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PREFACE 
 

International  Conference on Thermophysical and Mechanical Properties of 

Advanced Materials 
 

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, carbon capture and storage, from combustion also 

involve thermodynamics processes. To solve and handle thermodynamics problems one needs 

ñThermophysical and Mechanical Properties of Advanced Materialsò. One example is the 

possible capture of carbon dioxide from atmosphere or exhaust gases in ionic liquids. To 

make this technically 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 ñThermophysical and Mechanical Properties of Advanced 

Materialsò. This is a very interesting and modern research field. It covers experimental and 

theoretical new results for thermophysical properties, new measurement techniques and the 

their applications, molecular modeling with new theoretical insights, applications which show 

the improvement done with the described research for thermophysical properties and 

mechanical properties all 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 a holiday resort with all the amenities of such a 

place in a very nice surrounding and with the possibility to excursions to historically 

interesting tourist sites like Ephesus.  

 

We wish you a very pleasant, joyful, interesting and stimulating conference ñTHERMAM 

2014ò at the Boyalik Beach Hotel, Cesme - Izmir, Turkey. 

 

The Organizing Committee. 
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     10:55     

   11:15

Thermophysical properties of ionic 

ƭƛǉǳƛŘǎ ǿƛǘƘ ώb¢Ŧнϐς ŀƴƛƻƴǎ

Simulation of convection heat 

transport in open-cell metal foam

WΦ {ŀŦŀǊƻǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ IŀǎǎŜƭA. S. Suleiman and N. Dukhan

The density-salinity relation of 

standard seawater

Characterization of oscillating water 

transport in metal foam

H. Schmidt, H. Wolf and E. Hassel mΦ .ŀƐŎƤΣ bΦ 5ǳƪƘŀƴ ŀƴŘ aΦ mȊŘŜƳƛǊ

Thermophysical characterization of 

a urea based eutectic mixture for 

thermal energy storage

Modeling of the bubble growth 

dynamics in PS/CO2 foaming system

S. G. Cavia, G. Diarce, A. Campos-Celador, 

A. G. Romero and J. M. Sala

M. Salehi, M. Rezaei and M. Salami 

Hoseini

The IAPWS industrial formulation 

for the thermodynamic properties 

of seawater

Enhancement of compression 

performances of foam core 

sandwich composites
{Φ IŜǊǊƳŀƴƴΣ IΦ WΦ YǊŜǘȊǎŎƘƳŀǊΣ wΦ CŜƛǎǘŜƭ 

and W. Wagner
B. M. Icten, Tuba A. and H. E. Yalkin

Molecular simulation of nano-

dispersed fluid phases

Mechanical properties, 

microstructure and density of rigid 

crosslinked PVC/organoclay 

nanocomposite foams
aΦ ¢Φ IƻǊǎŎƘΣ {Φ ±Φ [ƛǎƘŎƘǳƪΣ {Φ WΦ 

²ŜǊǘƘ ŀƴŘ IΦ IŀǎǎŜ
R. Izadpanah, A. Karimpour and M. Rezaei
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   09:35
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Keynote Session 4

Characterization of heat transport at interfaces in multilayers, nanocomposites 

and nanofluids

Nicolas Horny

Heat transfer properties of complex porous media

Dominique Baillis

Laser-based linear and nonlinear elastic bulk (3D), surface (2D), and wedge (1D) 

waves in materials science

Peter Hess

COFFEE BREAK with Poster Session B (P46-P94)
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Experimental and theoretical 

analysis of heat transfer in micro-

models of porous media

Solubility and diffusivity of normal 

pentane and supercritical CO2 in St-

MMA copolymer with different 

compositions

/Φ tΦ bΦ /ƻǘǘŀ ŀƴŘ ±Φ ½Φ aŀǊǘƛƴǎH. R. Azimi, M. Rezaei and M. Salehi

Simulation under uncertainty of 

heat conduction in heterogeneous 

media combining integral 

transformation and polynomial 

chaos

Thermal degradation and burning 

behavior of a commercial epoxy 

resin blended with an 

organophosphonate

¢Φ aΦ /ŀƳǇƻǎΣ aΦ WΦ /ƻƭŀœƻ ŀƴŘ wΦ aΦ 

Cotta

LΦ 5Φ /ŀǊƧŀΣ 5Φ {ŜǊōŜȊŜŀƴǳΣ ¢Φ ±Φ 

.ǳōǳƭŀŎ ŀƴŘ /Φ IŀƳŎƛǳŎ

Calibration of moisture sensor for 

the monitoring of temperature-

moisture regime in volcanic tuffs 

(natural rock dwellings) in Brhlovce 

village (Slovakia)

Effect of stamp forming pressure 

and temperature on 

polyvinylchloride sheets

±Φ .ƻƘłőΣ 5Φ CƛŘǊƝƪƻǾłΣ ±Φ ±ǊŜǘŜƴłǊΣ [Φ 

YǊŀƯƻǾƛőƻǾłΣ ¢Φ 5ǳǊƳŜƪƻǾł ŀƴŘ WΦ ±ƭőƪƻ
9Φ {Φ 9ǊŘƻƐŀƴ ŀƴŘ hΦ 9ƪǒƛ
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15:40
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15:05

COFFEE BREAK with Poster Session B (P46-P94)
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Contribution of inverse methods for the thermal characterization of orthotropic 

composite materials

Olivier Fudym

Deformation of superalloys at elevated temperatures
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Dilatometry- theory, 

instrumentation and applications

Optimum design of the vehicle 

energy absorber

M. Egemen !Φ ¸ƛƭŘƛȊ ŀƴŘ 9Φ YǳǊǘǳƭǳǒ

Adaptive nanomechanical response 

and elastic property analysis of 

polymer brushes by AFM nanoscale 

probing

Low velocity impact response of 

sandwich composites with different 

core thicknesses

YΦ Wŀƭƛƭƛ ŀƴŘ CΦ !ōōŀǎƛ
!Φ YΦ WΦ !ƭπ{ƘŀƳŀǊȅΣ wΦ YŀǊŀƪǳȊǳ ŀƴŘ hΦ 

Ozdemir

Nature and surface of steel effects 

on coatings obtained by 

galvanization at various immersion 

times

Investigation of the ribs effects on 

dynamic Response of grid 

composite structures under Impact 

loading

B. Younes
M. Hedayatian, G. H. Liaghat, M. H. Pol, 

G. H. Rahimi and R. Zamani

The modelling of solar air collector 

with thermal efficiency analysis and 

artificial neural networks

A new fatigue damage model for 

mechanic parts subjected to high-

cycle fatigue loadings

aΦ !ōǳǒƪŀΣ ±Φ !ƭǘƤƴǘŀǒ ŀƴŘ aΦ .Φ !ƪƎǸƭ
H. Guechichi, S. E. Benkabouche, A. 

Amrouche and M. Benkhettab

Determining of thermal properties 

of LiCl and LiBr used as anode 

materials in thermal batteries

Preparation of dense and 

interconnected porous cordierite 

ceramics

DΦ tΦ !ƪǎƻȅΣ aΦ /Φ aŜƴǘŜǒΣ 9Φ 9ǊŎŀƴΣ !Φ 

YƻŎŀΣ IΦ CΦ mȊǘƻǇΣ ¸Φ ±ŀǊƻƭ ŀƴŘ CΦ 

¸ŀƪǳǇƘŀƴƻƐƭǳ

YΦ .ƻǳƳŎƘŜŘŘŀΣ {Φ 5ŜōōŀƪƘΣ .Φ 

DƘŜǊƴƻǳǘƛ ŀƴŘ wΦ {ƻǳŀƎ
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13 June 2014 Friday

POSTER SESSION A (P1-P45)

Characterization of sintered %50Ni-%48Cr-%2Ti powder mixtures containing intermetallics

!Φ ¸ƻƴŜǘƪŜƴΣ !Φ 9Ǌƻƭ ŀƴŘ TΦ ¸ƛƭŘƛȊ

Mechanical proporties of a composite produced from electroless Ni plated Cr and Ti 

powders

!Φ ¸ƻƴŜǘƪŜƴΣ !Φ 9Ǌƻƭ ŀƴŘ TΦ ¸ƛƭŘƛȊ

Experimental and analysis of the Uniaxial behavior of High Density Polyethylene Pipes 

A. Abdelkrim and D. Abdelkader

Mechanical and microstructural study of photo-aged low density polyethylene (LDPE) 

films.

.Φ aΦ LƳŀƴŜ ŀƴŘ !Φ !ǎƳŀ

Calculation of thermodynamic properties of CO2 using the combined thermal equation of 

state with a small number of adjustable parameters.

P. P. Bezverkhy, V. G. Martynets and S. V. Stankus

Study on the thermal degradation of St-MMA copolymers with different compositions 

using isoconversional method

H. R. Azimi, M. Rezaei and F. Majidi

Synthesis of conductive polymers - metal nanocomposites and investigation of their 

optical properties

F. Majidi and A. Rostami

Study by a Genetic Algorithm the effect of heat stress on the shear damage of the fiber 

matrix interface of a nanocomposite material (Graphite/Epoxy)

A.Mokaddem, M.Allami, N.Beldjoudi and A.Boutaous

CO2 solubility in ionic liquids at high pressures and wide range of temperatures

wΦ IŀƳƛŘƻǾŀΣ WΦ {ŀŦŀǊƻǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ IŀǎǎŜƭ

Changes in the thermal and other properties of polylactide by blending with 

thermoplastic polyurethane

Y. Meyva and C. Kaynak

Thermophysical properties of Butanol-1 at pressures up to 200 mpa

.Φ !ƘƳŀŘƻǾΣ WΦ {ŀŦŀǊƻǾΣ {Φ aƛǊȊŀȅŜǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ IŀǎǎŜƭ

Thermophysical properties of Azerbaijan and Turkish water resources

aΦ ¢ŀƭƛōƻǾΣ [Φ !ȊƛȊƻǾŀΣ {Φ .ŀōŀȅŜǾŀΣ !Φ !ƘƳŀŘƻǾΣ WΦ {ŀŦŀǊƻǾΣ aΦ .ŀǎƘƛǊƻǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ IŀǎǎŜƭ

Numerical contribution to heat treatment of wood

A. Boumedien

The investigation of the density of binary methanol+ chlorobenzene mixtures at high 

pressures

±Φ IŀǎŀƴƻǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ .ǳƴȅŀǘƻǾŀ

Finite element analysis of out-of-plane compressive properties of a novel concept of 

IƻƴŜȅŎƻƳō {ǘǊǳŎǘǳǊŜǎ ǿƛǘƘ IŜȄŀƎƻƴŀƭ ŀƴŘ !ǳȄŜǘƛŎ όƴŜƎŀǘƛǾŜ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻύ ǘƻǇƻƭƻƎȅ

B. Mustapha, B. Abderrezak and S. Fabrizio

A thermal and chemical characterization of limestone from Kellal Mountain (North-east 

Constantine, Algeria).

.Φ aƻǳƴƛŀΣ .Φ aŜǊȊƻǳƎ ŀƴŘ .Φ /Ƙŀƻǳƪƛ

Experimental and analysis of the uniaxial behavior of High Density Polyethylene Pipes 

(HDPE-100)

A. Abdelkrim, D. Abdelkader, B. Mostefa and K. Foudhil

Effect of a turbulent plane wall jet impinging a hot obstacle

M. Kabache and A. Mataoui
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Study of the shear modulus of wood-based layered composites under static load using 

finite element method

_Φ DƻƱťōƛƻǿǎƪƛΣ ¢Φ .ǊȅƴƪΣ tΦ aŀǊŜƪΣ aΦ YƻǿŀƭǎƪƛΣ {Φ YǊŀǳȊŜ ŀƴŘ aΦ WΦ Yƻǿŀƭǎƪŀ

Standard enthalpy of combustion of biodiesel from hydroxylated oils

J. Ariel M. Villarreyes

The investigation of the hydrocracking process of tar with heavy gas oil of catalytic 

cracking in the presence of high-dispersed halloysite

G. Mukhtarova, V. Abbasov, H. Ibrahimov, R. Huseynova and K. Eyyubova

Catalytic oxidation of dearomatized diesel fraction in liguid phase by extraction method

L. Afandiyeva, V. Abbasov, M. Ibrahimova, L. Nuriyev, V. Nagiyev and S. Ahmadova

Effect of activation temperature on properties of activated carbon from orange peel by 

zinc chloride

DΦ 5ŜƳƛǊ ŀƴŘ 5Φ !ƴƎƤƴ

IƻǊƛȊƻƴǘŀƭ ŀƴŘ ±ŜǊǘƛŎŀƭ hǇǘƛŎŀƭ aƛǎǳǊŀϯ 5ƛƭŀǘƻƳŜǘŜǊǎ

aΦ tŀƎŀƴŜƭƭƛ ŀƴŘ aΦ 9ƎŜƳŜƴ

Scratch test of silica and PVB coatings deposited on sandblasted glass

L. Hind, B. Nouredine and K. Mostafa

Fundamental equations of state for fluorobenzene and for mixture of benzene with 

fluorobenzene

LΦ !ƭŜȄŀƴŘǊƻǾΣ .Φ DǊƛƎƻǊŜǾ ŀƴŘ !Φ DŜǊŀǎƛƳƻǾ

Researching lowbasic degree of hydration of the cement and phase of stone composition 

on their basis

G. Begjanova and A. Begjanov

Manufactoring of the additional cements with using local rocks and wastes of Asbestos-

cement production

M. Iskandarova, F. Atabaev and L. Kakurina

Rheological characterization of the modified crude oil of the field of Tin FouyeTabankort 

(Illizi, Southern Algeria)

!Φ aƻǳŀǎ ŀƴŘ !Φ {ŀŦǊƛ

Heat Flow Meter Instrument - FOX50

!Φ ¢ƭŜƻǳōŀŜǾ ŀƴŘ aΦ 9ƎŜƳŜƴ

New flame retardant phosphorus-containing polymers with liquid crystalline properties 

synthesis and characterization

D. Serbezeanu, I. D. Carja, G. Lisa, T. V. Bubulac and C. Hamciuc

A new generalized correlation of viscosity coefficient of complex hydrocarbon mixtures in 

a wide range of temperatures and pressures

!Φ DŜǊŀǎƛƳƻǾΣ .Φ DǊƛƎƻǊϥ9Ǿ ŀƴŘ LΦ !ƭŜȄŀƴŘǊƻǾ

A new generalized correlation of thermal conductivity coefficient of complex hydrocarbon 

mixtures in a wide range of temperatures and pressures

.Φ DǊƛƎƻǊϥ9ǾΣ !Φ DǊƛƎƻǊϥ9Ǿ ŀƴŘ LΦ !ƭŜȄŀƴŘǊƻǾ

Hexavalent chromium (Cr (VI)) adsorption behavior onto poly(pyrrole-co-ortho-anisidine) 

nanocomposite: Thermodynamics and Kinetics study

bΦ .ƻǳƎǳŜǊǊŀΣ wΦ !ƛǘƻǳǘΣ [Φ aŀƪƘƭƻǳŦƛ ŀƴŘ 5Φ hǳƪƛƭ

The assessment of curing parameters and mechanical properties of epoxy resins modified 

with polyurethanes based on polycarbonate diol

WΦ tŀǾƭƛőŜǾƛŏΣ aΦ WƻǾƛőƛŏΣ WΦ .Φ {ƛƳŜƴŘƛŏΣ wΦ wŀŘƛőŜǾƛŏΣ bΦ .ǳŘƛƴǎƪƛΣ ±Φ ¢ŜƻŦƛƭƻǾƛŏΣ aΦ ~ǇƛǊƪƻǾŀ ŀƴŘ [Φ ¢ŀƴŀǎƛŏ
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Morphology and thermal properties of chitosan/bentonite beads prepared for dye 

removal

V. Teofilovic, J. Pavlicevic, M. Jovicic, O. Bera, L. Tanasic, K. M. Szecsenyi, A. Aroguz and N. Vukic

Thermophysical properties of date palm fiber reinforced thermoset matrix

H. Manel, A. Boudjemaa, B. Abderrahim and G. Abdelkader

Property libraries and software for seawater, steam, water, ice, humid air, and other 

working fluids for calculating desalination and related processes

IΦ WΦ YǊŜǘȊǎŎƘƳŀǊΣ {Φ IŜǊǊƳŀƴƴΣ aΦ YǳƴƛŎƪΣ LΦ {ǘƻŜŎƪŜǊ ŀƴŘ aΦ bƛŎƪŜ

Performance evaluation of peanut roasting process at continuous type infrared system

CΦ TœƛŜǊΣ 9Φ hōǳȊ ŀƴŘ DΦ YƻǊ

Solid state synthesis of spitothia(selena)pyeanes containing condensed pyrasole rings

.Φ [ǳƪȅŀƴƻǾΣ !Φ aŜǘŜƭƛǘǎŀΣ aΦ [ǳƪȅŀƴƻǾŀΣ !Φ 5ƻǊƻǎƘŜƴƪƻ ŀƴŘ ±Φ aƛƴƪƛƴ

Electrochemical detection of uric acid based on polypyrrole/iron hexacyanoferrate film 

modified iron electrode

D. Oukil, L. Makhloufi and R. Aitout

Scanning micro and nano-thermal expansion microscopy of polymers : application to the 

determination of surface glass transition temperature in a wood cell wall

J. S. Antoniow, J. E. Maigret and J. Beaugrand

Study of thermophysical and mechanical properties for new composites based on the 

mortar and the date palm wood to use for thermal insulation in buildings

B. Nadia, A. Boudjemaa, G. Abdelkader, K. Abdelhak and B. Abderrahim

Synthesis of new derivatives of morpholinium with acrylic and metakrilovy acids

O. Maksumova, U. Urinov and M. Tursunov

Models and numerical study of thermal conductivity for conductive particle filled polymer 

composite

T. Evgin and I. Tavman
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14 June 2014 Saturday

POSTER SESSION B (P46-P95)

Density of bosporus seawater

!Φ aƛǊȊŀƭƛȅŜǾΣ WΦ {ŀŦŀǊƻǾΣ !Φ {ƘŀƘǾŜǊŘƛȅŜǾ ŀƴŘ 9Φ IŀǎǎŜƭ

Sac305 vs. Snpb solder joint electrical and mechanical properties measurements as 

function of working temperature and soldering thermal profile

M. Pantazica, G. Varzaru and P. Svasta

Residual stresses in the precipitation layer of gas nitrided alloy steels

N. Syla, H. Oettel, G. Schreiber, F. Aliaj and S. Avdiaj

Thermodynamic and thermo-physical properties of liquid Li-Zn alloys. molecular dynamics 

and CFM study vs. experiment

M. Trybula, N. Jakse, T. Gancarz, W. Gasior, L. Hennet and A. Pasturel

The influence of silica nanoparticles on thermal properties of poly(lactide) based hybrid 

materials

N. Vukic, J. B. Simendic, T. Erceg, M. Brzic, A. Miletic, I. Ristic and B. Pilic

A new class of maraging steel with increase heat working stability

aΦ .ǊŀƴȊŜƛΣ LΦ /ǊƛǎǘŜŀ ŀƴŘ !Φ .ƛōƛǎ

Dielectric properties of PZT-PBC-ZTIS piezoelectric ceramics

A. Malika, N. Zelikha and B. Ahmed

Simulation of the processe of an electro-thermal interaction in the diode laser system

V. V. Parashchuk

Cooling condition effects on phase transformation, crystal structure and microstructure of 

Cu-Al-Co shape memory alloy

Y. Aydogdu, F. Dagdelen, M. Kok, A. Aydogdu, A. Turabi and H. E. Karaca

Formation and physical properties of Sb2O3-PbO-MnO glasses

M. Nouadji, M. Poulain, R. Elabdi and A. A. Attaf

Investigation of the temperature stability of perovskite phase formation and the 

electromechanical properties of Pb(Zr1-x Tix)O3 Ceramics modified with certain Additives

Zelikha Necira, Hayet Menasra, Karima Bounab, Malika Abba, Noura Abdssalem, Abdalhak Meklid and 

Ahmed Boutarfaia

Status and perspective of production of cement with use non-traditional raw materials - 

volcanic rocks of Uzbekistan

E. Akramov and M. Iskandarova

Influence of the magnetic field on the morphology of the wear of the cutting tool

N. Djilani and B. Ali

Study of glass formation in the Sb2O3-Li2O- MoO3 ternary system

H. Majda, S. M. Toufik, B. Mourad, L. Ronan and P. Marcel

Study of thermal conductivity and morphology of bio-polymer based nanocomposites 

with expanded graphite and Montmorillonite

¸Φ YŀƴŀƪŜΣ bΦ IƻǊƴȅΣ [Φ ¢ƛƎƘȊŜǊǘ ŀƴŘ aΦ /ƘƛǊǘƻŎ

Fatigue damage modelling of Polymeric Matierials: Case of HDPE

D. Abdelkader, A. Abdelkrim and B. Mostefa

Structural and optical properties of tin oxide thin films prepared by spray ultrasonic 

technique

.Φ IŀƳȊŀΣ !Φ !ōŘŀƭƭŀƘΣ {Φ {ƻǳƘƛǊΣ ¸Φ {ŀƭŀƘΣ .Φ YƘƛǊŀΣ IΦ bŀŘƧŜǘǘŜ ŀƴŘ {Φ IŀƴƴŀƴŜ

Fatigue life calculation by cycle counting method and spectra methods under random 

loading

Z. Sahnoun and A. Abdelkrim
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Influence of fatigue on mechanical properties of Kevlar fibers epoxy composite and 
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A photothermal technique capable of measuring thermal conductivity and thermal diffusivity with 

micrometer resolution is introduced. This technique involves the measurement of thermal diffusivity 

and thermal effusivity to extract the thermal conductivity. The experimental approach uses the same 

hardware to achieve measurements using two photothermal techniques: frequency domain 

photothermal reflectance method for thermal effusivity, and spatial domain photothermal reflectance 

method for thermal diffusivity. A thin film is applied to the sample to ensure strong optical absorption 

and to introduce a thermal boundary condition that explicitly contains an expression for the thermal 

effusivity. A proof of principle experiment was conducted using two surrogate samples: SiO2 is a 

material with thermal properties representative of high burn-up nuclear fuel, and CaF2 is a material 

with thermal properties representative of fresh nuclear fuel. To generalize this approach, sensitivity 

analysis is conducted for materials having a range of thermal conductivities. The measured 

conductivities compare favorably with published values. As a potential post irradiation examination 

tool, this new experimental approach has important technological applications to advance nuclear fuel 

development. 

 

Keywords: Photothermal reflectance, Thermal conductivity, Thermal diffusivity  
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The need for specific thermal characterization methods is often driven by the sample, according to 

both the structure and geometry. For instance, in the case of highly anisotropic composite materials, 

the samples may be quite thin, which prevents to make use of the widespread transient characterization 

methods designed to be used with some electro-resistive probe heating the sample with a semi-infinite 

thickness assumption. In that case, it is still possible to implement the same kind of methods with a 

convenient finite sample model. Unfortunately, the thermal parameters to be retrieved may result to be 

correlated and/or have a low sensitivity coefficient, which yields a quite poor expectation for their 

simultaneous estimation.    

In this lecture we propose an estimation method for the simultaneous estimation of both the in-plane 

and in-depth thermal conductivities of thin highly orthotropic composite materials. Both the thermal 

resistance between the sample and the electrical resistance and the probeôs heat capacity must also be 

estimated. These thermal parameters are estimated within a bayesian frame by a Monte Carlo Markov 

Chain (MCMC) method, implemented with a Metropolis Hastings algorithm. 

The Bayesian approach offers the possibility to obtain the posterior probability distribution for each 

estimated parameter through adding some prior information. In this work, we include a sequential 

Gaussian prior for the thermal resistance, probe heat capacity and even in-plane thermal conductivity. 

Different kind of samples are analysed in this lecture, from fiber layers to carbon nanotubes 

composites, which aim to present some different in-plane/transverse ratio, correlation and sensitivity 

levels. 

 

Keywords: Thermal conductivity, Orthotropic materials, Hot Disk, Metropolis Hastings, Bayesian 

methods 
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Despite recent progress in modeling heat transfer across interfaces, numerical values of interfacial 

thermal resistance Rth in various systems show great deviations from theoretical predictions as well as 

large variability with the condition of the interface at micro- and nano-scale. Therefore, such data are 

necessary for the validation of theoretical models and computations. Measuring Rth is often a challenge 

for the experimentalist. The available methods have to be adapted to the features of the sample. 

This work presents several experimental approaches to evaluate Rth and thermal properties in 

solid/solid and solid/liquid systems having planar, cylindrical, spherical or random configurations. For 

simple configurations, Rth is obtained directly from the experiment and then it can be compared to 

theoretical prediction. For instance, for Cu/diamond the value Rth=2.71x10
-8
 m

2
K.W

-1
. based on the 

acoustic mismatch model, is consistent with the experiment, while for Cu/glassy Carbon the 

estimation Rth=0.84x10
-8
 m

2
K/W is more than one order of magnitude lower than the experimental 

value. On the other hand, in the case of nanocomposites and nanofluids Rth is determined as a fit 

parameter in the frame of effective medium models. 

 

Keywords:  Interfacial thermal resistance, Photothermal radiometry, Nanocomposites. 
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Nondestructive evaluation (NDE) and structural health monitoring (SHM) to evaluate materials 

properties without causing damage and the determination of critical fracture stresses or strengths of 

materials to avoid catastrophic structural failure play an ever increasing role in materials science and 

technology. One of the important experimental tools is laser ultrasonics, suitable for pulsed excitation 

and continuous detection of guided one-, two, and three-dimensional (1-3D) elastic waves. While for 

nondestructive evaluation the easy scanning of excitation and probe laser beams and the high spatial 

resolution obtainable by focusing are the most important features, destructive testing is based on the 

high laser power, allowing the generation of nonlinear elastic pulses with shocks leading to fracture. 

Even in well-established conventional applications of conventional ultrasonics with 3D waves to 

macroscopic objects such as rails or tubes, there is a tendency to use guided waves for industrial 

inspection, which is connected with reduced cost, less inspection time, and greater coverage. These 

guided ultrasonic waves are constrained by the boundaries of the particular geometric structure and 

include, for example, torsional waves in a tube or Lamb waves in a plate but also longitudinal or shear 

modes. Permanent sensor installation for long distance diagnostics by conventional transducers, e.g. in 

rails, is a new approach in SHM. A serious challenge of guided modes in complex geometries is their 

dispersive and multimode nature. In NDE applications, substantial computational effort is needed for 

data analysis under these conditions. 3D applications by laser ultrasonics are under development. 

Surface acoustic waves (SAWs), first discovered in 1885, can be characterized by a two-dimensional 

(2D) wave vector. The planar surface of an elastic half space is a 2D waveguide for these particular 

waves. Their displacement field decays to zero in the direction normal to the surface, e.g. 

exponentially within about one wavelength depth. SAWs or Rayleigh waves are non-dispersive in 

homogeneous media. In recent years laser photoacoustics has been used for the determination of 

elastic coefficients of advances materials (e.g. nanodiamond), or in nondestructive evaluation (NDE) 

of surface-breaking cracks. Real partially closed surface cracks of micrometer size have been analyzed 

with this method. Furthermore, the excitation of short nonlinear SAW pulses with steep shock fronts is 

possible that fracture brittle materials such as silicon. With the laser method it is possible to measure 

the fracture strength and compare the critical failure stress with ab initio calculations of the theoretical 

strength of the corresponding single crystal, giving an upper limit of the mechanical strength.  

The acoustic edge or ñwedge wavesò were discovered in 1972 by numerical calculations. The 

displacement field decays exponentially away from the tip in the plane normal to the edge. The 

selective excitation of these guided waves was performed with an optically-pumped angle-tunable 

transducer. The characteristic features of the non-dispersive linear wedge waves in ideal systems such 

as their small phase velocity below the Rayleigh velocity and the very high degree of localization of 

the displacement field at the wedge tip could be clearly verified. Several applications have been 

discussed and feasibility studies were carried out already but no commercial devices are on the market 

yet. Future applications of dispersive wedge waves in real systems include monitoring of defects of 

cutting tools or turbine blades, sensor applications by measuring the velocity change upon tip and 

surface modifications. Owing to the large displacements involved in the excited flexural mode, 

ultrasonic motors, stirring and acoustic streaming in fluidics, and aquatic propulsion can be realized. 

 

Keywords: Laser ultrasonics, Guided bulk, Surface, and Wedge waves, NDE, Fracture. 
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Material parameters affecting the material structures can be used for modeling the deformation 

behavior of super alloys. Thermo-mechanical processes are applied to P/M super alloys for 

consolidation. Stress-strain relationship can be established by the factors such as strain, strain rate, 

grain size, temperature and structural parameters. A new deformation model is suggested in this work 

by means of searching the compatibility of experimental results and analytical studies. In this study, 

P/M ReneË 95 super alloy was used as experimental material and micro-thermo-mechanical behaviors 

were investigated. 

The changes in microstructure induced by plastic deformation in hot isostatically pressed (HIPed) P/M 

Rene 95 under isothermal conditions are discussed. Results of the constant true strain rate compression 

tests are presented for initially fine (7 Õm) and coarse (50 Õm)grained compacts deformed at 

temperatures of 1050 
Ǔ
C, 1075 

Ǔ
C and 1100 

Ǔ
C and at strain rates in the range from 10

ī4
 s
ī1

to 1s
ī1

. 

Under these test conditions, both the fine and coarse-grained compacts recrystallize and their grain 

size are refined during flow. This grain refinement gives rise to softening in both materials. 

Ultimately, their microstructures transform into the same equiaxed fine-grained microduplex structure 

at which point their flow strength becomes identical. Continued deformation at that point produces no 

further change in grain size or flow strength. Under this steady state regime of deformation, the 

microduplex grain size and flow strength are independent of the original microstructure but are 

conditioned by the strain rate at a given temperature. The steady state grain size increases whereas the 

steady flow strength decreases with a decrease in strain rate and/or an increase in temperature. 

Material parameters affecting the material structures can be used for modeling the deformation 

behavior of super alloys. Thermo-mechanical processes are applied to P/M super alloys for 

consolidation. Stress-strain relationship can be established by the factors such as strain, strain rate, 

grain size, temperature and structural parameters. A new deformation model is suggested in this work 

by means of searching the compatibility of experimental results and analytical studies. In this study, 

P/M ReneË 95 super- alloy was used as experimental material and micro-thermo-mechanical behaviors 

were investigated. 

Modeling of deformation mechanisms of engineering materials can be expressed by constitutive 

equations. These are useful for calculation and estimation of strength of material subjected to hot or 

cold deformation or extrusion operations. Some factors affecting materialsô yield stress could be 

grouped as direct or indirect. While direct factors are said to be as deformation, deformation rate, and 

temperature; indirect factors may be chemical and metallurgical composition of the material, grain 

size, and history of the material. 

Recently completed researches dealing with high temperature effects on deformation of materials also 

reviewed by this study. Ongoing studies suggest new methods to be applied to gain new features for 

aeronautical applications. Some comparisons are made between test results. Weakening of strength of 

materials is observed by the effects of elevated temperatures. Temperature, grain size, diffusion 

mechanisms are also found as the effects of influencing deformation mechanisms and strength as well 

as the constant strain rates. 

 

Keywords: P/M ReneË 95, Super alloy, Modeling, Strain rate, Modeling of constitutive equation. 
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Porous materials such as cellular foams are known to have interesting combinations physical 

properties (low density, mechanical and thermal properties). These properties depend on the 

microstructures, relative density and properties of base materials (solid matrix).  Depending on the 

domain of application, the solid matrix could be made of carbon, metal, ceramic or polymer. Metal 

and ceramic open-cell foams can be applied for high temperature in advanced energy and combustion 

systemssuch as low-NOx combustion burners. The solar thermal energy systems for fuel and chemical 

processing can be cited as other applications where ceramic foams are envisioned to exchange 

absorbed radiative energy. For applications requiring lightness and high insulating efficiencies at 

ambient temperatures, some polymer foams such as polyurethane (PU) or polystyrene (XPS and EPS) 

foams are often. Aerogel materials can be used as super insulating materials. 

The improvement of the thermal performances of such porous media used in these applications 

requires two capabilities: modelling coupled conduction and radiation heat transfer inside these media 

and assessment of the thermal properties involved in the models. The most common assumption in 

predicting heat transfer in such complex materials is treating the disperse media as continuous and 

homogeneous media and using the so-called ñeffective thermal propertiesò. 

The knowledge of the effective radiative properties is crucial. Theoretical prediction permits to 

analyze and understand the influence of morphology and optical constants of the particle and matrix 

materials on the radiative properties of the medium. Obviously, the experimental identification 

provides the knowledge of real material properties. This paper deals with the theoretical prediction and 

experimental determination of porous media thermal properties (especially radiative properties). After 

a brief review of the properties of interest, the emphasis will be placed on methods of investigation, 

both predictive and experimental. Following the book by Dombrovsky and Baillis (2010) and other 

recent studies, some examples will be presented showing recent advances and remaining challenges. 
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Metal-organic compounds are precursors in different gas phase thin film deposition or nano-particle 

synthesis processes, like Chemical Vapor Deposition (CVD) or Chemical Vapor Synthesis (CVS). The 

metals, which shall be included into the solid phase, shall be present in the precursor, which is 

evaporated and transformed in a chemical reaction to the material desired. Thus, the vapor pressure of 

such substances, which is often between 0.1 and 100 Pa at temperatures between 70 and 150ÁC, have 

to be determined carefully in order to use them in reproducible deposition processes. Also, for the 

evaporator design transport properties like the diffusion coefficient has to be known, together with 

information regarding long term stability within the evaporator. A combination of isothermal thermo-

gravimetry at ambient pressure with a specially designed Knudsen cell with in-situ mass measurement 

using a magnetic suspension balance is used to determine such thermo-physical properties. Since, 

many of the metal-organic compounds are sensitive against air and water vapor; parts of these set-ups 

are within glove-boxes. Further methods like the usage of a quartz microbalance for the determination 

of diffusion coefficients and the determination of activity coefficients for solutions of metal-organic 

compounds for liquid injection systems will be presented and discussed. Data for well-known metal-

organic compounds like metal acetyl-acetonates are presented as well as data for newly synthesized 

chemicals from cooperation partners from inorganic chemistry. 
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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 convinced that medium to long term storage of large amounts of electrical energy is 

only possible by chemical storage. Hydrogen is suited but not in its pure state. One option is to use 

LOHCôs, chemical compounds that exist in an energy-lean state (not hydrogenated) and in an energy-

rich state (hydrogenated). To find such a pair of chemicals is a challenge for thermodynamics and 

chemistry. 

The lecture highlights the basic research and the application in decentralized local storage of 

electricity and in mobility. Demonstration units should be available end of 2014. Because the electrical 

energy is partly converted to heat during storage, the authors follow the goal of storage-heat-coupling 

(SHC), thus making the heat available for house heating or cooling. 
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After photoexcitation to the electronic excited states of any molecules in condensed phases, the photon 

energy should be converted to the translational energy of the solvent (heating). The heating time is 

related with the speed of the relaxation process. Using a femtosecond pulsed laser, heat induced 

structural change in ultrafast time scale can be obtained. There are several techniques to detect such 

photo-induced heating process, such as the transient lens, transient grating and photoacoustic methods. 

Here, we mainly used the transinet grating (TG) and transient lens (TrL) method for the detection of 

the thermodynamical properties in time-domain. Because these methods are sensitive to the refractive 

index change around the photoexcited region, the time dependence of the density, pressure, and 

temperature changes, which accompany refractive index change, can be monitored over a broad range 

of timescales. By fitting the signal with thermal diffusion equations, the temporal evolutions of the 

temperature distribution and molecular volume changes were determined.  

We applied this technique to a time-resolved detection of enthalpy change of biomolecules during the 

chemical reactions in solution. For example, we studied the reaction intermediate species of 

phototropin (phot) on the basis of their thermodynamic properties, such as changes in enthalpy, 

thermal expansion, and heat capacity. Phototropins are blue light sensor proteins that regulate 

phototropism, chloroplast relocation, and stomatal opening. It contains LOV (Light-Oxygen-Voltage) 

domains and a linker region. For the first intermediate of the reaction, the values of these 

thermodynamical properties were similar to those of the ground state for both LOV2 and LOV2-linker. 

A relatively large thermal expansion volume (0.09 cm
3
mol

-1
K

-1
) and a positive heat capacity change 

(4.7 kJ mol
-1
K

-1
) were detected for the intermediates. These characteristic features were interpreted in 

terms of structural fluctuation and exposure of hydrophobic residues in the linker domain, 

respectively. The enthalpy change of the intermediate was significantly greater.The results 

demonstrate clear picture of photo-reactions of the protein. 

We have also applied the time-resolved technique to study another protein, TePixD. TePixD is a blue 

light sensor protein with BLUF domain and forms a unique decamer in crystal. Furthermore, in 

solution, TePixD is in equilibrium between the decamer and pentamer. The TG signal of TePixD at 1 

atm pressure has revealed that TePixD shows volume expansion and diffusion change of the decamer 

during the photoreaction. Furthermore there is a surprising feature about this photo-induced 

conformational change; the conformational change of TePixD decamer is suppressed under strong 

excitation laser power, and this inhibition is thought to be caused by multi-excitation in a TePixD 

decamer. We used a high pressure instrument for detecting the TG signal. Interestingly, the diffusion 

signal intensity and the time profile of TePixD were found to depend on pressure dramatically. This 

dependence is considered to be pressure effect on the flexibility of the protein. We quantitatively 

measured the flexibility using the time-resolved compressibility and found that the flexibility is 

drastically enhanced during the reaction.  
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We study the photoluminescence (PL) and spontaneous emission of semiconductor nanoparticles 

doped in a metamaterial heterostructure. Metamaterials are a new class of artificial materials with 

optical properties determined by their classical atomic composition and nanoscale organization of their 

structural components. Metamaterials have unique electromagnetic properties which cannot be 

obtained from naturally occurring materials. Recently, metamaterials based on periodic arrangements 

of metallic nanocomposites have received special attention. They possess simultaneously negative 

effective dielectric permittivity and magnetic permeability for a range of frequencies in the 

electromagnetic spectrum. It is well known that the negative electric permittivity in noble metals leads 

to the formation of surface plasmon which may generate exceptionally strong localized 

electromagnetic fields. Heterostructures studies here are formed by fabricating a split-ring resonator 

and metallic rod metamaterial on a dielectric substrate. An ensemble of quantum dots (QDs) are doped 

near the interface in the heterostructure. The QDs interact with surface plasmon polaritons of the 

heterostructure. PL spectrum and spontaneous decay of excitons in the QD are studied. Our results 

indicate that the PL and spontaneous emission of the QDs are enhanced in the presence of the 

metamaterial when the exciton and surface plasmon frequencies are resonant. These findings are 

consistent with recent experimental studies. The present study can be used to make new types of 

nanoscale optical devices for sensing, switching and imaging applications based on metamaterials. 
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The reason behind why thermoelectric generators (TEG) have not been used to generate electricity or 

as to charge batteries, extensively, can be summarized by their low efficiencies, high temperature 

operation, and non-conformal. Recent TEGs can operate starting at room temperature as the heat or the 

cold source, that is, as long as there is a temperature difference ȹT), of few degrees of Kelvin, is 

available, then there is a potential difference and there is current generated by the recently produced 

thermoelectric materials. Thus enabling us capturing the power generated, per few square centimeters, 

from human body, while the ambient temperature is at or below 300K, in order to charge a cellphone 

battery, to charge the batteries for the jogging LED indicators and more. In fact, few off the shelf 

TEGs can provide enough power to achieve the above goals, despite their bulkiness, despite the lack 

of flexibility and despite their low efficiency. In this presentation, we will present our work on 

production of thin films of thermoelectric materials which has higher figure of merit, conformal, and 

can operate at lower temperature difference (ȹT) than existing off the shelf TEG
*
.  

Our work stem from the properties of regimented quantum dot quasi-lattices, consisting of 

nanocrystals of gold and/or silver separated at one to few angstroms from each other creating new 

electric and thermal properties as well as interesting optical properties. We will discuss how ion beam 

have been used by our team in order to achieve properties similar to what is predicted theoretically by 

regimented quantum dot quasi-lattices. We will, also, review a series of materials resulted from our 

investigation, some operating at temperatures around 300K and some at about 400K. Such ultra-thin 

thermoelectric materials, 0.1 to 1 micrometer thickness, operating at room temperature will allow 

integration to the existing devices for continuous charging the low power required portable unites such 

as cell phones, tablets, heart-pacemakers, and more.  

* One patent awarded & one patent pending. 
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Nanofluids are promising fluids for heat transfer application. Lower stability and higher viscosity are 

two important drawbacks for practical application of nanofluids. Aggregation and sedimentation of 

nanoparticles are related to the colloidal structure of nanofluids, which directly affects the stability and 

other properties of nanofluids. Different types of ultrasonication process are used to breakdown the 

aggregation of particles. The aim of this work was to study the effects of ultrasonic duration on the 

colloidal stability of nanofluid. 0.5 vol.% of Al2O3 nanoparticles were dispersed in water by using a 

horn type ultrasonic homogenizer with the duration from 30 min to 300 min. Microstructure, cluster 

size, precipitation and zeta potential were analyzed to check the aggregation and sedimentation. TEM 

microstructures show that nanoparticles started dispersion in water with the starting of ultrasonication 

and within 60 min, it found to be better dispersed until 90 min. After that, the nanoparticles started 

partially coalesced again until 150 min of sonication and found to be well dispersed for 180 min of 

sonication. Furthermore, from 210 min of sonication it started again partially coalesced until 240 min 

of sonication and further sonication until 270 min it found better dispersion and the best dispersion for 

300 min of sonication. However, the nanoparticle cluster size found to be decreased with the increase 

of ultrasonic duration until 180 min and further sonication could not reduce the cluster size. Similarly, 

zeta potential found to be increased with the increase of sonication time until 150 min of sonication 

and further sonication could not increase the zeta potential value. In addition, lower precipitation 

amount was found to be for higher duration of sonication. In brief, better particle dispersion, lower 

particle and colloid size and precipitation, and higher zeta potential have been observed with the 

increase of ultrasonic duration. Therefore, more stable (less aggregation and sedimentation) nanofluids 

can be obtained by applying 150 min or higher ultrasonication time. 
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In this study, the Graphite/HDPE composites having different graphite content were prepared by melt 

blending. The graphite content was in the range of 2 to 30 wt%. To investigate the effect of thermal 

cycles on the mechanical properties of HDPE and graphite/HDPE composites, HDPE and each 

composite samples were subjected to the thermal cycle processes for 100, 200 and 400 times between 

temperatures of 85
o
C and -25 

o
C. The moduli of HDPE and HDPE/GR composites at the end of each 

thermal cycle at 100, 200 and 400ÁC increased. 
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In this study, expanded graphite (EG) /high density polyethylene (HDPE) nanocomposites having 

concentrations of  2ï20 wt.% were prepared by the melt-mixing process. EG5  and EG50 flakes have 

5ï7 Õm in diameter and 40ï55 Õm in diameter, respectively. HDPE matrix and the nanocomposites 

were subjected to the thermal cycle for 200 times between temperatures of  -30 
o
C and 90 

o
C. After 

thermal cycling, the tensile properties of HDPE matrix and the nanocomposites were investigated. The 

tensile strengths and Young moduli of HDPE and EG/HDPE nanocomposites after thermal cycling of 

200 times increased. It was found that HDPE showed the best modulus enhancement after thermal 

cycling.  

 

Keywords: Polymer composite, Tensile properties, Thermal cycling 
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Nanofluids are colloidal suspension of nanometer size particles in a base fluid that are promising fluids 

for heat transfer application. Lower stability and higher viscosity are two important drawbacks for 

practical application of nanofluids. Aggregation and sedimentation of nanoparticles are related to the 

colloidal structure of nanofluids, which directly affects the stability and thermophysical properties of 

nanofluid. Different types of the ultrasonication process could break the aggregation of particles. The 

aim of this work was to study the effects of ultrasonic duration on the colloid, thermal conductivity 

and viscosity of nanofluid. 0.5 vol % of Al2O3-water nanofluid was prepared by using ultrasonic 

homogenizer with the duration from 1 to 5 h. Microstructure, cluster size, and zeta potential was 

analyzed to check the colloid. Thermal conductivity and viscosity were measured for each ultrasonic 

duration with temperature ranging from 10 ęʉ to 50 ęʉ. Better particle dispersion, lower cluster size, 

and higher zeta potential have been observed with the increase of ultrasonication time. There was no 

strong variation on thermal conductivity for the change of sonication time. However, viscosity of 

nanofluid decreased with the increase of ultrasonic duration. Therefore, higher ultrasonic time could 

give better thermal performance of nanofluids. 

 

Key words: Nanofluid, Ultrasonication, Thermal conductivity, Viscosity. 
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This study presents a numerical analysis, to investigate the effect inclination angle on nanofluid based 

single phase natural circulation mini loop. An experimental study which consists of a mini loop 

working with Al2O3 ï distilled water (DIW) nanofluid from the existing literature was selected for the 

comparison of the numerical results. Nanofluids having different filler contents were used as the 

working fluid and different heater power values were applied to the mini loop to better validate the 

numerical study. The results show that, proposed numerical model can predict the reaction of the mini 

loop to inclination angle sufficiently.  

A full buoyancy model was used for modeling the laminar natural convection flow. Furthermore, 

viscosity, thermal expansivity, and thermal conductivity were taken as functions of temperature in the 

numerical calculations. Table values were used to define the dependency of properties on temperature 

when water is the working fluid. The effective specific heat values have been taken as constant at the 

average loop temperature for every fluid. However, for Al2O3-DIW nanofluid, models adopted from 

the literature for determining the effective density and effective thermal expansivity for different filler 

ratios. Experimental values from the literature were used as thermal conductivity and viscosity data. 

Second order polynomials were fitted to the property data to obtain polynomial functions and these 

functions were used as inputs to the numerical model. A 3D CFD model was built in this study. 

Although the CFD results can not totally predict the unsteady chaotic behavior of the SPNCLs, we can 

better predict the steady behavior of the SPNCmLs numerically because of the increased stability of 

the system as a result of miniaturization. Therefore, steady flow results are given in this study.  

Tmax (maximum temperature in the loop), ȹTheater (temperature difference between the two sides of the 

heater) and effectiveness (represent the ratio between actual heat transfer and maximum possible heat 

transfer) values obtained from the numerical simulations were compared with the experimental data. 

Results showed that, for the upright position (0Á inclination angle) the deviation from the experimental 

results increases as the heater power and filler content increases. Possible reasons for this deviation are 

un-modelled heat loss from the experimental setup, improper models for determining heat transfer and 

flow of nanofluids and imprecise thermo-physical property determination. Deviation from the 

experimental results is similar for the 30Á and 60Á inclination angles. Moreover, the increase in the 

performance of the mini loop as the inclination angle increases for all the criteria (Tmax, ȹTheater, and 

effectiveness) is modelled well with the numerical study. However, the unexpected behavior of the 

DIW filled mini loop for 50 W heater power and 75Á inclination angle, which is thought to be the 

result of the boiling inside the heater part, could not be represented by the numerical model. Because 

phase change is not included in the numerical study. Although there is a deviation from the experimental 

results, the presented numerical model is still a powerful tool for comparative parametric studies about the 

performance of SPNCmLs. Phase change effects and the effect of different geometrical parameters on the 

SPNCmL performance may be investigated in the further studies. 
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Nanofluids as the dispersions of nanoparticles and industrial liquids have gained significant attention 

due to their improved thermophysical properties. The industry worldwide is leaning towards 

sustaining of the improvements in process variables. Since the nanofluidsô applicability in applications 

is determined by their improved properties, sustaining of their improvements is essential. Colloidal 

behavior of the nanoparticles is temporal and can dramatically change when affected by the external 

conditions. If the nanoparticles form big and heavy aggregates, those aggregates are then prone to 

settle down due to the gravity forces. Nanoparticle settlement (sedimentation) reduces the nanoparticle 

fraction within the nanofluids, and at the maximum sedimentation condition, the amount of 

nanoparticles contributing to the dispersion can approach to zero, leaving the primary nanofluid as the 

base liquid, alone. In such condition, one cannot take benefit from the improvements in the 

thermophysical properties, not to mention the damages that settled nanoparticle layer could cause on 

the system components. Therefore, a fairly ñstableò nanofluid is needed for industrial applications. 

Alumina (Al2O3) nanoparticles are not soluble in water, thus addition of surfactants is required to 

properly disperse them within water, as the base liquid. In the current study, stability Al2O3-water 

nanofluids were investigated in terms of particle size distribution (PSD) and zeta potential 

measurements. The nanofluids were supplied from NanoAmor, Inc. in USA, one year before the 

stability measurements. The manufacturer reported the particle size of the nanoparticles as 30 Ñ 10 nm, 

and the nanofluids are containing Acetic Acid as a surfactant (0.1ï0.3% by weight). The PSD and zeta 

potential analyses were done using ALV/CGS-3 compact goniometer system (Malvern Instruments, 

Inc, UK) and Malvern Nano ZS, respectively. For the experiments, nanofluids of 0.125, 0.25 and 0.5 

vol. % nanoparticle fraction were prepared using the stock material (nanofluid of 6.33 vol. %) and 

water de-ionized for two times. The zeta potential of the 0.125 vol. % sample was measured as 47.5 

mV, indicating high electro-dynamic stability. On the other hand, the PSD results showed that, the 

nanoparticles were agglomerated and had 75-85 nm average sizes. Since the PSD is a very dynamic 

parameter, the experiments were done in a weekly manner. After the PSD of each sample were 

measured and the nanoparticle aggregation was observed in all the samples, it was tried to re-develop 

the mono-dispersed condition of nanoparticles via ultrasonication up to 5 hours. The samples were 

ultrasonicated for different ultrasonication durations via Bandelin SONOREXÊ Digital 10 P 

Ultrasonic Bath. Decrements in the particle sizes were obtained at initial, but the average particle size 

never approached to 30 Ñ 10 nm as a result of ultrasonication. Further, the ultrasonicated 0.5 vol. % 

nanofluid was let to relax for up to 30 minutes. After the PSDôs were measured following subsequent 

relaxations, it was seen that they were disposed to approach the before-ultrasonication values. The 

particle size was very close to the one-week before value after relaxation for 30 minutes. In 

conclusion, the mono-dispersed condition of nanoparticles (30 Ñ 10 nm average particle size) could 

not be re-established via the tried ultrasonications. However no color change of the solution and 

nanoparticle sedimentation were evident to eye, the particles were agglomerated over a year. 

Considering the significant daily changes in the particle sizes reported in literature, the changes 

observed in the current study over one year could be considered as not very critical. The study 

emphasizes that, the stability of nanofluids should be investigated in terms of the quantitative 

parameters, e.g. zeta potential and PSD, since visual inspection may not be sufficient for nanofluids 

containing particles like Al2O3 with white to light gray color dispersed within water. The authors 

would like to highlight the requirement of performing the stability experiments periodically on the 

nanofluids, and in a simultaneous manner to the other experiments, if decided. Such approach may 

diminish the biases resulting from the changes in the PSD on the measured properties/ behaviors. 

 

mailto:ebelcioglu@ogu.edu.tr


THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

20 

 

Keywords: Nanofluids, Particle size distribution, Zeta potential, Dispersion stability 

 

Acknowledgements 

 

Prof. Dr. Vural B¿t¿n (the head) and Res. Asst. Cansel Tuncer (research associate) at the Polymer 

Research Laboratory, Eskisehir Osmangazi University is acknowledged on performing the 

experiments. The nanofluids have been purchased with the first authorôs own sources. 

 

 

Large Deflection Behavior of Functionally Graded Beams Under Temperature Rising 

 
ķeref Doĵuĸcan Akbaĸ 

1
 

1
Bursa Technical University, Department of Civil Engineering, Bursa, Turkey. 

E-mail: serefda@yahoo.com, seref.akbas@btu.edu.tr 

 

In this study, large deflections of a cantilever beam made of functionally graded material under 

temperature rising is investigated by using the total Lagrangian Timoshenko beam element 

approximation. Material properties of the beam change in the thickness direction according to a 

power-law function. It is known that large deflection problems are geometrically nonlinear problems. 

The considered highly non-linear problem is solved considering full geometric non-linearity by using 

incremental displacement-based finite element method in conjunction with Newton-Raphson iteration 

method. In this study, the effect of material gradient property and temperature rising on the large 

defection behavior of the beam is investigated in detail. The relationships between deflections, thermal 

configuration, stresses of the beams and temperature rising are illustrated in detail. Also, the difference 

between linear and non-linear analysis of functionally graded beams is studied under high temperature 

rising. 
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This study focuses on static analysis of functionally graded three-dimensional (3-D) structures 

subjected to temperature rising with temperature-dependent physical properties. Material properties of 

the beam are both temperature-dependent and position-dependent. In the mathematical solution of the 

problem, finite element model of three-dimensional continuum approximations is used. Finite element 

equations of three dimensional continuums for an eight-node quadratic element are used. In this study, 

the difference between temperature dependent and independent physical properties is investigated for 

functionally graded 3-D structures. The relationships between deflections and thermal configuration of 

the 3-D structures and temperature rising are illustrated. 
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Due to the global warming and ozone depletion, the standards of the refrigeration industry force the 

manufacturers to find out not only new thermodynamic cycles but also innovative working fluids to 

improve. Several studies have been performed on different parameters of cycles in order to improve 

the performance of a mechanical refrigeration system. As a new idea in recent years, the new 

refrigerant fluids for improving of the performance take attention of researchers.  

R134a and R600a are the most widely used refrigerants in the refrigeration industry. These kinds of 

refrigerants have higher global warming potential than hydrocarbons mixture (HCM). Many studies 

showed that HCM refrigerants are found to energy efficient and eco-friendly when compared with the 

R134a and R600a refrigerants. Besides be the refrigerant, the lubricant oil is used by the compressors 

to remove the heat from the system. Refrigeration oil lubricates parts for reduction of frictions, thus 

helps oil-sealing function of bearing and consequently reduces the energy consumption. The lubricant 

must be well-matched with a refrigerant used by the compressor to remove heat from the system. 

Nowadays, nano technology is considered one of the most important technological areas.  

Nanoparticles can be used to improve the working fluid properties due to their special properties. 

Thatôs why, the refrigeration sector deals with the nano additive refrigerants and lubricant oils. Using 

nano particle technology in the refrigerators has many advantages such as enhancing the solubility 

between the refrigerant and lubricant, reducing the friction coefficient of the lubricant , and improving 

the heat transfer characteristics and thermal conductivity of the refrigerant . Due to these advantages, 

many researchers studied nano technology on refrigerators. The study of Bi et al. concluded that using 

0.1% mass fraction TiO2 Nanoparticles compared to the HFC134a and Polyol-ester oil system causes 

26.1% energy consumption reduction for a domestic refrigerator. In another study of Bi et al., the 0.1 

and 0.5 g/L concentrations of TiO2-R600a can save 5.94% and 9.60% energy consumption when 

compared with the pure R600a system. Application of TiO2 nanoparticles as a lubricant-additive for 

vapor compression refrigeration systems is studied in the study of Sabareesh et al.. Based on their 

experimental results, 0.01% volume fraction increased the average heat transfer rate by about 3.6%, 

and reduced the average compressor work by about 11%, and increased the COP 17% due to the 

addition of nanoparticles in the lubricating oil. 

In spite of many researchers have studied on the nano refrigerants and/or nano lubricants for the 

domestic type refrigerators, many significant questions should be investigated and answered; the 

mixing method (diffuser mixing, laser ablation etc.) of the nano particles in an explosive refrigerant at 

the room conditions, the sedimentation rate of the nanoparticles in the refrigerant or the lubricant, the 

corrosion rate of the components used in the system, and the thermodynamically changes of the two 

phase refrigerant in the vapor compression cycle.  

 

Keywords: Nano refrigerant, Nano lubricant, Refrigerator, Vapor compression 
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This work presents the results obtained in the Heat Transfer Laboratory ï LTTC of 

PEM/COPPE/UFRJ for the measurement of the physical properties of selected nanofluids. The 

physical properties of interest here are: thermal conductivity, specific heat and viscosity. 

For the measurement of the thermal conductivity, we have used the line heat source probes 

commercially available by Hukseflux, models TP-02 and TP-08, as well as the Flash method (Netzsch 

LFA-447). The specific heat was measured with the Differential Scanning Calorimeter DSC 204 F1 

Phoenix, made by Netzsch, while the viscosity was measured with the rotational rheometer LVDV-

IIIU made by Brookfield. The equipment utilized for the Flash method, DSC and rheometer allowed 

for the temperature variation/control through their own temperature controllers. On the other hand, an 

experimental apparatus was developed in this work in order to measure the thermal conductivity with 

the line heat source probe, at temperatures above the room temperature. Such apparatus consists of a 

chemical reactor, in which the probe was installed along its center-line. The temperature of the 

nanofluid under analysis is controlled through by the control system of the chemical reactor, which 

also allows for pressurization of the fluid with an inert gas; 99.998% pure Argon was used in this 

work. 

Water-based commercial nanofluids were utilized for the analyses conducted in this work, with 

nanoparticles of Al2O3, ZnO and SiO2 in different volumetric concentrations. Special focus is given for 

the nanofluids with SiO2 nanoparticles, because they presented the best stability among those 

nanofluids tested, without any apparent deposition of nanoparticles, even after more than one year of 

tests and stock. 

The physical properties measured in this work are compared to other measured values available in the 

literature, as well as to theoretical predictions and to the correlations proposed by Khanafer and Vafai 

(A critical synthesis of thermophysical characteristics of nanofluids, International Journal of Heat and 

Mass Transfer, 54, 2011, 4410ï44, 2011).    

A comparison between the thermal conductivity measured with the Flash and the line heat source 

methods reveals that the last one provides more consistent results. Such is the case because of heat 

conduction through the lateral walls of the sample holder used in the Flash method, which was 

provided by the equipment manufacturer, as demonstrated by numerical computations developed in 

the work.      
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Nickel rich NiTi shape memory alloy (SMA) has been widely used for bio-medical, electrical and 

mechanical applications due to their distinct superelasticity and shape memory properties as compared 

to near equi-atomic NiTi SMAs. In this study, the effects of composition, aging and orientation of Ni-

rich NiTi alloys on their shape memory (transformation strain, hysteresis and cyclic stability) and 

mechanical properties are investigated.  

Polycrystalline NiTi alloys were prepared by conventional induction melting method while single 

crystalline NiTi alloys were grown by using the Bridgeman technique. Compression specimens, with a 

16 mm
2
 cross section and a 8 mm length, were cut by electro discharge machining. Transformation 

temperatures are determined by differential scanning calorimetry. The thermo-mechanical experiments 

were conducted on compression samples by a servohydraulic test frame. Transmission electron 

microscopy observations were conducted at room temperature to reveal precipitation characteristics 

and martensite morphology. 

Effects of heat treatments (between 400 to 600ÁC for 15 minutes to 24 hours) were investigated on Ni-

rich Ni-Ti alloys. Precipitation formation is found to be an effective method to improve the strength of 

material and also control the shape memory properties. It was revealed heat treatments and applied 

stress could significantly alter the transformation temperatures and shape memory effect response. 

High Ni-rich NiTi alloys has the ability to exhibit shape memory effect under high stress levels of 1 

GPa and superelasticity when up to 2 GPa was applied without any significant plastic deformation 

after selected heat treatments in compression. The shape memory behavior of NiTi alloys was found to 

be highly orientation dependent. [100]-oriented NiTi single crystals have high strength and show 

perfect superelasticity for a wide temperature range.  
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Magnetic shape memory alloys (MSMAs) have attracted considerable attention recently as an 

alternative to the long-existing magnetostrictives and piezoelectrics in actuator applications. MSMAs 

exhibits large reversible strains (up to 10%) compare with magnetostrictives and piezoelectrics 

(~0.2%) and they can operate much higher frequencies (up to kHz range) than conventional SMAs 

such as NiTi (~1Hz). Single crystalline of NiMnGa alloys are the most well-known MSMAs due to 

large transformation strain and high thermal stability. Magnetic actuation occurs by variant 

reorientation of ferromagnetic martensite phase in NiMnGa alloys. Brittleness, low actuation stress 

(due to limited magnetic energy), limited operation temperature, and high orientation dependence are 

the disadvantages of NiMnGa alloys.   

Additional element is one of the most efficient method to alter mechanical, physical and shape 

memory properties. Co addition to NiMnGa alloys increase the ductility of the alloy through the 

formation of ductile second phases. Doping Co element also provides an opportunity to tailor the 

Curie temperatures of transforming phases where ferromagnetic austenite can transform to 

paramagnetic-like martensite. Thus, NiMnCoGa alloys can be classified as meta-magnetic SMAs 

where magnetic field-induced phase transformation can be one order of higher actuation stress than 

that of variant reorientation in NiMnGa alloys. Meta-magnetic SMAs, e.g., NiMn(In,Sn,Sb) alloys, 

can be utilized in polycrystalline form since Zeeman Energy does not depend on orientation in contrast 

to Magnetocrystalline Anisotropy Energy (MAE) in NiMnGa alloys.  

In this study, the effects of Co addition to polycrystalline NiMnCoGa alloys on shape memory 

behavior and mechanical properties under compressive stress investigated in order to determine of 

potential of NiMnCoGa alloys as meta-magnetic SMAs.  

Polycrystalline NiMnCoGa alloys were prepared by conventional arc melting method in an argon 

atmosphere using high-purity elements. Transformation temperatures are determined by differential 

scanning calorimetry and magnetization properties are measured by superconducting quantum 

interference device magnetometer. The magneto-thermo-mechanical experiments were conducted on 

compression samples by a superconducting magnet attached to the servohydraulic test frame. 

NiMnCoGa alloys exhibits good shape memory behavior under stress levels up to 200 MPa in 

polycrystalline form and can also be classified as high temperature SMAs with perfect superelasticity 

at temperatures above 150ÁC. They can also be trained easily to show good two-way shape memory 

effect that might result in high strain upon field-induced transformations. Applied magnetic field 

decreases transformation temperatures due to magnetization differences between transforming phases 

where martensite start temperature decrease around 5ÁC under 50MPa compressive stress under 9 

Tesla.  

 

Keywords: Meta-magnetic, Shape Memory, Superelasticty, Phase transformation 

 

http://iaa.thk.edu.tr/?lang=en
mailto:sadi.turabi@uky.edu


THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

25 

 

Breaching CNT Nanofluids Thermal Conductivity Modelling Uncertainties 
 

Bruno Lamas 
1
, Bruno Abreu Alexandra 

1
, Fonseca Nelson Martins 

1
, M·nica Oliveria 

1
 

1
PortugalDepartment of Mechanical Engineering, University of Aveiro, Departamento de Engenharia Mec©nica, 

Universidade de Aveiro Campos Universit§rio de Santigo Aveiro 3810-193 Portugal  

E-mail: brunolamas@ua.pt 

 

The continuous advances on electronic devices and industrial processes increased the demand for new 

technological solutions to improve the effectiveness of heat transfer, mainly in what concerns compact 

or miniaturised systems. A novel strategy for heat transfer improvement is, therefore through the 

improvement of the thermo-physical properties of available thermal fluids. In the past years, a great 

deal of research work was undertaken and considerable progresses have been reported mainly through 

the incorporation of nanomaterials in conventional fluids, the so called nanofluids.  

Among the several thermo-physical properties of nanofluids, the thermal conductivity is the one 

gathering more attention as it appears to present an anomalous and unpredictable behaviour . Within 

the various nanoparticles suitable for nanofluids tailoring, it appears that carbon nanotubes (CNT) 

present the higher enhancements on the thermal conductivity. The production of CNTs nanofluids may 

be achieved through the use of surfactants or covalent functionalization of the CNTs surface. The 

latter seems the most promising dispersion technique.  

Inconsistency in the experimental data from various research groups, due to a huge variety in the 

sample production and measuring approaches, resulted in the formulation of distinct theories, and so 

far no predictive model was assertively validated. Since nanofluids are a mixture of nanoparticles with 

conventional fluids, perhaps the best approach to ensure correct thermo-physical property definition 

lies upon the fluid colloidal stability. The literature agrees that it is essential to ensure long-term 

stability for the development of reference nanofluids with improved heat transfer capability, preferably 

without dispersing agents or stabilizers. Recently, Lamas et al. suggested that the dispersion of 

covalent functionalized multiwalled carbon nanotubes (MWCNT) through a short period of sonication, 

enables the production of reliable long term nanofluids. In this study it is reported the work undertaken 

to identify the heat transfer mechanisms responsible for the thermal conductivity enhancement of 

CNTs nanofluid. With this purpose, a full factorial design of experiment arrangement of 6 MWCNTs 

geometries, dispersed in 2 distinct aqueous solutions of ethylene glycol at 5 volume fractions is 

envisaged, performing 60 different nanofluids. All nanofluids were tested at 6 temperatures, ranging 

from 283.15 to 323.15 K, in a total of 360 experimental points. To ensure the accuracy of this data 

base, noise factors were identified and kept to a minimum through monitoring of each test conditions 

and repeatability analysis. 

The nanofluids colloidal stability was assessed according to Lamas et al.. The results seem to highlight 

the long term stability of the nanofluids, with shelf life up to several decades. The thermal 

conductivity was assessed for all nanofluids and was found to increase with particle concentration and 

aspect ratio, as well as temperature independent behaviour, as expected by the classical theory. 

Moreover, the thermal conductivity results are in good agreement with the effective medium theory, 

developed for high aspect ratio particles with an adjusted interfacial thermal resistance. It is expected 

that this methodology and extensive data-base may significantly contribute to proper tailoring of long 

term nanofluids with engineered thermo-physical properties.  
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In the production of materials with high performances concerning the mechanical properties and the 

use at high temperatures, the solidification processing has to be controlled with ever-increasing 

precision. In order to improve casting quality and reproducibility, yield strength, creep resistance and 

other properties, predictive quantitative numerical simulations of grain-structure formation using 

sophisticated integrated software are needed. The application of such numerical tools is generally 

hampered by the lack of reliable thermophysical property values, such as surface tension and density, 

which are input parameters for the computational models. In the framework of the ESA-MAP 

International THERMOPROP Project, the containerless processing using non-contact diagnostic tools 

has been applied to measure the thermophysical properties of several industrial metallic systems, 

included the Ni-based super-alloys.  However, benchmark experiments in space require, wherever 

possible, comparison with the values obtained by other or similar techniques under 1-g conditions. 

In this work, the results of the on ground measurements of the surface tension of a group of 

commercial Ni-based superalloys  are presented.   

The surface tension and density of six Ni-based superalloys, namely RENE N90, RENE N5; TMS 75; 

LEK 94; CMSX 10 and MC 2, have been measured by a variant of the large drop method called 

pinned drop method. In this case, the solid support was a special circular crucible with sharp edges 

made in Al2O3 single crystal. The design of the edges of the crucible blocks the triple line at an 

ñapparentò contact angle that is much higher than the real one. A further advantage of the pinned drop 

method is that the axi-symmetry of the drop can be imposed. The experiments were performed using 

an apparatus built expressively for this purpose. A dedicated software acquired images of droplets at 

high resolution and calculated geometric parameters (e.g. drop height, drop diameters, contact angels, 

drop area, drop volume), surface tension and contact angles. All the measurements have been carried 

out under a constant flow of Ar-5%H2 mixture. In addition a Zrïgetter was used to further lower the 

oxygen content close to the sample. The surface tension and density measurements were made by 

decreasing the temperature step by step.  The properties were measured with an uncertainty of about 

3%. 

The measured values of both the density and surface tension are well described by linear relationships 

and  show negative temperature coefficients over the temperature ranges. The density as a function of 

the Al concentration increases with the decrease of the Al content in the alloys. The experimental 

densities are in good agreement with the Al-Ni density calculated taking into account a negative 

excess volume. The surface tension of the Ni-based super-alloys investigated shows linear behavior as 

a function of the temperature and increases with the decrease of the Al-content in the alloy.  

The results obtained in the present work will be used within the project THERMOPROP to be 

compared both with the results of containerless measurements on ground (1-g) and during parabolic 

flights (m-g) and then the reference values could be selected and made available for computational 

models of the relevant industrial processes, thus filling the gap on the data of thermophysical 

properties of liquid Ni-based superalloys selected. 
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Nanofluids have recently became a subject of growing scientific interest due to reports of greatly 

enhanced thermal properties. The nanostructured materials have specific properties and their adding 

can change a landscape of thermodynamic surface of classic fluids. The key value that defines 

thermodynamic and phase behavior of fluids is the critical point. These singular properties of 

nanofluids have not been studied yet. At present time neither experimental data nor theoretical 

assessments about changes in the singularities of conventional fluids after nanoparticle doping are 

available in literature. The presence of nanoparticles should displace the singularity allocation and 

change the phase behavior of mixtures due to critical point shift of components.  

The principal aim of this work is to study the effect of nanoparticle doping on thermodynamic 

properties of classic working fluids. We suggest the fluids with small impurities obey the 

corresponding state principle. It is hypothesized that the regular and singular parts of thermodynamic 

surface of base fluid and nanofluid with small nanoparticle volume concentration are coincided in 

reduced form. To predict the critical point shift of pure substances at nanostructured materials adding 

the thermodynamic models are used and influence of nanoparticle size and geometry is studied. The 

equations of state for nanofluids are presented and thermodynamic properties are calculated on the 

similarity theory base. The search algorithm of nanofluid critical parameters is as follows. The 

compressibility factor (Z) of nanofluid is defined via scaled pure reference fluid properties.  To 

estimate the critical parameters of reference fluid nanoparticles (e.g., CNT) system the fundamental 

equations of state in reduced form for industrial fluids (Lemmon and Span, 2006) are used.  

Here we have considered the critical point shift for some low GWP working fluids for heat pumps and 

organic Rankine cycle embedded with CNT, MnO2, F3O4 nanoparticles. To compute thermodynamic 

properties of nanofluids in the range 0é 5% volume concentrations of nanoparticles  the density of 

nanofluid calculated via reference fluid density by standard linear relationship.The critical parameters 

for nanofluids also give an opportunity to calculate their thermodynamic properties from the reduced 

EoS. The speed of sound is most effective estimator of thermodynamic surface description since 

includes main thermodynamic derivatives. Also speed of sound is related with proposed mechanisms 

of thermal conductivity enhancement in nanofluids. Phonon transport speed is related the sound speed 

as function of the compressibility and the density of the fluid.We have evaluated the compressibility 

and speed of sound via equation of state by conventional thermodynamic relationships. The change of 

thermodynamic properties due to the compressibility of the fluid with nanoparticles suspended is 

negligible in the low volume fraction limit. A significant growth of sound speed is appeared at the 

higher CNT concentrations and corresponds to similar picture of sound speed increasing at pressure 

rising. 

A general approach to the working fluid selection for organic Rankine cycle that meets a sustainable 

development criterion is developed. The direct assessment of the efficiency criteria for the Rankine 

cycle via artificial neural networks (ANN) approach is proposed. The construction of ANN includes 

the following sequence of actions: a choice of initial data for training; a choice of architecture of a 

network; dialogue selection of ANN parameters; process of training; check of adequacy of training 

(validation); and forecasting. The back propagation algorithm has been used for ANN training. Output 

values in the initial sample were calculated for various configurations of cycles based on 

thermodynamic properties.  As input values the given TC, PC and TB are used. The various 

architectures of neural networks with different neuron numbers and activation functions in the first and 

second layers were considered. The forecast of efficiency criteria for the Rankine cycle as output 

parameters which describe the coefficient of performance with high accuracy and without 

thermodynamic property calculations is given. 
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Recently there is a considerable interest to study a new class of materials called photonic nano-fibers 

and nano-waveguides fabricated from metallic nanorods. This field is known as nanophotonics and it 

is a new emerging research area which has applications in sensing and advanced information 

technology. Photonic waveguides made by embedding a high index material into a low index material 

have been widely studied. However there is not much work done on photonic waveguides made from 

metallic rods slab embedded in photonic crystals. Photonic crystals are materials which have band 

gaps in their photonic spectra. Metallic rod lattice contains surface plasmon polaritons (SSPs). 

Frequencies of SPPs can lie between gigahertz to visible light. This means that SPPs lie in regime of 

photonics and electronics. Therefore, polaritonics bridges the gap between electronics and photonics 

and has a wide range of applications, including high bandwidth signal processing, THz imaging and 

THz spectroscopy. In this paper we have considered that energies of the SPPs lie within the band gap 

of photonic crystal. Due to this band engineering, metallic rod slab acts as a photonic waveguide. 

Numerical simulations have been performed on photon absorption and bound SPPs of the waveguide 

It has been found that when the thickness of metallic slab is greater than the wavelength of the SPPs 

the energies of SPPs are degenerate. However, when the thickness of metallic lattice is smaller than 

the wavelength of the SPPs the degeneracy of SPPs is removed due to the dipole-dipole coupling 

between SPPs. The energies of the SPPs split into the symmetric and asymmetric states. This means 

that the waveguide can be switched on and off by changing the thickness of the metallic slab by 

applying the stress and strain We have also investigated the nonlinearity of the photonic crystal. It is 

found that the absorption in the waveguide can be switched on and off by applying the pump laser. 

This reveals interesting results and can be applied to develop new types of nanophotonic devices such 

as nano-switches, nano-transistors, nano-limiters and nano-gates.  
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Since heat transfer fluids such as water, oil and ethylene glycol have low thermal conductivity, in 

recent years nanofluids, which are a suspension of nano-sized solid particles in a base fluid, with high 

thermal conductivity are used to enhance the heat transfer in many engineering electronic devices. In 

this study, a numerical simulation is carried out to investigate mixed convection of water-based 

nanofluids in a square cavity with insulated horizontal walls and isothermal vertical walls maintained 

at different temperatures and containing an adiabatic square block at the center. The top wall of cavity 

moves from left to right with uniform velocity U. The geometry and boundary conditions of the 

studied problem is given in Figure 1. The governing equations are solved using a commercial CFD 

code. Three different nano-particles, Cu, Ag and Al2O3 are considered in the study. The computations 

are performed for solid volume fraction of 0%, 5% and 10%. The Grashof number is kept at a constant 

value of 10
4
 and the Reynolds number is varied so that the Richardson number will have values of 0.1, 

1 and 10. The results show that the presence of nanoparticles causes a significant increase in the heat 

transfer rate. 

 

 
Figure 1. Physical geometry and boundary conditions 
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The hardening properties and fracture criterion of an AZ31 Mg alloy plate with the thickness of 3mm 

were characterized at the elevated temperature of 250ᴈ in this work. In order to account for the 

softening behavior beyond the uniform deformation limit, the flow curves of the Mg alloy plate were 

obtained based on the inverse calibration method, utilizing the finite element analysis of the simple 

tension test, in which its strain rate sensitivity was also considered. As for the fracture criterion, 

triaxiality-dependent effective fracture strains, mainly covering the non-negative stress triaxiality 

zone, were numerically characterized utilizing experimental data based on specimens with four 

different shapes as well as the hardening data and deformation paths. For the comparison purposes, 

empirical fracture criteria such as the Cockcroft-Latham, Brozzo and Ayada models were also 

calibrated. For validation purposes, the four fracture criteria were applied for a real part drawing case 

and the result confirmed that the fracture criterion developed in this work performed best among the 

four tried out. 
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Materials that have been used in this work were formed in stamp forming. A stamp forming mould 

which has a shape that has rectangular geometry was designed and manufactured to use this mould in 

this operation. Unreinforced polymer sheets were heated with an external heater to temperature which 

is close to melting limit but under melting point for each different material and formed by the mould 

which has been employed at room temperature to shape any parts from unreinforced PP. Some useful 

parameters for stamp forming of the polymer sheets such as heating time of polymer sheets, mould 

velocity, stamping pressure etc. were determined before the experimental operation started. These 

materials were formed in different temperature and pressure conditions. Some specimens were cut and 

taken from these sheets by machining. Tensile characteristics of these materials were investigated. 

According to tensile test results obtained from experimental stamp forming operations, after changing 

the stamp forming parameters as stamping pressure and stamping temperature PP materials showed 

different characteristics in (%)elongation at break and ultimate tensile strength.  
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The scanning thermal microscopy (SThM) is a kind of scanning microscopy which allows imaging of 

temperature or thermal conductivity distribution at the sample surface. An idea is to combine atomic 

force microscopy (AFM) in contact mode with local temperature measurement. For this purpose 

special AFM probes with temperature sensors are used. The temperature imaging is obtained in a 

passive mode, when the probe measures local temperature, while the thermal conductivity imaging is 

realized in an active, in which the probe is used as a heated and the temperature sensor simultaneously. 

With nanofabricated thermal probe (NThP) spatial resolution better than 100 nm can be achieved. 

In this work a possibility of use of resistive NThP for quantitative measurement is considered. The 

main difficulty connected with such measurement is relatively low sensitivity of probe resistance to 

the thermal conductivity of sample. In typical experimental setups working at normal pressure a 

relative change of the probe resistance caused by the change  

of the sample thermal conductivity does not exceed a few percent. For the NThP driven with dc 

current this changes are often comparable with interferences connected with instability  

of ambient temperature, noises of electronic equipment, etc. The sensitivity of measurement can be 

improved by the use of lock-in signal detection in a case of ac driven probe. However periodical probe 

heating causes problems with mechanical stability of a system because  

of thermoelastic bending. 

A possible solution is probe driving with a sum of dc current and small ac current  

of frequency ɤ. In this case the dc component and three ac components at frequencies ɤ, 2ɤ and 3ɤ 

of probe voltage can be measured. The theoretical analysis showed that the sensitivity of the amplitude 

of ɤ component is 3 times higher than the one of dc voltage. Moreover, the sensitivity can be 

considerably increased when the amplitudes of higher harmonics are measured. An additional 

opportunity connected with ac measurements is a possibility of phase measurements. In general a 

phase signal is more immune to interferences than the amplitude one. A correctness of theoretical 

considerations is confirmed by results of experiments. 

Finally, results of investigations of the thermal properties of selected samples by the use of the dc+ac 

driven NThP are presented. Qualitative and quantitative measurements were carried out for bulk and 

layered samples. It is shown that after proper calibration of the probe it can be used for determination 

of local thermal conductivity of different structures used in nowadays technology. 
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Scanning Thermal Microscopy (SThM) is a technique used to investigating local thermal properties. 

Application of nanofabricated thermal probes (NThP) with thin-film resistive temperature sensor 

ensures high spatial and thermal resolution. One of the problems associated with the use  

of SThM for quantitative measurements is the lack of a satisfactory model describing processes 

occurring in the probe ï sample system. This is especially important for NThP, for which the complex 

geometry does not allow the creation of even approximate analytical description. In this case an 

interesting tool for the analysis of processes in the probe - sample system is the finite element method 

(FEM).  

We present the probe-sample FEM model allowing accurate modeling of the basic physical processes 

occurring during the measurement. It enables an estimation of the dynamic range of signal changes, 

determining the highest sensitivity regime, and analyzing the potential sources of errors.  

In this work we present the results of numerical simulations of SThM measurements of thin layer 

samples. Simulations mainly concern the influence of various factors, such as the type of substrate, the 

thickness and thermal conductivity of the layer, on the SThM signal. In the case of sub-micron layer 

thickness the thermal properties of the substrate influence the apparent thermal conductivity obtained 

directly from experimental data. Based on the results obtained from the simulation, a general 

procedure has been developed which allows the correction of ñprimitiveò thermal conductivity value 

obtained in the experiment, taking into account the thickness of the investigated layer. Experimental 

results carried out for selected thin layers complement the numerical analysis. 
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For evaluating the performances of devices electronics based on the junctions, the study electronic 

structure of interface metal-organic materials such as phthallocyanines is a key of their future 

application and is a present a dynamic field of research. The observed frequency dependence of AC 

conductivity has been found to obey the power law: „ ὃȢ‫  where the variation of S with 

temperature indicates multi-hopping conduction mechanism in the MePc thin films. A.C measurements 

have been used for identificatying the charge transport phenomenon where hopping conduction 

mechanisms are frequency dependent process and provide information about the interior of materials 

in the region of low conductivity and are helpful in distinguishing the hopping conduction in the 

localized states from the free band conduction.  

 

Keywords: Conduction, Hopping, Depletion layers, Interfacial dipoles 

mailto:justyna.juszczyk@polsl.pl
mailto:Boudjema_b@yahoo.fr


THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

33 

 

Investigations of Thermal Diffusivity of Mixed Znsxse1-X Crystals and its Correlation 

with  Optical and Electric Properties 

 
Dominika Trefon-Radziejewska 

1
, Karol Strzağkowski 

2
,
 
Jerzy Bodzenta 

1
, Ğukasz Drewniak 

1
, 

Bartğomiej ToroŒ 
1
 

1
Institute of Physics, Silesian University of Technology, Krzywoustego 2, 44-100 Gliwice, Poland,  

2
Institute of Physics, Nicolaus Copernicus University, GrudziŃdzka 5, 87-100 ToruŒ, Poland 

E-mail: dominika.trefon@polsl.pl 

 

ZnSxSe1-x single crystals with different content S were examined. The crystals were grown from the 

melt by the high pressure (150 atm of Argon) modified Bridgman method using high purity (99.995%) 

powders of ZnSe and ZnS put in graphite crucible in stoichiometric proportion. 

Thermal, optical and electric measurement for solid solution of ZnSxSe1-x crystals are presented  

and analyzed to determine an influence of composition on the thermal diffusivity, the electrical 

resistivity, the relative permittivity, and the energy gap. Thermal measurement was based on thermal 

wave method with detection using mirage effect. To interpretation of experimental data a thermal 

model of layered system was adopted. The results showed that the thermal diffusivity of samples 

decreases with the increase of S content x. Thermal diffusivity of ZnSe falls from 1.62Ŀ10
-6
 m

2
Ŀs

-1
  

to 0.28 Ŀ 10
-6
 m

2
Ŀs

-1
 for ZnS0.3Se0.7 crystal. The electrical resistivity of investigated samples was 

measured by the constant voltage method.  The electrical resistivity changed from 4.97 Ŀ 10
9 
ɋ Ŀ m for 

ZnSe to 10.3 Ŀ 10
9 
ɋ Ŀ m for ZnS0.3Se0.7. The relative permittivity was determined by dielectric 

spectroscopy and decreased with increasing sulfur content in the ZnSe. Further, the optical band gap of 

ZnSxSe1-x were determined from photoluminescence spectra. The following values of energy gap were 

obtained: 2.71 eV, 2.76 eV, 2.84 eV and 2.89 eV for ZnSe, ZnS0.1Se0.9, ZnS0.2Se0.8  

and ZnS0.3Se0.7 crystals, respectively. Possible correlations between the thermal diffusivity, the optical 

band gap and electrical properties were studied. Obtained results showed clear dependence of those 

parameters on S concentration in the sample. 
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This study presents a method of elaboration of cellular ceramics, developed according to the principle 

of elaboration of cellular structure at green state; the heat treatment of sintering consolidates this green 

state to give the final porous material. This method facilitates the reproducibility of the manufacture of 

porous materials having same porous volume and an only size of cell.  

The elaboration of cellular ceramics bricks is carried out by following 5 steps: (1) Preparation of 

barbotine of clay and chamotte. A deflocculating agent is added to optimise a maximal density of 

barbotine associated with a minimal tenor of water.  Chamotte is obtained by calcination of clay at 

high temperature. The use of chamotte allows to decreasing the large contraction which undergo the 

clays during firing, and which causes deformations, and damages to the products. The optimal mixes 

of clays and chamotte must be optimised for avoiding the deformations and guarantee a minimal 

solidity at dry.  (2) 10 cm
3
 of commercially foamed agent is added for obtaining foamed slurry by 

energetic mechanical agitation.  (3) The last solid material which is added is a mineral binder such 

refractory cement or Portland cement. This mineral binder allows fast drying of the cast foamed slurry 

without collapse, and it provides solidity to the dry sample. The optimal quantity of cement which 

avoids collapse is ~10 % in weight based on the weight of solids materials. (4) Pouring the foamed 

slurry into parallelepiped metallic moulds for drying at room temperature during 24- 48 hours, 

followed by total drying in oven at 100 ÁC. (5) Firing the specimens at high temperature for obtaining 

the cellular ceramics.   

Cellular ceramics are elaborated in interval of density which varies from 1.0 to 0.40 g/cm
3
 which 

corresponds to a porosity which varies from 60 to 90 % of total volume of material. The evolution 

volume of the foam slurry as a function with the addition of water shows a critical point where the 

volume increases abruptly, and the density decreases strongly. The corresponding porosity is around 

75 - 80 % of total volume of specimen. 

The same remark is observed on the flexural strength; around the critical porosity, the mechanical 

resistance falls brutally. Also The stress-strain curve of porous ceramics (porosity < 40 %) compared 

to cellular ceramics (P>60 %), shows a strong decrease of elastic modulus for over 70 % of porosity.  

The cellular specimens have an interconnected cellular structure with a good pore size distribution. 

The size of cells varies from 1/100 mm to 1 mm.  

Cellular ceramics bricks were elaborated starting from foamed slurry of water, formed of Algerian 

clays, and foaming agent. The consolidation is performed at room temperature, by adding mineral 

binder which allows the transformation of foamed slurry into a rigid and stiff body that can be 

machined in the green state after drying. The sintering of samples gives interconnected cellular 

materials with a good pore size distribution. This way of elaboration confirms well, the possibility to 

predict the density, the volume of voids, and the size of cells of porous specimen. 

Various porosities were obtained with this novel method of elaboration of cellular materials from 60 % 

to 90 % of vacuum, and various sizes of cells, from 1/100 mm to 1 mm. 

 

Key words: Elaboration, Cellular ceramics, Clays, Lightweight bricks. 
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The research aiming at creating new materials with high performances based on polymer composites 

and nanocomposites is still growing. Among large investigations in this field, the production of 

thermally and electrically conductive polymer composites takes a special place because of the 

possibility to use such materials in a large variety of applications including many sectors 

(microelectronic devices, automotive, biomedical applicationsé). 

The polymer matrix includes both thermosetting and thermoplastic types. Different kinds of fillers or 

reinforcements have been developed to process composite materials with desired thermal, mechanical 

and electrical properties. Reinforcement fillers have an important role to play in enhancing polymer 

performance and production efficiency. For electrical and thermal conductivities improvement, the use 

of conductive metallic particles is well adapted. However, the introduction of such filler alters the 

advantageous mechanical or physical characteristics of polymer matrices (high impact strength, low 

density). Therefore, it is of great interest to minimize the amount of added filler. 

In previous works, we have shown that spatial distribution of dispersed the metallic filler (Ni and Cu) 

influences thermal conductivity of the PVC/Ni, PVC/Cu and PP/Cu composites. When filler 

distribution results in formation of a segregated structure, the thermal conductivity gets enhanced 

compared to a random distribution of filler in the polymeric matrix. 

The use of electrical and magnetic fields during the process of the preparation of composites, is also an 

interesting way to enhance both electrical and thermal conductivity of composites along the aligning 

direction, provided that the particles are electrically or thermally conductive in nature.  

In this work, composites based on silicon rubber filled with Ni particles with average size of 10Õm 

were prepared. Three different spatial distributions of Ni particles (randomly orientation, // and  ̂to 

the magnetic field) with several filler concentrations were used.  

The samples of pressed silicon-rubber/Ni composites for measurements of thermophysical 

characteristics were produced as 25³25 mm plates with 1mm thickness. The samples used for 

electrical measurements were shaped as discs with 30 mm in diameter and thickness of 1mm. 

The thermal conductivity was measured using an experimental device that represents an extension of 

the normalized hot guarded plate method. The specific heat measurements were performed using a 

microcalorimeter Perkin Elmer DSC Pyris with a -70ÁC cryostat. The DC electrical specific 

conductivity was measured using a two-electrode method. 

The experimental results were analyzed and compared with theoretical models to explain the thermal 

conductivity behavior of composite as a function of filler content and alignment. The results indicate 

the enhancement of electrical and thermal conductivities of silicon-rubber/Ni composites in case of 

magnetic field processing. The alignment of Ni particles to parallel magnetic field in the hostïpolymer 

system is identified as the main advantageous way for the enhancement of the electric and thermal 

conductivities compared to the random and/or perpendicular alignment of particles by magnetic field. 

 

Keywords: Thermal and electrical conductivity, Polymer composites, Nikel particles, Thermophysical 

properties 
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The present contribution focuses on our recent research  in the field of phosphorus containing 

macromolecular compounds, the main goals being the design, synthesis, characterization and study of 

the properties of new polymers containing phosphaphenanthrene heterocycle in the side chain and 

some polymers containing phosphorus in the main chain.  

These polymers have been prepared through polycondensation reaction between aromatic dichlorides, 

aromatic bisphenols and a series of aliphatic diols, functional modification through polycondensation 

with phosphonic dichlorides etc. 

The complete synthetic procedure of the monomers, intermediates and polymers will be presented. 

The structure of the monomers and intermediates and the basic characterization of the polymers have 

been performed using elemental analysis, NMR and FTIR spetroscopy, inherent viscosity and 

molecular weight measurements. The complete study of thermal stability, liquid crystalline, 

mechanical and optical properties, fire resistance was also done, by means of thermogravimetric 

analyses, FTIT-TGA-SEM measurements, DSC, X Ray diffraction, polarized light microscopy etc. 

The structure-properties correlations will be discussed. 

 

Keywords: Thermal properties, Flame retardance, Liquid-crystalline polymers (LCP) 
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A computational analysis is performed in order to investigate the vibrational behavior of epoxy resin 

composites reinforced with Nitrile Butadiene Rubber (NBR). Mechanical tests were conducted for 

concentrations of 10, 15, 20 and 25wt% of NBR as well as pure epoxy resin which served as a 

reference sample. The damping ratio for each composite specimen was theoretically estimated with a 

proposed arithmetic model, based on the rule of mixtures and it was subsequently used to calculate the 

theoretical vibration modes of composite materials under study with the aid of finite element analysis 

(FEA). The FEA model simulated the samples with the various NBR concentrations based on the 

properties derived from the mechanical tests while utilizing within the model the theoretical damping 

ratio. The method to evaluate the vibrational behavior of the specimens was a cantilever beam excited 

into its fundamental mode by an impact force. The mechanical tests have shown a clear reduction of 

the modulus with the addition of NBR, while it was evident that the NBR composites could absorb 

greater amounts of strain energy. The vibrational analysis results reveal that the cantilever beam 

reaches the highest tip deflection for the sample with 25wt% NBR, while it demonstrates the highest 

rate of amplitude decrement among all tested samples. Overall, the study has shown that NBR 

composites could advance the state-of-art in the ýeld of polymeric damping, helping to ensure ductility 

and great amounts of energy dissipation in a wide variety of structural components and systems. 
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The non-stationary dynamic method - the Pulse transient technique ï has been used for investigation 

of thermophysical properties of porous rock materials. The small heat disturbance in a form of heat 

pulse generated inside the specimen set is used for thermal characterization of the specimen within a 

single measurement. From the temperature response to the heat pulse the thermal conductivity, thermal 

diffusivity and specific heat are calculated. Several models for pulse transient technique has been 

tested in regarding various effects that influence of accuracy of measured thermophysical parameters. 

The effect of heat losses from the sample surface in dependency on cylindrical or cuboid shape of 

specimen set is discussed in this paper. Discussed models are including the heat transfer coefficient 

from the sample surface to the surrounding. The real experimental condition considered by models is 

the temperature of the heat exchangers at the both ends of specimen set. Thus the both models for 

cylinder as well as cuboid shape accounts stabilized temperature at the both ends of specimen set. 

The uncertainty analysis of models was introduced. The uncertainty in this analysis follows the 

influence of small disturbance on the model input. In this case it is a temperature noise at the 

measurement of temperature response. This noise causes certain level of uncertainty in the estimation 

of output parameters of the model. The analysis show under which conditions this uncertainty is 

acceptable and helps to set measurement conditions. It serves as the back-loop for the set of 

experimental parameters in measurement process.  

The three dimensional model is solved for cuboid shape of samples and the two dimensional for the 

cylindrical one. Both models account the final geometry of the specimens. The heat transfer 

coefficient between the sample surface and free surrounding is accounted and discussed with regards 

to the measurement uncertainty. The uncertainty analysis was done to explain relations with the total 

time of the recording of the temperature response and the specimen geometry with respect to 

uncertainty and thus the final accuracy of measurement. The proposed analysis is applicable to any 

physical model within even outside of the class of the transient techniques.  

The test of uncertainty analysis procedure has been performed on data obtained from experimental 

data measured on natural stones, e.g. sandstone, tuff and marble. 
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The lifetime and operating temperatures of turbine blades, turbo-engine blades and helicopter blades 

could be further improved considerably by thermal barrier coatings with functionally graded concept. 

The functionally graded materials are inhomogeneous composite materials where the properties of the 

constituents vary gradually and smoothly. In this study, the transverse free flexural vibration of a 

rotating functionally graded beam is investigated. From Hamilton's principle, the linear partial 

differential equations based on EulerïBernoulli beam theory are derived for coupled stretching and 

bending motion. Here we show that, by neglecting the inertia force in axial direction and the inertial 

coupling terms between axial and transverse displacement caused by the variation in material 

properties through the thickness, the uncoupled bending equations of motion can be obtained. A two 

node beam Fourier p-element is developed and used with 4-dof at each node (longitudinal 

displacement, transverse displacement, the slope and the curvature). The convergence properties of the 

rotating beam Fourier p-element is examined, the results are compared with those of the literature. 

Only one element is used to obtain good modal frequency prediction, leading to a significant decrease 

in computational effort compared to conventional elements. The Southwell coefficient giving a useful 

approach between rotating and non-rotating frequencies of rotating beam is investigated, for a given 

Youngôs modulus ratio, power-law exponent and hub ratio. Also, the influence of angular speed, 

Youngôs modulus ratio and power-law exponent on the natural frequencies and mode shapes is 

investigated. 
 

Keywords.  Rotating functionally graded beam, Fourier p-element, Southwell coefficients, centrifugal 

stiffening, natural frequencies. 
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The objective of the present investigation is to study the effect of the inclusion of synthetic fibres on 

the mechanical behaviour of reinforced concrete beams subjected to a flexural loading. The synthetic 

fibres used are recycled from the waste of brushes and domestic sweeps fabrications; they have lengths 

between 40 and 60 mm and a diameter of 0.47 mm. This present experimental work shows that the 

presence of the synthetic reinforcement in concrete confers it a high ductility and a better distribution 

of cracks along the tension zone of the loaded beams. Moreover, the beams reinforced with synthetic 

fibres have exhibited a significant flexural strength by comparison to those without fibres. 
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Polypropylene/filler nanocomposites were prepared by in-situ polymerization with MAO activated 

metallocene catalyst without supporting the catalyst on the filler. The effect of addition of MAO 

treated nanofiller, at different loads, on the polymerization kinetics and consequently on PP matrix 

microstructure was investigated. To this end, two different fillers (Silica and Calcium carbonate) were 

used in this study for the preparation of the PP nanocomposties. A C2 symmetric metallocene catalyst 

ansa dimethylsilylbis(2-methyl benzoindenyl) zirconium dichloride (MBI) was used as the catalyst. 

Results show that the kinetic of the polymerizations were profoundly affected by the presence of the 

filler particles, in comparison to the kinetic of homogeneous polymerizations. Therefore, the 

microstructure of the polymer matrix was also influenced by the presence of treated nanofillers in the 

polymerization media. It was also evident that the different types of the filler affect the polymerization 

activity and the produced PP microstructure differently. 
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Concrete is the worldôs most used construction material owing to a number of factors such as the 

adaptability and flexibility in use, the availability of workmanship, the relatively lower cost and the 

longer term maintenance. The higher rate of construction development that is witnessed today 

throughout the world requires an ever increasing demand in natural aggregates to supply the concrete 

construction industry. Yet, the available stockpiles and quarries for aggregates are no more sufficient 

to fulfil this need. Furthermore, the search for new aggregate extraction plants is facing multiple 

obstacles due to sever ecological equilibrium problems of the nature and the preservation of the natural 

resources of our planet. In this sense, the continuous land use for aggregate extraction and the 

mountains devoured represent real negative environmental impacts that should seriously be taken into 

consideration by the concrete construction industry. Such concrete construction industry is also 

affecting our nature and hence having a serious negative impact on our environment through the 

landfills and disposals of the demolished concrete and building rubbles resulting from the increased 

and varied demolition activities. Reducing such negative environmental impacts goes inevitable 

through the search for replacing natural aggregates to make concrete. This will certainly safeguard the 

ecological equilibrium of our nature and relief our environment from undesired residual waste 

products. 

In this sense, recycling the demolished concrete into construction is an ideal replacement solution. For 

this objective to be achieved, the first step needed is to identify the important properties of the material 

required to produce a stronger and highly performing concrete using recycled aggregates. Once it will 

be shown that these properties can be achieved and sustained with recycled aggregates, recycled 

aggregate concrete will become a more viable option for a sustainable development in harmony with 

nature.  

The present work looks at the possibilities of recycling the demolished high performances concrete as 

aggregates to produce new concrete. The results show that the recycled aggregates produced may be 

particles of an original natural aggregate covered with cement paste, particles of a stronger cement 

paste and particles of an original natural aggregate. Different concretes were made with substitutions 

of 50%, 75% and 100% of recycled aggregate respectively as coarse aggregate. The resulting concrete 

materials had compressive strengths and tensile strengths comparable to those of the original concrete 

even when 100% of recycled aggregate was used. This was thought to be due to the relatively stronger 

cement paste by comparison to that of ordinary concrete. Indeed, in high performances concrete, the 

hardened cement paste is often as strong as the aggregate itself or even more; traces of crushed 

aggregate particles are often observed in a crushed high performances concrete specimen. The results 

obtained lead to the conclusion that recycling high performances concrete as aggregates leads to a new 

high performances concrete without any major drop in the mechanical strengths. Recycling high 

performances concrete appears to be a valuable resource that has a key role in meeting the challenge of 

a sustainable concrete construction for a sustainable development that fulfils the needs for the current 

generation without endangering the opportunities for future generations to meet their particular needs. 

 

Keywords: Compressive strength, Tensile strength, High performances concrete, Cement paste, 

Aggregate, Recycling.     
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Boiler tube failures continue to be a major cause of boiler forced outages. This paper presents the 

failure investigation of a superheater tubing material, and describes some mechanisms by which 

materials may fail at high temperature service. Samples were collected from one of the oil-fired power 

plants in Tripoli after five years of service. The as received super-heater tube showed considerable 

bulging at the fracture location. Collected failed samples were undergone several experimental 

examinations including visual inspection, thickness measurement, chemical analysis, and micro-

structural evaluation.  

Based on the results of this investigation, it is believed that the tube has failed as a result of ductile 

stress over-load failure caused by rapid short-term overheating. In this situation, the tube metal-

temperature is extremely elevated from a lack of cooling steam flow through the tube. This has been 

assisted by presence of internal oxide scale deposit on inner tube surface which leads to higher than 

design operating temperatures. The internal oxide deposit could have been formed by the carry-over of 

a bad quality steam which brings suspended or dissolved solids (hardness). As a result, creep 

expansion thinned the tube wall and creep rupture resulted in failure by ductile stress over-load at 

elevated temperature.  

 

Keywords: Superheater, Oil-Fired Boiler, Overheating, Rupture, Oxidation 

 

 

mailto:ekhalil9@yahoo.com


THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

42 

 

Characterization of Sintered %50 Ni-%48 Cr-%2 Ti Powder Mixtures  

Containing Intermetallics 
 

Ahmet Yºnetken 
1
, Ayhan Erol 

2
, Ismail Yildiz 

3 

1
Afyon Kocatepe University, Engineering Faculty, 03200, Afyonkarahisar/ Turkey 

2
Afyon Kocatepe University, Technology Faculty, 03200, Afyonkarahisar/ Turkey 

 

3 
Vocational College of Iscehisar, Afyon Kocatepe University, Afyonkarahisar, Turkey  

E-mail: yonetken@aku.edu.tr 

 

Intermetallic materials are among advanced  technology materials that have outstanding mechanical 

and physical properties for high temperature applications. Especially creep resistance, low density and 

high hardness properties stand out in such intermetallics. The microstructure, mechanical properties of 

%50Ni-%48Cr and %2Ti powders were investigated using specimens produced by tube furnace 

sintering at 1000-1400ÁC temperature. A composite consisting of ternary additions, a metallic phase, 

Ti,Cr and Ni have been prepared under Ar shroud and then tube furnace sintered. XRD, SEM 

(Scanning Electron Microscope), were investigated to characterize the properties of the specimens. 

Experimental results carried out for composition %50Ni-%48Cr and %2Ti at 1400ÁC suggest that the 

best properties as 184HV and 6,24/cm
3
 density were obtained at 1400ÁC 
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Intermetallic materials such as NiTi, Ni3Cr2, CrTi  are among advanced  technology materials that 

have outstanding mechanical and physical properties for high temperature applications. Especially 

creep resistance, low density and high hardness properties stand out in such intermetallics. The 

microstructure, mechanical properties of %64Ni plated %32Cr and %4Ti powders were investigated 

using specimens produced by tube furnace sintering at 1000-1400ÁC temperature. A composite 

consisting of ternary additions, a metallic phase, NiTi and Ni3Ti have been prepared under Ar shroud 

and then tube furnace sintered. XRD, SEM (Scanning Electron Microscope), were investigated to 

characterize the properties of the specimens. Experimental results carried out for composition %64Ni 

plated %32Cr- %4Ti at 1300ÁC suggest that the best properties as 208HV and 6,87/cm
3
 density were 

obtained at 1400ÁC 
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Recently, application of Nano-particles in reinforcing composite structures has been a center of debate 

for many researchers. One of such particles is the nanoclay silicate layers. 

This paper investigates a set of mechanical properties of epoxy/nanoclay nano composite and E-

glass/epoxy/nanoclay hybrid nanocomposite. The nano structure laminates used in this study is E-

glass/epoxy/nanoclay. The E- glass fiber used in this study has a unidirectional configuration with a 

real density of 409 g/m
2
. The epoxy system is based on CY219 resin and HY5161 as a hardener. 

Closite 30B is the nanoclay used in this study. Closite 30B nanoclay, dispersed into the epoxy system 

in 0% ,4% ,7% and 10% ratios in weight with respect to the matrix. 

X-ray diffraction test shows that nano-particles are intercalated in nano-resin system. Stress-strain 

relationship of E-glass/epoxy/nanoclay hybrid nanocomposite  in longitudinal and latitudinal 

directions are shown in Figs. 1 and 2, respectively. The results of the mechanical properties show that 

the addition of nanoclay causes an increase in the failure strain, while the modulus has not changed 

significantly. Moreover, the toughness has increased in all of the percentages of the nanoclay. 
 

 
Fig 1. Variation of stress-strain in the E-glass/epoxy/nanoclay in longitudinal direction 

 
Fig 2. Variation of stress-strain in the E-glass/epoxy/nanoclay in latitudinal direction 
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The results indicate that the modulus does not change in 4% and 7%, while has reduced in 10%. 

Moreover, the toughness has increased in all of the percentages of the nanoclay. 
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GLARE (Glass Laminate Aluminum Reinforced Epoxy) belongs to a class of hybrid composites 

which were originally developed for use in primary aircraft structures, such as fuselage skin and lower 

wing skins. 

This paper offers a set of experimental investigations into ballistic impact behavior of fiber-metal 

laminates (GLARE) reinforced by nanoclay. Nanoclay Closite 30B, dispersed into the epoxy system in 

0%, 4%, 7% and 10% ratios in weight with respect to the matrix, was chosen. 2024ïT3 aluminum 

alloy with 1 mm thickness was used as facing sheets in GLARE structure. The composite section is 

composed of unidirectional E glass, with the areal density of 409 g/m
2
, epoxy resin CY 219 and 

HY5161. A steel projectile, measuring 10 mm in diameter, 15 mm in cylindrical section, and a total 

length of 122.5 mm with a cone angle and 46RC hardness was selected. The fiber weight fraction of 

resin to composite was 60%. GLARE 5 with the configuration of 2/1 (02,904,02) was chosen among 6 

different types of GLARE for the tests. Ballistic experiments were carried out using a gas gun capable 

of measuring the input and output speeds. The experiment speed was set at 225 m/s and 205 m/s. Fig. 

1 shows the Cross-sectional views of the panel after impact test. 

 

 
Fig 1: Cross-sectional views of the panel after impact test. 

 

Fig. 2 shows the amount of Specific energy absorption (The difference between the kinetic energy of 

the projectile, before and after impact, Divided by the initial kinetic energy of the projectile) with 

various nanoclay contents.  
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Fig 2: Specific energy absorption with various nanoclay percentages 

 

The results of the ballistic impact experiments show that the variations of Specific energy absorption  

in 4% of nanoclay is insignificant. However, in nanoclay contents of 7% and 10%, the Specific energy 

absorption increases. 
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In this paper, an experimental analysis for determining the fatigue strength of PE-100, one of the most 

used High Density Polyethylene (HDPE) materials for pipes, under cyclic axial loadings is presented. 

HDPE is a thermoplastic material used for piping systems, such as natural gas distribution systems, 

sewer systems and cold water systems, becoming in a good alternative to metals, as cast iron or carbon 

steel. One of the causes for failures of HDPE pipes is fatigue, due to pipes are under cyclic loading, 

such as internal pressure, weight loads or external loadings on buried pipes, which generate stress in 

different directions: circumferential, longitudinal and radial. HDPE pipes are fabricated using an 

extrusion process, which generates anisotropic properties. By testing in the Laboratory a series of 

identical specimens obtained directly from PE-100 HDPE pipes in longitudinal directions, the 

relationships between amplitude stress and number of cycles (S-N curve) test frequency 2 Hz and 

stress ratio R = 0.0 are established. 

 

 
Fig. 1.  Stress-strain curves for both strain rates, (a) 

global, (b) Small deformation zoom. 

 
Fig. 2.  Elongation changes during fatigue testing - 

Longitudinal direction for two levels of maximum stress 

16 an 17 MPa. 
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This study deals with the aging of  Blown extruded films of low-density polyethylene (LDPE), used 

for green house covering. The LDPE have been subjected to climatic ageing in a sub-Saharan facility 

at Laghouat (Algeria) with direct exposure to sun. The microstructural changes in the films were 

analyzed by IRFT for different states of ageing. The mechanical characterization was performed on a 

uniaxial tensile apparatus. The mechanical properties such as Young's modulus, strain at break, and 

stress at break have been followed for different states of exposure time (0 to 6 months). 

The Climatic ageing of LDPE films shows the effect of ageing on the microstructural Plan which leads  

to: i) To an oxidation of the molecular chains. ii) To the formation of crosslinkings and breaking 

chains, which bothof them are responsible of the mechanical behaviorôs modifications of the material.  

Crosslinks are in favor of strengthening of the mechanical properties at break (increase of ůr and Ůr).  

In other side the chains breaking leads to a decrease of these properties. The increase in the Young's 

modulus also seems to be related to those structural changes since the crosslinks increase the average 

molecular weight. . Branchings and tangles are favorable pairs for the ductile nature of the material. 

And in other side the chains breaking reduces the average molecular weight and therefore promotes 

the stiffening (following to morphological changes) so the material becomes fragile. 

The post-mortem analysis of the samples shows that the mechanical stress has an effect on the 

molecular structure of the material.  Although if quantitatively the concentrations of different chemical 

species exchanges, from a quantitative point of view only the unsaturations raises the polemics of a 

possible microstructural modification induced by mechanical stress applied during the tensile test. 

Also we recommend a more rigorous analysis with other means of investigation.  
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The approximation p,r,ʊ data of CO2 was made in the intervals (0 < r/rc < 2, 217 K <ʊ < 430 K, 0 < p 

Ò 25 ʄʇʘ) using the new combined equation of state (CES). In this equation, the pressure p is an 

explicit function of r and T. CES written in the form p/pc= Y pscal/pc + (1-Y) preg/pc. It includes a new 

regular part preg for the approximation of p,r,ʊ data in liquid and gaseous states of areas outside the 

critical region, the singular part pscal whichis scaling equation of state for the critical region, and 

crossover function Y = ɤ erfc( l̷ |Ű|) exp (ï ɛ(ȹɟ)
2
)  to combine these equations (Ű = (T-Tc)/Tc, ɤ = 

ɟ/ɟʩ, ȹɟ = ɤ ï 1, l ʠ m - adjustable constants). 

Regular contribution preg consists of the sum of 8 terms of the equation including adjustable constants A1 

- A8, three of which are calculated through the remaining 5 adjustable constants using the conditions at 

the critical point.  

 

(1) 

 

 

Here ɤt = ɟtr/ɟc, ɟtr is the liquid density at the triple point, t = T/Tc, f(t) = exp(-1/t) - 1, f1(t) = exp(1/t) - 

1, zʩ = pʩ/ɟʩRTʩ is the compressibility factor at the critical point, )4()()( 2
tt wwwwwj --= . 

The scale (singular) part of the equation of state pscal, containing the values of pc, ɟc, Tc and adjustable 
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where k is the compressibility coefficient in asymptotic dependence pcKT = t -g
 /k on the critical 

isochore. The magnitude of q in Eq.(2) is a factor in binodal dependence ȹɟ = Ñ (-Ű/q)
b
 +B(-Ű)

1-Ŭ
, g, b, 

ŭ are critical exponents, Ŭ - the index of the specific heat Cv at ɟ = ɟc; M-ap = scTc/pc - ap, sc is critical 

entropy per unit volume, ap is a constant of Pokrovsky transformations. Values b = 0.3255, ɔ = 1.239, 

Ŭ =0.11 are taken in accordance with the 3-dimensional Ising model. For CO2, the critical parameters 

are taken from the paper R. Span, W. Wagner, J. Phys. Chem. Ref. Data (1996): Tʩ = 304.1282 K, ɟʩ = 

467.6 ʢʛ/ʤ
3
, pc = 7.3773 MPa, ɤt = 2.520381. The total number of system-specific constants - 

fourteen. To find them the minimization of a quadratic functional of relative deviations was used. The 

array of p,ɟ,T data for CO2 (731 points) was formed using a tabular data up to 25 MPa (R. Span, W. 

Wagner, 1996) which do not include the critical region, and in addition an experimental p, ɟ, T ï data  

of V.G. Martynets, E.V. Matizen (GSSSD, Physical constants and properties of substances. Issue 13, 

Izd. Standarty, 1979, Moscow), and P. Nowak, Th. Tielkes, R. Kleinrahm and W. Wagner (J. Chem. 

Thermod. 1997) in the wide vicinity of the critical point. Rms error on pressure is Ñ 0.63% (AAD = 

0.42%) in description of p,ɟ,T CO2 data over the entire region of gas and liquid states. The heat 

capacity Cv was calculated on isochores and isotherms including the critical region and the binodal, 

using defined CES constants (A1 =  0.03526105; A2 =  1.2189927; A3 = 2.4763865; A4 =  0.789272; A5 

= 0.0298947; A6 =  0.0799580; A7=  69.729003; A8=  0.0000733330; M-aʨ = 7.280166; q = 0.110155; 

k = 9.7211647; l =  152.318; m =  10.07; C1 = -26.50). The well-known expression 
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where the integrals can not be expressed in terms of elementary functions and are calculated 

numerically via a simple program. Cv,reg has a form: Cv,reg= Cv, id ï Rt{ A1e
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where the integrals in (4) were replaced by convergent series. In formulas (4) the dependence of 

temperature on the density on the binodal was included in symmetric approximation (Ű = ï q|ȹɟ|
1/b

) to 

calculate Cv along binodal. In this case, the expressions (4) have the form: 
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The curves of the specific heat Cv, calculated on the same isochores and isotherms, where 

experimental data on Cv are measured by the various authors (L. Beck et al., J. Chem. Thermodyn. 

(2002); I.M. Abdulagatov et al., J. Chem. Thermodyn.(1994); J.W. Magee; J.F. Ely, Int. J. 

Thermophys.(1986); Kh.I. Amirkhanov et al., Teploenergetika (1970-71)) show good agreement with 

experiment to within Ñ 8% in different regions of the state, including the critical region. Also 

calculated values of Cv along binodal are in satisfactory agreement with the reference values of Cv 

calculated by the multiparametric equation of state Span and Wagner (1996) using 58 adjustable 

parameters and 35 different exponents only for residial part of the Helmholz energy. The specific 

isobaric heat capacity Cp and sound velocity calculated along the binodal from the triple point up to 

the critical point using the CES constants. The calculation results shown in figures in comparison with 

the experimental and reference data.  

We are proposed a unified description of thermal and caloric properties of CO2 using a new type of 

thermal combined equation of state in the explicit form with a small number of adjustable parameters 

(only 14 coefficients). Coefficients of CES were found using the approximation p,r,T data without 

including data on Cv. In calculations the theoretical values of critical indices were used in accordance 

with three dimentional Ising model. The specific heats Cp , Cv and sound velocity were calculated in a 

wide range of single-phase state including the critical region and the binodal. Calculated values of 

these properties are in satisfactory agreement with the tabulated values and  describe the known 

experimental Cv data with an accuracy of Ñ 8%.  

This work was supported by RFBR grant 12-08-00293-a and was partially supported by the 

Interdisciplinary Integration Project of SB RAS ˉ 25. 

 

Keywords: Equation of state, Specific heat, Carbon dioxide. 



THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

50 

 

Study on the Thermal Degradation of St-MMA Copolymers with Different 

Compositions Using Isoconversional Method 
 

Hamid Reza Azimi 
1
, Mostafa Rezaei 

2
, Faezeh Majidi 

3
 

1
University of Maragheh, Department of Engineering, Maragheh, Iran, 

2
Institute of Polymeric Materials, Polymer Engineering Department, Sahand University of Technology,  

Tabriz, Iran 
3
University of Tabriz-Electrical and computer Engineering Department, Tabriz , Iran 

E-mail: h_azimi@maragheh.ac.ir 

 

Styrene-Methyl methacrylate (St-MMA) random copolymer in different compositions, polystyrene 

(PS) and polymethyl methacrylate (PMMA) particles were synthesized by suspension polymerization. 

The copolymer compositions were determined using nuclear magnetic resonance (H-NMR) method as 

well as their molecular weights were examined by gel permeation chromatography (GPC). The non-

isothermal degradation behavior of the synthesized copolymers was studied by thermal gravimetric 

analysis (TGA) under nitrogen purge and the results were compared with corresponding 

homopolymers. Thermal gravimetric (TG) method has been extensively used for thermal degradation 

studies. Experiments are usually performed under non-isothermal conditions. Reaction mechanism 

fitting method which can provide some information on the reaction mechanism of pyrolysis is used 

through the determination of the apparent activation energy. In this study, the activation energies of 

different copolymers, PS and PMMA homopolymers have been calculated using Flynn-Wall-Ozawa 

method. Furthermore the isokinetic relationship (IKR) was used to estimate a model-independent pre-

exponential factor for each degree of conversion. Thermal gravimetric analyses (TGA) were carried 

out for St-MMA, PS and PMMA particles by a Perkin Elmer Pyris Diamond, TG/DTA analyzer 

instrument. For thermal degradation experiments 5 mg of the particles was placed in an aluminum 

crucible and heated from room temperature to about 600 ÁC under nitrogen purge at different heating 

rates of 5, 10, 15 and 20ÁC /min and the weight loss versus temperature was recorded. The degradation 

process rate is dependent on the time, temperature and mass change of the sample. The kinetic 

parameters include; f (Ŭ) that is the differential conversion function (kinetics model), E is the 

activation energy (J/mol) and A is the pre-exponential factor. One of the kinetic methods is an iso-

conversional method in which the activation energy is estimated without the knowledge of reaction 

model (Flynn-Wall -Ozawa method). This method is useful for the kinetics interpretation of the TG 

data obtained from complex reactions. If the determined activation energy changes with increasing of 

conversion, the existence of a complex reaction mechanism can be concluded. Otherwise a simple-step 

reaction may be occurred during pyrolysis. A model-independent estimate of the pre-exponential 

factor can be obtained through the use of an artificial isokinetic relationship (IKR), in which a 

common intersection point of Arrhenius lines is defined as Tiso and kiso. These values are isokinetic 

temperature and rate constant, respectively. In a general case the actual value of lnA can be 

determined by this method. It is important that this approach is based on a completely artificial IKR 

derived from results of the model-fitting method. The complexity of the degradation reaction was 

shown by the iso-conversional method which the apparent activation energy was changed with degree 

of conversion for all samples. The results show that the iso-conversional method allows reliable 

prediction of kinetic scheme for all conversion ranges. Two main points could be concluded; the first 

one is the relationship between degradation rate and the activation energy, in which fast degradation 

rate means low amount of activation energy. The second one is the effect of MMA units in 

degradation behavior of copolymers, that higher amount of MMA means lower initiation degradation 

temperature and finally small value of activation energy in low conversion values. From the results of 

iso-conversional method, it was conclude that it is difficult to make a decision about exact thermal 

degradation mechanism. Furthermore the values of lnAŬ were determined using iso-kinetic 

relationships (IKR) and it was mentioned that lnAŬ and E have the same behavior with conversion 

changes. The important problem is that, the interpretation of reaction model is meaningful for a single-

step process in which the E values are independent of Ŭ. In this work, the activation energy values 

change with degree of conversion significantly indicating the presence of multiple-step reactions in 

thermal degradation of both foams. Therefore it seems that such reconstruction of reaction model with 
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model-fitting method is not reliable. As a conclusion, the iso-conversional methods can be suggested 

as a suitable way of determining consistent kinetic parameters. 

 

Keywords: St/MMA copolymer, Degradation kinetics, Isoconversional method, Flynn-Wall-

Ozawa, IKR method 
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The objective of this work is to develop an analytical model to evaluate the influence of thermal stress 

on the shear damage of the fiber-matrix interface nanocomposite material Graphite/Epoxy; from the 

properties of the fibers, matrix and interfacial bonding characteristics. This study developed by a 

genetic algorithm has shown the influence of heat stress beyond a critical threshold of shear damage to 

the interface, and also showed that damage to the interface of the composite material carbon/ epoxy is 

greater compared with that of the nanocomposite Graphite / Epoxy under the effect of the same 

thermal stress. 
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Conducting polymers has received a great deal of attention in the last two decades. One of the 

remarkable features of conducting polymers is that it is possible to control the electrical conductivity 

of them over a wide range from insulating to metallic by proper doping with suitable dopants. These 

polymers have their unique electrical, optical, magnetic and chemical properties leading to the wide 

range of technological applications in rechargeable batteries, electrodes, electromagnetic interference 

shielding (EMI), sensors, corrosion protection coatings, microwave absorption, light emitting diodes, 

etc. In our present work we selected polyaniline among different conducting polymers because of its 

simple synthesis procedure, good environmental and thermal stability, low cost price, high 

conductivity, good electrical, optical, magnetic and chemical properties. The metal nanoparticles, such 

as silver and gold, have potential in technological applications because of  their interesting properties. 

Silver nanoparticles have applications in catalysis, conductive inks, thick film pastes and adhesives for 

various electronic components, in photonics and in photography. In this work, we synthesized 

polyaniline with silver nanoparticles embedded in itôs matrix. Polyaniline was prepared by both 

chemical and electrochemical synthesis then silver nanoparticles injected in the polymers matrix. After 

synthesis of this nanocomposite, we investigated itôs characteristics by various methods such as UV/ 

Vis analysis, Scanning Electron Microscopy, X-Ray diffraction and Ellipsometry analysis .Result 

showed that the electrochemically synthesized PAni (ECS-PAni) had somewhat lower conductivity, 

higher solubility, more benzenoid rings than quinoid rings, lower crystallinity, higher band energy, 

and higher particle size than that of chemically synthesized PAni (CS-PAni). This was due to the 

differences in synthesis method, the efficiency of oxidation or polymerization and ways of 

arrangement of polymer chains. The PAni obtained from both the electrochemical and chemical 

polymerization, had almost similar thermal stability. The presence of silver nanoparticles dispersed 

into porous polyaniline structures was confirmed by using X-ray diffraction(XRD) and scanning 

electron microscopy(SEM). From the SEM image it was observed that grains are well resolved and 

circular in shape and dopant nanoparticles were uniformly distributed in the polymer matrix.  The 

XRD patterns showed that polyaniline was amorphous, but peaks present in XRD patterns in polymer 

nanocomposites were related to silver nanoparticles. It was well known that metal nanoparticles 

displayed surface plasmon resonance bands in the UVïvis region due to the excitation of electrons. A 

surface plasmon absorption band was obtained from the optical absorption at 380 nm, which indicated 

that silver nanoparticles presented in the polyaniline matrix. Optical absorption showed the shifting of 

plasmon peak of silver nanoparticle. Optical band gap polyaniline was decreased with increasing 

content of silver nanoparticles and hence optical resistivity increased. By means of ellipsometry we 

measured the complex refraction index of the nanocomposite. As we know the refractive index of a 

material is the most important property of any optical system. Since refractive index is a fundamental 

physical property of a substance, it is often used to identify a particular substance, confirm its purity, 

or measure its concentration. The real part of the refractive index ónô indicates the phase velocity, 

while the imaginary part ókô indicates the amount of absorption loss when the electromagnetic wave 

propagates through the material. With the ellipsometry analysis it was shown that silver nanoparticles 

also increased the real part of complex refraction index , and it means that the light could be trapped in 

the polymer matrix. By managing the refractive index of the nanocomposite with variable amount of 

doping nanoparticles, we could control the light route in it and also manage the lightôs behavior which 

could be very useful in many fileds. By doping this polymer with the silver nanoparticles, electrical 

conductivity of the nanocomposite was increased and with the control of nanoparticles amount ,this 

could be used in many fields such as touch screens. So, this is a simple way by which optical and 

electrical properties of other conducting polymers may be enhanced by using different nanoparticles.  

 

Keywords: Conductive Polymers, Metal nanocomposites, Optical Properties,  Polyaniline , Silver 

nanoparticles 
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Over the last 100 years a number of so called greenhouse gases have shown an increasing 

concentration in the atmosphere. at the end of the last century, because of the intensive development of 

instruments, remote methods and extensive application of isotopic methods in earth sciences, 

independent proofs of current climate heating were obtained. The main cause for this is attributed by 

common scientific belief to the continued increase of greenhouse gas concentrations in our atmosphere 

over the last century. One of the most important greenhouse gases at the present time is carbon 

dioxide. The continued burning of fossil fuels has and will continue to increase carbon dioxide (CO2) 

in the atmosphere.  

Ionic liquids (ILs) are regarded as environmentally-benign solvents due to their immeasurably low 

vapor pressure. Recently, significant progress has been made in the application of ILs as alternative 

solvents for CO2 capture due to their unique properties, a broad range of liquid temperatures, excellent 

thermal and chemical stabilities and selective dissolution of certain organic and inorganic materials. 

The prediction of gas solubility in ILs is a fundamental step toward the development of simulation 

tools to aid in the process calculations prior to industrial applications. 

The experiments to determine the high pressure solubility of CO2 in ILôs at various temperatures are 

performed in a stainless steel measuring cell in equilibrium by using the isochoric method. The 

installation consists of three main parts: a) gas reservoir, b) stainless steel measuring (equilibrium) 

cell, c) Electronic tracking system box. 

The wall of gas reservoir consists of two parallel 19 mm Kºmacel (Germany) expanded plastic slab 

materials with a vacuum in between them. Such insulated wall system is a very high protection against 

heat exchange between the outside and inside of reservoir. In the inside of the gas reservoir have the 

aluminum heating plate and three high pressure gas balloons [two of them with 150 cm
3
 (Swagelok, 

Germany) and one with 300 cm
3 
(HPS, Germany)]. Beside the balloons, the gas reservoir consists of 

pressure transducers (PAA33X-V-100, Omega Engineering inc., 0-100 bar, Newport Electronics 

GmbH, Germany), PT100 thermometer (1/5 DIN Class B, Temperatur Messelemente Hettstedt GmbH, 

Germany), and an emergence (overflow) valve (R3A, Swagelok, Germany). The heating is done by 

eight parallel connected hot foils (100 X 200 mm 24 V ca. 20 W, Conrad Electronic SE, Germany) in 

the back side of the heating plate.  

Experiments were carried out in four different pressure steps: in the first step, the maximum possible 

pressure (about 5 MPa) is created in the gas reservoir. The other steps with maximum pressure are: 

second - about 3 MPa, third ï about 1.5 MPa, and finally ï about 0.5 MPa. Experimental temperatures 

ranging from T=413.15 K to T=273.15 K in decrements of 20 K at selected pressures controlled by a 

PC with the LabVIEW program. 

The temperature dependency of Henryôs law constant was calculated and the average deviation of the 

Henryôs law constant is always better than Ñ1%. Thermodynamic properties of solution such as the 

free energy of solvation ȹsolG, enthalpy of solvation ȹsolH, entropy of solvation ȹsolS and heat capacity 

of solvation ȹsolcp were calculated at various temperatures T to evaluate the solute-solvent molecular 

interactions. 

The measured CO2 solubility results in IL as a function of temperature at the various pressures are fitted 

to virial equation using the mole fraction dependence. 
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Polylactide (PLA) is an important biopolymer used especially for biomedical and food packaging 

applications. The problem to be used in other industrial applications is its rather lower mechanical and 

thermal properties compared to high performance engineering polymers. Therefore, the purpose of this 

work is to investigate mechanical and thermal properties including flow behavior of PLA when 

blended with thermoplastic polyurethane (TPU) elastomeric material. PLA/TPU blends with the ratios 

of 100/5, 100/10, 100/15, 100/20 were prepared by melt-mixing method in a laboratory scale twin-

screw extruder. Specimens for testing and analysis were shaped in required dimensions by using a 

laboratory scale injection molder. Various mechanical tests (tensile, bending, Charpy impact, Kēc 

fracture toughness, Shore-D hardness) indicated that ductility and toughness of PLA could be 

increased significantly by blending with TPU, while there was certain level of expected decreases in 

the strength and hardness values. Thermal analyses (DSC, TGA, DMA) revealed that various 

transition temperatures (Tg, Tc, Tm), crystallinity, thermal degradation (T10% , T50%) and 

thermomechanical properties (Eô , Eôô , tan d) of PLA could be influenced by TPU blending 

substantially. Additionally, melt flow index (MFI) measurements showed that viscosity of PLA 

decreased by the incorporation of TPU. 
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The use of various alcohols as alternative to conventional gasoline and diesel fuels is increased 

dramatically. The successful using of 1-butanol as a fuel in an internal combustion engine is actually 

during the last years. 1-butanol has longer hydrocarbon chain causes and it to be fairly non-polar. In 

this case, 1-butanol more similar to gasoline than it is to ethanol. 1-butanol has been demonstrated to 

work in vehicles designed for use with gasoline without modification [1].  

Today, the fuel injection systems for diesel engines reach pressures approximately up to 160 MPa for 

auto transport systems. Future systems are targeting even higher pressures in excess of 200-300 MPa. 

The one question in this filed: the possible number of injections per cycle during such extreme high 

pressures can be expanding and the time of one injection can be reduced. From another side, under 

such high pressure conditions, it is necessary to have the thermophysical properties of the fuel. 

Because, they can increase many times its atmospheric levels. Upon injection of the fuel in the 

cylinder, the large depressurization of the fuel results in a significant gradient of the viscous properties 

of the fluid [2]. The density, viscosity, speed of sound, heat capacity etc. are the main thermophysical 

properties for the study of such processes.  

In this work, we present the thermophysical properties of 1-butanol at high pressures and wide range 

of temperature. The temperature interval was increased up to T=263.15 K and pressure up to 140 MPa. 

The experimental (p,ɟ,T) results are helpful to extrapolate the temperature up to T=253.15 K and 

pressure up to 200 MPa using the constructed equation of state.  

An equation of state for fitting of the (p,ɟ,T) data has been developed as a function of pressure and 

temperature to calculate the various thermophysical properties of 1-butanol, such as isothermal 

compressibility, isobaric thermal expansibility, differences in isobaric and isochoric heat capacities, 

thermal pressure coefficient, internal pressure, heat capacities, speed of sound.  
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Literature:  

1. http://en.wikipedia.org/wiki/Butanol_fuel  

2. Duncan, A.M., Ahosseini, A., McHenry, R., Depcik, C.D., Stagg-Williams, S.M., Scurto, S.M. High-

Pressure Viscosity of Biodiesel from Soybean, Canola, and Coconut Oils, Energy Fuels 2010, 24, 

5708ï5716. 

mailto:javid.safarov@uni-rostock.de
http://en.wikipedia.org/wiki/Butanol_fuel


THERMAM 2014 and 3
rd
 ROSTOCKER SYMPOSIUM ON THERMOPHYSICAL PROPERTIES  

FOR TECHNICAL THERMODYNAMICS, 12-15 June 2014, IZMIR, TURKEY 

 

56 

 

Thermophysical Properties of Azerbaijan and Turkish Water Resources 
 

Misirkhan Talibov  
1
, Lala Azizova 

2
, Sevinc Babayeva 

3
,  Anar Ahmadov 

1
, Javid Safarov 

1,4
, 

Mahir Bashirov  
1
, Astan Shahverdiyev 

1
, Egon Hassel 

4
  

1 
Department of Heat and Refrigeration Techniques, Azerbaijan Technical University, Baku, Azerbaijan. 

2
 Department of Industrial ecology and safety of habitability, Azerbaijan Technical University,  

Baku, Azerbaijan. 
3 

Department of Heat Power Engineering, Azerbaijan State Oil Academy, Baku, Azerbaijan. 
4
 Lehrstuhl f¿r Technische Thermodynamik, Universitªt Rostock, Germany. 

E-mail: javid.safarov@uni-rostock.de  

 

Azerbaijan and Turkey possesses rich water (geothermal, mineral and river water) resources. Various 

thermal water resources of these countries has temperatures up to ~140 ÁC. 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 ÁC). 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.  

Kura river 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. 

To use the water resources for the alternative energy source, also in daily life requires the investigation 

of the chemical and thermophysical properties of a wide range of parameters. In this work, we present 

the chemical and thermophysical properties of geothermal, mineral and river water resources of both 

countries using the various installations (Spectrometer, Chromatography, Densimeter, Viscometer, 

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,ɟ,T) data of these water samples has been developed 

as a function of pressure and temperature. The molecular weight of thermal waters was analysed. The 

fitting of properties 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. 
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Heat treatment of wood which is a clean process may be an alternative to chemical treatments. The 

temperatures used are located on a range between 180 and 280ÁC, The gas temperature and duration of 

treatment are the parameters which determine the change in physical and chemical properties of wood. 

These changes increase the dimensional stability, improve weather resistance and increase resistance 

to wood degrading agents. 

Many mathematical approaches modeled this phenomenon. In this work, the Luikov model applied to 

a rectangular geometry with a numerical approach based on finite volumes is used. A sample of wood 

assumed as porous medium with 2l Ĭ 2h size is considered. This sample has an initial temperature (TO) 

and a moisture (M0), it is placed in an oven heated to a temperature (Tg), and a moisture content (Mg). 

Because of the symmetrical situation, the study is done on a quarter of the sample in the X, Z plane. 

Heat and mass transfer are governing by the Luikov model equations given as follow. 

Heat transfer:  

ʍȢ#Ð ᶯË Ȣɳ4 ʀȢ1Ȣʍ             (1) 

Mass transfer: 

ʍ ᶯ$ Ȣɳ- $ Ȣɿɳ4                          (2) 

The coupled equations of heat and mass transfer and boundary conditions are solved with the finite 

volume method. Uniform grids in both directions X and Z are considered. 

The algebraic system is solved using the Thomas algorithm for two-dimensional problem (2D). Direct 

method of the Thomas algorithm (TDMA) in one direction and the iterative Gauss-Seidel in the other 

direction are combined. 

Results show that the temperature of the wood reaches the oven temperature more quickly for the 

extremity of the sample than the interior parts. All the parts of the wood become at the oven 

temperature later. We also note that moisture decreases more rapidly at the point on the boundary as 

internal points. This decrease of the moisture starts at 12% corresponding to dry wood and finishes at 

near zero corresponding to heat treated wood. The time to reach these values is given in our results. 

After removing the moisture, it is important to complete the heat treatment in order to reach the 

needed color. This can be done by using an experimental device. 

The drying speed is represented for three reference points (extremity of the sample, an internal point 

and the middle of the sample). For the first point drying starts with a high speed and stabilizes quickly, 

for the second and third point, because of the drying is late, the speed starts increasing and after a 

certain time it decreases due to the reduction of moisture. 

Distribution of temperature and humidity in the sample during heat treatment are analyzed. We note 

that the temperature increases until the oven temperature is reached and the moisture content decreases 

with time to a value close to zero, which is the aim of the heat treatment in order to preserve the wood 

from the different aggressions. 
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Plating on Al alloys, due to the presence of a surface oxide film, is difficult. Therefore, a pretreatment 

on the substrate is necessary to obtain suitable surface prior to deposition process. Zincating is 

extensively used for preparation of aluminum surface. In this process, the substrate surface is covered 

by a zinc film via displacement reaction of aluminum and zinc. In fact, zincate treatment makes the 

aluminum surface suitable for deposition of final coating. However, the zinc layer may be dissolved in 

acidic solutions such as Watts bath used for electrodeposition of Ni coating. Hence, use of an 

intermediate layer between Zn film and Ni coating was suggested. In this paper the effects of Cu 

intermediate layer on properties of Ni coating electrodeposited on 6061 Al alloys substrate was 

investigated. The properties of the coatings were studied by means of peel test and potentiodynamic 

polarization techniques. The results indicated that using of Cu intermediate layer increased the 

adhesion strength of the coating from 0.85Ĭ10
3
 N/m to 4.01Ĭ10

3
 N/m. Furthermore, the polarization 

curves shifted to less negative potentials and the corrosion current density decreased when Cu 

intermediate layer was applied after zincate process. Indeed, Cu film as intermediate layer suppresses 

the Zn dissolution in Watts bath, and so, the Ni coating applied on cu layer shows a dense and uniform 

microstructure which improves the adhesion strength and corrosion resistance. 
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Conventional chromium coatings deposited from Cr (VI) electrolytes have been used for more than 

100 years. However, Cr (VI) plating process should be replaced by other technologies, because Cr 

(VI) is highly hazardous and toxic. Unfortunately, few coatings could completely replace the 

conventional hard chromium coatings. Trivalent chromium plating process is considered as a very 

promising technology to replace conventional Cr (VI) coatings. These electrolytes are environmentally 

safe and plating is more productive and less power consuming. Nevertheless, Cr (III) based coatings 

have poor corrosion resistance as compared to the coatings deposited from the Cr (VI) electrolyte. 

Addition of Co (II) ions to a Cr (III) bath can improve the corrosion resistance of the resultant coating 

in comparison with that of Cr film obtained from a bath without Co (II) ions. Oxidation and thermal 

resistance along with cracking of chromium coatings can also be improved by electrochemically 

alloying of chromium with iron family metals, such as cobalt. These alloys are used in power 

generation, marine, aerospace, and oil and gas industries under high temperatures or corrosive 

environments. 

In the present study, DC current was used for electrodeposition of pure Cr and Cr-Co alloy coatings on 

316L SS from a chromium sulfate bath containing 0-6 g/L cobalt sulfate. Current density and 

temperature were 140 mA/cm
2
 and 35 ÁC, respectively. Effect of Co (II) ion concentration on current 

efficiency, morphology, chemical composition, micro-hardness, and corrosion behavior of the 

resultant deposits was investigated. Pure cobalt coatings were also produced from cobalt sulfate bath 

for the purpose of comparison. Results revealed that the current efficiency of the pure cobalt 

electrodeposition is much higher than that of the Cr and the Cr-Co alloys deposition. The cathodic 

current efficiency was decreased by addition of up to 3 g/L of Co (II) ion to the chromium sulfate bath. 

However, further addition of Co (II) ion increased the current efficiency. SEM micrographs from the 

surface of the coatings showed that the morphology of the pure cobalt film is smooth, while the 

morphology of the Cr-Co alloys is lumpy containing micro-cracks. According to EDS analyses, cobalt 

content of the alloy deposits is increased from 0 to about 85 wt.% by the addition of 0 to 6 g/L cobalt 

sulfate to the bath electrolyte. Micro-hardness and polarization tests results revealed that pure Cr and 

the alloy containing about 70 wt.% cobalt have the highest micro-hardness (i.e. ~ 900 HV) and 

corrosion resistance (icorr å 0.8 ɛA/cm
2
) between all the coatings, respectively.  
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The experimental investigation of the thermal properties of substances in liquid state is one of the most 

important problems in modern thermophysics because the theory of liquid state has been insufficiently 

developed. The density of pure high hydrocarbons and their solutions attracts the attention of both the 

researchers engaged in different fields and design engineers of chemical, petrochemical, power and 

other industries. This is natural, because the information on the properties of  such solutions processes. 

The density of pure hydrocarbons of normal and isomeric structure in the liquid state is well studied, 

and, the results of such measurements have been published in scientific journals. At the same time, the 

density of binary mixtures of high hydrocarbons is not investigated. We this performed experiments to 

determine PVT-dependences of binary mixtures of methanol+ chlorobenzene in liquid phase in the 

range of temperatures 290-560 K and pressures 0.1-60 MPa. 

The measurements were carried out in facilities utilizing the method of hydrostatic weighing. The total 

relative error of density measurement is 0.08 percent. All experimental results were analyzed. It is 

fount that the density of the studied hydrocarbon binary mixtures decreases as the temperature, 

pressure and concentration increases  

The value of the density is described by the equation as function of the concentration.  

The density of liquid binary mixtures of methanol+chlorobenzene was calculated.  
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This work illustrates the manufacturing and compressive testing of a novel concept of honeycomb 

structures with hexagonal and auxetic (negative Poissonôs ratio) topology. The cellular configuration is 

simulated using a series of finite element models representing fullscale. The models are benchmarked 

against experimental results from pure compression tests. Finite element models of the honeycomb 

assemblies under compressive loading have been developed using nonlinear shell elements from an 

ANSYS code. Good agreement is observed between numerical nonlinear simulations and the 

experimental results. 
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New building materials could be prepared from appropriate mixtures of local rocks such as white and 

gray limestone from Kellal Mountain (North-East Constantine, Algeria). Firing of both limestone: 

White Kellal Mountain Limestone (WKML) and Gray Kellal Mountain Limestone (GKML), was 

carried out in the temperature range 25 to 1000 ÁC under atmosphere and the mineralogical 

transformations were investigated with X-ray diffraction (XRD), Thermo Gravimetric Analysis 

(TGA), Differential Thermo Gravimetric Analysis (DTGA), Differential Scanning Calorimetry (DSC) 

and Fourier Transform Infrared spectroscopy (FTIR). 

The predominant phases emerge on the spectra of X- ray diffraction (calcite, dolomite and some minor 

elements such as kaolinite). Thermal analyses of limestone by TGA/DTGA and DSC confirmed the 

presence of the same phases and the overall appearance of the DSC curves is similar to that of DTGA 

curves. The spectral variations of the internal modes of the carbonate (ɜ1, ɜ2, ɜ3 and ɜ4) and their 

combinations were used to study the structural phase transitions.  

The effect of the annealing temperature on the phase changes is discussed: the disappearance of the 

substantial phases and the appearance of new phases using the previous techniques. 

In fact, thermal analyses are powerful tools in determining mineral phases and their combination 

provide a maximum of information for qualitative study and is an unavoidable means and meet the 

needs of geologists, the road infrastructure and pharmaceutical industries. 
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The mean turbulent flow structure around an elongated hot obstacle is studied numerically. Two types 

of incoming flow are examined in order to show the influence of the external zone of the flow on the 

reattachment process. It comes about a wall jet and a boundary layer. The effects of the Reynolds 

number and the ratio between the width nozzle to the obstacle height are detailed simultaneously. The 

results show that the increasing of Reynolds number and nozzle thickness; enhances the heat 

transfer and modifies considerably the stagnation point location. The boundary layer case 

gives the greatest Nusselt number values in comparison of wall jet cases. The turbulence 

kinetic energy and vorticity are found great around the nozzle cross section where the shear 

layer attains the great deformation. This can be justified by the longitudinal direction of the 

main flow. The distribution of average Nusselt number is correlated according with some 

problem parameters.  
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In this paper, an experimental analysis for determining the fatigue strength of PE-100, one of the most 

used High Density Polyethylene (HDPE) materials for pipes, under cyclic axial loadings is presented. 

HDPE is a thermoplastic material used for piping systems, such as natural gas distribution systems, 

sewer systems and cold water systems, becoming in a good alternative to metals, as cast iron or carbon 

steel. One of the causes for failures of HDPE pipes is fatigue, due to pipes are under cyclic loading, 

such as internal pressure, weight loads or external loadings on buried pipes, which generate stress in 

different directions: circumferential, longitudinal and radial. HDPE pipes are fabricated using an 

extrusion process, which generates anisotropic properties. By testing in the Laboratory a series of 

identical specimens obtained directly from PE-100 HDPE pipes in longitudinal directions, the 

relationships between amplitude stress and number of cycles (S-N curve) test frequency 2 Hz and 

stress ratio R = 0.0 are established. 

 

 
Fig. 3.  Stress-strain curves for both strain rates, (a) 

global, (b) Small deformation zoom. 

 
Fig. 4.  Elongation changes during fatigue testing - 

Longitudinal direction for two levels of maximum stress 

16 an 17 MPa. 
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This article presents research on wood laminates transferring shear stress. These laminates were used 

for construction of railway seats.  

Reducing the weight of items and the required nature of the load transfer in the elements of the railway 

seat during service, requires the application of reinforcement in the form of continuous fibers. The 

multi layered laminate structure consists of interconnected layers of synthetic and natural fibers which 

provides rigidity and strength of the construction. Static shear strength tests with simultaneous 

registration of the in-plane deformation of the samples by means of Digital image Correlation (DIC) 

were aimed to the designation of critical shear stress and modulus of elasticity in shear. 

This test method is most useful for determining the moduli of rigidity of orthotropic materials for 

which moduli of rigidity cannot be computed from elastic moduli and Poissonôs ratios. The shear 

modulus obtained is that associated with shearing deformation in the plane of the plate. The shear test 

of beech veneers in bias directions (45Á) of their fiber orientation show  cracking along the fibers. The 

fractures usually happens on the entire samples surface, as it is shown in Fig.1c. 

 

 
                  a)                                        b)                                                        c) 

Fig. 1. Typical failure of plywood  specimens; the initial state (a), closing system b), destruction c) 

A geometric model simulating the samples used for mechanical properties testing was developed using 

the Finite Element Method (FEM). The FE models were based on the criteria of strength of single 

layers of orthotropic composite. Numerical results obtained by using the developed procedure  for the 

specimen described in Fig.2. and have been compared with experimental results. 
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a)                                             b)                                                           c) 

Fig. 2. The three-ply beech plywood: the summary deformation maps during compression of, obtained 

by DIC and  FEM (a); (shear stress)ï(strain) diagrams of experimental shear test finite element  model 

(b); the summary deformation maps during tensile of, obtained by DIC and FEM (c) 

The multi layered laminate structure The FE model of a few layer wood based composite is useful for 

its properties optimization and for development of more efficient in large-scale simulations 

computational models of layered composites.  

This research was co-financed by The National Center for Research and Development within the 

frame of Applied Research Programme (PBS1/B6/2/2012). 

 

Keywords: Wood-based composites,  Strength tests, Shear modulus, Digital image correlation, 

Finite element method 
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QSPR equations are presented to calculate the standard enthalpy of combustion developed for pure 

substances and mixtures of alkylesters, triglycerides, diglycerides and monoglycerides of common and 

hydroxylated fatty acids (i.e, castor, lesquerella oils, etc.), by using only the molecular structure of the 

compound and the predictability of homologous series. The molecular descriptors used in the 

equations are: size of the carbon chain, number of double bonds, number of hydroxyl groups and the 

number of carbon atoms of the alcohol in the alkylesters. For natural oils and biodiesel, which are 

mixtures of fatty esters, simple mixture rules and the Brºnstedôs Congruence Principle were applied 

and permitted to express the equations with the saponification, iodine and hydroxyl values. QSPR 

equations, based on stoichiometry and on Hessôs law, without regression analysis, were developed 

with Mathcad 13.0. The values predicted by the equation were compared with data from the literature 

by using the MS Excel, observing the following average absolute errors: biodiesel (1.95%, n=24), 

natural oils (1.43%, n=69), alkylic esters (4.0%, n=62), triglycerides (1.9%, n=20) and fatty acids 

(6.9%, n=50). The equation obtained for the heat of combustion of natural oils represents a 

generalization of Bertramôs equation, which is extended to hydroxylated oils, with average absolute 

errors of about 1.43 % in the QSPR equation and 1.23 % in Bertramôs. 
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The main trend of development of oil refining industry is an increase of oil refining extent with 

involvement of heavy petroleum residues into refining with the purpose of enlargement of motor fuels 

production. On this purpose has been studied the  -hydrocracking process of tar with heavy gas oil of 

catalytic cracking (tar: heavy gas oil of catalytic cracking-70:30) in the presence of suspended high-

dispersed halloysite.  

It should be mentioned that halloysite consists of aluminum and silica oxide layers. The thickness of 

the layers in hydrate mineral reduces about 10 ¡, but in unhydrated mineral to 7.2 ¡. These layers are 

covered to the pipe in the result of atmospheric condition and geothermic processes in hydrate mineral. 

Pure (crude) halloysite is white mineral and can be fine powdered by treating easily. Halloysite 

contains very small amount of other ions of metals as Fe
+3

, Cr
+3

, Ti
+4

 and etc. besides aluminum, silica 

oxides and hydrated water. Ferrum oxide is a general mixture found in halloysite minerals (weight up 

to 3%). The generating of such a large amount of ferrum oxide can be explained in the presence of 

assosiated (combined)  oxides in mineral and also izomorphic substituting of Fe
+3

 and Al
+3 

ions in 

octahedral layer of aluminum oxide. 

The experiments were carried out in a rotating autoclave( of 1 l volume) at 400-460ÁC temperature and 

0.5-2 MPa pressure. Determined that the light oil products with weight of 50-52% are obtained by the 

hydrocracking process of tar in the presence of suspended high-dispersed halloysite in optimal 

condition. But during the hydrocracking process of tar with heavy gas oil of catalytic cracking (70:30) 

the yield of the light oil products makes up 59-60% by increasing 7-9% and the coke yield reduces 

from 10% to 5%. It can be explained by adding naphthenes, partial hydrated polycyclic aromatic 

compounds, including heavy gas oil of catalytic cracking as an activator (as hydrogenous donor) to the 

crude in hydrocracking processes of heavy petroleum residua (fuel oil, tar) that known from the 

literature. However it causes the increasing of the yield of light oil products and also reducing the 

amount of coke during the process. 
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The mixture of synthetic petroleum acids (SPA) and synthetic oxyacids (SOPA) obtained from 

catalytic oxidation of diesel fraction of petroleum in liguid phase are the excellent substitutes of 

natural petroleum acids (NPA) that largely applied in petro-chemistry industry.  From this point of 

view the obtaining of synthetic acids mixture with high yield from the aerob oxydation of diesel 

fraction in liguid phase is of a great  scientific and economic importance (assumes a great  scientific 

and economic importance). But, it is known from the literature references that o- and p- substituted 

phenoles with a strong anti-oxidant properties is formed from aromatic hydrocarbons in co-oxydation 

process and it prevents the running of the oxydation process of  naphthene-parafin hydrocarbons. In 

this regard it is necessary to dearomatize the diesel fraction before to oxidize. Extraction process is one 

of the analyze methods used in different fields of chemical industry, including oil refining industry. In 

order a wide range of researches on an industrial scale are recently conducted in the sphere of applying 

of solvents of ion-liquid content besides n-methyl pyrollidon as a solvent extractant and the creating of  

ecologically clean ñgreenò chemistry. From this point of view the use of solvents of high selectivity, 

being liquid in a wide temperature range, environmentally safe ion-liquid type as an extractant is 

actual in treatment of  oil fractions and is very important in terms of industry.  

By taking into consideration that the diesel fraction (DF) mentioned below boiled in 217-349ÁC 

brought from ñAzerneftyagò ORP is purified from aromatic hydrocarbons and sulfur compounds 

content by extraction method and obtained positive results.  

As an extractant has been used the n-methyl pyrrolidon (NMP) and  its ion-liquid typed solvent 

containing morpholineformiate (NFM). Extraction process with NMP is realized in 3 stages. Defined 

that the amount of aromatic hydrocarbon in the content of fraction decreases from 16 % nearly to 1-2 

% by taking NMP:df=3:1. 

Additionally the diesel fraction has been extracted with help of morpholineformiate extractant. The 

influence of different factors as temperature, contact period, ratio of components to the process of 

selective treatment of diesel fraction has been studied and the optimal condition has been selected. 

Determined that the maximum treatment of diesel fraction from aromatic hydrocarbons and sulfur 

compounds is provided when morpholineformiate used as extractant. The optimal condition of 

extraction process of the diesel fraction with mentioned extractant: DF:NFM=1:3 (weight ratio), 

contact period ï 3 hours, temperature ï 60ÁC. The amount of sulfur in fraction content has decreased 

from 0,09% to 0,03% during the extraction process. 

The diesel fraction that partially treated from aromatic hydrocarbons and sulfur compounds by 

extraction method has been purified from the residua amount of sulfur content by the way of 

sulfurization with concentrated H2SO4. Then the diesel fraction has been oxidized in the co-catalytic 

presence of Cr and Mn salts of  natural oil acids and has been obtained the mixture of  SPA and OPA 

with high yield. Determined that the acid number of oxidate (oxidation products-alcohols, aldehydes, 

ketones, acids and oxyacids mixture) obtained by taking the ratio of salt Cr:salt Mn =3:1 (rather than 

weight 0,2%) is 65 mgKOH/g. The yield of SPA (for oxidate) is 5% , but the yield of OPA is 47% that 

removed from oxidate obtained in the presence of mixture of these catalysts (SPA + OPA =52%).  

Thus, according to the obtained results we can note that the extraction method with solvents of ion-

liquid type is very important in selective treatment of diesel fraction from aromatic hydrocarbons. Our 

researches on this field are going on.  
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