
 
In this study, HfO2/p-Si samples are fabricated by Atomic Layer Deposition method with the thickness of 3.3 nm 
and investigated their gas sensing properties for different annealing temperatures. The sensing properties of 
samples are affected by the annealing temperature due to the change of the grain size of the material. When the 
annealing temperature increased, Increase in sensitivity is observed. Our results demonstrated that the annealing 
temperature is a very important parameter to determining the sensitivity of HfO2 based gas sensors. 
 
ACKNOWLEDGEMENT: This work is supported by The Scientific and Technological Research Council of Turkey 
(TUBİTAK) under Project No, 114F074 and Gazi University Scientific Research Fund under project no 05/2015-
02.  
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One of the major environmental problems of the present is to reduce CO2 emissions by replacing the processes 
forming CO2 more modern, as well as the involvement of carbon dioxide in the new chemical synthesis. Inde-
pendently of problem of the greenhouse effect, carbon dioxide should be considered as an important source of 
raw materials in the future. Oil, gas and coal are rapidly being depleted. Currently, only 10% of oil is used for 
processing chemical and petrochemical products. In order to combat greenhouse effect required use in industry 
new forms of energy and CO2 should be involved to chemical processing. 
 
In this paper we consider the possibility of producing hydrocarbons from carbon dioxide and water without addi-
tional hydrogen feed. In order to establish the temperature range of the process involving reactions (1-8) we car-
ried out the relevant thermodynamic calculations. 
 
The magnitude and sign of the isobaric-isothermal potential allows to solve not only qualitatively the issue of the 
possible direction of the reaction, but also quantitatively calculate the equilibrium composition of the system, and 
hence the degree of conversion of the reactants under the given conditions. 
 

Table. The values of the isobaric-isothermal potential reactions (1-8), ΔZ (kcal/mol) 

Temperature, К 
№  Reaction 

Value, 
ΔZn* 600 700 800 900 

1. Н2О + Ме 0 → МеO + H2 ΔZ1 -7,506 -8,75 -10,02 -11,31 
2. CO2 + H2 → СО + Н2О ΔZ2 3,932 3,057 2,219 1,415 
3. МеО + СО → СО2 + Ме0 ΔZ3 3,574 5,742 7,798 9,898 
4. СО + 3Н2 → СН4 + Н2О ΔZ4 -17,286 -11,437 -5,516 0,479 
5. 2СО + 5Н2→ С2Н6 + 2Н2О ΔZ5 -17,622 -5,876 5,988 21,938 
6. СО2 + 4Н2→ СН4 + 2Н2О ΔZ6 -13,354 -8,38 -3,297 1,894 
7. СО + Н2О = СО2 + Н2 ΔZ7 -3,932 -3,057 -2,219 -1,4150 
8. 11Ме0 + 3CO2 + 5H2O→CH4 + C2H6 + 11МеО ΔZ8 -105,678 -104,357 -103,058 -101,781 
 
The decomposition reaction of water on the catalyst surface can occur already at 600 K and with increasing tem-
perature the probability of formation reaction is increases. The fourth, fifth and sixth reaction occur spontaneously 
when the temperature drops, but as the temperature increases the reaction rate decreases as the value of ΔZ 
increases. The probability of reaction (7) also decreases with increasing temperature in the temperature range 
600-900 K. Reaction 8 represents the summary production of hydrocarbons from the reaction of CO2 and H2O. 
Due to the presence of hydrogen gas generated by the decomposition of water at the surface of the catalyst, the 
occurrence of the reaction at a temperature of 600 K. 
 
The results of thermodynamic calculations show that in the temperature range 600-900 K carbon dioxide under 
the influence of water can be reduced with the formation of low molecular weight hydrocarbons (CH4, C2H6), with 
high total yields.  
 
ACKNOWLEDGEMENT: This work was supported by the State Oil Company of Azerbaijan Republic (SOCAR) 
and the Science Development Fund under the President of Azerbaijan Republic - Grant № EİF-2011-1 (3) -
82/63/4. 
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In the study of the stress state of concrete structures in the process of hardening concrete, it is necessary to de-
fine the temperature fields arising from exothermy concrete and external temperature effects. The hydration reac-
tion of cement is accompanied by transition pore moisture in the bound state, leading to significant changes in 
humidity. Especially important is the inclusion of exothermy in the curing of concrete at naturally low ambient tem-
peratures, as is the case when concreting in winter conditions. 
 
A mathematical model based on the application of the equations of heat conduction and of moisture transport 
distributed volumetric heat sources and flow of water, the intensity of which depends on the temperature.  
 
Considering that at low temperatures the hardening of the concrete, and hence heat and moisture transport is 
almost completely stopped, the solution of the problem in the adiabatic conditions a function of the volumetric 
heat source ω(t) in the form: 
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NQ
TT g

     (1)  

where B is the parameter of heat release rate of cement; N is the cement content in concrete; T0 is the initial tem-
perature of the process; T∞ is the temperature of the concrete at the end of the heat dissipation; Qg is the amount 
of heat released by a unit mass of cement during the hydration.  
 
The heat equation and moisture transport in concrete mixtures with an initial temperature T0 and the humidity was 
solved with the boundary conditions of the free warm-wet interface with the external environment with Tv set tem-
perature and moisture Wv.  
 
For concrete mix cement grade 300 with initial temperature T0 = 15 ºC and moisture W0 = 0.0655 (in relative units 
by weight) when hydrated in adiabatic conditions, the temperature of the concrete increases with time from the 
initial to the limit T∞ = 48,96 0C. Of humidity, due to the binding of water is reduced from the initial to 0,056 
(14.5%). The calculation was carried out by time up to 700 hours, when the process of hydration and hardening of 
concrete, was mostly completed. 
 
The dynamics of development of the fields of temperature and humidity in a concrete wall of thickness 2l, cooled 
by external air with a constant temperature Tv < T0 and humidity W0. The calculations were conducted with the 
following numerical values: l = 1m; Tv = 3 0C; ρ = 2300 kg/m3; λТ =1.7 kcal/m·h· grad; c = 0,23 kcal/kg· grad; aT 
=0,003m3/h; αНТ=20 kcal/m2·h·grad.  
 
The calculation results indicate that the concrete is initially rapidly heats up from exothermy to C, then cooled 
slowly losing accumulated heat. Over time, the temperature in a concrete mass tends to quasi-stationary regime 
in the absence of exothermy. The most intensive process temperature change occurs at the points most remote 
from the boundaries.  
 
Humidity value, calculated based on the flow of moisture, significantly different from the calculated without regard 
to runoff. This indicates that accounting for the flow of moisture during hydration needed to determine field mois-
ture in concrete structures. The most significant changes in the moisture of the concrete occurs at the points most 
remote from the boundaries. Therefore, humidity strain of concrete (swelling or shrinkage) is inherent in massive 
concrete structures. 
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The process of thermoinduced isomerization for the spiropirans 1,2 has been studied by the dynamic NMR 
method. Diastereotopic hem-dimethyl groups at position 3 are object of study. It was found out experimentally that 
in the NMR 1Н spectrums the point of coalescence signals of hem-dimethyl groups is achieved when the studied 
compounds are heated.  
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This gives the opportunity to 
determine the amount of the 
conversion free energy 
(ΔG≠) of the spiropyrans 
closed form. Parameters is 
carried out using the 1 2 
temperature dependence data in the NMR spectra of the exchanging diastereotopic groups. Two singlet signals 
nonequivalent methyl groups in the 3-position are shown in the spectra in the absence of exchange. These sig-
nals are broadened with the temperature increasing (increasing the rate of exchange) and the point of coales-
cence reached. The full coalescence occurs at 170 0C (1.48 ppm) (compound 1).This indicates the full identity of the 
methyl groups at observed temperature. Behavior of hem-dimethyl groups in compound 2 is similar. The difference is 
another point of coalescence. It is observed at higher temperature (180 0C).  
 

 
 a b 

Expression Kcoal = π • Δν/√2 gives the 
rate constants at the coalescence tem-
perature for the exchange between the 
two positions with equal population 
density and the free energy conversion 
of the closed spiropyran form ΔG ≠ 
calculated according to the Eyring 
equation: 

ΔG≠ = 4,576T(10,32 + lgT – lgk) 
The calculations are shown in Table 1 

Fig 1. The dynamics of the methyl group signals in the 1H NMR spectra (CD5NO2) 
of compounds 1 at 1 (a) and 2 (b) at temperatures 30-170 °C (a) and 30-180 °C (b) 
accordingly. 

 
Table 1 . The results of NMR studies of the dynamics of compounds 1 and 2. 

Hem-dimethyl groups Compound 
ν1 ν2 

Δν. 
Hz 

К, 
sec-1 

Тcoal ΔG≠, 
kj/mol 

1 798 918 120 267 443 21.37 
2 810 924 114 253 453 21.92 
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In work we identified specific melting enthalpy of eutectic compositions in the ternary system LiVO3-NaVO3-KVO3 
and two-components systems, which are elements of faceting, with microcalorimetry heat flux [1].  
 
Using peak areas of differential curves, according to the formula (1) calculate the specific melting enthalpy of 
eutectic compositions [2]: 

ΔmHЕ ΔmHm ·
m

Е

S

S
 · ,

m

E

T

T
 kJ/kg,      (1) 

It is also theoretically calculated specific melting enthalpy ternary system LiVO3-NaVO3-KVO3 and two-
components systems by the formulas (2) and (3) [2, 3]:  
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= 25.1 ± 4.2,         (3) 

In Eq., SE и Sm – peak areas of differential curves corresponding to the melting temperatures of the eutectic com-
position and the modelΔmHm и ΔmHЕ – the specific melting enthalpy of the model, which is close to the melting 
temperature of eutectic composition, and the specific melting enthalpy of eutectic, kJ/kg; TE и Tm – melting tem-
peratures of the eutectic composition and the model, К. 
 
The obtained results were compared with experimental (table). 

 
Table: Properties of nonvariant points 

Composition, mass % Specific melting enthalpy, kJ/kg Melting tem-
perature, K LiVO3 NaVO3 KVO3 Experiment By the formula [2] By the formula [3] 

639 32.9 - 67.1 249±12 263±13 167±8 
767  - 15.3 84.7 323±16 323±13 151±7 
663  26.4 5.6 68 186±9 191±9 165±8 
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1974, P. 200. 
 
 
 
 
 
 



International Conference: “Thermophysical and Mechanical Properties of Advanced Materials” and  
 4th Rostocker International Symposium: “Thermophysical Properties for Technical Thermodynamics”, 17-18 September 2015, Baku, Azerbaijan 

 88 

PROPERTIES OF HEAVY OIL – WATER EMULSIONS  
 

Yuri MAKSIMUK, Zoya ANTONAVA, Vladimir KROUK, Vera KURSEVICH, Victor FES’KO 
 

Research Institute for Physical&Chemical Problems, Belarusian State University, Leningradskaya Street, 14, 220030, Minsk, BELARUS 
e-mail: maksimuk@bsu.by 

 
Using of heavy oil – water emulsions (HOW) as a boiler fuel allows to reduce harmful emissions and to utilizee 
waste oil. The emulsion components are evenly distributed in HOW, so the water is an effective component. The 
most expedient way of preparation of HOW is to produce it from oil residues using additives and various dispers-
ing devices.  
 
The rheological behavior of boiler heavy oils (HO), HOW, bioadditives (BA), HO+ BA mixtures and HOW+BA mix-
tures are investigated. Amount of BA in mixtures was 0.5 - 10 % mass. Viscosity of HO was 13 and 37 Pas (20 
°С). HOW prepared from HO, heavy oil deposits and scourage had a different dispersion composition. Substan-
dard vegetable (canola) oil and their methyl esters (FAME) were used as BA. Investigated HOW were kinetically 
resistant to water separation for a long time. Mixtures were produced by addition BA to HO and HOW with me-
chanical stirring. The rheological characteristics of HO and BA were studied on a rotational viscometer DV-
III+Ultra (Broоkfield), of HOW and all mixtures – on REOTEST-2 PV-type. The dynamic viscosity was measured 
at temperatures 20, 30, 40, 50, 60, 70, 80 °С and shear rate 0,03–145 s-1. Accuracy of temperature was 0,1 °C.  
 
HOW and HOW+BA mixture are pseudoplastic liquids in temperature interval from 20 to 50 °С. Flowing of HOW 
becomes Newtonian after 60°С from 1% content of BA. It was found that the addition of 1-3% BA in HO and HOW 
reduces its viscosity to 5-60% in dependence on the temperature, shear rate, quantity of BA and etc. The higher 
the dynamic viscosity of of the initial sample at low temperatures, the lower it when BA administered. Reduced 
viscosity also depends on the degree of dispersion HOW. When adding 1,2 and 3% BA to the coarse-dispersion 
HOW viscosity reduction is 1,6, 1,5 and 1,1 times higher than to the HOW with 90% content of drops with size of 
the dispersed phase up to 10 microns. Viscosity reduction of HOW+BA mixture is higher than viscosity reduction 
of HO+BA mixture because of distribution of BA in the interphase layer of HOW. With increasing temperature the 
HOW solubility in the hydrocarbon phase is increased. Viscosity reduction of HOW + BA mixture with increasing 
amounts of BA from 1 % occurs primarily due to lowering the viscosity of the hydrocarbon component. FAME 
viscosity is 6 times less than the viscosity of canola oil at 50 °C. HOW viscosity reduction when it‘s added is dif-
fers approximately in 1,5 times. 
 
50 samples of heavy industrial fuel oil of Republic of Belarus are investigated. Approximately half of the sample 
contained waste in its composition. It was determined experimentally that the sulfur content is 0,5–2,5 % (by gra-
vimetry after combustion in a bomb containing oxygen under pressure and/or by energy-dispersive X-ray fluores-
cence spectrometry), density is 870–1010 kg/m3 (hydrometer), the water content is 0,03–70 % (distillation with 
benzene), kinematic viscosity at 80 °С is 20–450 mm2/c (glass capillary viscometer), gross calorific value is 13-45 
MJ/kg (isoperibolic bomb calorimeter).  
 
Ranges of viscosity, density and the calorific value of samples studied depending on the nature of the feedstock 
and the dispersion composition were identified and analyzed. Equations for calculating the gross and net calorific 
values, based on the values of the density and water content, were developed. The received relations were 
checked according to the literature data. The proposed equations allow to predict the values of the calorific values 
for liquid petroleum fuel oils with an error of no more than 0,4 MJ / kg at 95% probability. 
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The strength of the ceramic mechanics essentially depends on the volume of funds. Large-scale means of dan-
gerous defects is high probability, their average strength is low. According to the theory, Weybull, volumes V1 and 
V2 relative firmness of the two examples is a follow: 
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where, m- body is a constant characterizing the material, if m-high, then one body material. This condition must 
be seen in the specific design of the welding. The elasticity of the porous ceramic is low and depends on the ex-
ponential low of elasticity. Most of the data represented by the formula Reskewis: 

)exp(0  h ,       (2) 

here h-stable, 47 change. P-volume temperature range. 
 
Leading to the destruction of means of asserting the two changes that have increased the amount of funds, R 
stress and the shape factor of the body depends on the S-confirming the critical temperature suited to its differ-
ence. 

SRTkp  ,        (3) 

In some cases, dependence of the material properties R is considered as a S factor in resistance which, in many 
cases, have complex relationships. It is often difficult to quantify. Therefore, R used by the relative stability of slow 
heating, thermo relative heating and cooling uses ceramic thermo physic dependency ratio can be solved by fol-
lowing formula: 
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here, v- is the Poisson’s ratio, C-specific heat, ρ-holder compression, E-Yung modulus.  
 
Oxide materials are very often used as a conductive material. For such purposes, in accordance with their impor-
tance for the transmission rate depends on the temperature of the thermal gradients. The thermal conductivity of 
the following basic equation: 



d

dT
S

dt

dQ
 ,       (5) 

here: dQ –t to the direction, S- it passes-surface and heat. λ – coefficient of thermal conductivity.  
 
The main role is played by the extremely low load conditions with the aim point. Status sliding metal impressed 
experts. But despite this resilience of physical processes. Calculation of work gliding accurate method difficult. In 
simple cases, the sliding speed is calculated by the following equations: 






RT

Q
exp0 ,       (6) 

here: Q –active energy slip, R-slip-stability gas, ε0 –ratio. 
 
The analysis shows that the surface is not only parallel to the dislocation interaction. Dislocations at an angle 
perpendicular to the power. 
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l

Gb
F

4

2

 ,        (7) 

here, F- podem free surface, l- the distance from the surface, b -Byurgers of the vector, G- a change material to 
module. 
 
Normal temperature at a high temperature (11001300 K) oxide material is treated in a fragile and low-voltage 
distributing heat. According to the theory Griffiths at the end of the crack length σmin is approved voltage average 
score: 

r

l
or 2min  ,        (8) 

here: l - is half the length, r - radius of the crack. 
 
Causes micro-cracks structures and physical properties of heterogeneous and diverse etaps. Vryed do oxide 
materials characterized by melting metals such as merging the high modes. Intomogeneus temperature is re-
garded as the mechanical connection. 
 
During welding, a high temperature due to pressure non-metalic elements only metal elements be deformed in 
this case, less than the thickness of the metal element. Relatively thin metal mechanical properties of the forma-
tion differ. This case is contact strength and tensile and flexural strength and elastic types occurs during charging 
types. Such compounds are called non-uniform mechanical combination. 
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While pressing the powder particles to establish an assessment of the elementary work of the external force on 
the molded funds can be considered as deformable body. Then the main work dAe, dh of the external forces dur-
ing a change of location of the ponder is carried out by operation of the press: 

dAe =Pdh,        (1) 
During consideration of price P compression forces press molded funds segment in N particles of cohesive forces 
can be found as the sum of the projection:  

)1(cos
1 1

iiiki

n

i

k

i
ki fSP

s a

 
 

      (2) 

go for the average number of expression (2) can be written in the following manner: 

iiaskck fKnSP   cos)1('          (3) 

Taking into account (3) the expression (4) can be written as follows: 
dhfKnSdA iaskcke   cos)1('        (4) 

Internal forces dAi work in the integrity of pressing against the force of resistance to sliding push particles con-
sumed. 
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Turning to the mean expression (5) can be written as follows: 
)1('  ikakcszki fdKSnndA         (6) 

In this way during the consideration of the number of briquettes and the ratio 
2

pc

H
s a

S
n





 of the average particle, 

particles interact with the normal ratio: the ratio between the positions of the particles dδk -can be expressed as 
follows: 

;
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here: 0  - the volume of the particle shape,   - is flat shape of the particle size of the particles, aort -middle 

static – during consideration the height, h - of briquette-normal contact, φ - angle of mutual influence between the 

particles change places-approximation particle, 
k

c2



d

du
 -is a relative factor at this time consider can write well. 

This expression against the relative ratio can be obtained by solving an expression. 
)1(cos)1)(1( 2  ii ff         (8) 

The expression ψ of a quantity, 
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If that solve the majority of the particles are moving vertically with respect to the movement parallel to the working 
punch, then the following conditions will be available for contact connections: 

  tg    sincos
2

      (10) 

Taking into account (10) the expression (9) is as follows: 




tg
d

du

k

c  2          (11) 

The maximum inner strength job evaluation expressions (10) and (11) correspond to each other. 
 
At the same time the relation (11) shows that the conditions for the normal movement of particles occur mainly 
due to its weakening. Thus ψ the function is available in the form of the following inequality: 
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φτ estimate of the number corresponds to the following, interval differential equation: 
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Describing the mechanism of deformation of the equation  
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EXPERIMENTAL STUDY OF CORRELATION BETWEEN METAL SURFACE ROUGHNESS 
AND INTENSITY OF PROBE RADIATION SCATTERED BY THE ROUGHNESS AT MELTING 
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Experimentalе data of melting of metal surface layer allow to determine boundaries of applicability of theoretical 
models describing variation of thermophysical properties at the early stage and subsequent stages of influence of 
intensive radiation. Melting of the layer under action of intensive radiation is usually studied from surface reflectiv-
ity with the probe radiation [1-4]. However spatial structure of roughness and optical constants influencing on the 
reflectivity are different dependence on temperature [5]. In this connection investigation of informativity of spatial 
distribution of the probe intensity scattered by surface roughness at melting is relevant. 
 

Correlation between degree of isotropy of spatial distribution of probe radiation intensity diffusive scattered by the 
surface roughness and degree of isotropy of spatial distribution of the surface roughness was determined experi-
mentally. Correlation was evaluated as ratio between degree of isotropic distribution of the radiation intensity and 
degree of isotropic distribution of the surface roughness. The degree of isotropic distribution was defined as: 

D = (Pp-Pc) / (Pp + Pc), 

where Pp is the power of scattered radiation (roughness dispersion) in the plane perpendicular to roughness 
grooves and Pc is the power of scattered radiation (roughness dispersion) in the plane parallel to roughness 
grooves. 
 

Evaluation of correlation of spatial distribution of scattered intensity and that of surface roughness during melting 
was performed with physical simulation method. Two steel samples with surfaces obtained by sandblasting and 
unidirectional grinding were used to simulate isotropic roughness and unidirectional roughness, respectively. The 
roughness of the samples was determined in mutually orthogonal directions with a contact profilometer Form 
Talysurf and AFM microscope “Smena”. Spatial distributions of intensity scattered by the samples were measured 
with the camera LightWaySystems. The measurements were performed on experimental setup. 
 

Obtained values of the correlation were 0.97 for the sandblasted surface and 0.92 for the unidirectional ground 
surface. The obtained values show high degree of correlation between the spatial distribution of the scattered 
radiation and the spatial distribution of the surface roughness. 
 

ACKNOWLEGEMENT: Research was conducted at support of Russian Foundation of Basic Researches (Grant 
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THE FINITE-SIZE SCALING RELATION FOR THE ORDER-PARAMETER 
PROBABILITY DISTRIBUTION OF THE SIX-DIMENSIONAL ISING MODEL 
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The six dimensional ising model with nearest-neighbor pair interactions has been simulated on the Creutz cellular 
automaton by using five bit demons near the infinite-lattice critical temperature with the linear dimensions 
L=4,6,8,10. The critical temperature value of infinitive lattice has been obtained from the results of simulations by 
using finite-size scaling relation. More over the order parameter probability distribution for six dimensional ising 
model have been calculated at the critical temperature. The finite size scaling relation for the order parameter 
probability distiribution has been tested and verified nümerically by the Creutz Cellular Automaton simulation. The 
constants of the analytical function have been estimated by fitting to probability function obtained numerically at 
the finite size critical point. For the large finite size, the analytical function has been described the universal shape 
of order parameter probability distiribution function. 
KEY WORDS: Ising Model, Order Parameter Probability Distiribution, Cellular Automaton, Finite-Size Scaling.  
 

THERMOPHYSICAL PROPERTIES OF RED SEA WATER 
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The changing of climate and increasing of middle temperature in the Earth and Seawater surface, aslo speeding 
up evaporation of Sea water. The Red Sea connects Indian Ocean and Mediterranean Sea, lying between Africa 
and Asia. The region has very high temperature in the most time in year up to T=323.15 K and this fact play im-
portant role for the evaporation of water. In this case, the salinity of water is increasing and reaches up to 41 ‰ in 
the northern part. The nature around of Red Sea is very dry and has much sand. The drink water resources are 
limited. In this case, desalination of Red Sea water for drinking and domestic use is very actually in this region. 
Only 18 desalination plants have Saudi Arabia along the Red Sea coast. The other countries (Yemen, Sudan, 
Eritrea, Djibouti, Egypt, Jordan and Israel) also have various activities, techniques, plants etc. for desalination of 
the Red Sea water for domestic purposes. Saudi Arabia also is reaches with oil and gas reservoirs. The ship 
navigation (mostly oil and container tankers) is also most active in this region. Because, they reach Europe 
through Suez canal and Mediterranean Sea faster than travelling of all African coast. 
 
Developing of desalination techniques need the wide range thermophysical properties of the Rea Sea water. In 
this case, we analysed two sample of the Red Sea Water [one from “The Brothers Islands” (geographical coordi-
nates 26°18'55" N; 34°50'28" E and 38.7 m deep) and another from “Daedalus” (geographical coordinates 
24°55'52" N; 35°52'12" E and 28.2 m deep). It is first analysis of the Read Sea water and we will continue this 
work in future. In this conference, we will present the density of these samples at T=(278.15 to 413.15) K and at 
pressures up to 100 MPa. The density measurements of the Red Sea water at the high pressures were carried 
out using the Anton-Paar DMA HPM vibration-tube densimeter. The density measurements at ambient pressure 
also were carried out using the Anton-Paar DMA 4500 densimeter. The viscosity of samples were analysed using 
the SVM3000 Stabinger Viscometer. The chemical analysis of samples (cations and anions) were analysed using 
the IRIS Intrepid II Optical Emission Spectrometer and DX 100 ion chromotography.  
 
An empiric equation of state for fitting of the (p,ρ,T) data of the Red Sea water samples has been developed as a 
function of pressure, temperature and salinity of water. This equation is used for the calculation of the thermo-
physical properties of samples.  
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Under deposit conditions and during the process of layered fluid (oil) deposition is contacted with water that form-
ing “gas - oil – water” system. A hydrocarbon is dominated In the oil composition. The presence of the aqueous 
phase is significant affect on the thermodynamic parameters of system. The study of phase equilibrium was car-
ried out based on the experimental results of isochoric heat capacity. The phase equilibrium parameters definition 
is bused on the features of thermodynamic behavior of studied system at phase transitions. Methods of experi-
mental study are described in detail in [1, 2]. The measurements of heat capacity by isochors were carried out on 
the experimental set-up that automated on the base temperature controllers LakeShore, digital multimeters 
Kethley and PC. A characteristics of Cv = f (T) at the phase transition (the maximum and jump on the heat capac-
ity isochors) allows us to define the parameters of (temperature, density, pressure) bound area of phase equilib-
riums. Based on the obtained data, the phase diagrams ρ= f (T), were plotted. The mixing regions in the n-
heptan-water with different content of polar component were defined. 
 
It is shown that: 
-The presence of the aqueous phase is significant affect on the hydrocarbon phase diagram configuration. 
-The width of the separation region depends from water concentration in heptane. 
- The studied n-heptane-water system has a state of azeotrope. 
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This paper presents the results of research on the production of molybdenum wire of heightened plasticity. Stud-
ies on reduction of the content of intercalation impurities in molybdenum were carried out by raising the tempera-
ture of recovery to 150-200 ºC compared with the existing technology of production of metal powder, molybdenum 
brand Mch. Increasing the recovery temperature resulted to changes of physical and technological characteristics 
of the powders of molybdenum (e.g., increased bulk density and average particle size of the powder, reduction 
the oxygen content in powders). The high temperature of caking of pressed bars compacted (2300-2400 ºC) 
made of these powders allowed to maintain open porosity due to obtain large grains of powder and increase cak-
ing time and promote the fullest degassing process and remove fusible impurities.  
 
Molybdenum rods underwent thermomechanical deformation to produce molybdenum wire of ∅59 micron. Output 
of spiral wire of ∅200-120 microns was 90-95%, a wire of ∅100-59 microns - 75%, which is significantly higher 
than the results obtained by the existing technology (15-25%). 
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Hexagonal boron nitride (h-BN) is a wide optical energy bandgap III –IV compound which has remarkable physi-
cal properties and chemical stability. In this study, florecence, UV and FTIR analysis were resulted of h-BN which 
is a boron high technology product. For optical properties studies, the samples were compacted as pellets, it was 
obtained purity and honeycomb layered structure of boron nitride. Optical absorption and florecence measure-
ments were evaluated of pellets at room temperature, respectively. It has been concluded that semi-conductor 
properties of h-BN can take place in nano material applications. 

KEYWORDS: h-BN, Florecence, UV, FTIR, semi-conductor. 
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Hexagonal boron nitride (h-BN) is used in high temperature bed solid lubricants, glass and metal of the casting 
mold and the mold release, because of high temperature refractiveness, thermal conductivity, chemical inertness 
and easy processability properties. 
 
In this study, XRD and SEM analysis of high purity h-BN were done for characterization studies, a mixture was 
prepared with appropriate pigment for mold release features and mold release experiments were done with pul-
verization of this mixture to stainless steel mold in 200 °C and 3 bar for two minutes in a foundry. It has been con-
cluded that mold release which consists of h-BN has less service-life than commercial mold release, but a non 
hazardous new material for human health, environment friendly and economical product was developed. 

KEYWORDS: h-BN, XRD, SEM, foundry mold, sustainable product. 
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The article presents the results of research of developed effective formulations of thermo-resistant composite 
materials class KHR, which allow increase in temperature of operation of drilling fluids based of developed com-
posite materials to 200-220 ºC, increase of mechanical speed and endurance of rock breaking and cutting instru-
ment by 10-15% and opening of productive horizons wells for oil and gas by 30-35%. It also provides the stability 
of the process of drilling oil and gas wells and the ecological safety of the environment. 
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The article presents the results of research pioneered effective compositions of composite materials filled with a 
mechanically activated natural sand and other ingredients, which improve strength properties, thermo-resistance, 
shear stability and crack resistance and the overall increase efficiency and durability of asphalt concrete compos-
ite pavements of roads, bridges and airfields. 
 

PHYSICAL AND MECHANICAL PROPERTIES OF THERMO-FROST-RESISTANT  
SEALING COMPOSITE MASTIC 
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The article presents the results of research pioneered thermo-frost-resistant composite materials based on or-
ganic ingredients from local raw materials and waste products with predetermined physical-mechanical and tech-
nological, properties for filling deformed joints of concrete roads and cracks of asphalt roads. They can be used in 
different climatic conditions of hot climate and high altitude ranging from minus 35 to plus 130 ºC, as well as im-
prove the efficiency and durability of roads, bridges and airfields. 
 

PECULARITIES OF CASTING TECHNIQUE OF BILAYERED CASTINGS  
OF PIPES GREY CAST IRON - ACID-RESISTING FERROSILITE  
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Expirements on casting technique of bilayered castings of pipes were held on multiposition aggregate of type 
“Lipetsk”, designed to production of one-layered pipes of diameter 109 mm and length 2000 mm. This aggregate 
consisits of lower and higher storey where are located rotating chill moulds. Each chill mould consists of solid 
rotor with steel and cast-iron chill mould put in it. In tail part of chill mould is located the ring, limiting the length of 
composite pipe. Water charger constructed for this purpose consists of double-chamber hopper with appropriate 
discharge holes and dual-channel ditch where the length of channels is different (Fig.1). Chill mould 9 is driven in 
rotation and then the dual - channel ditch heated to 500 ºC is imbeded into the cavity of the mold. Liquid gray cast 
iron (sign СЧ 24) and liquid ferrosilid (sign C15, with chemical composition - 0,53% C; 15,19% Si; 0,26% Mn; 
0,024% P; 0,10% S) which are parallel smelted in two induction furnace sequentially poured into the chambers by 
the measuring spoon and through the appropriate tapping holes metal layers flow over different channels of the 
ditch (Fig. 2). 
 
Metal of outer layer first enters into the cavity of a rotating mold from the spout of the short channel of the ditch 
and then quickly covers the entire length of the splayed and partially the composite units of the mold. The process 
of the solidification of the outer layer of the iron castings starts. 
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Fig.1. The scheme unit centrifugal machine with pouring device for casting a bilayer 
castings: 1 - hopper; 2 and 3 – chambers of loading hopper; 4 - ditch; 5 and 6 – channels 
of ditch; 7 and 8 - tapping holes of the hopper; 9 – casting form; 10 – a head with cores 
 

Fig.2. Movement of liquid metal layers of 
casting on elements of the filling device 
of the centrifugal machine: a - output of 
stream of liquid metal layers from the 
tapping hole of the riser; b - Movement 
of metal layers on channels of the ditch 
and pouring of them into the cavity of 
the mold. 
 

Liquid ferrosilid is poured from the spout of the long channel of the ditch onto the freeze layer of grey cast iron 
after a time (8-20 seconds). Simultaneously continuing to pour liquid metal of ferrosilid of inner layer, gradually the 
ditch is derived from the mould. After pouring of the melts of the outer and inner layers of the casting the chill-
mould should be in a rotating movement for about 35-55 seconds. 
 

Table: Technological parameters of the centrifuging process of two-layer casting of grey cast iron - ferrosilid 
 

 Process parameters Otdika Outer layer Inner layer 
1. Alloy grade - СЧ24 СИ15 
2. Size castings; m    
 -diameter 0,109 0,109 0,098 
 -length 2,0 2,0 2,0 
 -wall thickness 0,01 0,006 0,004 
3. The thickness of parting compound, m 0,0008 - - 
4. Speed of rotating mould, r.p.m. 810 810 810 
5. Temperature of the mould, C 420 - - 
6. Temperature of pouring, C 1250-1300 1250-1300 1270-1399 
7. The initial length of t5he channel of the 

ditch, m 
- 1,2 1,8 

8. Diameter of the tapping hole - 0,035 0,045 
9. Pouring rate - 2,2 3,2 
10. The average rate of increasing of the 

wall thickness, m/s 
- 0,28 10-3 0,5 10-3 

 
CONCLUSION. According to the results of the tests and appropriate management of the procedures and duration 
of the operation of the pouring of layers of metals, the cyclogram of the mode to obtain a two-layer casting was 
designed. It is shown in the table.  
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Metal–semiconductor (MS) and metal-insulator-semiconductor (MIS) type Schottky barrier contacts play a signifi-
cant role in semiconductor device technology [1-4]. The semiconductor technology is still explored and has at-
tracted much interest during recent years. Group III–V compound semiconductors, particularly, InP is an attractive 
semiconductor due to its advantages for solar cells, laser diodes, photo detectors and high speed metal–
insulator–semiconductor field effect transistors (MISFETS and) amplifiers operating at high power and high fre-
quencies with low noise [2]. 
 
A Schottky diode is created when a junction forms between a metal and a semiconductor, creating a potential 
energy barrier that is referred to as a Schottky barrier [3]. The characterization of the Schottky barrier will continue 
to be important. For instance, during device fabrication the metallization of a semiconductor surface for external 
device connection may cause it to exhibit a potential barrier at the connection. It is difficult to obtain a Schottky 
barrier height (SBH) greater than 0.5 eV for n-InP semiconductor due to the surface Fermi level pinning which 
arises from the high density of surface states and other non stoichiometric defects [3]. This could lead to a large 
reverse leakage current in n-InP based Schottky diodes. Therefore, achieving a high SBH with low reverse leak-
age current is an important research issue in InP device development. 
 
In this work, we have formed Ag/TiO2/n-InP/Au Schottky barrier diodes (SBDs) and current-voltage (I-V) charac-
teristics have been investigated in the temperature range 200-380K. TiO2 film has been used as interfacial layer 
between metal and semiconductor layers. We calculated important parameters of the diode by using different 
methods. The zero-bias barrier height bo and ideality factor n determined from forward bias I-V characteristics 
were found dependent on temperature. According to these results, ideality factor n decrease and barrier height 
bo increase with an increase in temperature.  
 
ACKNOWLEDGMENTS: This study was supported by Gazi University (Project numbers: 05/2011-39 and 
05/2011-73). The samples are produced by Gazi University Photonics Research Center. The Authors wish to 
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Friction stir welding (FSW) is a new solid-state joining technique that was utilized for welding high strength metal-
lic materials such as aluminum alloys, magnesium, copper and metal matrix composites (MMC). In friction stir 
welding, the joint is generated by frictional heating between the nonconsumable tool and workpiece to be welded. 
 
This study aims to investigate the effect of rotational speed of the tool on the microstructure and the hardness 
behavior of the friction stir welded 7075 aluminum alloys. Therefore, welding processes were achieved by a con-
stant translational speed through three different rotational speed. Firstly, test specimens were taken from welded 
sheets for microstructure investigation and the hardness measurements. Afterwards, joint performance was inves-
tigated by taking into consideration the effects of the rotational speed on the microstructure and the hardness of 
the friction stir welded zone. 
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The differential thermal analyzes (DTA) of GaSb-CrSb eutectic composite on the 290-1200 K temperature range 
have performed by “PerkinElmer STA 6000” device (Fig.1). It was established that the initial and final tempera-
tures of melting are 943 K and 965 K, respectively, and enthalpy of melting is equal to 56,45808 J/g.  
 
The heat flow and specific thermal capacity on the 200-900 K temperature range are obtained by “NETZSCH 
DSC 204F1” device. The exothermic peaks at the 516 K and 690 K and endothermic peak at the 868 K are ob-
served on the heat flow temperature dependence (Fig.2 and 3). 
 
The temperature dependence of enthalpy ( ), entropy ( ) and Gibbs energy 

( TSHG  ) were established from the Cp(T) dependence expressed by polynomial expressions on the 
T1=300-502 K, T2=525-652 K, T3=705-785 K temperature ranges: 
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The Cp(T) dependence and established values of enthalpy, entropy and Gibbs energy are plotted on the Fig. 4.  
 
It is significant that, when investigated transport parameters, in the temperature between 490 K and 515 K the 
change of of Hall coefficient sign, and in the 600-650 K temperature range on σ(T) dependence the deviation is 
observed.  
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Figure 1 
 

Figure 2 

 
Figure 3 

 
Figure 4 

 
 

INFLUENCE OF FULLERENE C60, C70, C120 ON THE CHANGE OF HEAT CAPACITY 
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Properties of individual substances used in technological processes and their mixtures are determined not only by 
the nature and content of the mixture components, but also by the condition of the process. Obtaining reliable 
experimental data on the thermo physical properties of hydrazine hydrate and their colloid solutions (hydrazine 
hydrate +C60 fullerene,C70, C120) is an important practical task, providing further development progress. Besides 
independent scientific and practical impotence (significance) of studying phase transitions and critical phenomena 
of associated components, the data on thermal conductivity are the criteria of the accuracy estimation of the 
thermodynamic equations of state and a measure of internal consistence of data on different caloric and thermal 
properties in all realizable - homogeneous, heterogeneous and met stable experimental bated. Data on thermal 
conductivity in addition to the independent scientific and practical value of studying phase transitions, critical phe-
nomena associated compounds are the criteria of the accuracy estimation of the thermodynamic equations of 
state and a measure of internal consistency of data on different caloric and thermal properties in all States imple-
mented the experiment Homogeny, heterogeneous met stable. After our was completely evacuated from the C-
calorimeter by the vacuum pump. The aim of this work was to investigate the specific heat of liquid Hydrasilikata 
and with the addition of fullerene (C60, C70, C120) from 0.1 to 1 g and phase equilibrium critical areas. As object of 
research was taken liquid hydrazine hydrate. The generalization the study the heat capacity of the samples in a 
wide range of state parameters shows regularities in the behavior of the heat capacity in different regions of the 
phase diagram on the curve of phase equilibrium in the vicinity of the critical point. To measure the heat capacity 
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of the colloidal liquid (hydrazine hydrate +C60 fullerene, C70, C120) at different temperatures and pressures, we 
used a method with the fist kind regular mode heat [1]. This installation was automated. The error in the meas-
urement of heat capacity is measured in the liquid phase is 0,9-1,5%, in the vapor phase- is 1,6-3,0 % and near 
the critical point in the region with the abrupt change of heat capacity – is 3.2 - 4.3 % [1].Special attention was 
attended to filling the calorimeter wise material. After our was completely evacuated from the C-calorimeter by the 
vacuum pump, valve tee overlap and Calorimeter filled colloidal hydrazinehydrate, the filling capillary was over 
loped by the needed valve, that provides a complete tightness. The mass of analytic material in the calorimeter 
was determined by difference of weighing the container before and after filling on an analytical balance of en-
gagement -200 GM with the accuracy of 0.01 g. Data on the coexistence curve of liquid colloidal hydrazine hy-
drate were approximated with the modern theory and the use of advanced information technology (computer and 
programm), i.e. computer simulation. During experimental results processing the main objectives are checking the 
adequacy of the mathematical model, the model parameters and their confidence intervals [1]. The nature of 
changes in the heat capacity of the colloidal liquid hydrazine hydrate (as in colloidal solutions - our research [1] 
showed that it increases. It is known that on the basis of experimental data on thermo physical properties (thermal 
conductivity, density, heat capacity) one can calculate the activity coefficient of component (liquid hydrazine hy-
drate and fullerene C60, C70, C120). In addition to the determination of heat capacity of the systems we used Tait 
bike equation. This equation also describes the original values for other parameters (such as density, viscosity 
and thermal conductivity) of liquids and solutions. Tait equations have a good extrapolation quality pressure.  
 
REFERENCE: Safarov, M. M. Thermophysical properties of simple esters and aqueous solutions of hydrazine 
and phenylhydrazine depending on temperature and pressure. Academic article..... Dr. of technical Sciences, 
Dushanbe,-1993.-495p 
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Nanotechnology is the ability of manipulating atoms and molecules of materials in a basic definition. Thus, due to 
this technology, materials can have great and better properties than their macro sized condition [1].  
 
Electrostatic spinning is one of the popular nanotechnological methods which is used for producing nanodimen-
sional fibers. This method has been explored recently; because of its easy-to-use process, the possibility of vari-
ous modifications at the obtained nanofibers [2]. 
 
Electrospun nanofibers basically are made of natural and synthetic polymers and their combinations. Many poly-
mers have great potential to inhibit the bacterial and fungal activity. Regarding to these properties, a natural 
polymer and an antimicrobial agent based nanofiber structures were produced with electrospinning method and 
their high antibacterial and antifungal activities were achieved.  
 
As a result, this newly developed polymer-antimicrobial agent based nanofiber configuration is a promising study 
for better understanding antimicrobial properties of nanofibrous structures.  
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Literature reveals that to the best of our knowledge DFT calculations and experimental studies on molecular 
structure and vibrational spectra of 2,5-dimethy-3-furoic acid (C8O3H7) molecule have not been reported so far. 
Therefore, we have carried out detailed theoretical and experimental investigations on the molecular structure and 
vibrational spectra of 2,5-dimethy-3-furoic acid molecule completely. We have utilized the B3LYP [1-3] with 6-
311++G(d,p), cc-pVDZ , cc-pVQZ and cc-pVTZ basis sets. 
 
The FT-IR spectrum of 2,5-dimethy-3-furoic acid molecule is recorded in the region 4000–400 cm−1 on Vertex 80 
spectrophotometer. The FT-Raman spectrum of 2,5-dimethy-3-furoic acid molecule has been recorded using 
1064 nm line of Nd: YAG laser as excitation wavelength in the region 50-3500 cm-1 on the Thermo scientific DXR 
Raman Microscope. The 1H and 13C NMR spectra are taken in solutions and all signals are referenced to TMS on 
a Bruker Ultrashield FT-NMR Spectrometer. All NMR spectra are measured at room temperature.  
 
The calculations were performed at DFT levels by using Gaussian 09 program package, invoking gradient ge-
ometry optimization [4-5]. In order to establish the stable possible conformations, the conformational space of 2,5-
dimethy-3-furoic acid molecule was scanned with theoretical methods. The optimized structural parameters were 
used in the vibrational frequency calculations at the DFT level to characterize all stationary points as minima. 
Then, vibrationally averaged nuclear positions of of 2,5-dimethy-3-furoic acid molecule were used for harmonic 
vibrational frequency calculations resulting in IR and Raman frequencies. In the present work, the vibrational 
modes were assigned on the basis of TED analysis for 6-311++G(d,p) basis set, using SQM program [6]. 
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The several papers are devoted to experimental study of the gadolinium thermal conductivity and thermal diffusiv-
ity. Available data are few in number, in some cases ones are significantly disagree and do not overlap the tem-
perature range 310...600 K. Presented in this work results allow to fill this gap and to clarify the existing informa-
tion on the heat transfer coefficients of gadolinium in the temperature range 287...1277 K. 
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The thermal diffusivity of gadolinium was measured with laser flash method on the LFA-427 installation using the 
procedure described in [1]. The experimental setup was tested using both standard samples inconel and pi-
rokeram and experiments with well-studied transition d-metals: nickel, cobalt and iron. The difference of obtained 
and reference data does not exceed 2-4%. 
 
Gadolinium sample was cut from metal ingot of GDM-1 mark and 99.85 wt % purity and it had a disk shape with a 
diameter of 12.6 mm and a thickness of 2 mm with the plane parallel grinded end faces. Immediately before 
measurements the sample was anneal in a vacuum (1 mPa) at the temperature of 1400 K within 3 hours. The 
experiment was performed in an atmosphere of high purity argon (99.992 vol.%) using tantalum holder. Its lower 
surface was irradiated with short laser impulses from Nd: YAG laser with 0.8 ms duration and energy up to 10 J. 
Temperature change of the upper surface was registered by IR-detector (InSb) cooled with liquid nitrogen. Meas-
urements at preset temperature were performed after prolonged thermostating of sample at a constant tempera-
ture in the series of three laser “shots”. The interval between the “shots” was three minutes. The coefficient of 
thermal diffusivity was calculated on the thermogram taking into account heat losses according to the model [2]. 
The correction for finite duration of laser impulse and its real form was introduced [3]. In determining of the ther-
mal diffusivity thermal expansion of sample was taken into account. The critical exponent for thermal diffusivity of 
gadolinium above the Curie point has been determined. 
 
In the intersecting intervals the measurement results are in good agreement with most of the literature data. Ref-
erence tables of heat transfer coefficients of gadolinium have been developed for the scientific and practical us-
ing. The limitation of laser flash method application in the regions of phase transformations has been briefly dis-
cussed. The authors gratefully acknowledge the financial support for this research from the Russian Foundation 
for Basic Research (project № 14-08-00602). 
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This manuscript presents a modeling and simulation analysis with FEM for a turning process and an experimental 
validation of the simulated cutting parameters. Cutting speed, feed rate, and Depth of Cut (DOC) have been taken 
into consideration as the influential factors. Experiments have been carried out in accordance with a design of 
experiment (DOE). FEM based Deform-3D have been applied to experimentally determined data in order to vali-
date the results with experiments. Obtained results have been confirmed for MRR using the proposal simulation 
model and they were in harmony with experimental results.  
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Viscosity is an important feature for the heat exchangers design, since it determines the cost of energy for pump-
ing fluids and significantly affects the efficiency of heat transfer processes. However, experimental studies con-
ducted to date for the viscosity of nanofluids, are very limited and contradictory.  
 
The aim of this work was the experimental study of the influence of nanoparticles of aluminum oxide on the vis-
cosity of isopropyl alcohol. In the preparation of the samples of nanofluids, special attention was paid to ensuring 
their sustainability over time. For the system isopropyl alcohol/Al2O3 initial concentration of nanoparticles was 20 
wt.%. To the desired concentration, the mixture was diluted with pure isopropanol, then was attained by using an 
ultrasonic disperser and centrifuges. The average size of the nanoparticles was determined by dynamic light scat-
tering (laser correlation spectroscopy) and amounted to 50 nm. 
 
The viscosity was measured by the capillary tube method. The viscometers were placed in a glass Dewar vessel 
where the temperature was maintained constant by pumping the temperature control fluid through the heat ex-
changer. The diameter of the capillaries used for these experiments was 0.62 and 0.82 mm. The measurements 
were carried out over a temperature range from 30 to 70 °C with the uncertainties not more than 1.2 %. 
 
For the description of the received kinematic viscosity data at various temperatures and concentrations, the fol-
lowing equations was obtained  
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where: a00 = 7.001·10-1, a01 = 6.434·10-2, a02 = -2.074·10-3, a10 = -1.080·10-2, a11=-2.740·10-4, a12 = 1.088·10-5; хм – 
mass concentration of nanoparticles, %; t – temperature, °С. Comparison between experimental data and calcu-
lation results showed that the discrepancies do not exceed 4%. 
 
 
The results of measured of kinematic viscosity and calculated dynamic viscosity data are shown in the Table: 

 
Table: Viscosity of isopropyl alcohol with Al2O3 nanoparticles 

xм = 0.12% xм= 5.0% xм = 11.1% t, oC 
ν·106, м2/с ƞ·103, Pа·с ν·106, м2/с ƞ·103, Pа·с ν·106, м2/с ƞ·103, Pа·с 

30,0 2.42 1.03 4.18 1.85 6.00 2.81 
50,0 1.45 1.04 2.33 1.74 3.39 2.67 
70,0 0.948 1.06 1.37 1.59 1.91 2.34 

 
Dynamic viscosity was processed in the form of the dependence of the reduced viscosity �/�0 from the volume 
concentration of the nanoparticles. It was found that the effect of nanoparticles on the viscosity depends on tem-
perature. To describe this effect, Einstein's model was modified by introducing a function of temperature. 
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The most acceptable wood material as bases anti-friction composite material of the sort are sliding for bearing of 
the slide - a poplar and melted. 
 
The Known that in base all technology production wood-polymeric composite material on base of the poplar and 
melted lies preparation of raw wood to pressing by way to giving to her plasticity. Considering that with increasing 
of the temperature and moisture raw wood her (its) component parts - lignin and hemicelluloses are vastly sof-
tened and become more viscous in consequence of which resistance compression falls. So originally wood was 
subjected to the preliminary timber a ferry under low temperature. 
 
For the reason increasing mechanical characteristic, her(its) water- and wood willow and for reception of the 
stocking up bearing slides from poplar and melted, they are soaked fluid mineral mask. Exist the different ways of 
the soak, which is caused by need of the deep filling capillary-porous system more viscous material. One of such 
ways of the soak wood is a way of the soak wood without using the surplus pressure. At way raw wood first 
warms up in hot-tub before 95-115 ºC, residing in capillary-porous system, air enlarges and partly leaves outward. 
Then raw wood fits in bath with cool by composition, remained at air decreases in volume, creating inwardly it 
vacuum, which is filled by modifier. Small wood are soaked during 60 mines in hot-tub and are carried on 60 
mines in get cold. This way is well soaked wood moisture before 10 %. 
 
On base of the called on studies is designed way of the soak wood-poplar and melted the machine mask and 
polymeric composition (the polyethylene to high density, modified by smut or graphite), which is realized on un-
ceasing scheme under determined mode of their reception as follows: 
 Cutting of beams and boards on stocking up, having section in the manner of square or rectangle by length 

before 300 mms; 
 A simultaneous drying and soak wood in oil bath, warmed before t = 40-60 ºС during 24-48 hours. Then 

temperature of the butter is brought before t = 110-120 ºC, herewith occurs partial wood-willow for 2 hours, 
with the following cooling in butter; oil; grease before t = 20-25 ºС during 12-15 hours; 

 Keeping imbrued sample on storehouse before their modification and pressing, herewith their shrinkage or 
swelling are negligible will measly be small, but cracking is practically excluded; 

 Modification and soak loaded timber melted before t = 150-160 ºC solution mixture to polymeric composi-
tion at pressure P = 1,2 -1,5 MPa and the temperature 393-413 K; 

 A drying imbrued timber modified by polymer in dry camera for 10 hours at the temperature 333-363 K; 
 A pressing hot modified timber in cool die under specific load 15.0-20.0 MPa before necessary degree of 

the pressing; 
 An endurance of the pressed stocking up in die under universal press during 5-10 mines for cooling them 

before the temperature t = 40-50 ºC; 
 A removing pressed self-lubricated pressed modified timber - a stocking up the details from die; 
 A normalization (maturing ) pressed wood in surrounding air ambience under t = 15-25 ºC or in bath with 

cool dehydrated mask during 24-48 hours. 
 
Such soak wood with butt end under pressure provides relative lightness of the advancement to liquids along 
filaments wood and displacing from container of water and air, high velocity of the filling damp wood. She enables 
to change in given direction structure wood material by way of stocking up through channel of the variable section 
under simultaneous presenting the flow of the heated modifier in her(its) butt end under the action of high pressure. 
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Thereby, at present, with provision for such soaks wood mask and polymeric composition, us are received com-
posite wood-polymeric material (CWPM) on base local cheese - a poplar (CWPM-1, CWPM-2) and willow 
(CWPM-3, CWPM-4), which characteristic are provided in table. 

 
Table: Physical, mechanical and frictional properties of composite wood-polymer materials 

Composite wood-polymer material Indicators 
CWPM-1 CWPM -2 CWPM -3 CWPM -4 

Density, ρ, g / cm3 
Compressive strength, MPa 
Brinell hardness, MPa 
friction coefficient 
Wear rate, I.10-9 
Water absorption for 24 h,% 
Degree of compaction,% 
The degree of compaction, Δh 
During pressing force, MPa 
Swelling in oil for 24 hours,% by weight 
 by volume 
Swelling in water for 24 hours,% by weight 
 by volume 

0.9-1,0 
9,0 
90 

0,11 
0,8 
48,3 
38,5 

1,5-2,0 
10-15 
3-5 
0-2 

35-45 
18-28 

0.9-1,0 
10,0 
110 
0,12 
0,85 

35-45 
38,1 

1,5-2,0 
10-15 
4-5 
1-2 

35-45 
20-25 

0.9-1,0 
12,0 
120 
0,13 
0,90 

35-45 
37,8 

1,5-2,0 
10-15 
3-5 
0-2 

35-45 
20-25 

0.9-1,0 
14,0 
130 
0,14 
1,0 

37,4 
36,1 

1,5-2,0 
10-15 
1-2 
0-2 

35-45 
20-25 

As can be seen from table, designed composite wood-polymeric material possess it is enough high strength and 
anti-friction characteristic meeting the demands, presented to material bearing slides for nodes of friction worker 
organ of the machines and mechanism, working in condition of friction and wear-out. On base these material is 
designed optimum designs bearing slides for nodes of friction worker organ of the machines and mechanism in 
lieu thereof bearing of the swing.  
 
Such design bearing slides from composite wood-polymeric material on base of the local sort wood and thermo-
plastic polymer promotes the improvement to reliability and efficiency of the functioning(working) the nodes of 
friction worker organ of the machines and mechanism, working in condition strong conditions surrounding ambi-
ences. 
 
Called on test in working conditions bearing slides from composite wood-polymeric material has shown that, using 
them in nodes of friction worker organ of the machines and mechanism will allow vastly to raise double resource 
of their work, as well as will allow to raise reliability and capacity to work of the machines, working in condition of 
friction and wear-out. 
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Many oil and gas fields are hydrogen sulfide wells. Therefore, oil and gas processing, chemical industry and other 
sectors of the industry, the machines, equipment and technology intensive, aggressive environments containing 
hydrogen sulfide corrosion of pipelines exposed to spills. Recently, within the 2-5% sulfur, sulfur containing enor-
mous amounts of oil are produced and processed. Therefore, as a matter of urgent protection of corrosion of 
metal hydrogen sulfide is ahead /1,2,3/. 
 
In this article, the Baku oil fields have been developed on the basis of oils and amines inhibitors of carbohydrate-
electrolyte system lowcarbon two-phase corrosion of steel is considered the study of the impact. It should be 
noted that the hydrocarbon phase of the oil-soluble layer, forming a strong impact on corrosion inhibitor desorp-
tion strong reduces the effectiveness of its security. 
 
It is very important to have enough highly effective inhibitors. An example of such inhibitors in the composition of 
surfactants containing amines items (SAM) can be shown. These kind of aggressive environments, containing 
hydrogen sulfide inhibitors have shown high efficiency [4]. Therefore, the goal of this research work in the labora-
tory and highly effective two-phase hydrogen sulfide inhibitors is to keep the aggressive environment. Ct-3 phases 
of steel corrosion test carbohydrate-electrolyte volume, ratio of 1:10 which was carried out in two-phase system. If 
necessary, the aqueous phase 600-650 mg/l concentration of hydrogen sulfide is full. Special device required 
speed the flow of the liquid mixture is created. It should be noted that the action of the flow is a large amount of 
water, it washes the steel surface layer of protection and highly metal inhibitor protection inhibitor difficult. 
 
As a result of experiments it was determined that 3% solution of NaCl system H2S steel corrosion inhibitor with an 
increase in temperature in the absence of a sharp increase in the speed of the maximum temperatures pass 50 
°C temperature 50-80 °C range is approximately 2 times the corrosion rate decreases. The temperature is almost 
unchanged. Apparently, this effect is due to the reduction of oxygen dissolved in the system. The temperature in 
the logarithm of the rate of corrosion lgk 20-50 °C temperature range of linear dependence between the price of 
T-1 is observed. It was determined that the two-phase system, the effective activation corrosion process when Kgl 
rises to 34/69 from 12.75. As expected, the two-phase system to be included in the study inhibitor temperature by 
adsorption to the surface of the metal from corrosion-active components to displace oxygen and other leads. Lit-
erature that is known, to play role in [4]-iron sulfide electrochemical corrosion simulator. 
 
Inhibitor study of 400 mg/l concentration of highly, aggressive environment, protection effect when the show. Fur-
ther increase in the concentration of inhibitor almost doesn’t enforcement affect. It was determined that, with the 
rise of temperature changes on the negative potential of steel. At this time, both at the cathode, the anode as well 
as accelerating the process. However, the inhibitor is added to the environment in all cases, the weakening of the 
cathode, the anode and the speeding up of the process is observed. 

 
Table:  The composition at a temperature of 20 °C FD inhibitor 600 mgl NaCl-H2S containing 3% petrol (10:1 

volume ratio) of two-phase system efficiencies 

Speed of corrosion 
Inhibitor 

Inhibitor phase of the water 
concentration in mg/l A/sm2  g/m2, hour 

Attenuation 
coefficient 

Protective 
effect 

FD 200 
400 
600 

1,01·10-4 
5,74·10-4 
4,13·10-5 

1,05 
0,60 
0,57 

17,7 
31 

32,88 

94,35 
96,80 
97,43 
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In our opinion, this kind of inhibitor affect can be explained as follows: relatively low temperatures (up to 50 °C) 
HS- ions adsorb to the surface of the metal were negative loaded it and thus create conditions for cationic active 
inhibitor metal surface electrostatic adsorption. 

CONCLUSIONS: 
1. It was determined that the two-phase system, the effective activation energy of hydrogen sulfide corrosion 

process increases when rises to 34.69 from 12.75- to 34.69 Kdjl.  
2. As a result of experiments it was determined, that the oil H2S presentation 3% NaCl in the speed of corrosion 

inhibitor in the absence of sharp increases in temperature increased to 50 °C, and then decreases, and it is 
associated with a decrease in dissolved oxygen. 

KEYWORDS: speed of corrosion, energy of activating, inhibitors. 

REFERENCES: 
1. Qonick A.A. Protective form sulfides from precipitation, immersion in electric motors as a result hydrogen 

sulfide corrosion in oil wells. Protection of metals, 2002, т.38, №2, s. 184-191. 
2. Kuznesov Y.I, Vaqapov R.K. The inhibitory affect of the low boiling point of nitrogen-containing bases to hy-

drogen sulfide corrosion. Protection of metals, 2002, т.38, N3, s.210-216. 
3. Kuznetsov, Vaqapov P.K. Inhibited hydrogen sulfide corrosion of steel with Schiff foundation. Protection of 

metals, 2001, т.37, N3, s.215-221. 
4. Hong T., Sun Y.H., Jepson W.P. Study on corrosion inhibitors in large pipelines under multiphase flow using 

ELS. Corrosion Science, 2002, v.44, №1, p.101-112. 
 

SPRAY DEPOSITION OF TIN OXIDE AND ZINC OXIDE THIN 
FILMS FOR PHOTOVOLTAIC SOLAR CELLS 

 
Houria TARZALT, Habiba ZERROUKI, Bader SEBBOUA, Amar KHELFANE, Naziha KESRI  

 
University of Science & Techology of Houari Boumediene (U.S.T.H.B.), Faculty of Physics, Semiconducting Materials &Metal Oxides 

Lab. (LSMMO), BP.32, El-Alia, Algiers, ALGERIA  
e-mail: nhkesri1@yahoo.fr 

 
SnO2 and ZnO belong to the important family of large gap transparent conducting oxides (TCO) that combine low 
electrical resistance with high optical transparency in the visible range of the electromagnetic spectrum. These 
properties are sought in a number of applications, notably in solar cells. Currently, most photovoltaic solar are 
based on silicon p-n junctions. However since the prototype of a dye-sensitized solar cell (DSSC) was reported in 
1991 by O’Regan and Gratzel [1] with photoelectric conversion efficiency of 11% [2], many research groups have 
been focused on the improving the photocurrent and photovoltage by developing new organic-inorganic solar 
cells. Recently, people are pursuing some new materials for replacing the widely used TiO2 in order to avoid its 
limitations and agree in that ZnO and SnO2 are promising materials for DSSCs [3].  
 
In this work, we deposit thin films of tin and zinc oxides on glass substrates by spray pyrolysis technique. The 
starting solution was tin chloride SnCl2, 2H2O for SnO2 and zinc chloride or zinc acetate for ZnO diluted in ethanol 
and distilled water with few drops of acetic acid to prevent precipitation. Resulting vapors were driven into deposi-
tion chamber by compressed-air flow. We report structural and morphological results of the films using X-ray dif-
fraction and scanning electron microscopy. Optical transmittance and reflectance spectra were obtained with a 
Cary double beam spectrophotometer of wavelength  in the range of 3202500nm.  
 
Structural and optical properties of the films were studied as a function of deposition parameters. Tin oxide thin 
films exhibit tetragonal rutile crystal structure and showed a preferential orientation along (101). Diffractive peaks 
indicated that the zinc oxide samples were polycrystalline würtzite structure. Intensity of the (0 0 2) peak was 
much stronger than that of (1 0 0) and (1 0 1) peaks. Crystallite size is affected by variation of deposition parame-
ters. The optical analysis shows that transmittance is higher than 80% in the visible range and near IR for all the 
films.  
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The Davis-Rice-Sengers square-well theory of transport properties of a model fluid is tested for tetrafluoro-
methane. The applicability of the hard-sphere model is performed using rigorous expressions for hard-sphere 
transport coefficients but corrected for the effects of molecular collisions. Numerical calculations are made for the 
case of the coefficients of self-diffusion, thermal conductivity and viscosity of liquid and rarified gas states of tetra-
fluoromethane (see Table 1). 

Table 1: Thermal conductivity viscosity and self-diffuse coefficients of gaseous CF4 at very law density 

Т, К ,1010 m λ0·103,W/(mК) ,106
11 D m2/s 

173.15 5.622 6.74 2.214 
183.15 5.544 7.45 2.449 
193.15 5.474 7.95 2.771 
203.15 5.412 8.80 3.065 
213.15 5.354 9.50 3.374 
223.15 5.298 10.27 3.696 
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The present level of development of composite polymeric materials (CPM) allows you to create unique materials, 
efficient in extreme conditions at low and high temperatures, pressures, aggressive and abrasive environments. 
Trends in the development of this direction are the creation of highly reinforced and very strong CPM with adjust-
able performance characteristics of structural, special and multi-purpose. However, existing polymer materials 
and compositions based on them may not find wide application in the working bodies of machines and mecha-
nisms of various branches of engineering, particularly in the working bodies of the cotton processing machines 
because of lack of development to create a strong and effective CPM production technologies and manufacturing 
are engineering products and components. In these circumstances, the creation of the CPM and efficient manu-
facturing techniques are engineering products and components for the workers of the machinery is the main focus 
in this area, as their application in mechanical engineering will improve the efficiency and performance of these 
machines. Therefore, the development of composite polymeric materials must take into account their purpose and 
operating conditions of cotton processing machines working in conditions of friction and wear in contact with raw 
cotton. 
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The (p,ρ,T) properties of aqueous CaAc2 solutions with 8 different mass concentrations w=(0.7719, 1.4598, 
3.6274, 5.4391, 11.9642, 14.4661, 17.6169 and 22.3204) %, at T=(273.15 to 353.15) K and pressures up to 
p=100 MPa are investigated for the first time. The obtained values were fitted to the equation of state. The appar-
ent molar volumes of CaAc2 (aq) solutions were calculated using this equation:  

sWssW M/ρ)ρ)/(mρρ(ρV  ,     (1) 

where ρW and ρs are densities of the water and solution, m is the molality of solution and M is the molar mass of 
the dissolved CaAc2 in water.  

The apparent molar volume of CaAc2 at infinite dilution 0
V  at constant temperature T and pressure p can be 

evaluated from the following equation:  

mBmAVV vv  2
10

 ,      (2) 

where: 0
V  is the apparent molar volume of CaAc2 at infinite dilution, which is the same as the partial molar vol-

ume of CaAc2 at infinite dilution, Av is the Debye-Hückel limiting slope, m is the molality, and Bv is an adjustable 
parameter. 
 
These investigations have been examined for the first time and the data gathered here would contribute greatly to 
further work about this field.  
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Work is devoted to development of scientific and technological bases of receiving the extending structures knitting 
on the basis of clinker not of rated mineralogical structure with use as the expanding agent of composite local 
breeds with the content of alumstone in composition with other ingredients which are actively participating in 
process of formation of an ettringit and structurization of a cement composite, giving it the expanding properties, 
and in the conditions of expansion restriction – the straining properties. Structures of the composite additives 
composite knitting, providing crystallization of an ettringit in initial stages of hydration by a variation of a ratio in-
cluding are developed for achievement of effect of expansion of a cement stone: 1). the thermoactivated breed 
from alumstone and lime; 2). also fosfoangidrit the thermoactivated breed from alumstone; 3) the thermoactivated 
breed from alumstone, lime also fosfoangidrit. The conditions providing the increased structural density and the 
subsequent coordinated development of processes of hardening and expansion of a cement composite are re-
vealed. 
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Sandwich composites are popularly used in marine, wind turbines, space and aircraft vehicles. Sandwich com-
posites are made of the core, which is lighter but thicker and has lower strength, and the facesheets, which are 
rigid and stronger. Based on the core material thickness, the rigidty of the sandwich composites may vary such 
that higher thickness values indicate increased rigidity. However due to the application methods, it may not be 
possible to increase the thickness of the sandwich composites up to desired values. Thus in this study it is aimed 
to analyze the effect of thickness on the shear performances of sandwich composites with the comparison of 
regular and improved sandwich composites with different core thicknesses. 

 
Sandwich composites were manufactured using PVC foam core and directionally oriented unidirectional glass 
fiber mats by vacuum infusion method. Four different types of sandwich composites were manufactured. Three 
core thickness vales as 10, 15 and 20 mm were selected and the cores have been perforated prior to composite 
manufacture. The hole diameter and density were the same for all of the specimens. During the infusion process, 
these holes were filled with epoxy. As the reference, sandwich composites with un-perforated core of 20 mm 
thickness have been manufactured. Shear tests were performed by using specially designed apparatus according 
to ASTM C273 standard and the results were compared.  

 
From experimental results it is concluded that epoxy columns, due to the holes in the cores, increase the shear 
strength and rigidity. For the specimens with the perforated cores, the shear strength values increase with de-
creasing core thickness. To decide the appropriate core thickness, shear tests shall better be evaluated taking in 
consideration the bending performances of the sandwich composites. 

KEYWORDS: sandwich composite, shear, glass fiber, epoxy, PVC foam. 
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The effect of metal complexes on strength of textiles materials based on cotton has been studied. Found that by 
the application of metal complexes the strength of cotton fabric increases. Simultaneously with the application of 
metal complexes the elongation of cellulosic textile materials is increased: cotton fabric warpwise of 4.7% and 
wefting 23.5. As is known, increased elongation at break improves deformation properties of textile materials that 
are particularly important for knitwear. Application of metal complexes contributes to increasing of wrinkle resis-
tance of textile materials based on cotton. The total opening angle and wrinkle resistance of the fabric containing 
metal complexes is increased by 15%. As a result, metal complexes of polyvalent metal cations which have their 
own chromophoric properties give saturated colors to cellulose and protein fabric, characterized by high resis-
tance to various physical and chemical influences (for wet treatments, organic solvents actions, to abrasion, 
light), due to the high resistance of metal complexes and their binding to the fiber by strong covalent bonds. 
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This paper examines and optimizes hot plate welding of dissimilar 40% talc and 40% calcite filled polypropylene. 
The quality of the joint was evaluated by examining the characteristics of the joint efficiency as a result of weld 
strength. The plate temperature and the heating time were selected as process parameters. These process pa-
rameters were considered as variables and their effect and relative significance were investigated by utilizing 
design of experiment (DOE) and analysis of variance (ANOVA) methods. The main effects, as well as interactions 
are assessed with regard to a process response weld strength. Simultaneously, a mathematical predictive model 
of the weld strength was developed in terms of HPW parameters. Moreover, morphology of welded surfaces was 
analyzed by scanning electron microscopy (SEM).  
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It is well known that the function of the tanks fulfils in contact with aggressive liquids under the action of various 
climatic factors. Influence of aggressive environment imposes high demands to selection of materials for the 
manufacture of tanks and their elements machines on chemical processing of cotton. In this case, polymers and 
compositions based on them act not only as a substitute for traditional materials, but also used independently in 
the design of aggregates of machines for chemical treatment of cotton, liquor of pesticides conjunction with the 
sowing of it in the growing season. 

 
Studies of chemical and atmospheric resistance of selected materials showed that the most resistant to toxic 
chemicals and weathering were polyolefins (polyethylene and polypropylene). Based on these results for use in 
the construction of reservoirs was recommended composition MDPE -2 comprising 0.1% of OA benzon (OA ben-
zon is a light stabilizer against atmospheric aging) and 0.8% of NN diaphene (NN Diaphene – is a heat stabilizer 
to prevent decomposition of the starting material in the process of rework into products at high temperatures). 
This material has an atmospheric and chemical resistance, is economical as compared with stainless steel. It is 
well processed by rotational molding allows to obtain large hollow products, tanks of various capacities. 

 
The experimental data allowed to recommend a composition based on low-density mark 168.0 of polyethylene 
stabilized 0.8% of benzon and 0.1% of NN diaphene, for the manufacture by rotational molding containers of pes-
ticides agricultural machinery, long working outdoors. 

 
Based on received results and conducted tests was developed composite polymeric materials for the manufacture 
of tanks for the chemical treatment of cotton. 

 
The use of composite polymeric materials based on polyolefins in the casting tanks by rotational molding for ma-
chines of chemical treatment of cotton can significantly reduce their weight and to increase the durability of ma-
chines, and reduce labor costs in their manufacture. 
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Polyols and their ethers are important products of organic synthesis. They can be applied in different areas of 
manufacturing as solvents, intermediates, plasticizer, etc. [1] In the present work we studied ten commercially 
available liquid samples of mono-, di-, and triethylene glycol alkyl ethers and acetals.  
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For these compounds thermodynamic characteristic of sorption and Kovat´s indices were determined by the 
method described in [2-4]. We combined experimental data with our previous results [5] and was derived the 
equation of dependence of sorption enthalpy  (kJ/mol) from Kovat´s indices. This equation can be applied 
for estimation of enthalpy of sorption for other polyols and ethers.  
 
Enthalpies of vaporization for ethers and acetals were derived from the temperature dependencies of the vapour 
pressure measured by the transpiration method [6]. Using our own and literature data we have modified [7] the 
QSPR-method for prediction of vaporization enthalpies for the oxygen containing compounds. 
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Creation of indirect refrigeration systems the method to decrease human impact on the environment by reducing 
the direct emissions of refrigerants with high value of global warming potential. The secondary coolant is used for 
heat transfer from the cooled object to the refrigerant in this type of refrigerating machine. Such chillers with sec-
ondary coolants require additional financial expenses for the creation of heat exchangers and additional energy 
consumption of the circulation pump. These expenses can be significantly reduced or even eliminated by the 
choice of secondary coolant with optimal thermophysical, physico-chemical and service properties. Such coolants 
should have a high heat capacity and thermal conductivity values and low dynamic viscosity values. Now more 
and more researchers are exploring the nanotechnology perspectives for controlling thermophysical properties of 
secondary coolant. 
 

The aim of this work is studying the effect of nanoparticle TiO2 (size <25 nm) and isopropyl alcohol additives on 
the solution propylene glycol 54 wt. % / water 46 wt. % thermophysical properties. 
 

The density of the samples of secondary coolant with composition as follows: propylene glycol (PG) 54 wt.% / 
water (W) 46 wt.%; PG 53.73 wt.% / W 45.77 wt.% / isopropyl alcohol (IPA) 0.50 wt.% in the temperature range 
233-353 K has been measured by pycnometric method. The analysis shows that the uncertainty for the density 
measurements did not exceed -0.05%. 
 

Assessment the impact of nanoparticles on the thermophysical properties of secondary coolant investigated for 
nanofluids propylene glycol (PG)/water (W)/isopropyl alcohol (IPA)/TiO2 nanoparticles with composition as fol-
lows: for the thermal conductivity – PG 53,68 wt.%/W 45.73 wt.% /IPA 0,48 wt.%/TiO2 0.11 wt. %; for the thermal 
capacity PG 53.68 wt. %/W 45.73 wt. % /IPA 0.48 wt. %/TiO2 0,11 wt. %; for the viscosity - PG 53,68 wt. 
%/W 45.73 wt. % /IPA 0.48 wt. %/TiO2 0.11 wt. % and PG 52.41 wt. %/W 44.64 wt. % /IPS 2,40 wt. %/TiO2 0.55 
wt. %.  
 

Studies of the secondary coolant viscosity implemented in the temperature range 233-362 K on a experimental 
setup, the main element of which is a glass capillary suspended-level viscometer. The analysis shows that the 
confidence interval measurement error of the kinematic viscosity did not exceed 0.035 mm2/s. For the experimen-
tal investigation of secondary coolant thermal conductivity in the temperature range 276 - 366 K the transient hot- 
method (wire heater diameter 0.05 mm) was used. The relative error of the experimental data did not exceed 
1.2%. The secondary coolant thermal capacity measured in an adiabatic calorimeter in the temperature range 
234 - 369 K. The analysis shows that the error of measurement of the thermal capacity in the experiments did not 
exceed -0.35%. 
 

Isopropyl alcohol additive provide nanoparticles aggregative stability in the secondary coolant. Besides isopropyl 
alcohol additive can reduce the propylene glycol/water solution viscosity at low temperatures. This effect un-
doubtedly has a positive significance for the low-temperature heat transfer fluids. Even small TiO2 nanoparticles 
additive in the solution propylene glycol/water/isopropyl alcohol improves the low-temperature secondary coolant 
conductivity. Such increase the thermal conductivity of solution contributes to enhancement of heat transfer in 
heat exchangers of refrigeration systems. 
 

Based on the result obtained the recommendations for the choice of secondary coolant optimal composition have 
been proposed. The method for predicting nanofluids thermophysical properties in wide range of parameters of 
state with using minimum empirical information has been considered. 
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During the study the prospects of nanotechnology applications in refrigeration engineering is important to identify 
the effect of nanoparticles on thermal properties of refrigerant/compressor oil solutions. (ROS – R600a/mineral oil 
and R600a/mineral oil/Al2O3). At present, the influence of nanoparticles on pseudocritical parameters, surface 
tension, viscosity and vapor pressure of the ROS is the least studied. In addition, the thermodynamical properties 
substantially determine the performance of the indicators of the compressor system and the intensity of boiling 
heat transfer of working fluid in the evaporator of refrigeration machine. 
 
Investigation of the saturated vapor pressure of ROS have been performed at oil mass concentrations: 10%, 30%, 
60% at the temperature range from 288 K to 343 K. Investigation of nanoparticles effect on the saturated vapor 
pressure of ROS have been done at the mass concentration of Al2O3 nanoparticles 0.5 % and oil mass concentra-
tions 20%, 35%, 60%. It was shown that admixtures of Al2O3 nanoparticles lead to slight increase in ROS vapor 
pressure at high concentrations of oil.  
 
Investigation of the viscosity of ROS have been performed at the oil mass concentrations 37%, 74% at the tem-
perature range from 263 to 293 K. Investigation of Al2O3 nanoparticles effect on ROS viscosity have been done at 
the mass concentrations of nanoparticles: 0.5% and mass concentrations of oil: 74%, 53%. Obtained data shows 
that Al2O3 nanoparticles admixtures leads to increase in viscosity of the refrigerant oil solution. Effect of nanopar-
ticles presence largely pronounced at low temperatures. 
 
Surface tension of R600a/oil solutions have been measured at mass concentrations of oil: 10%, 20%, 48% and 
75%, at the temperature range from 277 K to 303 K. Investigation of Al2O3 nanoparticles effect on ROS surface 
tension have been performed at the nanoparticles mass concentration 0.5% and oil mass concentrations: 16%, 
32%, 49%. Obtained data show that Al2O3 nanoparticles admixtures leads to reduction in surface tension of the 
refrigerant oil solutions. Effect of nanoparticles presence largely pronounced at high temperatures. 
 
In order to processes the obtained experimental data for the first time the model SP-QSPR - Skaling Principles - 
Quantitative Structure -Property Relationship has been applied [1]. In framework of this model, the concentration 
dependence of the pseudocritical parameters of the R600a/oil/ Al2O3 nanoparticles solutions has been studied. It 
is shown that the presence of nanoparticles admixtures reduces the pseudocritical temperature, reduces the 
pseudocritical saturated vapor pressure and increases the pseudocritical density of studied objects.  
 
The proposed model for predicting the saturated vapor pressure, viscosity and surface tension in a wide range of 
temperatures adequately describes the experimental data and allows to predicting the properties in the ranges of 
parameters that use in household refrigeration engineering. 
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Established by Anton Paar in 1922 as a one-man locksmith’s workshop in Graz, Austria, over the years the manu-
facturer of high-precision measuring instruments has become a global high-tech company.  
 
Anton Paar develops, produces and distributes highly accurate laboratory instruments and process measuring 
systems, and provides custom-tailored automation and robotic solutions. It is the world leader in the measurement 
of density, concentration and CO2 and in the field of rheometry. Anton Paar GmbH is owned by the charitable 
Santner Foundation. 
 
Over 2100 employees at the headquarters in Graz and the 24 sales subsidiaries worldwide ensure that Anton 
Paar products live up to their excellent reputation. The core competence of Anton Paar – high-precision produc-
tion – and close contact to the scientific community form the basis for the quality of Anton Paar’s instruments. 
 
The company Anton Paar is committed to long-term partnerships with customers and employees as well as re-
sponsibility towards society in general. The Austrian-based company has continuously found new ways to merge 
high-precision engineering with scientific curiosity. Anton Paar develops, produces, distributes and provides sup-
port for analytical instruments used in research, development and quality control worldwide. 
 
Since 2003 Anton Paar has been owned by the charitable Santner Foundation. The foundation is exclusively and 
directly dedicated to charitable and beneficent causes. 
 
Customers: Amongst Anton Paar’s customers are universities and research institutes worldwide, major soft drink 
companies as well as breweries, the petroleum industry, food industry, aerospace industry, Formula One racing, 
the chemical industry and many more.  
 
Anton Paar offers a range of instruments which provide complete conformity and traceability to meet stringent 
reference standards and national and international regulatory requirements. 
 
Innovation: Anton Paar is constantly working on the development of unique products and continues to expand its 
product portfolio in close cooperation with the scientific community. 
 
More than 20 % of annual turnover is invested in R&D (Research and Development) to always be one step 
ahead. The instruments are always innovative and reflect Anton Paar’s know-how and cooperation with universi-
ties and external research institutes. 
 
This makes Anton Paar the world leader in the fields of density and concentration, rheometry as well as CO2 
measurement. The measuring instruments from Anton Paar react to the smallest physical changes from which 
measuring parameters are derived. Physical quantities such as density, temperature, sound velocity and the opti-
cal behavior of light or X-rays form the basis for Anton Paar measuring instruments. 
 
 

Anton Paar GmbH 
Anton Paar Strasse 20 
8054 GRAZ, AUSTRIA 
 
Tel. +43 316 257 0  
Fax +43 316 257 257 
info@anton-paar.com 
www.anton-paar.com  
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Anton Paar’s business fields include 
 Density and Concentration Measurement Lab  
 Density and Concentration Measurement Process  
 Rheometry  
 Viscometry  
 Chemical and Analytical Techniques  
 Material Characterization  
 Refractometry und Polarimetry  
 Petroleum Testing 
 Contract Manufacturing (Anton Paar ShapeTec: High-precision single parts / complex assemblies / cus-

tom-tailored complete systems)  
 
Anton Paar’s product portfolio for thermophysical measurement includes: 
 
Density Meter 
The world’s most accurate density meters 
Revolutionary density meter models: Digital, precise and easy determination 
of the density and concentration of your sample. For beverages, pharmaceutical 
products, cosmetics, petroleum products, aromas, chemicals, biofuels, R&D and 
many more. The density meter models are suitable for numerous applications in 
industry and research. Each density meter model uses the revolutionary oscil-
lating U-tube principle from Anton Paar and embodies decades of experience. A continuing focus on developing 
new density meters has made Anton Paar the world leader in the field of density and concentration meas-
urement. 
 
A Generation M density meter unites the excellent measuring performance of the DMAs with the highest possible 
user-friendliness. A number of new features make the sample filling and measurement process easier than 
ever, resulting in unrivaled reliability and traceability of the measurement values. The density meter models are 
robust, have a highly accurate platinum thermometer and automatic viscosity correction. The portable density 
meter measures density and concentration directly on-site. Its compact and lightweight design guarantees com-
plete flexibility.  
 
There are various choose of right density meter:  

 Integrated reference oscillator 
 Highly accurate temperature measurement 
 Automatic viscosity correction 
 Utmost user-friendliness and traceability of the measurement process 
 Greatest flexibility due to Plug and Play technologies 
 Modular 

 
 The DMA HP and DMA HPM external measuring cells measure density at high sample pressures and/or 

high temperatures. DMA HP is the expert solution for highly viscous samples with high melting points like 
bitumen.  

 
 

 The MKT 50 Millikelvin Thermometer is designed for the most accurate temperature 
measurements, comparison calibrations and fixed point calibrations. In combination with 
standard and industrial platinum resistance thermometers, MKT 50 achieves a measur-
ing uncertainty of 10 mK. Combined with high-end SPRT sensors, a system uncertainty 
as low as 1.4 mK can be reached. 
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