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PREFACE 

 

It is our great pleasure to welcome you to the 10th INTERNATIONAL CONFERENCE ON DIFFUSION 

IN SOLIDS AND LIQUIDS: DSL2014 (Paris, France, from 23‐27 June, 2014). 

 

DSL‐2014 aims at attracting a balanced portion of delegates from academia, industry and research 

institutions and laboratories involved with research and development work. In doing so, the conference 

provides a binding platform for academics and industrialists to network together, exchange ideas, 

provide new information and give new insights into overcoming the current challenges facing the 

academics and the industrialists relating to mass transfer, heat transfer, microstructure and properties, 

nanodiffusion and nanostructured materials. 

 

I would like to thank the Organising Committee members and members of the Local Committee for their 

help in contributing to the successful organisation of this meeting and especially thank Prof. Patrick 

Soukiassian for his support to help participants to get VISA’s from the French Embassies. 

 

I would also like to sincerely thank the organisers of the SPECIAL SESSIONS for their great work! 

 

A special thank you as well to Professor Graeme Murch, Professor Ali Shokuhfar and Professor João 

Delgado, co-chairs of DSL‐2014, for the excellent work, significant inputs and support to this conference. 

 

You all made the way till here and I would like to personally thank you and all delegates for the decision 

to attend DSL 2014. I hope that you will find the meeting very useful for your work and business, as well 

as a useful forum for obtaining new knowledge. 

 

 

Have fun learning and meeting new people! 

 

 

See you again in 2015, in Munich! 

11TH YEAR OF DSL! 

 

 
Professor Andreas Öchsner 

DSL CONFERENCES – Chairman 
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We support ADRA INTERNATIONAL 

The Adventist Development and Relief Agency (ADRA) was started by the Seventh-day Adventist 

Church as a way to follow Christ’s example of serving and caring for those in need. Put simply, 

ADRA improves the lives of people around the world. The agency searches out deprivation, 

social injustice, and need—then works to eliminate them. 

To learn more, visit www.adra.org , it will give you a window into the world of ADRA and the people’s 

lives that we transform. 
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PLENARY  LECTURE 

 

VIP046 

Prof. Mysore Dayananda  

School of Materials Engineering 

Neil Armstrong Hall of Engineering 

701 West Stadium Avenue 

West Lafayette, IN 47907-2045 

Purdue University, USA 

 

 

An Overview of Selected Phenomena in Multicomponent Diffusion 

Mysore Dayananda 

 

There exist several interesting phenomena and observations reported in literature for isothermal diffusion in 

multicomponent systems. Such phenomena include uphill diffusion, development of zero-flux planes and flux 

reversals for individual components, flux reversals at interfaces, and instability at interfaces and multiphase layer 

development. In addition, uncommon diffusion structures exhibiting unusual diffusion paths can develop in both 

single phase and multiphase diffusion assemblies. An overview of such phenomena is presented to highlight the role 

of interactions among diffusing components with the aid of selected diffusion studies carried out in multicomponent 

alloy systems, aluminides, silicides, and nuclear fuel/cladding assemblies. 
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DSL166 

Dr. R. Marouf 

Laboratory of Materials, Applications and Environment (LMAE),  

University of Mascara 29000, Algeria 

 

 

Structural Study and application of Pillared Clay 

N. Dali, F. Zahaf, R. Marouf, and F. Ouadjenia 

Laboratory of Materials, Applications and Environment (LMAE),  

University of Mascara 29000, Algeria. 

 

The clays in general and bentonites in particular have an important role in our daily lives, and they have wide 

applications in many industrial sectors such as, drilling, foundry, ceramics, paint, pharmaceuticals, cement, etc.. The 

bentonites can also be used as an adsorbent to remove various organic or inorganic pollutants in the aqueous solution 

[1, 2]. 

Despite significant physicochemical properties that has this type of clay, they can be substantially improved by a 

structural change inserting of the pillars such as hydroxy- aluminium ions. 

The pillaring of the clay lies in their intercalation between layers of big mixed metal poly-cations in order to obtain 

microporous materials, rigid structure, with a large interlayer spacing [3]. 

In this study we used an original Mostaganem bentonite (western Algeria) as adsorbent to remove dyes from the 

textile industry. Several analytical techniques were used to identify the samples before and after treatment, such as 

XRD, BET, SEM, and DTA. The preparation of the bentonite was made by its purification, followed by an 

intercalation of hydroxy-aluminum species. 

The results obtained show that after intercalation the specific surface area of the sample increases significantly and 

the amount of dye adsorbed by the treated clay was far superior to that of the raw clay. 

 

[1] D.I. Stewart, P.G.  Studds, and T.W. Cousens, Appl. Clay Sci., 23, 97 (2003). 

[2] G.E. Christidis, Appl. Clay Sci., 3, 79 (1998). 

[3] D. Tichit, F. Fajula, and F. Figueras, Clays and Clay Minerals, 6, 369 (1988). 

 

 

DSL411 

Dr. Faghi Lotfi 

USTHB University, LSGM, FGMGP;BP32, 

Elalia Bab Ezzouar, Algiers, Algeria 

 

 

Particle Size and Influence of on the Electromagnetic Properties of Fe70si30/Polyester Composites 

Faghi Lotfi 

USTHB University, LSGM, FGMGP;BP32, 

Elalia Bab Ezzouar, Algiers, Algeria 

 

The electromagnetic properties of the composites employing Fe70Si30 alloy powders with different particle sizes as 

absorbent and polyester as matrix were investigated. The results showed that the particle size had significant influence 

on the electromagnetic properties of the composites. By decreasing the particle size of Fe70Si30 alloy powders, both 

the complex permittivity and permeability of the composites increased to a certain extent. In other words, the micron-

grade FeSi alloy powders with smaller particle size were more suitable to be used as absorbent in measured frequency 

region. 
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DSL280 

Dr. Leila Figueiredo de Miranda 

Universidade Presbiteriana Mackenzie  

Rua da Consolação, 930 - Cep 01302-907   

Consolação - São Paulo - SP – Brazil   

 

 

The Synthesis of Pseudoboehmite using Factorial Experimental Design 

A.H.Munhoz Jr.1, T.J.Masson1, L.F. de Miranda1, A.Cabral Neto1, R. Cons Andrades1, M. V. Rossi1 

1Universidade Presbiteriana Mackenzie, São Paulo, R. da Consolação, 930, Brazil 

 

Synthetic nanomaterial have attracted great interest geared to applications in pharmaceutical technology, so that the 

control of their size and composition enables the best performance in the interaction with the drug and its release. The 

pseudobehmite consists of a synthetic aluminum compound precursor of alumina [1], the same structure of boehmite 

[2] and active groups in its structure, which characterized it as a good adsorbent material [3]. Pseudoboehmite is good 

material used as excipient in drug delivery system. In the present work, the sol-gel process was used for 

pseudoboehmite synthesis. The use of experimental design is very efficient to discover the variables with effective 

influence in the synthesis of materials. In this work, it was studied the effect of three variables of synthesis in the 

properties of the obtained pseudoboehmite: (room temperature, 130o C), ageing time, and the addition of poly vinyl 

alcohol in the reaction system. The experimental design used was the 2³ factorial planning. The characterization of 

pseudoboehmite was realized using X-ray diffraction, scanning electron microscopy using secondary electron detector 

and EDS, thermal analysis (Differential Thermal analysis and Thermo gravimetric analysis). The data shows that the 

aging time has influence in the crystalinity and morphology of the obtained pseudoboehmite. 

 

Keywords: drug delivery system, pseudoboehmite, sol-gel 

 

[1] Moroz, E.M.; Shefer, K.I.; Zyuzin, Dmitry A.; Ivanova, Aleksandra S.; Kulko, Eugenia V.; Goidin, Vasily V. and 

Molchanov, Viktor V. Local structure of pseudoboehmites, React.Kinet.Catal.Lett, Vol. 87, No. 2, 367-375, (2006) 

[2] Munhoz Jr, A. H., Miranda, L. F., Uehara, G. N. Study of pseudoboehmite by sol-gel synthesis. AST – Advances 

in Science and Technology. , v.45, p.260 – 265, 2006 

[3] Santos, P.S.; Souza Santos, H.; Toledo, S.P. Standard transition aluminas. Electron microscopy studies. Materials 

Research Materials Research v. 3, n.4, p.104-114, 2000. 

 

 

 

 

DSL292 

Mrs. Karla Belissa Romio  

Grupo de Materiais Nanoetruturados,  

Universidade Federal de Mato Grosso,  

Barra do Garças, Brazil, 78600-000 

 

 

Triclosan Incorporated in Liposome for Dental Drug Delivery  

K.B. Romio, R.J. da Silva, J.R. Silva, N.C. de Souza  

Grupo de Materiais Nanoetruturados, Universidade Federal de Mato Grosso,  

Barra do Garças, Brazil, 78600-000 
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Drug delivery systems consisting of drugs encapsulated by lipid vesicles have attracted significant interest in recent 

years due to possibility of their use in biomedical applications. The use of liposome as carriers systems of antibiotic 

drugs have been used in studies involving biofilm formation in the oral cavity [1]. The interaction between triclosan 

and liposome were studied to investigate the controlled delivery of drugs with potential for use in topical 

administration. As the liposome can be used as membrane mimetic models of interaction, we have immobilized 

tricosan incorporated in liposome in layer by layer (LBL) films in order to investigate the biological activities. The 

major advantage of investigating immobilized in LBL films is the benefit of characterization the interaction through 

available for the substance in solid state techniques such as analysis of wetting angle and microscopy.  Our results 

suggested that the wettability and the release of triclosan in films depend on of the number of bilayer. The 

susceptibility of the fungi Candida albicans was also evaluated. This kind of investigation can be a starting point in 

the search for new clinical strategies. 

 

[1] S. Nguyen, M. Hiorth, M. Rykke and G. Smistad, European Journal of Pharmaceutical Sciences 50, 78 (2013). 
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DSL174 

Dr. Mahamdia Malika 

Faculté de Physique,  

Université des Sciences et de la Technologie Houari Boumediene 

Bab-Ezzouar, 16111 Alger,  Algerie 

 

 

Turbulent Free Convection Induced in Vertical Channel by Heated Grid Situated at the Channel Inlet 

M. Mahamdia1, C. Rey2, Y. Halouane1, A. Mataoui1, T. Benabid 1 

1Faculté de Physique, Université des Sciences et de la Technologie Houari Boumediene 

Bab-Ezzouar, 16111 Alger, Algerie 

2Laboratoire M2P2 – UMR 6181 CNRS-UPCAM, IMT,  

Technopôle de Château- Gombert  13451 Marseille cedex 20 , France 

 

An experimental study of turbulent free convection in open vertical enclosures with square cross section (3x3m2) and 

insulated walls height 10m, representing for example elevator shafts, warehouses, due to a building fire is carried out, 

using a scale model. The Turbulent free convection induced by a grid mesh M = 0.3m, situated at the channel inlet, 

so that Rayleigh number based on the mesh of the grid is Ra = 1.6.109. The working fluid is air at atmospheric pressure 

and buoyancy is the only source of movement. The temperature difference between the internal flow and the 

surroundings is selected so as to remain within the Boussinesq approximation. A numerical approach based on the 

Fluent code has allowed us to visualize numerically this flow. Detailed measurements of the velocity and temperature 

fields have been taken. It is found that unstable thermal stratification with a vertical temperature gradient constant 

average (- 0.3 K/m) is observed throughout the explored region. The longitudinal thermal and kinematic fields means 

do not progress in the same way despite their coupling. Two distinct flow regions were identified along the channel. 

The decay scheme of the variances in speed and turbulence of typical temperature forced convection grid is no longer 

observed. 

 

 

 

DSL247 

Prof. Merzak Laribi  

Materials Science and Engineering Laboratory.  

National Polytechnic School of Algiers. 10 Ave.  

Hassen Badi, B.P 182, El Harrach, Algiers. Algeria 

 

 

Effect of Microstructure of a Stainless Steel Coating Elaborated by Arc  

Thermal Spraying on Its Electrochemical Behavior 

M. Laribi 1, *, D. Djeziri 1, H. Yousfi 1  

1: Materials Science and Engineering Laboratory. National Polytechnic School of Algiers. 

10 Ave. Hassen Badi, B.P 182, El Harrach, Algiers. Algeria. 

*: Corresponding author. E.Mail: merzak.laribi@g.enp.edu.dz 

or: merzak.laribi@yahoo.com 

 

Structures and components can be exposed during their lifetime to different types of surface damage. Corrosion 

constitutes often the most encountred sollicitation. 
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In order to overcome superficial limitations and consequently increase the lifetime and service quality of such 

components, thermal spraying constitutes an attractive technique to many industries where stainless steel coatings are, 

among other deposited materials, widely used to combat chemical and mechanical degradations. 

In this work, we will examine particularly electrochemical behavior of a stainless steel coating deposited by arc 

thermal spraying on a carbon steel substrate in relation with its microstructure. This behavior has been studied through 

polarization and impedance spectroscopy tests in an aggressive 3.5 % NaCl solution. 

The obtained results showed that arc sprayed stainless steel coating microstructure contains unmelted particles, 

metallic oxides and also pores and micro-cracks. Presence of these defects was detrimental for the coating corrosion. 

All of them have participated to reduce corrosion resistance of the coating even if this latter was globally good, in 

comparison with carbon steel substrate. The surface was attacked preferentially in areas presenting big amount of 

these defects and then electrolyte progressively reached the substrate during long immersion in 3.5 % NaCl solution. 

 

Keywords: Stainless steel coating; Arc thermal spraying; Microstructure; Electrochemical behavior; 3.5 % NaCl 

solution.  

 

 

 

DSL255 

Dr. Jun Ho Bae 

Light Metal Group, Korea Institute of Materials Science,  

Changwon City, Gyeongnam 641-831, Republic of Korea 

 

 

Effect of Solidification Parameters on Microstructure of AZ80 Magnesium Alloy during Horizontal 

Continuous Casting 

J.H. Bae, C. D. Yim, H. S. Kim, B. S. You 

Light Metal Group, Korea Institute of Materials Science, Changwon City,  

Gyeongnam 641-831, Republic of Korea 

 

Magnesium alloys have great potential for high performance automotive application and mobile electronics for weight 

saving due to their low density, high specific strength, superior damping capacity, etc. In addition, these alloys usually 

have good castability and machinability, making them quite suitable for applications as casting alloys, since most of 

magnesium alloy is produced as die-cast product. However, there is a lack of competitive wrought magnesium 

products which are much needed for numerous weight sensitive applications. These days, due to the study of wrought 

magnesium alloy is so active, wrought magnesium alloys exhibit much extended properties compared to die casting 

magnesium alloys, not only improved mechanical properties and more balanced strength but improved ductility. 

Direct chill (DC) casting, vertical semi continuous casting, has been the most popular process to make wrought 

magnesium components. In the case of Horizontal continuous casting (HCC) process, it has more several economic 

advantages to produce billet, bar, slab, plate with superior quality compared to vertical continuous casting. However, 

there have been only a few studies on the application of magnesium alloys to HCC as well as not commercialized yet. 

In this study, in order to discuss the feasibility of horizontal continuous casting process for magnesium alloys, AZ80 

magnesium alloy billet was prepared by HCC. And it was investigated that the solidified structure of magnesium 

alloys which have relatively larger freezing range than other non-ferrous alloys as well as its relation with the casting 

parameters, such as cooling condition and casting speed, etc. And solidification behavior in the mold which affect to 

grain size and solute distribution difference of billet also will be discussed using both data of solidification simulation 

and experiments. 
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DSL324 

Ms. Hyeon Jeong Park  

Chonbuk National University, Jeonju,  

Jeonbuk, 567 Baekje-daero, Deokjin-gu, Korea 

 

 

A Study on the Influence of Different Manufacturing Conditions of Cu Powder on the Thermal Properties of 

HDPE/Cu Composite 

Hyeon.Jeong. Park1, Chan.Woo.Park1,2 Oh.Kyung.Kwon 
1 Chonbuk National University, Jeonju, Jeonbuk, 567 Baekje-daero, Deokjin-gu, Korea. 

Energy System Technology Center, Korea institute of industrial Technology. 

 

In this study, high density polyethylene (HDPE), which is one of the various thermoplastic resins, and Cu powder 

were used for the fabrication of thermally conductive composite materials. An attrition ball mill was used for the 

milling of Cu powder with different milling times (0, 30, 60, 90, 120 min) and for the fabrication of the composite 

materials, pristine Cu and ball-milled Cu, with altered shapes, were mixed with polymer matrix (10, 15, 20, 25 vol. % 

Cu) using stirring device with an internal mixer. The analysis of the Cu particle shapes and change of powder 

properties were done by FE-SEM and nano raman spectroscopy. The thermal characteristic was analyzed by 

differential scanning calorimetry(DSC) and thermogravimetric analyzer(TGA). And, the thermal conductivity values 

of the HDPE/Cu composite were analyzed by laser flash method. The effects of milling time and Cu content on the 

thermal conductivity were evaluated. Based on these results, the Agari-Uno model was calculated by using the thermal 

modeling. Through theoretical models and experimental values of the thermal conductivity values obtained were 

compared, the modified model equation in this experiment was derived.  

 

[1] Z. Han, Fina. A., Progress in Polymer Science., 36, 914-944 (2011). 

[2] S. Zdenko, T. Dimitrios, P. Konstantinos, and G. Costas., Progress in Polymer Science., 35, 357-401 (2010)  

[3] N. S. Wilson, M. Paul, and W. Andew., Polytest., 24, 628-634 (2005) 

[4] S. Y. Pak, H. M. Kim., S. Y. Kim, and J. R. Youn., Carbon., 50, 4830-4838 (2012) 

 

 

 

DSL334 

Dr. Lorenzo Alberto Martínez Suástegui 

ESIME Azcapotzalco, Instituto Politécnico Nacional,  

Avenida de las Granjas No. 682, Colonia Santa Catarina,  

Delegación Azcapotzalco, México, Distrito Federal 02250, Mexico 

 

 

Transient Combined Convection Heat Transfer for Opposing Flow From Two Discrete Flush-mounted 

Heaters in a Rectangular Channel: Effect of Buoyancy and Inclination Angle 

F. Pérez-Flores1, C. Treviño2, L. Martínez-Suástegui1  

1ESIME Azcapotzalco, Instituto Politécnico Nacional, Avenida de las Granjas No. 682, Colonia Santa Catarina, 

Delegación Azcapotzalco, México, Distrito Federal 02250, Mexico. 

2UMDI, Facultad de Ciencias, Universidad Nacional Autónoma de Mexico, Sisal, Yucatán, Mexico. 

 

An experimental investigation in a vertical rectangular channel using water as the working fluid is carried out to study 

the transient laminar opposing mixed convection heat transfer from two flush-mounted, symmetric and discrete heat 
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sources subjected to a constant wall heat flux boundary condition while the other bounding walls are treated as 

adiabatic surfaces. The experiments are performed for a Reynolds number based on the hydraulic diameter of Re = 

300, inclination angles from 0o to 90o and several values of the buoyancy parameter (Richardson number). 

The experimental results indicate that the average Nusselt number values for each simulated electronic chip are 

strongly affected by the opposing buoyancy and inclination angle, and it is pointed out that spanwise variations of the 

wall surface temperature and local Nusselt number for each heated slab occur because of the appearance of complex 

transient vortex structures close to the heat sources [1-3]. 

 

[1] L. Martínez-Suástegui and C. Treviño, Exp. Therm. Fluid. Sci., 32(1), 262 (2007).  

[2] L. Martínez-Suástegui and C. Treviño, Int. J. Heat Mass Tran., 51,  5991 (2008).  

[3] L. Martínez-Suástegui, C. Treviño and J.C. Cajas, Phys. Rev. E., 84(4), 046310 (2011).  

 

 

 

DSL386 

Dr. Young-Min Kim 

Korea Institute of Materials Science,  

Changwon, 642-831, Republic of Korea 

 

 

Grain-Refining Techniques of Mg-Al Based Alloys via Heterogeneous Nucleation  

Young Min Kim1,2, Jun Ho Bae1, Su Mi Jo2, Bong Sun You1,2  

1Korea Institute of Materials Science, Changwon, 642-831, Republic of Korea 

2University of Science and Technology, Daejeon, 305-350, Republic of Korea 

 

Grain refinement of cast magnesium alloys is a key technology to improve both strength and toughness of magnesium 

alloys. It leads to the modification of coarse dendrite structure to fine equi-axed grains. Besides the improved cast 

feedstock with small and homogeneous grains can provide improved capability of hot-working during thermo-

mechanical processes such as rolling and extrusion. 

While low cost grain refiners have been developed for castings of aluminum alloys, there are no commercial inoculants 

for magnesium alloys, especially Mg-Al alloys. Although hexachloroethane is a very effective inoculant for grain 

refinement of Mg-Al based alloys, the emission of toxic gases gives rise to detrimental problems in environment and 

workshop, resulting in the restriction of its use. Therefore many alternative grain refiners being more effective for 

Mg-Al based alloys than hexachloroethane without any environmental problem have been investigated. In this study, 

several types of carbon-containing inoculants such as carbon powder, carbide, carbonate, intermetallic compound, 

etc. were used and their grain refining efficiency in Mg-Al based alloys was evaluated. The results show that carbon 

itself can lead to grain-refining effect through the formation of aluminum carbide in the melt of Mg-Al based alloys 

and the inoculants used in this study have excellent grain refining efficiency in Mg-Al based alloys, of which average 

grain size is less than 70μm. This is because the addition of inoculants causes the formation of potent heterogeneous 

nucleants in a melt.  

 

 

 

DSL206 

Prof. A.L. Moreira 

Faculty of Mechanical Engineering,  

Federal University of Pará, 66075-110, Belém, Brazil 
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Correlation of Casting Thermal Parameters, Secondary Dendrite Arm Spacing and Microhardness on a 

Directionally Solidified Al-3wt.%Si Alloy 

A.L. Moreira1, O.L. Rocha2, M.A. Silva1, E.C. Guimarães1, A.S. Barros1 

1Faculty of Mechanical Engineering, Federal University of Pará, 66075-110, Belém, Brazil 

2Federal Institute of Education, Science and Technology of Pará, 66093-020, Belém, Brazil 

 

Dendritic growth is controlled by the complex interplay of thermal, solutal, capillary, thermodynamics and kinetics 

properties which occur on different length scales. Thus, a number of different approaches and equations have been 

used with the purpose of modeling both theoretically and experimentally the dendritic arm spacings as a function of 

alloy solute concentration, type of mold, melt superheat, growth rate, temperature gradient ahead of the solidification 

front, cooling rate in the melt and transient metal-mold heat transfer coefficient [1,2]. Thus, the dendritic growth 

direction with respect to the gravity vector during directional solidification of metallic alloys can also be considered 

as an important object of investigation [3]. 

The objective of this research is to investigate the influence of solidification thermal parameters on both secondary 

dendritic arm spacing and microhardness of Al-3wt.%Si alloy during the horizontal directional solidification under 

unsteady-state heat flow conditions. The solidification experiments were instrumented by thermocouples and the 

parameters analyzed include the growth rate and cooling rate. Samples were extracted from the casting and analyzed 

by optical microscopy in order to have the secondary dendritic arm spacing measured. These results were correlated 

with the growth rate, cooling rate and microhardness. Experimental laws of power and Hall Petch types are proposed 

relating the resulting microhardness to the secondary dendritic arm spacing. It has be found that the results of 

microhardness decrease with increasing values of secondary dendritic arm spacing. 

 

[1] O.L. Rocha, C.A. Siqueira and A. Garcia, Metall. Mater. Trans. A, 34, 995 (2003). 

[2] M. Wu, A. Ludwig and A. Fjeld, Comput. Mater. Sci., 50, 43 (2010). 

[3] H. Kaya, E. Çadırlı, U. Böyük, N. Maraslı. Appl. Surf. Sci., 255, 3071 (2008). 

 

 

 

DSL212 

Dr. Ravi Raju 

Department of Materials Engineering,  

Indian Institute of Science, Bangalore 560012, 

India 

 

 

Interdiffusion Study in the Co-Ni-Ta System 

Varun A Baheti, Sangeeta Santra, Soumitra Roy,  

Kiruthika Perumalsamy, Soma Prasad, Raju Ravi and Aloke Paul* 

Department of Materials Engineering, Indian Institute of Science, Bangalore 560012 

*Corresponding author: E-mail: aloke@materials.iisc.ernet.in,  

Tel.: 918022933242, Fax: 91802360 0472 

 

Study on Co-Ni-Ta systems is important for cobalt base superalloys. Ni acts as FCC phase stabilizer and prevents 

from undesirable allotropic transformation of HCP structure of cobalt. Addition of Ta helps to improve the oxidation 

resistance along with the creep strength. Previously, we studied interdiffusion in the Co-Ta system and addressed an 

important issue on the homogeneity range of the Co2Ta phase [1]. We indicated the need for correcting the phase 

diagram. In this, we report an interdiffusion study in the Co-Ni-Ta system. Phase boundary compositions are measured 
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and important diffusion parameters are estimated. Experiments are conducted at 1000ºC and 1100ºC by coupling 

Co(Ni) alloys with Ta. Ni varied in the range of 0-40 at.%.  No ternary compounds are found. In the Co/Ta diffusion 

couples; Co2Ta, CoTa and CoTa2 phases were found to grow in the interdiffusion zone. An additional (Ni,Co)3Ta 

phase is found in the ternary diffusion couples. Compositions of the phases are measured by electron probe 

microanalyzer (EPMA) and substantiated with X-ray diffraction (XRD) study. Composition ranges determined in this 

study are compared with the phase diagram available at 1100oC [2] and a corrected phase diagram is proposed. The 

change in thickness of the phases in diffusion couples indicates that Ni addition to Co alters the growth kinetics of the 

intermediate phases. This may be due to the change in point defect concentrations or change in driving forces for 

diffusion of the components.  
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Increasing the power to remove a larger amount of material in a shorter period of time increases the heat generation 

near the cutting edge of the tool and the energy consumed in metal cutting is also largely converted into heat. On this 

subject, ductility, hardness and thermal properties have significant effects on the generated temperature. These 

properties, together with the cutting tool material characteristics and the conditions of the machining process will 

define the cutting force, and hence the generated heat. The cutting temperature is of fundamental importance in 

machining processes [1,2], however, are rather scarce in the literature, studies based on the influence of structural 

features on machining temperatures [3] (specially in aluminum-based alloys), which in turn are obtained by the 

controlling of solidification thermal parameters such as growth rate (VL) and cooling rate (TR). 

The aim of this research is to investigate the influence of solidification thermal parameters on the macrostructure of 

an Al-7wt%Si alloy during the horizontal directional solidification under unsteady-state heat flow conditions and its 

correlation with cutting temperatures. The solidification experiments were instrumented by thermocouples and an 

experimental approach was developed to quantitatively determine the solidification thermal variables considered. The 

observation of the macrostructures has indicated that the columnar-to-equiaxed transition occurred in a sharp plane 

parallel to the chill wall and a higher average cutting temperature was obtained for the columnar structure. 
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Creating predicting model that provides the potential to manufacture xerogels with controlled characters according to 

chosen synthesis conditions is our goal. The simultaneous effects of pH, water: Tetraethylorthosilicate (TEOS) molar 

ratios, temperature, Polyethylene glycol (PEG) and aging conditions on textural and structural properties of xerogels 

synthesized via acid catalyzed sol-gel method [1] were studied employing 25-2 fractional factorial design [2]. Samples 

were characterized by XRD, SEM, FTIR, N2 adsorption and thermal analysis (TGA, DTA & DSC). All xerogels were 

amorphous with similar structural bonds. Addition of PEG (MW4000) decreased the specific surface area of the matrix 

[3]. High water: TEOS molar ratio, temperature and aging in ammonia which favors the hydrolysis reaction produced 

less compact structures with wider pores [4]. Increasing the skeletal density augmented the hydrophobicity of the 

prepared xerogels [5]. Our findings suggest the possibility to tailor the porosity of xerogels by controlling the synthesis 

conditions to be applied in the field of dentistry. 
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Actually, without constant increase in productivity and improvement of products quality are difficult to get a 

development in mechanical engineering field. These preventions can be avoided by introducing new processes, which 

include a surface treatment by vibration to result a superficial plastic deformation by granular flexible particles. 

Recently, these procedures are useful and reliable in different stages of industries when high surface quality 

requirements. Present work focused and based on an experimental model can be used for strengthening and in surface 

finishing process by granular flexible particles, which that enhance the quality of the surface layer for the test pieces. 

The resulting model allows representing each index as a function of initial data setting, which are: material properties 

and controlling process parameters. These relationships give as an initial step to determine the optimum process 

parameters. During production series, the surface finishing process and strengthening treatment for granular test pieces 

are presented, about calculations results also approbated industrially. 

 

Keywords: Frequency, Vibration, Amplitude , Roughness, Surface Hardening. 
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This paper presents some non-destructive evaluation methods of materials and structures: pulse method, resonance 

method, direct measurement of the propagation velocity, pulse-echo method and acoustic emission evaluation [1], [2]. 

The methods are suitable for non-metallic materials, with rugged and non-homogeneous structure, high attenuation 

coefficients for ultrasound propagation waves into materials. Utilizing non-destructive ultrasonic evaluation methods 

of non-metallic materials, various material parameters and material characteristics can be determined, such as 
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elasticity coefficients, density, propagation velocity, ultrasound attenuation and thickness of multilayers structures; 

flaw detection into material structure, locating voids, honeycombing, delaminating, depth of surface opening cracks. 

The resonance method is used to determine the dynamic elasticity modulus considering the bending at the resonance 

frequency. Vibration analyses can be carried out on a wide range of structures such as bridges, dams, buildings, etc. 

The tests are designed to determine the dynamic characteristics of the structures such as natural frequency, modes of 

vibration and damping. Acoustic emission analysis uses sensors mounted on the surface of parts or structures to record 

elastic waves caused inside by microscopic processes such as crack growth. In principle, the analysis allows a 

qualitative and, under certain conditions, quantitative assessment of the integrity of the part or structure. Acoustic 

emission analysis is also suited for other industrial applications, e.g., process monitoring. 
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Hydrogen absorption alloy is regarded as a high efficiently and safely hydrogen containing material.  TiCr2 is one of 

the hydrogen absorption alloy with relatively high hydrogen absorption capacity.  In the Ti-Cr binary system, it is 

possible to form a microstructure two-phase structure which is consisted of Ti-rich BCC phase and TiCr2 phase around 

the stoichiometric composition of TiCr2 [1].  In the previous paper [2], we showed that the hydrogen diffusion depends 

on the ratio between the BCC phase and the TiCr2 phase by the tritium radioluminography, that is, hydrogen diffusion 

coefficient increases with increase of the BCC phase from the TiCr2 composition.  However, the relation between the 

hydrogen behavior and the microstructure in the alloy is not clear because the radioluminography is no suitable for 

microscopic observation.  In this study, we perform the silver decoration experiment to investigate the hydrogen 

distribution in Ti50Cr50 alloy more higher resolution.  

The Ti50Cr50 alloy made by arc melting is cut into plate specimen 1 mm in thickness.  Hydrogen was added into the 

specimen by an electrochemical cathodic charging method using NaOH aqueous solution at room temperature.  Then 

the specimen was immersed into the silver decoration solution of KOH aqueous solution containing K[Ag(CN)2] to 

visualize hydrogen positions as the location of silver grains. After the silver decoration treatment, the specimen was 

examined by SEM and EPMA. 

By the SEM observation, silver grains were observed on the TiCr2 phase at the hydrogen input side, but were observed 

on the BCC phase at the hydrogen output side.  It is concluded that introduced hydrogen penetrates and reaches to the 

output side through the BCC phase. 
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The presence of residual stress in a welded joint is one of the main causes of fracture of welded structures. Their 

determination by the ultrasonic technique is based on the relationship between the propagation speed of ultrasonic 

waves and the condition stresses in the material. 

When a material is subjected to a stress, a change in propagation speed of the ultrasonic wave is found. This variation 

is due to nonlinear elastic effects formalized by Murnaghan. 

Thus this work is primarily concerned with the use of ultrasonic waves to evaluate these stresses. A theoretical and 

experimental study was conducted as part of this work. It has emphasis on the microstructural evolution and 

mechanical behavior of the welded steel XC 38 with filler metal. 

Measures of changes in velocity along the welded joint have allowed us to have an idea about the internal stresses. 

The stresses obtained below the elastic limit which is agree with the statements of the material resistance. 
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Many studies have been conducted in recent decades in order to establish, in a systematic manner, the influence of 

thermal and operational parameters involved in the solidification process on the resultant structure, seeking to raise 

mechanical properties and, consequently, the performance of the solidified material, through the development of 

experimental procedures and analytical and/or numeric mathematical methods. Currently, it is known that the 

conditions during the process of liquid/solid transformation, combined with the thermophysical properties of both 

materials and mold, directly affect the mechanical properties of cast products [1, 2]. However, research is being 

undertaken to understand the effects of external agents, such as gravity, acting during the process of solidification and 

therefore interfering on the formation of solidification structures [3]. 

The objective of this paper is to present an experimental study that aimed to establish correlations between primary 

dendrite spacing (λ1) and microhardness of a ternary Al-6wt%Cu-8wt%Si alloy solidified under unsteady-state heat 
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extraction, using a horizontal unidirectional water-cooled solidification device. To examine the microstructural 

evolution, thermal solidification parameters (growth rate and cooling rate - VL and TR, respectively) were calculated 

through the appliance of an experimental method and were then correlated with λ1 after its measurement using 

analytical power functions laws. The correlation between microstructural parameters and the measured hardness 

values are presented in the forms of power and Hall-Petch types equations. The analysis of the microstructure of the 

investigated alloy indicated that the increasing of TR and VL reduced the primary dendrite arm spacing and increased 

the hardness. 

 

[1] M.V. Canté, C. Brito, J.E. Spinelli and A. Garcia, Mater. Des.,51, 342-6 (2013). 
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[3] J.N. Silva, D.J. Moutinho, A.L. Moreira, I.L. Ferreira, O.L. Rocha. Mater. Chem. Phys., 130, 179-85(2011). 
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There are many forms of alternative energy, such as: the biomass energy, geothermal energy, hydraulic energy, wind 

power and solar energy. 

Each form has its natural characteristics and its own exploitation conditions, thus, the choice of the best resource does 

not depend only on provided energy capacity but also on other criteria. 

For this reason, our survey applies the multicriteria method to classify these energy resources based on several criteria. 

 

Keywords: Alternative energies, multicriteria method, technical and operational conditions. 
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Intermetallic compounds with RTx (R-rare earth metal, T-transitional metal, x=2, 3 or 5) composition are materials 

for safe, compact and reversible storage of large amount of hydrogen for different applications. Intermetallic 

compound of CeNi3 belongs to group of RT3 (R-rare earth metals, T-Fe, Co, Ni) compounds and has CeNi3 (SG 

P63/mmc, No194) structure type. This structure consists of the blocks with CeNi2 (MgZn2 structure type) and CeNi5 

(CaCu5 structure type) composition, stacking perpendicular to z-axis.  In work [1] was obtained the pressure-

composition isotherm, which demonstrated existence of the plate with equilibrium pressure corresponding to 0.09 

atm. at 500C temperature and formation of high stability hydride phase with CeNi3H3.0 composition.  X-ray analyses 

showed that hydrogenation of CeNi3 accompanies with a huge expansion of the lattice along of the z-axis (about 30 

%). At present work was studied stability of CeNi3-based hydrides with different hydrogen concentration using X-

ray diffraction method. At usual conditions in air and room temperature synthesized hydride of CeNi3 is very unstable 

and rapidly desorbs hydrogen. In contrast, hydride of CeNi3 synthesized at low temperature proved high stability in 

air and at room temperature [2]. This behaviour of hydrides occurs due to the diverse interaction of ordered and 

disordered hydrogen in sublattice of metal matrix, and may be explained by different hydrogen diffusion of ordered 

and disordered hydrogen atoms. Ordered hydrogen atoms charged partly negatively (Hδ-), have increased radius and 

slow speed of diffusion in the vacations of the lattice. Disordered hydrogen atoms charged partly positively (Hδ+), 

have small radius and fast speed of diffusion. The change of the rate between coexisting ordered and disordered phases 

leads to appearing of samples of CeNi3-based hydrides with different stability. 
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Light Gas Oil (LGO) and Light Cycle Oil (LCO) are middle-distillate-range petroleum fractions inserted for blending 

to produce utra low sulfur diesel (ULSD), but due to the presence of nitrogen compounds in these fractions, it is 

necessary to remove such contaminants, because of the strong inhibitors in the reaction of Hydrodesulfurization 

(HDS) [1]. In addition, the Brazilian oil has a high amount of nitrogen compounds [2], increasing the severity of 

processes. Alternative processes for removal of nitrogen have been studied, such as adsorption. 

In the adsorption process, the compounds to be removed (adsorbates), which are in fluid phase, is transferred to the 

surface of a solid (sorbent), and the adsorbate is selectively removed without its conversion to occur [3]. Zeolites, 

activated carbon, silica-gel, clay and activated alumina are examples of adsorbents that can be used in the removal of 

nitrogen compounds on average oil fraction [4]. 

In the present paper was studied the removal of nitrogen compounds present in a sample of LCO containing 9620 

ppm sulfur , 2035 ppm total nitrogen and 231ppm basic nitrogen, and LGO containing 5872 ppm sulfur , 962 ppm 

total nitrogen and 411 ppm basic nitrogen . The adsorption tests were carried out in a batch, by performing kinetic 

and isotherm test; and two commercial clays were used, one Fuller's earth and bentonite. The adsorbents were 

characterized by Textural analysis, X-ray diffraction, Temperature Programmed Desorption of Ammonia (NH3 - 

TPD) and Thermogravimetry (TGA). In the kinetics experiments, the results adsorption indicated the bentonite is 

most suitable for LGO denitrogenation, removed 75 % of nitrogen compounds  presents in that feedstock  within 300 

minutes, to ratio of 10ml of LGO: 2g adsorbent, and a capacity of adsorption of 3.15 mg Ntotal/g adsorbent.  

The LCO capacity of adsorption of nitrogen total was 1.33 mg Ntotal/g adsorbent, it’s worse than that of LGO, with 

the bentonite. This results, it’s probably due the LCO nitrogen compounds is majority neutral, and the clays have 

acidic sites, favoring the removal of nitrogen basic. It should be emphasized that the bentonite has showed the higher 

acidity and surface area than Fuller's earth, which has contributed to the greatest removal of nitrogen compounds by 

this adsorbent.  

 

[1] Lee, S.W.; Ryu, J.W.; Min, W.. Catalysis Surveys from Asia, Vol. 7, No. 4, 2003. 
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R.R.;Chiaro, S.S.X..2nd Mercosur Congress on Chemical Engineering, in: 4th Mercosur Congress on Process 

SystemsEngineering, August 14–18, (2005). 

[3] Stanislaus, A., Marafi, A. e Rana, M. S. Catalysis Today v. 153, n. 1-2, p. 1-68, 2010. 
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Despite its supply limitations and increasing price, crude oil still plays the leading role in the global supply of fuels 

and energy [1]. It is desirable to develop new technology that convert the heavy hydrocarbon feedstock of vacuum 

residue into more valuable products with lower boiling points. Many researchers are focusing on improving catalytic 

hydrocracking processes by using a fixed-bed, ebullated-bed or slurry-phase reactor. The presence of large pores in 

catalyst particles is imperative in heavy oil processing: heavy molecules are allowed to diffuse through the pores and 

reach the active sites. In heavy oil hydrocracking, the rate-determining step is the diffusion of large molecules through 

the catalyst pores to reach the active sites; therefore, the pore size of the catalyst is a key variable to improve its 

performance in the hydrocracking of heavy oils. 

Mesoporous alumina has been applied for hydrocracking studies due to its great capability to disperse Mo species, 

achieving higher activity during the hydrodesulfurization [2]. With these mesoporous catalysts, higher yields of liquid 

products have been obtained in the hydrocracking of residual oils. In addition to mesoporosity, macroporosity in 

alumina supports can reduce the diffusion limitation of large molecules inside pores, resulting in the better catalytic 

performance in VR hydrocracking. However, there is no report on VR hydrocracking with macroporous alumina 

supported NiMo catalysts. In this work, we prepared a hierarachically macroporous NiMo/alumina catalyst by the 

introduction of macroporosity in mesoporous alumina, and used this catalyst for the hydrocracking of VR for the first 

time. We found that macroporosity improved the catalytic performance by producing more liquid products, which we 

ascribe to enhanced accessibility of the active sites of the catalyst to the large molecules of VR. 

 

[1] S-L. Chen, S-S. Jia, Y-H.Luo, S-Q. Zhao, Fuel 73, 439 (1994). 
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Sheet moulding compounds (SMC) is chopped-fiber reinforced composite sheet material, and it has been used in the 

automotive applications. For the compounds, mineral fillers are used for cost reduction, increasing weight, and 

improvement on the stiffness.[1,2] Moreover, the mineral filler has been interested because its content, dispersibility, 



31 | P a g e  

 

and surface treatment affect on the mechanical properties of the composites.[3] Calcium carbonate is one of common 

fillers. Kiehl et al. studied the influence of the calcium carbonate contents on viscosity of blended paste [4], and 

Zuiderduin et. al. explained the behavior of the toughness of the composites with its surface condition.[5] The filler 

content affects on the mechanical properties of the products, and the content can be decided by the viscosity. As well 

known, the viscosity of the blended paste is influenced by the surface area of the filler, in other word the filler size. 

So, in this work, the mechanical properties of SMC were studied with calcium carbonates in different particle size, 3 

– 15 μm.  

For the experiment, polyester was supplied by Korea Mould Co., Ltd., and five kinds calcium carbonate in size 

supplied by Seongshin Minefield Co., Ltd.  SMC were prepared through three steps as mixing a paste – aging 

(increasing the viscosity) – compression moulding, and the process was modified to reduce to the suitable scale for 

laboratory. The reinforcement was not included in this study just to trace the filler effect. The calcium carbonate was 

characterized using particle analyzer, BET and SEM. Flexural properties were tested according to ASTM D790 using 

80 x 25 x 3.2 mm specimens, and the cross section image of the compounds were observed by SEM. 

 

[1] G. Marsh, Reinforced Plastics, 48, 18 (2004)  
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Hydrocraking (HCK) is one of the catalytic processes that aims to convert heavy oils (gasoil and heavy residues), 

with low market value, into light fractions, with higher market value (gasoline, diesel, and others).  However, it is 

necessary a pre-treatment to remove contaminants from feedstock, which occurs through two stages of Hydrotreating 

(HDT), but this catalytic process operates under conditions of high temperature and pressure. The main problem 

encountered in HCK and HDT is the poisoning of the active site by nitrogen compounds, which makes it even more 

severe operating conditions, and therefore it increases costs. In order to reduce the content of these undesirable 

compounds, this article studied adsorption as an alternative process, using two adsorbents, a silica and a clay. The 

used sample was the Brazilian gasoil containing low level of total sulfur (0,7%), and high levels of total nitrogen 

(0,4%) and basic nitrogen (0,17%). 

The adsorption tests in bath were carried out at temperatures of 80, 100 and 120 ° C, and fixed bed tests at temperatures 

of 100, 150 and 200 °C.  The results of the bath tests indicated that basic nitrogen compounds are preferentially 

removed than neutral compounds.  The adsorption is an exothermic process, which is promoted by reduction of 
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temperature, but in both tests the increase of temperature favors the removal of nitrogen. The better result, in high 

temperature, is promoted by the best wetting of the adsorbent pores and due the low viscosity at this temperature. 

Moreira (2010) studied adsorption from heavy naphthenic distillates, and he explained that because the wide range of 

present compounds in real feedstock, the multicomponent adsorption occurs, and the temperature increasing would 

favor the desorption of undesired compounds that would occupy adsorption sites of the interesting molecule, and these 

sites would be released to adsorb the desired compounds. 
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Penetration of nitrogen into austenitic stainless steels (ASS) and cobalt – chrome (CoCr) alloys, taking place during 

plasma nitriding at moderate temperatures (below nitrides formation), is characterized by plateau type concentration 

distribution profiles which cannot be explained by Fick's diffusion equations, even with concentration dependent 

diffusion coefficient. Penetration of nitrogen expands lattice and creates internal stresses. The influence of internal 

stresses is analyzed in this work by proposed model for nitriding of ASS and CoCr alloys. The model considers 

penetration of nitrogen atoms to deeper layers of alloys in presence of internal stresses as the driving force of diffusion. 

The influence of internal stresses on nitrogen diffusion is analyzed under the framework of theory based on 

thermodynamics of irreversible processes involving the process of barodiffusion for solids. The results show that 

stress gradient is responsible for plateau formation in nitrogen depth profiles. Moreover, it was found that nitrogen 

diffusion coefficient in ASS and CoCr alloys during plasma nitriding varies with nitrogen concentration according to 

Einstein-Smoluchowski relation D(CN) = f(1/CN). The proposed diffusion model was successfully applied for 

theoretical analysis of experimentally obtained nitrogen concentration distribution depth profiles for different types 

of ASS (AISI 316L, 1Cr18Ni9Ti) and medical grade CoCr alloy at different experimental conditions (temperature, 

time, flux of nitrogen). The fitting results of depth profiles done by model equations are in very good agreement with 

experimental curves. From the fitting data the diffusion coefficients are calculated for considered materials which 

values are in a good agreement with data from literature. The swelling effect is included into the model which is 

observed experimentally and significantly improves the fitting results. In addition to the analysis of depth profiles the 

kinetics and dependencies of nitriding process on process parameters were analyzed, such as kinetics of surface 

concentration and stress distribution depth profiles, dependencies of surface concentration and stress distribution on 

temperature, on nitrogen flux, etc.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 | P a g e  

 

 

 

 

 

 

 

Mathematical Modelling 

 

 

 

 

 

 

 
 

 



36 | P a g e  

 

VIP054 

Prof. Andrey N. Dmitriev 

Institute of Metallurgy of Ural Branch of Russian Academy of Sciences, 

101 Amundsen st., Ekaterinburg, 620016, Russia 

 

 

Features of Oxidizing Roasting and Reducing Melting of Titancontaining Iron Ore Concentrates  
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The influence mechanism of the initial properties of  the iron ore and mode of oxidizing roasting on the metallurgical 

characteristics of agglomerate and pellets and also on the heat exchanging processes and reduction them in the blast 

furnace and therefore on the main technical and economic indexes of the blast furnace smelting - the coke consumption 

and productivity are considered. Objects of examination selected oxidation materials: the iron ore concentrates for 

production of agglomerate and pellets and also agglomerate and pellets - raw materials for the pig iron production. 

The technical systems in which the selected objects are researched by methods of mathematical and experimental 

simulation are the main metallurgical aggregates - the agglomerative machine, the machine for roasting of pellets, the 

blast furnace providing over 90 % of world production of cast iron (about 1 billion t per year) according to the scheme 

“the blast furnace - the converter”. 

 

This work was supported by: the interdisciplinary project of Ural Branch of Russian Academy of Sciences № 12-М-

23457-2041. 
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Condition Embedded in Porous Medium 

A. R. M. Kasima, L. Y. Jiannb, A. Alic, and  S. Shafied 

a, b, c,d Department of Mathematical Sciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor 

Bahru, Johor, Malaysia 

 

In this paper, the mixed convection boundary layer of a viscoelastic fluid past a sphere embedded in porous medium 

under convective boundary condition is discussed. The boundary layer equations of viscoelastic fluid are an order 

higher than those for the Newtonian (viscous) fluid and the adherence boundary conditions are insufficient to 

determine the solution of these equations completely. Therefore, the augmentation an extra boundary condition is 

needed in order to solve this problem. The governing non-similar partial differential equations are transformed into 

non-dimensional forms and then solved numerically using the Keller-box method by augmenting an extra boundary 

condition at infinity. The numerical results obtained for limiting case are comparing with previous publication in order 

to validate the present outcomes. Result on the effects of the viscoelastic parameter, porosity parameter, and mixed 
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convection parameter on the skin friction and heat transfer as well as velocity and temperature profile have been 

shown graphically and discussed. 
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g-Jitter or periodical gravity modulation induced magnetohydrodynamics (MHD) mixed convection flow past an 

inclined stretching sheet is theoretically studied. Using appropriate non-dimensional variables, the governing partial 

differential equations are first transformed into non-dimensional form. The obtained non dimensional equations are 

then solved numerically using Keller-box method. The features of the flow with heat transfer characteristics for 

different values of frequency, amplitude and magnetic parameters on the velocity and temperature profiles are 

analyzed and discussed. The behaviour of physical quantities such as skin friction and heat transfer coefficients is also 

investigated. To validate the present numerical results, comparison with published results is done and found to be in 

a good agreement.  
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This paper discusses an application of neural network system on the performance prediction of boride layer thickness. 

Boronizing treatment was carried out in three different molten salts consisting of borax (Na2B4O7) added to boron 

carbide (B4C), aluminum (Al) and silicon carbide (SiC). The substrate used in this study was XC38. Boride layers 

involved in this work were obtained from boriding treatments at temperature range of 800-1050 °C with 50 °C interval 

for 2, 4 and 6 h. Numerical experiment using absolute values, normalised values and binarized values was carried out, 
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using back-propagation algorithm in ANN. The modelling shows that for the three baths the depth of boride layer 

were predicted with good accuracy, a highest performance of binarized values was found. 

 

Keywords: Boronizing; Borides; Molten salts; Neural network; XC38 steel. 
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An analysis is presented to establish the exact solution of second grade fluid problem for magnetohydrodynamic 

(MHD) rotating flows in a porous medium with ramped wall temperature. Based on Boussinesq approximation the 

expressions for dimensionless velocity, temperature and concentration are obtained by using Laplace transform 

method. The derived solutions satisfying the involved differential equations and imposed boundary and initial 

conditions. The influence of various parameters on the velocity, temperature and concentration has been analyzed in 

graphs and discussed. 
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The partial differential equations governing heat conduction and thermoelastic problems in functionally graded 

materials do not readily yield analytic solutions to particular boundary value problems. A number of authors have 

investigated solution to problems of this type in the case when the functional gradation is modelled analytically by 

exponential functions. Examples include the work of Marlin and Lesnic who employed a method of fundamental 

solutions to solve some heat conduction boundary value problems, Ma and Chen who employed a Fourier integral 
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representation for the temperature to solve problems involving functionally graded layered materials and Sutradhar 

and Paulino who employed boundary integral equations to solve some transient heat conduction problems.  

This study is concerned with obtaining a representation of the temperature, displacement and stress in a functionally 

graded thermoelastic material in terms of analytic functions of a complex variable. To obtain these representations 

the functionally graded material is assumed to have a gradation which can be modelled analytically by quadratic 

functions of the spatial variables. These representations open up the opportunity to employ complex analysis for the 

solution of boundary value problems in heat conduction and thermoelasticity. In particular the use of Cauchy integrals 

facilitates the solution of a number of boundary value problems including   interface crack problems. 

 

[1] L. Marin and D. Lesnic, Int. J. Solids Structures, 44, 6878 (2007). 

[2] C. Ma and Y. Chen, Acta Mechanics, 221, 223 (2011). 

[3] A. Sutradhar and G.H. Paulino, Comput. Methods Appl. Mech. Engrg. 193, 4511 (2004) 
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The assessment of proposed origins for thermal conductivity enhancement in nanofluids signifies the importance of 

particle morphology and coupled transport in determining nanofluid heat conduction and thermal conductivity. The 

success of developing nanofluids of superior conductivity depends thus very much on our understanding and 

manipulation of the morphology and the coupled transport. Nanofluids with conductivity of upper Hashin-Shtrikman 

(H-S) bound can be obtained by manipulating particles into an interconnected configuration that disperses the base 

fluid and thus significantly enhancing the particle-fluid interfacial energy transport. Nanofluids with conductivity 

higher than the upper H-S bound could also be developed by manipulating the coupled transport among various 

transport processes and thus the nature of heat conduction in nanofluids. While the direct contribution of ordered 

liquid layer and particle Brownian motion to the nanofluid conductivity is negligible, their indirect effect can be 

significant via their influence on the particle morphology and/or the coupled transport. 
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The assessment of proposed origins for thermal conductivity enhancement in nanofluids signifies the importance of 

particle morphology and coupled transport in determining nanofluid heat conduction and thermal conductivity. The 

success of developing nanofluids of superior conductivity depends thus very much on our understanding and 

manipulation of the morphology and the coupled transport. Nanofluids with conductivity of upper Hashin-Shtrikman 

(H-S) bound can be obtained by manipulating particles into an interconnected configuration that disperses the base 

fluid and thus significantly enhancing the particle-fluid interfacial energy transport. Nanofluids with conductivity 

higher than the upper H-S bound could also be developed by manipulating the coupled transport among various 

transport processes and thus the nature of heat conduction in nanofluids. While the direct contribution of ordered 

liquid layer and particle Brownian motion to the nanofluid conductivity is negligible, their indirect effect can be 

significant via their influence on the particle morphology and/or the coupled transport. 
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The texture development that takes place during annealing was investigated in Fe-Ni binary and Fe-Ni-P ternary alloy 

sheets fabricated by using an electrodeposition method. In these two alloys consisting of nanometer-sized grains, 

drastic texture changes followed abnormal grain growth which occurred during annealing beyond critical 

temperatures. <100>//ND, the major texture component in the as-deposited state of the both alloy, was transformed 

to <111>//ND during the annealing of the Fe-Ni electrodeposits, while <100>//ND was strengthened as a major texture 

component during the annealing of the Fe-Ni-P electrodeposits. After full annealing, Σ3 boundary in the former and 

Σ1 boundary in the latter, respectively, were mainly observed with the aids of EBSD. The differences of the textures 

and microstructures examined in the two alloys will be discussed in terms of possible effects of the diffusion behavior 

of S and P on abnormal grain growth.  

 

Keywords : Diffusion, Electrodeposition, Grain growth, Invar alloy, Texture 
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Al-7Si-0.4Mg alloy has widespread applications in the field of transport because of their good castability, corrosion 

resistance and excellent recycling behavior. The eutectic Si in the coarse flake form acts as crack initiation site because 

of the stress concentration. Modification of flake Si to a fine fibrous form by Sr addition is one of the ways to minimize 

the deterioration of the mechanical properties caused by the stress concentration surrounding Si particles. According 

to a recent study, it was reported that Al2Ca addition was effective to modify eutectic Si.  

In this study, effect of Al2Ca addition on Si modification, microstructures and mechanical properties of Al-7Si-0.4Mg 

alloy were investigated with varying heat treatment conditions. The Al-7Si-0.4Mg alloy was solution treatmented at 

540℃ for 2, 4, 6 and 10 hours and immediately quenched. The artificial aging was conducted at 170℃ for 2, 4, 6 and 

10 hours. 

 

[1] D. Emadi, L.V. Whiting, M. Sahoo, J.H. Sokolowski, P. Burke, M. Hart, Light Metals 2003, p.983, Paul N. 

Crepeau, Ed.(The minerals metals & materials society, San Diego, 2003) 

[2] D. Apelian, S. Shivkumar, and G. Sigworth, Trans AFS, 97, 727 (1989). 
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Al-Mg alloys are widely used in automotive and aerospace industries because of high mechanical properties and high 

corrosion resistance. With demands for weight reduction and further improvement of strength, the increase of the Mg 

content has been considered. However, the Mg enrichment would lead to the acceleration of oxide dross formation 

during melting and its mixing into the melt because of the deterioration of the oxidation resistance. And, this alloy 

system shows poor oxidation resistance at high temperature. When Al-Mg alloys expose to an ambient atmosphere at 

temperature above 350 ºC, a dense protective oxide layer covering the initial alloy surface is degraded rapidly and 

less protective oxide film is formed, consisting MgO and MgAl2O4. A study has been performed to improve the 

oxidation resistance of Al-Mg alloy mainly by Be addition. Very small addition of Be effectively prevents this rapid 

loss for times as long as 10-40 hours. However, it is difficult to be handled and should be limited by the Occupational 

Safety and Health Administration (OSHA). In an earlier study, a Mg master alloy including Al2Ca was considered as 

an addition of Mg instead of pure element.  



45 | P a g e  

 

The aim of the present study is to investigate the effect of Al2Ca on surface oxidation of Al-Mg alloys without Be 

addition at the solid state and liquid state 

 

[1] Y. O. Yoon, S. H. Ha, G. Y. Yeom, H. K. Lim and S. K. Kim, Light Metals 2013, p.323, B. Sadler, Ed.(The 

minerals metals & materials society, San Antonio, 2013) 

[2] M.H. Zayan, O.M. Jamjoom and N.A. Razik, Oxidation of Metals, 34, 323 (1990).  
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The role of cell-free layer (CFL) in modulating nitric oxide (NO) and oxygen (O2) transport has been of particular 

interest in many previous microcirculatory studies.  Despite the significant roles of the CFL in balancing NO/O2 

bioavailability in arteriolar tissue, many previous numerical approaches have relied on a one-dimensional steady-state 

model for simplicity.  However, these models are unable to examine the influence of spatiotemporal variations in the 

CFL on the NO/O2 transport under dynamic flow conditions.  Therefore, the present study proposes a new two-

dimensional transient model capable of predicting NO/O2 transport modulated by dynamic changes in the CFL width.  

The spatial variations of vessel diameter and corresponding CFL width was obtained from an in vivo rat cremaster 

muscle arteriolar flow.  Our model would, to the best of our knowledge, be the first two-dimensional computational 

model that utilizes in vivo microscopic images to structure the simulation domain.  Our model predicted that NO 

bioavailability was inversely related to the CFL width as expected.  The enhancement of NO production by greater 

wall shear stress with a thinner CFL could dominate the diffusion barrier role of the CFL, preventing NO scavenging 

by RBCs.  In addition, NO/O2 availability along the vascular wall was inhomogeneous and highly regulated by 

dynamic changes of the local CFL width variation.  The time-averaged spatial variations of the CFL widths on 

opposite sides of the arteriole exhibited a significant inverse relation.  This asymmetric formation of CFL resulted in 

significantly imbalanced NO/O2 bioavailability in the tissues on opposite sides of the arteriole. 

 

Keywords: Nitric oxide, Microcirculation, Wall shear stress, Plasma layer 
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Polymeric nanocomposites are hybrid materials, where inorganic nanoscale dimensions substances are dispersed in a 

polymeric matrix. The fillers have high surface area, promoting better dispersion in the polymeric matrix and therefore 

an improvement in physical properties of the composite depending on the homogeneity of the material. The 

preparation of Nano composites polymer matrix allows in many cases to find a relationship between a low cost due 

to the use of a lower amount of charge, and a high level of performance. In the present work, nanocomposites of 

polypropylene with different concentrations of pseudoboehmite obtained by sol-gel process, and treated with 

octadecylamine were prepared. After preparation, the samples were irradiated with a 0, 50, 100, 200 e 300kGy 

radiation dose in an electron accelerator. The pseudoboehmite nanoparticles were characterized by X-ray diffraction, 

scanning electron microscopy, differential thermal analysis and thermo gravimetric analysis. The nanocomposites 

were characterized by thermal and mechanical tests. The addition of pseudoboehmite promoted a reduction of the 

melting flow during the production of the composites evidencing the interaction of pseudoboehmite with the 

polymeric matrix. Due to the polypropilene be a semicrystalline polymer, when exposed to the irradiation process, 

have their morphology modified due to scission mechanisms of the polymer chains. 

 

[1] T.J. Pinnavaia, G.W. Beall, Polymer-Clay Nanocomposites, John Wiley & Sons, Toronto, 2000. 

[2] G. Philipp, H. J. Schmidt, Non-cryst.solids, 82, 31 (1996). 

[3] A.H. Munhoz Jr.; L.F.Miranda; G.N.Uehara, AST-Advances in Science and Technology, 45, 260 (2006). 

[4] J. A. G. Carri., S. B. Faldini, L. F. de Miranda, P. K. Kiyohara, L. G. A. Silva, A. H. Munhoz Jr., Zeitschrift fur 

Kristallogr. Suppl. 26, 537 (2007). 

[5] P. Zapata, R. Quijada, J. Retuert, E. Moncada, J. Chilean Chemical Society. 53, 1369 (2008). 

[6] A. H. Munhoz Jr.; R. Meneghetti Peres, L. H. Silveira, L. G. Andeade e Silva, L. F. Miranda; G. N. Uehara, AST-

Advances in Science and Technology, 71, 28 (2010). 
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In previous studies we have reported that piezoresistive effect in polyisoprene electrically conductive filler composites 

is highly dependent on filler concentrations, dispersion efficiency and filler geometry. In this study polyisoprene 

nanostructured carbon allotrope hybrid composites have been elaborated using various ratios and concentrations of 

multiwall carbon nanotubes (outer diameter 50-80nm, length 0,5-2 μm, surface area 40 m2/g) and electrically extra 

conductive high structure carbon blacks (average particle diameter 30nmm, surface area 950 m2/g). The piezoresistive 

effects of the hybrid composites have been tested under 1 and 10 atmospheres of external pressure in cyclic 

loading/unloading regime using Zwick/Roell Z2.5 universal material testing machine, coupled and synchronized with 

Agilent A34970A digital multimeter/multiplexer. It has been observed, that composite with certain filler 

concentrations and ratios has a significantly higher piezoresistive sensitivity compared to polyisoprene carbon 

nanotube composites or polyisoprene carbon black composites. Based on these results the impact of the synenergy of 

both carbon nanotubes and carbon black at different concentrations on the polyisoprene nanostructured carbon 

allotrope hybrid composites piezoresistive properties have been evaluated and improved piezoresistive sensitivity is 

discussed. 

 

[1] J. Zavickis, A. Linarts, M. Knite, Energetika, 57, 44 (2011) 

[2] M. Knite, J. Zavickis, V. Teteris, A. Linarts, J. Nanosci. Nanotechnol., 11, 8677 (2011) 
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Fe–Si alloys are widely used as transformer magnets and magnetic cores because of their excellent soft magnetic 

properties. Fe60Si40 powders have milled in a high energy planetary ball mill (Retsch PM400) under argon 

atmosphere at different time of milling.  The metal powders obtained have average diameter d50 of 2.5 to 6 µm. The 

introduction of Si into Fe can result in a decrease of magnetic anisotropy (therefore leading to decrease of coercivity). 

The Nanocomposite magnetic cores were made from the Fe60Si40 powder obtained by high energy ball milling for 

different milling time. The powders particles were mixed with unsaturated polyester (UP) to obtain toroidal cores. 

Polymerization process was made under magnetic field H= 500 A/m, and ensured a preferential orientation of a 

powder particles. 

Influences of the metallic powder fraction on soft magnetic properties as well as thermal increase under isothermal 

conditions were investigated along with the possibility to control these properties with the size and amount of powder 

fraction. 

It was also found that the soft magnetic properties of the polymer composites can be controlled in a wide range and 

depends on mass fraction of the metallic powder Fe60Si40 in the composite, on shape and size of the powder particles 

and their orientation in composite. 
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Study of multicomponent glass-forming alloys has been of great scientific and technological interest for their unique 

properties, which arise from the lack of long-range regularity in their atomic structure and their compositional 

homogeneity similar to the liquid state. These alloys show better mechanical properties, superior corrosion resistance 

and higher yield stress and fracture toughness than crystalline materials. In this work, anelastic properties of Bulk 

Metallic Glasses (BMG) were studied by mechanical spectroscopy using a flexural vibration apparatus. BMG’s 

samples, with nominal composition Cu48Zr43Al9 and Cu54Zr40Al6, were produced by skull push-pull casting 

technique in rectangular cavity cooper mold. In both samples, the differential scanning calorimeter patterns have 

evidenced the presence of amorphous structure, although the x-ray diffraction has shown a heterogeneous 

microstructure with amorphous matrix. Anelastic relaxation spectra were obtained using an acoustic elastometer 

system with vibration frequency in the kilohertz bandwidth, a heating rate of 1K/min, vacuum better than 10-5mbar 

in the temperature range of 300 K to 620 K. In flexural apparatus, as acoustic elastometer system, the internal friction 

(energy loss) and elastic modulus were obtained by free decay of vibrations and by the squared of the oscilation 

frequency, respectively. Internal friction spectra were not reproducible among the measurements, which may imply 

atomic rearrangement in the samples due to consecutive heating. Normalized elastic modulus data showed distinct 

behavior from the first to the other measures evidencing irreversible microstructural alterations in the samples possibly 

associated with mechanical relaxation due to the motion of atoms or clusters in the glassy state. 
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Photoinduced chemical reaction in solution and solid state, such as photodimerization process are important because 

could lead to the control of chemical reactions at the molecular scale. Salicylic acid (SA) is an interesting material 
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because it can works as antibacterial agent and can also exhibits photodimerization.  Here, we report on the 

investigation of photodimerization (induced with UV irradiation of 300nm) in complexes formed by polyallylamine 

hydrochloride (PAH) and SA in solution and films. For solution, photodimerization was characterized by using 

electronic absorption spectroscopy. Furthermore, it is found that the dimer amount increases with increasing UV 

irradiation time. This suggests that the UV radiation is able to induce photodimerization of SA.  The films of PAH 

and SA were characterized by optical microscopy, which revels fractal structures probably associated to photoinduced 

dimers. 
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Asphaltenes, a self-associating petroleum fraction, form nanoaggregates at ppm level concentrations in solvents 

including toluene, and may be viewed primarily as nanoaggregated as opposed to molecular species in solution. The 

behaviors of these nanoaggregated species in solution including formation of microscale aggregated structures and 

solid deposits are the focus of this contribution. As the exterior surface structure of asphaltene nanoaggregates remains 

speculative, the solution properties of model nanoparticles with well-defined surfaces are explored and compared to 

the behaviors of asphaltenes. In this work, the enthalpies of solution of functionalized silica and gold nanoparticles 

are reported in diverse solvents including toluene, heptane, pyridine, and tetrahydrofuran, at 25 C, 60C, and 80 C. The 

particles cores comprise 4 nm silica and gold spheres. Octyl chains and pentyl-anthracene ligands are attached to the 

exterior surfaces. The particles are then silylated. The enthalpies of solution of the ligands, and silylated particles act 

as controls for these measurements. The repeatability and reliability of measured data has been investigated [1]. The 

solution enthalpies of the gold and silica cored particles are then compared and contrasted with one another and with 

the enthalpy of solution of asphaltenes [2,3]. The observed similarities and disparities among the nanoparticle 

properties are discussed. 

 

[1] A. Pourmohammadbagher and J. M. Shaw, J. Chem. Eng. Data, 58, 2202 (2013) 

[2] K. Nikooyeh and J. M. Shaw, Energy & Fuels, 26, 576 (2012) 

[3] K. Nikooyeh, S.R. Bagheri and J. M. Shaw, Energy & Fuels, 26, 1756 (2012) 
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The many applications and great technological potential, makes graphene an important material for numerous 

applications. However, since 2004, the first report of its property, many issues still need addressed. We investigated 

production of stable, low-cost and large-area if graphene sheets obtained by electrochemically exfoliated. 

Obtaining by electrochemical exfoliation of graphene layers generates even without much quality in their structure, 

due to reduction processes involved that damages the honeycomb lattices [1], but it is a quick and large-scale 

production method would facilitate the application in industrial processes [2]. Its high surface activity, so easily groups 

in its structure that impair the crystal lattice of flakes graphene. Then, our study investigated the achievement of 

graphene, the influence of temperature on the process of peeling and the effect of irradiation of the samples as a 

method of reducing the graphene oxide. Comparative studies were performed on the size, quality and purity of the 

samples. Structural analysis of graphene were evaluated using Raman, FTIR, SEM and X ray in order to be able to 

study the samples. 

 

[1] J. Liu, M. Notarianni, G. Will, V. T. Tiong, H. Wang, and N. Motta, Langmuir, 29, 13307 (2013). 

[2] C. Y. Su, A. Y. Lu, Y. Xu, F. R. Chen, A. N. Khlobystov, L. J. Li, ACS Nano 5, 2332 (2011). 
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We present an analysis of the operation of several configurations on Silicon on insulator (SOI) based Metal-Insulator-

Semiconductor (MIS) structures with and without Pt nanocrystals (NCs) for the detection of the light of 245-880 nm 

wavelengths  range. The MIS diode is based on 3.1 nm tunneling thermal SiO2 and 20 nm atomic layer deposited 

HfO2 layers. Pt NCs are embedded between insulator sub-layers. Studied MIS structures behave as ordinary detectors, 

however MI(Pt)S additionally reveal light controlled hysteresis. The hysteresis width saturated with illumination 
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intensity and applied voltage, while the photocurrent increases linearly with light intensity as in MIS. The hysteresis 

is caused by the Pt NCs charge/discharging process by the photo generated minority carriers. 

Back-to-back connected MI(Pt)S devices are characterized by a symmetric bipolar hysteresis of an equal widths. The 

values of responsivity (R) of structures in photo detector regime without antireflection coating (ARC) at edge 

wavelengths of 245 nm and 880 nm reach to the ~0.11 A/Watt, while in 365 to 680 nm range are above of 0.17 A/W 

with almost  plateau (R~0.25 A/W) in wavelengths of 405 nm to 630 nm. An ARC improves the R for about of 25%. 

Measured bandwidth at 3 db level is about 2.5 MHz. A photo to dark currents ratio larger than 5x104 is achieved. The 

measured R in ultraviolet and visible wavelengths range is in several times larger than known in literature SOI based 

photo detectors, similar to that in wide band gap semiconductors case but superior by the spectral sensitivity range. 
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The work we have undertaken consists of preparing nanocrystalline Fe40Co60 powders by Mechanical Alloying 

(MA) route. Characterization of obtained powders was applied on two steps. First, structural properties were 

investigated. X-Ray Diffraction (XRD) was used to identify the formation of a disordered α (Fe40Co60) solid solution 

with bcc lattice after 60h milling. By Halder-Wagner approach lattice size, average grain size and residual strain were 

fixed. Morphology of powders was investigated by Scanning Electron Microscopy (SEM). Then bulk specimens were 

prepared by cold compaction for microwave measurements. Microwave dielectric permittivity and conductivity were 

determined using cavity perturbation technique. Microwave absorbing characteristic was measured according to line 

transmission method. 

Obtained results confirm that the developed structure after milling is the main factor that influences the microwave 

properties of nanocrystalline Fe40Co60 powders compared to elemental Fe. 

 

[1] Baek-Hee Lee, Brong Su Ahn, Dae-Gun Kim, Sung-Tag Oh, Hyeongtag Jeon, Jinho Ahn, Yong Do Kim, Materials 

Letters57 (2003) pp1103-1107. 

[2] Jyh Sheen, Measurement 42 (2009) 57- 61 

[3] Xin Tang, Qing Tian, Binyuam Zhao, Keao Hu, Materials Science and Engineering A445-446 (2007) 135-140.  
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Endocrine-disrupting chemicals (EDCs) are substances that mimic natural hormones in the endocrine system causing 

adverse effects on human and wildlife. Bisphenol A (BPA), one of EDCs, is of a considerable social and scientific 

concern. It heavily used as a monomer in synthesis of epoxy resins and polycarbonate plastics. It is considered to be 

a significant pollutant since its weak estrogen-like effect is harmful to organisms [1]. In recent year, the occurrence 

of BPA in water systems has been of interesting because BPA has been detected in industrial wastewater, groundwater, 

surface water and drinking water. Adsorption is a superior and promising removal method for low-concentrated 

contaminants in water systems such as BPA in terms of low cost, easy operation and fewer harmful secondary 

products. 

In this work, mesoporous titanosilicate/reduced graphene oxide nanocomposite materials were synthesized as a 

function of the Ti content and their adsorptive behavior for BPA in an aqueous solution was investigated for the first 

time. Adsorption capacities of bisphenol A at equilibrium, qe (mg/g), decreased with increasing Ti contents, being 

proportional to surface areas of the composite materials. The FT-IR analysis showed that the hydroxyl groups on the 

composite materials interacted with BPA to produce hydrogen bonding and the hydroxyl groups in the mesoporous 

titanosilicate could be divided into two different types – Si-OH and Ti-OH. In addition, Raman spectra gave evidence 

that sp2 hybrid structure of graphene oxide interacted with the benzene rings of BPA. This work may provide new 

insights into adsorptive interaction between the adsorption sites of inorganic/organic composite materials and organic 

contaminants. 

 

[1] H.S. Chang, K.H.Choo, B. Lee, and S.J. Choi,. J Hazard Mater. 172, 1 (2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 | P a g e  

 

 

 

 

 

 

 

 

Numerical Methods 

 

 

 

 

 

 
 

 



60 | P a g e  

 

DSL254 

Dr. Kabache Malika 

University M’hamed Bouguerra  

Boumerdes, Algeria 

 

 

Effect of a Turbulent Plane Wall Jet on a Heated Obstacle 

M.Kabache1, A.Mataoui2 and F.Madi - Arous2 

1 University M’hamed Bouguerra – Boumerdes, Algeria 

2 Theoretical and applied laboratory of fluid mechanics, University of science and Technology Houari 

Boumedienne- USTHB, Algiers, Algeria.  

 

The mean turbulent flow structure around an elongated hot obstacle mounted 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. 

 

Keywords: Wall jet; Heat transfer, Turbulence, Obstacle, Boundary layer 
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It is shown that for successful implementation of sulfitation process the titan ability to change valence in reducing 

conditions can be used. Thus the best solubility in sulfuric acid possess the lowest oxides of the titan with a cubical 

crystal lattice (TiO) and the lowest - with a rhombohedral lattice (Ti2O3). The intermediate position occupies the 

anosovite Ti3O5 (a trimetric lattice). The technology of thermal activation of the leucoxene concentrate is developed 

and tested in industrial conditions. The pigment received from the activated Yaregsky concentrate corresponds to 

State Standard 9808-84 and has the indicator of the whiteness 96.0-96.8 conventional units, the luminous reflectance 

1750-1820 conventional units, the hiding power 32 g/m2. The way of thermal activation of the perovskite concentrate 

together with the leucoxene concentrate in the solid phase and also the way of its use as the calciumcontaining  additive 

for electromelting of the leucoksene concentrate for the purpose of activation in the fluid phase at rather moderate 

temperatures are offered. 
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The gravity effects in relation to the dendritic growth have been investigated with the chill placed in general on the 

bottom or top of the mold [1, 2]. In the case of vertical upward directional solidification, the influence of the 

convection is minimized when solute is rejected for the interdendritic regions, providing the formation of an 

interdendritic liquid denser than the global volume of liquid metal. When the process is carried out vertically 

downward, the system provides the melt convection which arises during the process. In the horizontal unidirectional 

solidification, when the chill is placed on the side of the mold, the convection in function of the composition gradients 

in the liquid always occurs [3]. 

In this work, thermal, microstructural and microhardness (HV) analysis were carried out along an Al-6wt.%Cu alloy 

ingot produced by horizontal directional transient solidification. The main parameters analyzed include the growth 

rate (VL) and cooling rate (TR). The gravity effects in relation to the dendritic growth have been investigated. For 



63 | P a g e  

 

this purpose, a horizontal solidification experimental apparatus was developed and specimens were solidified under 

unsteady state heat flow conditions. The dendritic microstructure has been characterized by primary dendritic arm 

spacings (λ1) which were experimentally determined and correlated with VL, and TR. The dependence of the 

microhardness on VL, TR and λ1 was also analyzed. It has been found that, for increasing values of VL and TR, the 

values of HV increase. On the other hand, the values of HV increase with decreasing values of λ1. 

 

[1] H. Kaya, E. Çadırlı, U. Böyük, N. Maraslı. Applied Surface Science 255, 3071–3078 (2008). 

[2] Manuel V. Canté, Crystopher Britoa, José E. Spinelli, Amauri Garcia. Materials and Design 51, 342–34 (2013). 

[3] J.N. Silva, D.J. Moutinho, A.L. Moreira, I.L. Ferreira, O.L. Rocha. Mater. Chem. Phys., 130, 179-85(2011) 
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Mg-based alloys are promising lightweight materials for automotive, aerospace and biomedical applications. Recently 

Mg-Zn-Y alloys take a great attention due to a stable icosahedral phase (I-phase) with quasicrystalline structure. 

Quasicrystals characterized by unusual structure with a lack of translation symmetry exhibit high hardness, high 

corrosion resistance and low surface energy. Due to their brittleness single phase quasicrystals are not suitable for 

structural applications, but finely dispersed quasicrystalline particles are promising strengthening agents in Mg alloys.  

Moreover, I-phase has strong interfacial bonding to the Mg matrix, low friction coefficient and low surface energy 

which is beneficial for ductility and deformability. 

Since diffusivity of Zn and Y solutes differs the non-equilibrium microstructure formed by rapid quenching after 

suitable heat treatment may differ considerably from the microstructure of as-cast alloy. In this work we found that 

the proportion of the I-phase in Mg-Zn-Y-Nd-Zr alloy can be increased by suitable heat treatment. Annealing at 500oC 

leads to an increase of the volume fraction of the I-phase at the expense of the W phase. The solidification process is 

influenced by cooling rate resulting in a striking difference in the morphology of grain boundary phases. Slowly 

cooled sample was kept at elevated temperatures long enough for long range diffusion of Y and Zn along grain 

boundaries required for formation of coarse I-phase and W-phase particles. On the other hand, in the quenched sample 

the fast cooling rate prevents long range diffusion of Y and Zn atoms leading to formation of regions with locally 

enhanced concentration of Y and Zn separated by depleted regions. 
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Tree shaped flow networks connect one point to an infinity of points and are everywhere in Nature [1- 

3]. These networks often own minimal flow resistance and vessel sizes obey to scaling power -laws [1, 3]. Bejan and 

co-authors [1, 4-6] showed that the generat ion of tree –shaped networks occurs in the pursuit of global thermodynamic 

performance subject to constraints. 

They also obtained vessel sizes relationships similar to those reported in the literature [7]. Tree shaped networks for 

cooling [8], applications for single - phase flow and two phase flow [1,9], applications for heat and mass exchangers 

[10], microvascular lab on a chip systems [11] and embedded dendritic vasculatures for smart materials with 

volumetric functionalities, such as self healing and self cooling [12,13] have been proposed in the literature. 

In this paper presents a model for fluid flow through a tree shaped network with porous tubes. Hagen Poiseuille flow 

is assumed for tubes and Darcy flow for the porous wall. 

 

[1] A. Bejan, Shape and Structure from Engineering to Nature, Cambridge University Press (2000) 

[2] A. Bejan, I. Dincer, S. Lorente, A.F. Miguel and A.H. Reis, Porous and Complex Flow Structures in Modern 

Technologies, Springer (2004) 

[3] A.F. Miguel, Frontiers in Physics, 2:9 doi: 10.3389/fphy.2014.00009 (2014) 

[4] W. Wechsatol, S. Lorente and A. Bejan, Int. J. Heat Mass Transfer, 45, 4911 (2002) 

[5] S. Lorente, W. Wechsatol and A. Bejan, Int. J. Heat Mass Transfer, 45, 3299 (2002) 

[6] S. Lorente, W. Wechsatol and A. Bejan, Int.J. Heat Tech., 22, 15 (2004), 

[7] A. Bejan, L.A.O. Rocha, and S. Lorente, Int. J. Therm. Sci., 39, 949 (2000) 

[8] K.M.Wang, S. Lorente and A. Bejan, J. Phys. D, 39, 3086 (2006) 

[9] S.M. Senn and D. Poulikakos, J. Appl. Phys., 96, 842 (2004) 

[10] D. Tondeur, L. Luo and D. D’Ortona, Entropie, 30, 32 (2000). 

[11] D.R. Emerson, K. Cieslicki, X. Gu and R.W. Barber, Lab on a Chip, 6, 447 (2006). 

[12] K.M.Wang, S. Lorente and A. Bejan, J. Phys. D, 40, 4740 (2007). 

[13] E. Cetkin, S. Lorente and A. Bejan, Int. J. Heat Mass Transfer, 54, 2774 (2011) 

 

 

 

VIP076 

Prof. Azita Ahmadi-Senichault 

I2M, Université Bordeaux,  

Arts et Métiers ParisTech,  

CNRS, Talence, France 

 

 



66 | P a g e  

 

Thermographic and Tomographic Methods for Three-Dimensional Characterization of Thermal  

Diffusion in Silica/Phenolic Composites 

A. Ahmadi-Sénichault1, G. L.Vignoles2, G. Bresson1, 2, O. Caty2, V. Ayvazyan1,  

M. L. Gregori3, S. F. Costa3 

1I2M, Université Bordeaux, Arts et Métiers ParisTech, CNRS, Talence, France 

2LCTS, Université Bordeaux, CNRS, Safran, CEA, Pessac, France 

3CTA/IAE, S. José dos Campos, SP, Brazil 

 

Aeronautical and space vehicles include many parts made of composite materials. The thermal design of these 

materials is critical versus their application. Indeed, the presence of very high thermal gradients during use may cause 

many technological problems such as resistance to thermal shocks or ablation. Furthermore, certain manufacturing 

processes call upon very high thermal gradients. Hence, the knowledge and control of the evolution of thermal 

properties during manufacturing and use is essential. 

In this work the development of a dual approach for thermal characterization of composite materials is presented. The 

first method makes use of standard and specific experimental methods, while the second is based on upscaling tools. 

In the second, 2D microscopic and 3D tomographic images are used in a two-step upscaling process using the Volume 

Averaging Method with closure: microscopic scale to mesoscopic scale to macroscopic scale. The procedure starts 

from the knowledge of the properties of the elementary constituents (matrix and fibers) and their spatial arrangement. 

The method can also be applied to virtually generated images of composite materials and can therefore contribute to 

the creation of a “design tool” that can allow the prediction of the influence of the architecture of the fiber 

reinforcement on certain properties of the composites namely the heat conductivity tensor. The two approaches are 

applied to two silica/phenolic composites with different spatial organizations. These composites are often used in 

thermal protection systems for atmospheric re-entry. Numerical results are compared to experimental ones in terms 

of transverse and longitudinal thermal conductivities of the composites, and are found to be in good agreement. A 

discussion is made on the different possible sources of uncertainty for both methods. 
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Smart features such as self-healing and self-cooling require bathing the entire volume with a coolant or/and healing 

agent. Bathing the entire volume is an example of point to area (or volume) flows. Point to area flows cover all the 

distributing and collecting kinds of flows, i.e. inhaling and exhaling, mining, river deltas, energy distribution, 

distribution of products on the landscape and so on. The flow resistances of a point to area flow can be decreased by 

changing the design with the guidance of the constructal law, which is the law of the design evolution in time. In this 

paper, how the flow resistances (heat, fluid and stress) can be decreased by using the constructal law is shown with 

examples. First, the validity of two assumptions is surveyed: using temperature independent Hess-Murray rule and 



67 | P a g e  

 

using constant diameter ducts where the duct discharges fluid along its edge. Then, point to area kinds of flows are 

explained by illustrating the results of two examples: fluid networks and heating an area. Last, how the structures 

should be vascularized for cooling and mechanical strength is documented. This paper shows that flow resistances 

can be decreased by morphing the shape freely without any restrictions or generic algorithms. 
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In this paper we investigated the thermal behaviour of an assembly of multi scale cylinders in cooled by natural and 

forced convection with the objective of maximizing the heat transfer ensity rate (heat transfer rate per unit volume). 

In the first part of the work a numerical model was used to solve the governing equations that describe the temperature 

and flow fields and a mathematical optimisation algorithm was used to find the optimal structure for flow 

configurations with two degrees of freedom. The multi scale structure of the cylinder assembly was optimized for 

each flow regime (Rayleigh number) and cylinder rotation speed for two degrees of freedom. Smaller cylinders were 

placed at the entrance to the assembly, in the wedge-shaped flow regions occupied by fluid that had not yet been used 

for heat transfer, to create additional length scales to the flow configuration. It was found that there was almost no 

effect of cylinder rotation on the maximum heat transfer density rate, when compared to stationary cylinders, at each 

Rayleigh number; with the exception of high cylinder rotation speeds, which served to suppress the heat transfer 

density rate. It was, however, found that the optimized spacing decreased as the cylinder rotation speed was increased 

at each Rayleigh number. Results further show that the maximum heat transfer density rate for a multi scale 

configuration (without cylinder rotation) was higher than a single scale configuration (with rotating cylinders) with 

an exception at very low Rayleigh numbers. In the second part of the work, two main configurations were studied, 

the first was with two different-sized cylinders aligned along the same centreline, and the second configuration was 

that in which the axis of rotation of the two cylinders was not on the same centreline but the leading edges of the 

cylinders were on the same line. In both configurations, the cylinders were subjected to two types of rotations, counter 

rotation and co-rotation. Results show that the optimal smaller cylinder diameter was robust with respect to the 

dimensionless pressure drop number, for both configurations. Results further showed that rotation was only beneficial 

for cylinders with the same axis of rotation and the effect was minimal when the axis of rotation is different. Analogy 

between rotation in natural and forced convection show that the Rayleigh number and the dimensionless pressure drop 

number (Bejan number) perform identical function in natural and forced convection. 
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The measurement of the chloride diffusion coefficient through partially saturated porous materials is of extreme 

importance both in civil engineering and in the domain of nuclear safety. An experimental method was developed 

based on electrochemical impedance spectroscopy.  

It was validated by comparison to migration tests in fully saturated samples. A microstructurebased electrical 

equivalent circuit was elaborated to obtain the main features of the sample including the material electrical resistance 

for any water saturation degree. It is shown that the chloride diffusion coefficient varies over four orders of magnitude 

when the material is almost dry to fully saturated. 
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Energy consumption in residential and public buildings accounts almost for one third of the primary energy 

consumption worldwide. It is therefore one of the larger contributors to the carbon dioxide production. Aiming 

reduction targets for both, energy consumption and carbon dioxide production, the Maisotsenko cycle technology is 

one of the newest high efficiency and low power consumption air conditioning technologies under development [1-

3]. Since this new thermodynamic cycle promises large energy-efficiency gains in air conditioning the main goal of 

this paper is to present a thermodynamic approach of the Maisotsenko cycle in order to understand the fundamentals 

of its functioning and allowing numerical evaluation of its performance.  

Fundamentals of the Maisotsenko cycle functioning are mathematically modeled and then the Constructal Law [4] is 

employed to predict the best flow configuration possible in order that, during the Maisotsenko cycle functioning, the 

temperatures difference between the dry bulb and wet bulb temperature allows the  incoming air to be cooled by 

indirect evaporative cooling almost to its dew point.  

 

[1] V. Maisotsenko, L. Gillan, 2003. Maisotsenko cycle for air desiccant cooling. In: Proceedings of the 4th 

International Symposium on Heating, Ventilating and Air Conditioning, Beijing, China, October 9, 2003-October 11, 

2003, 1011-1020, ISBN 10: 7302073260.  
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[2] V. Maisotsenko, I. Reyzin, 2005. The Maisotsenko cycle for electronics cooling. In: Proceedings of the 

ASME/Pacific Rim Technical Conference and Exhibition on Integration and Packaging of MEMS, NEMS, and 

Electronic Systems: Advances in Electronic Packaging, San Francisco, CA, U.S., July 17, 2005-July 22, 2005, A, pp. 

415-424. ISBN-10: 0791842002. 

[3] H. Caliskan, A. Hepbasli, I. Dincer, V. Maisotsenko, Thermodynamic performance assessment of a novel air 

cooling cycle: Maisotsenko cycle, International Journal of Refrigeration (2011), doi:10.1016/j.ijrefrig.2011.02.001. 

[4] A. Bejan, S. Lorente, The constructal law and the evolution of design in nature, Physics of Life Reviews, Volume 

8, Issue 3, October 2011, 209-240. 
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The wave energy conversion into electricity has been increasingly studied in the last years. There are several proposed 

converters; among them the oscillating water column (OWC) device has been widely studied. The main goal of this 

work is to compare two types of physical constraint in the chimney of the OWC device, aiming to represent the 

pressure drop imposed in the air flow by the turbine. The conservation equations of mass, momentum and one equation 

for the transport of volumetric fraction are solved with the finite volume method (FVM). To tackle with water-air 

interaction, the multiphase model volume of fluid (VOF) is used. The computational domain is represented by an 

OWC device coupled with one wave tank. Initially, based in literature references, an asymmetric constraint is 

reproduced and investigated. After that, a second strategy is proposed, where a symmetric physical constraint with an 

elliptical shape is analyzed. Different dimensions for each type of physical constraint are tested with the purpose to 

evaluate the effect of restriction geometry over the ratio between the air mass flow rate crossing the chimney and the 

internal pressure of the OWC hydropneumatic chamber. The geometrical characteristics of the OWC converter are 

fixed, while the diameter of the physical constraint (d1) varied. Hence, it is possible to choose an optimal d1 value for 

each type of constraint. These optimal values are used to study the incidence of a wave spectrum in real scale in the 

OWC converter, allowing the achievement of a curve representing the characteristic curve of a turbine. Therefore, it 

is possible to establish a strategy to reproduce the pressure drop in OWC devices caused by the presence of the turbine 

and still to generate its characteristic curve. This work also allows the development of a numerical methodology for 

future studies of the influence of the chamber geometry over the device efficiency taking into account the effect of 

turbine over the fluid flow inside the hydropneumatic chamber. 
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In this work, a numerical solution for the velocity profiles in a transient electroosmotic fluid flow through a slit channel 

formed by walls with different zeta potentials is presented. The study considers a fluid with non-Newtonian behavior 

based on the Maxwell model. This kind of flows could be important tasks of separation and mixing in microfluidic 

devices. The governing equations that describe the electroosmotic flow, momentum and Poisson-Boltzmann 

equations, together with the boundary and initial conditions are nondimensionalized; as consequence, dimensionless 

parameters appear in the mathematical modeling that governs this kind of flow: the dimensionless relaxation time of 

the fluid, λ ̅, representing the competition between the relaxation time of the fluid against the characteristic time scale 

of momentum diffusion; the parameter, R_ζ, which defines the ratio of the zeta potential of both walls of the 

microchannel; the electrokinetic parameter, κ ̅,  representing the ratio of the half height of the microchannel to the 

Debye length. By combining the momentum equation together with the rheological Maxwell model, this leads to 

obtain a hyperbolic partial differential equation, which is solved by the radial basis function approximation. 

The results show that the velocity profiles can exhibit an anti-symmetric shape due to the character of the zeta 

potentials and a peculiar oscillatory phenomenon in the flow during “early” transient stage is observed as a result of 

the viscous and elastic effects of the Maxwell fluid model. Furthermore, increasing values of the dimensionless 

relaxation time, the physical time to reach a steady state is also increased. 
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In this work, the purely electroosmotic flow (EOF) through wavy-wall microchannels of a Newtonian liquid is solved 

asymptotically, by using the domain perturbation method [1] and regular perturbation methods [2]. For the 

mathematical modelling, we consider that the microchannel walls are corrugated; it is assumed that the gap width of 
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the channel oscillates in a regular periodic manner according to, on the length scale, with n being the wave number, 

the length of the microchannel is L, H is the mean semi-channel height and is a dimensionless geometrical parameter 

which characterizes the waviness of the microchannel walls. Because the fluid is assumed to be incompressible, the 

velocity component in the mean-flow (x) direction must increase and decrease as the channel cross section decreases 

and increases, respectively, in order to preserve a constant-volume flux (i.e., mass conservation); a consequence of 

the above is the appearance  of an induced pressure gradient along the microchannel. In order to describe the flow 

field of this EOF, the governing equations of the continuity, momentum and Poisson-Boltzmann equations, together 

with the boundary conditions are nondimensionalized; thus, dimensionless parameters appear in the mathematical 

modeling that control this EOF. In this context, the dimensionless governing equations are simplified by using the 

lubrication approximation, and solved by using perturbation methods. The importance of the sinuous character of the 

microchannel wall as the role of the frequency waviness on the EOF are demonstrated. 

 

[1] L.G. Leal, Advanced Transport Phenomena, p.232, (2007), Cambridge University Press.  

[2] S.C. M. Bender, S.A Orszag, Advanced Mathematical Methods for scientists and Engineers: Asymptotic 

Methods and Perturbation Theory, p.317, (1999), Springer.  

 

 

 

DSL341 

Miss. Bahareh Haddadi 

Islamic Azad University Central Tehran Branch (IAUCTB),  

Iran 

 

 

Analysis, Simulation and Application of SFIT in Microfluidic Systems 

B.A.Haddadi1 

1 Islamic Azad University Central Tehran Branch (IAUCTB) ,Iran. 

 

Lab-on-a-chip (LOC) systems in recent years has found many applications in the fields of medical diagnostics, and 

also serves as a growing rate. Among the various components of a such system using interdigital transducers required 

for resonance, particularly in the microparticles separation systems plays an important role. Interdigital transducer has 

comb like structure that in general made of metals such as aluminum, chromium, gold, etc. Using piezoelectricity 

property of some materials, and patterning IDTs on the substrate, resonance can be provided in microfluidic systems 

.In this article tried to analysis and simulate a special type of IDT named SFIT which have slanted finger and tapered 

shape.  The simulation is done by COMSOL Multiphysics software. At first mathematical analysis of SFIT reviewed 

and then a model of it simulated to show its application in microfluidic systems. In some cases we need to provide 

resonance in proper frequency in fluid domains. Since fluids have different behavior in micron volumes, then analysis 

and simulation of microfluidic systems have special tips. 

 

[1] G. Scheerschmidt, K.J. Kirk1 and G. McRobbie, “Finite element analysis of resonant frequencies in surface 

acoustic wave devices”, Proceedings of the COMSOL Users Conference (2006). 

[2] Avramov Ivan D., High-performance surface transverse wave resonators in the lower GHz frequency range. 

Institute of Solid State Physics, Bulgarie (2000). 

[3] Bill Drafts, “Acoustic wave technology sensors”, presented at Microwave Theory and Techniques, 2001. 

Proceedings of IEEE, 2001. 

[4] D.W. Greve and W. Wu, I.J. Oppenheim and K.B. Gregory, Particle concentration by acoustic standing waves, 

IEEE International Ultrasonics Symposium Proceedings, 2081-2084, 2012. 
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Non-Newtonian fluids became of great interest, basically in industry applications (Oil and chemical). This work 

employ an developed image processing algorithm [1] which allows to capture fluids in very low velocities using one 

conventional CCD camera to analyze the behavior of a non-Newtonian fluid. The process is performed triggering the 

camera at different rates in order to produce a raster in image proportional of time between two consecutive particle 

path and in this way determining the respective velocity vectors of typical order of 10¬-1 cm/s. These velocities turn 

possible studies of non-Newtonians fluids characteristics profiles of different bench test. Tubular pipes, planar on 

laminar flow, and others complex geometries can be detailed given complete velocity field in real time with the 

precision of PIV technique. 

 

[1] R.P. Nunes, F.T. van der Laan, The Influence Of Gas Injection Positions Characteristics Of Vorticity Fields in a 

Steelmaking Ladle, 19th   COBEM2007, Brasilia, BR (2007). 

 [2] S. Frey, C. Fonseca, Stabilize Finite Element Formulation for UCM Fluid Flows Around a Cylinder Confined by 

Parallel Plates, 6th AERC 2010, Göteborg, Sweden (2010). 
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The present work is devoted to the numerical study of turbulent flow through a cavity using nanofluids. Different 

volumes fractions of nanoparticles are considered in the base fluid besides different type of nanoparticles have been 

used. The governing equations were discretized by the finite volume method. Our objective is to understand the effect 

of nanofluids on the heat transfer enhancement of separated flows. Numerical simulations are performed for pure 

water and for nanofluids (CuO and Al2O3). 
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The results are analyzed through the thermal and dynamic fields, particularly the Nusselt number. The validation is 

performed by comparing with data of the available literature of backward facing step flow [1] and [2]. Similarly as 

the case of backward facing step, an increase in average Nusselt number with the volume fraction of nanoparticles for 

the whole range of Reynolds number is obtained for cavity flow. 

 

[1] E.Abu-Nada, Application of nanofluids for heat transfer enhancement of Separated flows encountered in a 

backward facing step. Int. J. Heat Fluid Flow 29, 242–249 (2008). 

[2] F.Hakan, Oztop et E. Abu-Nada. Numerical study of natural convection in partially heated rectangular enclosures 

filled with nanofluids. International Journal of Heat and Fluid Flow 29 1326–1336(2008). 
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LNG (Liquefied Natural Gas) has the cryogenic temperature of –160°C to ensure the minimum storage volume when 

stored in LNG containers. Among various types of LNG storage containers, the full containment above-ground type 

with a double safety system: outer concrete tank; and inner steel tank. Normally, the inner tank contains LNG, but 

when the LNG leaks from the inner tank, the outer concrete tank comes into contact with LNG. Under this accidental 

case, it is indispensable for the outer wall to keep the liquid tightness in order to safely contain the LNG before taking 

any countermeasure. 

In order to investigate the cracking response of the reinforced concrete wall exposed to cryogenic temperature, The 

ANSYS finite element code has been employed for performing a sequential, non linear, transient thermal-structural 

analysis, taking into account the thermal dependant properties of the concrete as thermal conductivity and specific 

heat. 

The William and Warnke failure criterion under multi-axial stress state is adopted to assess the initiation of cracks 

and identify the corresponding failure modes (including cracking and crushing) at the centroid of a concrete element 

or one of its integration points. 

 

Key words:  Concrete, low temperature, thermal stress, cracking. 

Fig. 1: Solid model (3-D) 

Fig. 2: Finite element model (3-D) 
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We report on a novel class of optical beams that aims for bidirectional and continuous transport of particles in complex 

environments such as colloidal liquids or aerosols. The optical force acting on a dielectric particle in dipole 

approximation is governed by gradient force and radiation pressure [1]. For being able to induce drag towards the 

laser source, one has to exploit the gradient term. By tailoring the beam such that the light follows a spiraling trajectory 

and continuously rotating the same, an ongoing particle flow may be obtained. Moreover, by utilizing the particles 

inertia, a selective behavior should be achievable. Based on the particle friction and surface tension, momentum could 

be transferred to the host liquid inducing a controllable flow inside the sample. 

In our work, the aforementioned beams utilize a combination of higher order Bessel modes. When interfering two 

Bessel beams of different order, their respective phase terms cause constructive interference along a spiraling path 

[2]. For the experimental implementation we exploit the fact that the angular spectrum of two Bessel beams yields a 

double-ring pattern with distinct helical phase pitch on each ring. After Fourier transformation by means of a 

conventional lens, a spiraling intensity distribution is formed. A thorough analysis on the optimization of the beam 

parameters was done in order to achieve high intensity contrast and rotation rates. We verify our theoretical findings 

using a versatile experimental technique that allows addressing the entire parameter range. 

 

[1] Y.Harada and T. Asakura, Optics Communications, Vol. 124, No. 5-6 (1996).  
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The dynamical behavior of the laser cutting process is investigated in this paper. We have then considered a 4 mm 

stainless steel plate thickness without taking into account the transverse movement of the treated workpiece, where 

the molten metal which is taken as a laminar, steady, viscous and incompressible fluid is ejected by a subsonic laminar 
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nitrogen gas. Our numerical calculations reveal vortex structures adjacent to the walls at the entrance of the kerf.  

These inside vortex structures can produce separation point in the molten film, and then can affect the surface quality 

of the processed workpiece. An extended region below the formed kerf is included in the computational domain to 

show another pair of eddies outside the kerf.  All these phenomena affect directly the dynamical and thermal aspect 

of the whole system. The numerical modelling and the simulation of such problem was obtained by using the volume 

of fluid (VOF) and the enthalpic solidification/melting models, implemented by Fluent CFD software. 

 

Keywords: cutting, laser, metal, gas, inert, layer, fusion, transfer, heat, vortex 

 

 

 

DSL366 

Dr. Boutra Abdelkader 

University of Science and Technology Houari Boumediene,  

Algiers, Algeria 

 

 

Lid-Driven and Inclined Square Cavity Filled With a Nanofluid: Optimum Heat Transfer 

A. Boutra1, 2, K. Ragui1, N. Labsi1, Y.K. Benkahla1 

1University of Science and Technology Houari Boumediene, Algiers, Algeria. 

2Preparatory School of Science and Technology, Algiers, Algeria. 

 

This paper reports a numerical study of mixed convection in square enclosure, filled with a mixture of water and Cu 

(Ag, or Al2O3) nanoparticles. It is assumed that the temperature difference driving the convection comes from the 

side vertical moving walls, when both horizontal walls are kept insulated. In order to solve the general coupled 

equations, a code based on the finite volume method is used and it has been validated after comparison between the 

present results and those of the literature. To make clear the effect of the governing parameters on fluid flow and heat 

transfer inside the enclosure, a wide range of the Richardson number, taken as 0.01 to 100, the nanoparticles volume 

fraction (0 % to 10 %), and the inclination angle of the bottom wall (0° to 180°) are investigated. The phenomenon is 

analyzed through streamlines and isotherm plots, with special attention to the vertical velocity profiles and the Nusselt 

number. 

The obtained results show that the mean Nusselt number is an increasing function with decrease values of the 

Richardson number and that, for fixed values of the nanoparticles volume fraction and the cavity inclination angle. 

Besides, it is found that for each Richardson number, the heat transfer enhancement consequent to the dispersion of 

nanoparticles into the base fluid increases with increasing the nanoparticles volume fraction. 

The type of the nanofluid and the cavity inclination angle are key factors for heat transfer enhancement. Highest 

values of the mean Nusselt Number are obtained using Ag nanoparticles and an inclination of 30°. 
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Palladium is one of the most studied materials in connection with hydrogen. It absorbs large amount of hydrogen and 

can be charged with hydrogen easily. Hydrogen absorbed in Pd occupies octahedral interstitial sites in fcc Pd lattice 

and causes a significant volume expansion. In a non-perfect lattice hydrogen can be trapped in open volume defects 

(vacancies, dislocations etc.) existing in the material. Trapped hydrogen causes almost no volume expansion and 

trapping in defects strongly reduces hydrogen diffusivity in the material. For these reasons the understanding of 

hydrogen interaction with defects is important for development of new materials for hydrogen technologies. 

In the present work hydrogen interaction with vacancies and dislocations in Pd was investigated. Well annealed and 

plastically deformed Pd samples were electrochemically doped with hydrogen. Defects in hydrogen loaded samples 

were characterized by positron annihilation spectroscopy. Subsequently the samples were subjected to isochronal 

annealing (10 K/min) and hydrogen desorption was studied by differential scanning calorimetry (DSC). An 

asymmetrical endothermic peak caused by hydrogen desorption was observed in the DSC spectrum of well annealed 

sample at » 178oC. In plastically deformed samples this peak is shifted to higher temperatures indicating that hydrogen 

trapped at dislocations and vacancies is more stable and its diffusivity is suppressed. It was found that atmosphere 

surrounding the heated sample strongly influences results. If the heating is performed on air then the endothermic 

desorption peak is followed by a strong exothermal peak caused by reaction of desorbed hydrogen with oxygen 

resulting in formation of water. This undesired effect can be suppressed using nitrogen atmosphere.  
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The Mg10Gd and Mg15Gd alloys produced by squeeze casting were solution treated at 500 °C for 8 hours and a part 

of materials was subsequently naturally aged for more than 2 months. Electrical resistivity of both alloys measured at 
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77 K decreases, if the alloys are kept at room temperature after quenching from the solution temperature. This change 

accompanied by a microhardness increase almost saturates after 2 month.  Most probably a solute atoms clustering 

proceeds during the natural ageing as no secondary phase(s) particles were revealed by transmission electron 

microscopy in the naturally aged alloys.  

Phase transformations and microhardness changes were investigated during isochronal annealing in both naturally 

aged alloys in comparison to solution treated ones. The alloys were annealed in 20 °C/20 min steps from room 

temperature up to 500 °C, quenched after each annealing step and resistivity (microhardness) was measured at 77 K 

(room temperature) Transmission electron microscopy was performed at selected states heat treated in the identical 

way. The Mg15Gd supersaturated solid solution isochronally annealed up to 500 °C immediately after the solution 

treatment decomposes into following successive phases: β'' (DO19) metastable → β' (cbco) metastable → β (Mg5Gd) 

stable. All three possible orientation relationship modes of the metastable β' (cbco) phase were present at lower 

temperatures (up to 280 °C), but only one mode persists up to 330 °C. Precipitation of the β' (cbco) phase has not been 

observed in the Mg10Gd alloy isochronally annealed immediately after the solution treatment. Preceding natural 

ageing leads to an additional precipitation process at temperatures ~ 350 °C in the Mg15Gd alloy and at ~ 250 °C in 

the Mg10Gd alloy. Concentration of Gd atoms involved in individual precipitation processes is influenced by the 

natural ageing in both alloys and different volume fractions of individual precipitates modify also the microhardness 

annealing curves. 
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Palladium is widely used as a model system for investigation of hydrogen absorption, desorption and diffusion and 

solids. Pd is able to absorb large amount of hydrogen and can be charged with hydrogen easily. In the present work 

positron annihilation spectroscopy was employed for investigation of hydrogen-induced defects in Pd. Well annealed 

Pd samples were electrochemically charged with hydrogen and development of defects during hydrogen loading and 

unloading cycles was investigated. At low concentrations (a-phase, xH < 0.017 H/Pd) hydrogen loading introduced 

vacancies. Hydrogen segregating at vacancies lowers remarkably the vacancy formation energy and causes, therefore, 

a significant enhancement of the equilibrium vacancy concentration. When hydrogen concentration exceeds 0.017 

H/Pd particles of palladium hydride (PdH) are formed. Stress induced by growing PdH particles leads to plastic 

deformation which generates dislocations in the sample. Moreover, additional vacancies are introduced into the 

sample by crossing dislocations.  

Vickers hardness (HV) testing revealed that absorbed hydrogen causes hardening of the sample. In the a-phase field 

HV ~ xH1/2 which testifies to solid solution hardening caused by dissolved hydrogen. At higher hydrogen 

concentrations when precipitates of PdH are formed the slope of HV dependence is changed and hardening is 

predominantly caused by dislocations. Further hardening and increase of dislocation density during unloading of the 
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sample and is caused by decomposition of PdH particles. Loading-unloading cycling continuously generates 

dislocations in the sample. 
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Hydrogen Storage is a major hurdle for the implementation of a hydrogen based economy. Several different 

technologies exist with different advantages and disadvantages. However, so far no existing technology 

simultaneously fulfills all commonly asked demands like cost, safety, volumetric and gravimetric storage density as 

well as moderate operation conditions. Metal hydrides offer the advantage of safe hydrogen storage with the highest 

achievable volumetric storage density. Nevertheless, the gravimetric hydrogen storage density in most cases is limited 

to less than 3 wt.%. Novel light weight hydrides offer much higher gravimetric storage densities; however, most of 

the reversible materials have a reaction enthalpy which is not suitable to couple it to a fuel cell. Therefore novel 

approaches to tailor the reaction enthalpy of light weight hydrides without a reduction in weight capacity are needed. 

One such approach is the concept of “Reactive Hydride Composites”. By combining different light weight hydrides 

which -in the best case- mutually destabilise themselves the total amount of reaction enthalpy can be decreased. In 

this presentation results concerning the reaction mechanism and sorption behaviour as well as microstructure of light 

weight hydrides and especially Reactive Hydride Composites are presented and discussed. The materials were 

investigated by a wide range of different methods as volumetric and calorimetric methods, in situ XRD, X-ray 

absorption spectroscopy (XAS), anomalous small angle X-ray scattering (ASAXS) and small angle neutron scattering 

(SANS), SEM and TEM. 

 

[1] M. Dornheim “Tailoring Reaction Enthalpies of Hydrides”, Chapter in Handbook of Hydrogen Storage, edited by 

M. Hirscher, Wiley-VCH (2010) 187-214. 

[2] F. Karimi, et al. „Structural Analysis of Calcium Reactive Hydride Composite for Solid State Hydrogen Storage“, 

Journal of Applied Crystallography 47 (2014) 67-75.  
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Hydrogen easily solves on interstitial lattice sites in metals. Its high diffusivity results in short alloying times even at 

room temperature. This enables us to study thermodynamical and kinetical changes related to the sample size, at 

around 300 K. Metal-hydrogen (M-H) thin films of 5 nm – 200 nm thicknesses serve as our model systems. 

Many size-related effects have been reported during the last years. This includes shifted phase boundaries and reduced 

critical temperatures Tc as well as changed thermodynamic functions. These effects are generated by a mixture of 

contributions namely to sample size, micro-structure and mechanical stress.[1] Challenge these days is to split those 

effects related to the size reduction (finite-size effects) from those related to micro-structural changes and the complex 

mechanical stress that arises between the sample and the required stabilizer. This stress contribution changes isotherms 

and thereby complicates the critical temperature Tc determination.[1,2] It will be shown that for Nb-H and Pd-H thin 

films of about 30 nm and thicker, compressive stress ranging to about -3 GPa arises. In this thickness range the 

classical thermodynamics holds and plasticity plays a major role. For thinner films plasticity is diminished and ultra-

high stresses appear. Here, the coherent thermodynamics may come into play.  

Financial support by the DFG via PU131/9-1 and PU131/12-1 is gratefully acknowledged. 

 

[1] A. Pundt, R. Kirchheim, Ann. Rev. Mat. Res. 36 (2006) 555. 

[2] WAGNER, S., and A. PUNDT, 2008, Appl. Phys. Lett. 92, 051914 – 051918. 
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Atom probe tomography (APT) is an emerging analysis technique to visualize hydrogen or deuterium (D) distribution 

on near atomic scale. We have been investigating local deuterium distribution in metallic thin films by APT. In our 

previous report [1], use of heavier isotope, namely D is suggested to achieve correct analysis results because of a 

lower diffusivity than that of hydrogen (H). Moreover, the importance of the analysis temperature has been clearly 

indicated also for V single layered films. In these results, trapping effects of hydrogen were suggested.  In contrast, a 

local D-depletion, called dead layer (DL) [2] with 0.4-0.5 nm thickness, has been found directly for the first time, in 

the vicinities of interface of Fe/V layer-structured films. This DL effect induced by elastic discontinuity at the interface 

was clearly separated from a D-deficit due to impact of local alloying at the intermixed Fe/V interface [3]. This DL, 

however, disappears at high deuterium concentrations above 0.1 D/Metal, which is considered as an initiated 

occupation of high energy interstitial sites by D atoms at the interface. A sloped plateau region found in corresponding 

p-c-T diagram supports this analysis results as well. In this contribution, an overview will be given also on sample 

preparation techniques suitable for APT, and some actual analysis examples of metal-hydrogen systems. 

 

[1] R. Gemma et.al., Ultramicroscopy 109, 631-636 (2009). 

[2] S. Olafsson et al., Phys. Rev. B 52, 10792 (1995). 

[3] R. Gemma et. al., Scr. Mater. 67, 903-906 (2012). 
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Achieving chemical accuracy in the theoretical description of reactive scattering at metal surfaces requires a 

chemically accurate description of the molecule-metal surface interaction and the dynamics of the involved 

molecule(s), and may additionally require an accurate description of surface phonons and electron-hole pair excitation. 

We have recently shown that a chemically accurate description of the molecule-surface interaction is possible with a 

novel implementation of specific reaction parameter density functional theory (SRP-DFT) for the H2 + Cu (111) 

system1. The SRP density functional derived for H2 + Cu (111) is transferable to H2 interacting with another low 

index face of copper, i.e., the (100) face2. An improved description of reactive scattering in the early barrier system 

H2 + Ru (0001) can be obtained with density functionals incorporating a description of the van der Waals interaction3. 

We will also describe attempts to derive an SRP density functional for the system of H2 + Pd (111)4, which is of 

special interest to this meeting. Finally, we will present results of recent calculations using Ab Initio Molecular 

Dynamics with Electronic Friction (AIMDEF), which suggest that electron-hole pair excitation is the main dissipation 

channel for hot H-atoms resulting from dissociative chemisorption of H2 on Pd(100)5. 

 

1 C. Díaz, E. Pijper, R. A. Olsen, H. F. Busnengo, D. J. Auerbach, and G. J. Kroes, Science 326, 832 (2009). 

2 L. Sementa, M. Wijzenbroek, B. J. van Kolck, M. F. Somers, A. Al-Halabi, H. F. Busnengo, R. A. Olsen, G. J. 

Kroes, M. Rutkowski, C. Thewes, N. F. Kleimeier, and H. Zacharias, J.Chem.Phys. 138, 044708 (2013). 

3 M. Wijzenbroek, and G. J. Kroes, J.Chem.Phys. 140, 084702 (2014). 

4 J. M. Boereboom, M. Wijzenbroek, M. F. Somers, and G. J. Kroes, J.Chem.Phys. 139, 244707 (2013). 

5 M. Blanco-Rey, J. I. Juaristi, R. Diéz Muiño, H. F. Busnengo, G. J. Kroes, and M. Alducin, Phys.Rev.Lett. 112, 

103203 (2014). 

 

 

 

 

DSL180 

Dr. Ivan Prochazka 

Charles University in Prague,  

Faculty of Mathematics and Physics, Prague,  

Ke Karlovu 3, 121 16, Czech Republic 

 

 



82 | P a g e  

 

Characterization of Defects in Zno Implanted by Hydrogen  

I. Prochazka1, J. Cizek1, J. Valenta1, V. Havranek2, M. Novotny3, J. Lancok3 

1Faculty of Mathematics and Physics, Charles University in Prague, V Holesovickach 2,  

CZ-180 00, Praha 8, Czech Republic. 

2Nuclear Physics Institute, Academy of Sciences of the Czech Republic, 250 68, Rez, Czech Republic. 

3Institute of Physics, Academy of Sciences of the Czech Republic, Na Slovance 2,  

182 21, Praha 8, Czech Republic. 

 

ZnO is a wide band gap semiconductor with a large exciton binding energy. Because of its favourable properties ZnO 

takes great attention as a material for UV light emitting diodes, optoelectronic devices, transparent electrodes for solar 

cells and gas sensors. Hydrogen is easily incorporated into ZnO lattice and can form a shallow donor state. For these 

reasons it is very important to understand hydrogen behaviour in ZnO lattice.  

In the present work hydrogen was introduced into ZnO by ion implantation. High quality ZnO single crystals were 

bombarded by H+ ions with energy of 2.5 MeV up to the fluency of 1016 cm-2. Defects created by H+ implantation 

were characterized by positron annihilation spectroscopy (PAS) combined with photoluminescence and measurement 

of optical transmittance and reflectance. It was found that VZn+VO divacancies were introduced into ZnO by H+ 

implantation. In order to investigate thermal stability of hydrogen-induced VZn+VO divacancies the implanted 

crystals were subjected to isochronal annealing. Thermally activated desorption of hydrogen from the sample and 

recovery of defects created by H+ implantation is discussed in the paper. 
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Hydrogen loading causes a significant volume expansion, which is isotropic in free-standing bulk materials. Contrary 

to bulk samples, thin films are clamped to substrates which suppress the in-plane expansion. As a consequence, 

expansion of thin film loaded with hydrogen is strongly anisotropic and compressive in-plane stresses are introduced 

into the sample. The hydrogen-induced stresses grow with increasing concentration of absorbed hydrogen and may 

reach GPa range. When the stored elastic strain energy overcomes the adhesion energy, then local or complete 

detachment of the film from the substrate may be energetically favourable and buckling of hydrogen-loaded film 

occurs. 

In the present work, we studied hydrogen-induced buckling of thin Pd films deposited on various substrates. 

Hydrogen-induced buckling of Pd films deposited on ‘hard’ substrates (sapphire, silicon) was compared with buckling 

of films deposited on ‘soft’ substrates (polystyrene, nafion). The influence of substrate on the buckling process is 

discussed. Lattice expansion and phase transitions were investigated by X-ray diffraction of synchrotron radiation. 
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Stress relaxation processes were studied by acoustics emission and observations of film buckling were performed by 

light microscopy. 
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Iron aluminides (Fe-Al) are widely considered as perspective materials due to high specific mechanical strength and 

enhanced corrosion resistance at elevated temperatures. It is well established that the physical and mechanical 

properties of Fe–Al alloys are strongly influenced by the atomic ordering and point defects. It was shown that a high 

concentration of vacancies formed in Fe–Al alloys at high temperatures can be relatively easily quenched down to 

room temperature [1]. High concentration of vacancies can be introduced also by mechanical alloying (MA) and high 

energy ball milling (MM) [2]. Both MA and MM introduce high concentration of open volume defects (vacancies and 

dislocations) by intensive plastic deformation of the milled material. This finally leads to formation of nanocrystalline 

structure with grain size well below 100 nm. 

Hydrogen segregates at open volume defects and lowers remarkably the defect formation energy. Hence, generation 

of defects in a material containing absorbed hydrogen is easier. In this work we investigated the development of 

microstructure and generation of defects in Fe82Al18 samples. The microstructure development of samples prepared 

by MA under hydrogen atmosphere was compared with that for samples milled under air and under protective nitrogen 

atmosphere. 

 

[1] J. Čížek, F. Lukáč, O. Melikhova, I. Procházka, R. Kužel, Acta  Materialia 59, 4068 (2011). 

[2] Y. Jirásková, J. Bursík, J. Čížek, D. Jančík, J. Alloys Comp. 568, 106 (2013). 
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Hydrogen has a tendency to redistribute easily in the material microstructure during mechanical charging and to 

segregate at microstructural defects produced by plastic deformations such as dislocations, micro-cracks, voids and 

others. This behaviour of hydrogen in a heterogeneous stress-strain field may result in an embrittlement of the 

material. Therefore, hydrogen interaction with microstructure has to be studied properly, and theoretical basis for the 

quantitative analysis of hydrogen evolution at the micro- and mesoscale is needed. In the present work the influence 

of stress field on the evolution of hydrogen in the context of microstructural mechanics was investigated by a one-

way coupled approach. A crystal plasticity - transient hydrogen diffusion finite element analysis was developed [1-

3]. The effect of microstructure-induced stress-strain heterogeneity on the hydrogen redistribution in artificial stainless 

steel 316L polycrystals was estimated. To reach the stress-strain heterogeneity, synthetic microstructures were 

computed under uniaxial loading. The results show that hydrostatic stress gradients is the main cause of the hydrogen 

redistribution and the strain rate has a crucial effect on the redistribution degree. Statistical analysis of H-segregation 

reveals clustering of H-enriched zones at the mesoscopic scale.  

 

[1] D.N. Ilin, N. Saintier, J-M. Olive, R. Abgrall, I. Aubert, Int J Hydrogen Energy, 39 (5), 2418 (2014). 

[2] M. Reza, N. Saintier, H. Notsu, J-M Olive, H. Kanayama, J. Comput. Sci. Tech., 4, 105 (2010). 

[3] G. Cailletaud, S. Forest, D. Jeulin, F. Feyel, I. Galliet, V. Mounoury, S. Quilici, Comput. Mater. Sci., 27, 351 

(2003). 

 

 

 

DSL425 

Dr. Yuzeng Chen 

State Key Lab. of Solidification Processing,  

Northwestern Polytechnical University,  

710072 Xi'an , P.R. China 

 

 

Impacts of Hydrogen on Multiplication of Dislocations and Tensile Deformation Behaviors of Palladium 

Y.Z. Chen1*, X.Y. Ma1, X.H. Shi1, C. Borchers2, K.H. Zhang3, F. Liu1, R. Kirchheim2,4 

1 State Key Lab. of Solidification Processing, Northwestern Polytechnical University, 710072 Xi'an , P.R. China 

2 Institut für Materialphysik, Universität Göttingen, 37077 Göttingen, Germany 

3 State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,  

650106 Kunming, P.R. China 

4 International Institute for Carbon-Neutral Energy Research (WPI-I2CNER), Kyuchu University, Japan 

 

Palladium-hydrogen system is widely used a model system for investigation behaviors of hydrogen in metals. In this 

work, well annealed palladium was electrochemically charged different hydrogen. Subsequently, the palladium-

hydrogen alloys were cold-rolled and tensile tested. The impacts of hydrogen on multiplication of dislocations in cold-

rolled palladium and the tensile deformation behaviors of palladium were studied. In cold-rolled Pd and Pd-H alloys, 

it is found that hydrogen facilitates the multiplication of dislocations and leads to an increase of dislocation densities 

as compared to pure Pd. In the tensile tested Pd and Pd-H alloys, hydrogen is found to give a a negligible solute drag 

effect on the movement of dislocations, causing a negligible solute solution hardening effect on Pd, on the other hand, 

due to a hydrogen-induced enhanced multiplication of dislocations, the presence of hydrogen enhances the strain 

hardening ability of Pd remarkably.  
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We have been developing the quantum simulation codes, “Naniwa”, for the small mass atom nuclei motion on solid 

surfaces, in subsurfaces and bulks [1-3] with the aid of the first principles calculation. In the case of hydrogen adsorbed 

state on metal surface, our simulation results show the good agreement with the experimental results [2, 3]. Positive 

muon is also one of our target quantum particles, because it has been used as a magnetic probe in materials, m-SR. 

The positive muon has the same spin and same charge as a proton and behaves as the very light isotope of hydrogen, 

whose mass is ninth part of proton. It is useful to analyze the states of a hydrogen impurity in materials. In this paper, 

we investigate the quantum states of impurity hydrogen isotopes in covalent crystals, diamond structure crystal of 

silicon (Si), plane structure graphene (C) and a-quartz (SiO2).  In the case of Si, we found the impurity hydrogen state 

in BC site as its ground state, and that in T site as its excited state, which correspond to those reported with the aid of 

the first principles path integral simulation by Miyake [4]. In the case of C, we found the ground states localized at 

top site, which is predicted site from the conventional first principles calculation with hydrogen adsorbed energy of -

0.82 eV [5]. Our calculated adsorbed energy (ground state energy) is -0.58 eV for a light hydrogen, which shows the 

good agreement with TDS data, -0.59 or 0.65 eV [6], and -0.3 eV for a positive muon. We predict that the positive 

muon becomes the muonium with its non-spin-polarized valence electron on the graphene. In the conference, we will 

also report the case of SiO2, and discuss about the quantum states of impurity hydrogen isotopes in covalent crystals. 

 

[1] H. Kasai, et al., Progress in Surf. Sci. 44 (1993) 101.  

[2] K. Nobuhara, et al., Surf. Sci. 507 (2002) 82. 

[3] N. Ozawa, et al., J. Phys.: Cond. Matt. 19 (2007) 365214. 

[4] T. Miyake, et al., Phys. Rev. Lett. 81 (1998) 1873. 

[5] T. Roman, et al., J. Phys. Soc. Jpn. 76 (2007) 11470. 

[6] X. Zhao, et al., J. Chem. Phys. 124 (2006) 194704. 
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The study of metal-hydrogen systems has some specific features associated, firstly, with the high diffusion mobility 

of hydrogen in metals and alloys and, secondly, with its high reactivity. These features create the possibility of 

"hydrogen-defect" complexes formation, which include vacancy-type defects, impurity atoms, dislocations, interstitial 

atoms and grain boundaries. Furthermore, along with the active hydrogen reaction with existing structural defects, it 

also induces the formation of a large number of new defects. 

This paper presents the results of experimental study of defect structure in the commercially pure titanium alloy after 

hydrogen charging in gaseous atmosphere at a temperature of 873 K. The defect structure of investigated samples was 

studied by positron lifetime and Doppler broadening spectrometry. At the concentrations of hydrogen below 1.31 atm. 

% the decrease in electron density of the samples without any changes of defect structure is observed. It indicates the 

lattice expansion occurring at a given concentration of hydrogen. Further increase of the hydrogen in material (to the 

concentration of 2.27 atm. %) is accompanied by growth of defects mobility, their coagulation and formation of 

vacancy clusters of the volume up to 4 monovacancies. The intensive formation of single vacancies and the hydrogen 

interaction with open volume defects, accompanied by the formation of stable complexes such as "cluster-hydrogen" 

and "vacancy-hydrogen", are observed in the samples with hydrogen concentration from 2.27 to 4.2 atm.%. 
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In a prospective energy-producing fusion reactor, the wall material facing the plasma will be subjected to large fluxes 

of energetic particles, predominantly hydrogen isotopes [1]. Only very few materials can withstand these enormous 

heat and particle loads. One promising candidate for this is tungsten. For nuclear safety, operational and economic 

reasons, it is important to assess the uptake of the radioactive fusion fuel tritium by the wall material, as well as 

possible permeation losses through it. Unfortunately, very few data exist about diffusion of hydrogen isotopes in 

tungsten for temperatures below 500 K. In fact, the most accepted diffusion coefficient for H in W [2] was measured 

at temperatures above 1100 K [3]. Since fusion reactor wall components will have to be actively cooled, however, it 

is necessary to know the diffusion coefficient for H isotopes in W for the entire temperature range between coolant 

and surface temperature, i.e., also at lower temperatures. We present first data obtained from 3 µm thick W films 

deposited by magnetron sputtering onto a 25 µm thick Pd support foil, and covered by another 100 nm of Pd deposited 

by electron beam evaporation. We performed permeation experiments with an electrochemical double cell [4] for 

temperatures between 265 and 340 K. In addition, we performed ion-beam driven permeation for temperatures up to 

500 K. Higher temperatures were not used because W and Pd would form an alloy. Furthermore, we interpret the 

obtained permeation curves with the help of an 1-D rate equation model and a 2-D Kinetic Monte Carlo simulation, 

which both also include trapping of H by defects in W. 

 

[1] J. Roth et al., J. Nucl. Mater. 390–391 (2009) 1–9  

[2] R.A. Causey, J. Nucl. Mater. 300 (2002) 91–117  
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In this study, a first-principle investigation of hydrogen storage in FeTi intermetallic is carried out. Structural and 

electronic changes due to hydrogen insertion into FeTi intermetallic are determined using DFT and pseudo-potential 

calculations through the code SIESTA (Spanish Initiative for Electronic Simulation of Thousand of Atoms). The 

pseudopotentials are constructed using the Troullier and Martins parametrization which describes correctly the ion-

electron interactions. To define the real-space grid, necessary for numerical calculations of electron density, detailed 

tests have been performed to choose the appropriate basis set, the energy cutoff and the electronic temperature. The 

exchange and correlation potential is treated with two approximations, namely the local density approximation (LDA) 

and the generalized gradient approximation (GGA). Lattice data, bonding properties and the density of states (DOS) 

provide an explanation for the role played by hydrogen in the chemical bond with the Ti and Fe constituents. 

 

Keywords: Hydrogen storage; Intermetallic hydrides; DFT calculation 
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Vacuum electronic devices are used in numerous applications including flat panel displays, electron beam lithography, 

x-ray generation, electron microscopy, and ion propulsion, and hydrogen has been identified as having both beneficial 

as well as deleterious effects in the operation of such devices. For example, field emission (FE) cathodes comprised 

of carbon nanotube (CNT) fibers show significant outgassing of H2 and CO [1] during FE, and residual gas analysis 

shows the existence of a sharp threshold for desorption of H2 and CO (and CO2 to a smaller extent) from the fibers, 

thereby confirming an earlier assumption that FE from CNT cathodes is enhanced by the presence of hydrogen 

adsorbates.  The I-V data can be well fitted using a Fowler-Nordheim model that includes switching from FE due to 

C-H surface dipole enhanced FE at low applied bias to FE from bare CNTs at high applied bias. Cu anodes are 

commonly used in high power vacuum electronic devices, and RGA data show that H2 to be the predominant species 

desorbed from Cu anodes. The presence of desorbed species during FE can cause “multipactor” and vacuum 

breakdown that limit output power and can also result in cathode erosion due to positive ion bombardment. To 

simulate the operating environment of an anode material and further characterizes its behavior, we have bombarded 

simulated anodes with a 50 kev electron beam and have characterized the desorbed species by a suite of techniques.  

We have also applied various thin film materials (including diamond-like carbon, BN, graphene, TiC and TiN) to 

simulated anodes and have determined the extent to which these applied films reduce anode outgassing. The results 

suggest methodologies for reducing neutral desorption and secondary electron emission from anodes in FE devices. 

 

[1] P.T. Murray, S.B. Fairchild, T.C. Back, M.M. Cahay, N. P. Lockwood, Appl. Phys. Lett. 103, 053113 (2013). 
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Cementite is one of the most common phases in high-carbon steel. The mechanical properties of the cementite were 

estimated from the theoretical calculation and the mechanical testing from the lamellar structure with alternating layers 

of ferrite and cementite. Cementite phase is known to be the hard phase maintaining the high strength in carbon steel. 

It is required to measure elastic properties from a single crystal cementite to predict the mechanical properties of 

pearlitic high carbon steel, but experimental measurement from a single crystal cementite has not been done yet. 

Attempts to obtain Young’s modulus of the cementite were made from pearlitic steel with aligned lamellar, sintered 

cementite, and thin film deposition. In order to measure the elastic constants from the cementite, two hurdles – 

extraction of the cementite and the measurement of the mechanical testing in extremely nano-scale – should be 

overcome. 

In this study, we measured the mechanical properties from sheets of single crystal cementite using an in-situ bending 

test system combined with XYZ-axis manipulating stage and nano-load cell located inside scanning electron 

microscope (SEM) at room temperature. The cementite sheets in heat-treated pearlitic steel can be obtained from the 

ferrite/cementite lamellar structure by selective chemical etching to dissolve ferrite phase only. The sheets were lifted-

out and shaped for the cantilever bending using focused ion beam (FIB) system. After that, they mounted on the pico-

motor-driven 3-axis manipulating stage. Loading force and strain measurement was carried out from the force sensor 

with linear movements. From this experiment, young’s modulus along certain direction of single crystal cementite 

can be measured and it compared with the theoretical value reported. 

 

* Corresponding e-mail address: youngwk@snu.ac.kr 
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Shot peening is an effective way of introducing compressive stress on the surface of the materials, which enhances 

hardness, corrosion resistance, and retards crack nucleation and propagation resulting in expanded fatigue life [1]. 

Now a days, various techniques of this type are used to produce the nanostructures in the surface layer in addtion to 

the compressive stress. Accordingly, the attention has included the characterization of microstructural evolution. In 

this study, various types of electron microscropy, including transimission electron microscopy, and electron 

backscatter diffraction have been used to analyze the ultra fine-grained metals and alloys after shot peening [2]. Metals 

and alloys of high purity (i.e., stainless steel, Cu, Al, Ni and Fe) with differenct stacking fault engery (SFE) were 

treated using ultrasonic shot peening (USP) technique. Comprehensive microscopy study are carried out to collect 

basic data on the: 1) nanostructured metals, 2) deformation structures, 3) nanocrystallization mechanism, and 4) USP 

parameters and alloy effect. The SFE plays an important role on the deformation structures, and leads to a different 

grain sub-divsion processes. The deformation twin DT and ε- and α¢- martensite transformation are the main 

deformation structures in the low SFE metals (stainless steel); the DT, dislocation cell and subgrains in the medium 

SFE metal (Cu); while the dislocations and subgrains in the high SFE metals (Al and Fe). 

 

[1] M.A. Meyers, A. Mishra, D.J. Benson, Progr. Materi. Sci., 51, 427 (2006). 

[2] H. Gleiter, Acta Mater., 48, 1 (2000 
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The influence of heat treatment on the microstructure of AISI M2 type high-speed steels obtained using conventional 

metallurgy has been studied. The primary focus was on the effects of austenitising temperatures on the behaviour of 

the steel during quenching and tempering.  

Heat treatment of specimens prepared from the rolled round bars included annealing, austenitising, quenching and 

tempering. Annealing was carried out at 850 °C for 2 h followed by slow cooling to 720 °C and holding at this 

temperature for 4 h. Then, specimens were slowly cooled in the furnace to 500 °C and after it to room temperature in 

open air. After annealing one step preheating of the high-speed steels prior to full austenitisation was used to minimise 

thermal shock. This treatment was carried out at 850 °C. When austenitising the steels were heated to temperatures 

1180, 1200, 1220, 1240 and 1260 °C and held at these temperatures for the same soaking time. Triple tempering at 

560 °C for 1 h completed the heat treatments of the steels studied.  

After heat treatments specimens were prepared for metallographic evaluation. To explain structural changes in the 

steel taken place during heat treatments different techniques of optical microscopy, electron microscopy, X-ray 

diffraction, and energy dispersive X-ray analysis have been used.  
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The influence of austenitising temperature on the austenite grain size and size distribution, volume fraction and 

morphology of the primary carbides, MC and M6C, as well as character of the secondary precipitation in the wrought 

M2 high-speed steel was investigated. It was shown that austenitising significantly affects the changes in the chemical 

composition, morphology, size and character of distribution of the primary carbides in the studied steel, as well as the 

volume fraction of retained austenite in the matrix and its grain size. These changes in carbides seemed to be induced 

by a diffusion-induced redistribution of alloying elements between the steel matrix and carbide phases due to their 

mutual interaction at high temperatures, which is accompanied by carbide coagulations and dissolutions and, 

consequently, saturation of solid solution by alloying elements. 

 

The financial support of grants from the Ministry of Education and the Slovak Academy of Sciences of the Slovak 

Republic VEGA 1/2594/12 and 1/0509/14 is gratefully acknowledged.  
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Aluminum clad sheets are extensively used as brazing materials in the automotive heat exchangers due to their high 

specific thermal conductivity. A parallel-flow-type of condenser is commonly used for automotive applications, where 

three-layer brazing fins (Al-Mn core alloy clad with Al-Si fillers) are brazed onto extruded Al tubes [1, 2]. High 

strength of the aluminum clad sheet is required to achieve light-weighting of the components and excellent brazing 

properties such as little sagging distance with restricted erosion during brazing process. In addition, corrosion potential 

of fin material should be lower than that of core materials to prevent failure of the condenser tubes by galvanic 

corrosion. In the present study, Al-Mn-Zn alloys are strip-cast and used as core alloys for aluminum clad sheets. 

Copper and compound-forming elements (Ti, Cr) are added to the core alloys in order to achieve high post-brazing 

strength. The (Al-7Si)/(Al-Mn-Zn+M)/(Al-7Si) clad sheets are fabricated by the roll bonding process, where M is 

combination of Cu, Ti, and Cr. Clad sheets are further cold-rolled down to the thickness of 0.08 mm with intermediate 

annealing at the different temperatures and thicknesses. Post-brazing tensile strength of the Cu-added clad sheets is 

similar regardless of the final reduction and intermediate annealing temperature. Better sag resistance is achieved in 

the specimens with 40% reduction in thickness. Ti- or Cr-added clad sheets without Cu addition have comparable 

post-brazing strength and similar sag resistance with Cu-added clad sheets where corrosion potential increases close 

to the tube materials. The effect of addition of Ti and Cr, intermediate annealing temperature, and final reduction in 

thickness on the properties of aluminum clad sheets is elucidated by means of microstructural analysis.  

 

[1] G.J. Marshall, R.K. Bolingbroke and A. Gray, Metall. Trans. A, 24, 1935 (1993). 

[2] W.S. Miller, L. Zhuang, J. Bottema, A.J. Wittebrood, P. De Smet, A. Haszler, A. Vieregge, Mater. Sci. Eng. A, 

280, 37 (2000). 
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Tungsten carbide (WC) is one of the most prospective and, at the same time, most available hard materials in science 

and industry. Present work is focused on specific features of formation of nanocrystalline WC by sintering process. 

We have synthesized WC nanopowder by means of milling and then sintering of W/C60 mixture (20.4 weight % of 

C60 and 79.6 weight % of W) by electric current short pulse. Afterwards the sample was examined in transmission 

electron microscope (TEM). WC particles have size from nanometers to tens of nanometers. Almost all of them 

possess stacking faults in {111} planes. As it was shown earlier [1], such a defect (a stacking fault also analogous to 

the shift of a neighbor plane) is equivalent to the rotation of the crystal lattice cells within the “layer” of the stacking 

fault at 90°. Analysis of our high resolution TEM data have shown that these stacking faults in our sample serve as 

seams connecting fragments of the crystal lattice rotated at 90° relatively to one another and composing a single 

nanoparticle in such a way. Certain combination of such stacking faults along the same direction, perpendicular to 

one of the {100} planes forms a polytype of WC, which was not reported earlier. Atomic planes {100} alternate with 

shifted atomic planes thus forming a new sequence which can be seen in high resolution TEM images. We propose a 

model of this polytypic structure. Apparently, the formation of WC polytypes and nanoparticles consisting of 

differently oriented lattice fragments takes place at the stage of WC sintering during the carbon diffusion through the 

tungsten nanoparticles. 

 

[1] S. Lay, International Journal of Refractory Metals and Hard Materials 21, 416 (2013). 
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Nanocrystalline Fe-6P-1.7C powders were prepared by mechanical alloying from elemental Fe, P and C powders 

using a planetary ball mill under argon atmosphere. Structural, magnetic and mechanical properties were followed by 

X-ray diffraction, vibrating sample magnetometer and Vickers microhardness. After 9 h of milling, the Rietveld 

refinement of X-ray diffraction pattern reveals the formation of disordered Fe(P) and Fe(C) solid solutions and Fe2P 

phosphide. On further milling, Fe3P, Fe3C and Fe(P, C) phases are formed when the total mixing of the elemental 

powders at the atomic level is achieved. The transformation kinetics is described by an Avrami parameter n =1.5. The 

saturation magnetization and coercivity values are of about 157 emu/g and 80 Oe, respectively, after 24 h of milling. 

Both porosity percentage and Vickers microhardness of the compacted powders increase with structural refinement. 

 

Keywords: Nanostructure; High energy ball milling; Fe-P-C alloys; X-ray diffraction; Magnetic properties. 
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Thin films of poly (vinylidene fluoride) (PVDF) semicrystalline are subjected to tensile tests in plane strain in the 

range of temperature (65 ° C to 115 ° C) and at different speeds using the tensile test videometric control which is 

able to give the true stress and true strain. Films of poly (vinylidene fluoride) (PVDF) were investigated by infrared 

Fourier transform spectroscopy (FTIR). 

The main purpose of this study is to improve the understanding of phase transitions and molecular mobility that occur 

in films of PVDF extruded during a tensile test. The variation of the crystalline fraction of these phases is obtained as 

a function of the stretching temperature by infrared spectroscopy. It was found that stretching hunting defects of 

sequences, and causes the transition from phase II to phase I for a temperature of 72 ° C.  

The mechanical deformation induced by stretching stretch stress to derive the crystalline order. So the reorganization 

of phase I is induced during stretching, by cons, at a temperature above 72 ° C, the viscosity of the material and 

consequently leads to an increase in the mobility chain crystals and the merging of small crystals in the amorphous 

phase, thus allowing the crystal orientation in the direction of stretching for a given deformation rate without 

significantly deforming the crystals. Like stretching at this temperature does not alter the original phase, so there 

simply has a crystal orientation without phase change. 

 

Key words: PVDF- infrared-phase’s transition. 
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In recent years, much effort has been devoted to the development of a Scanning Helium Atom Microscope [1-2], in 

which a focused beam of neutral He atoms is used as imaging probe. We will present a summary of a recently granted 

EU project devoted to the development of this instrument [3]. The main goal of this project is to create a Scanning 

Helium Atom Microscope with a resolution of about 20 nm, quite similar in setup to a scanning electron microscope, 

but using a beam of neutral helium atoms to image the surface. This new, Neutral Microscope (NEMI) will be strictly 

surface sensitive with no penetration into the bulk, due to the low kinetic energy employed (~100 meV). Such neutral 

helium beams have been used for surface diffraction studies for many years [4], and the energy is so low that there 

will be no sample damage even for fragile samples and no distortion due to charging effect. 

We have recently shown that a monolayer graphene grown on Ru(0001) single crystals can provide an inert surface 

with high reflectivity (ca. 20%) for thermal He beams. Moreover, this high reflectivity is easily recovered even after 

extended (~1 month) exposure to ambient conditions [5]. Both the inertness and such unprecedented high-value of 

the reflectivity suggest that graphene grown on Ru(0001) is perhaps the ideal external surface for the NEMI mirror. 

Similar current developments performed in our laboratory along this line will be presented. 

 

[1] R.B. Doak, R.E. Grisenti, S. Rehbein, G. Schmahl, J.P. Toennies and Ch. Woell, Phys. Rev. Lett. 83, 4229 (1999). 

[2] M. Koch, S. Rehbein, G. Schmahl,  T. Reisinger, G. Bracco, W. E. Ernst and B. Holst, Journal of Microscopy 229, 

1 (2008). 

[3] EC FP7, collaborative project Nemi. Grant agreement Nº 309672. 

[4] D. Farías and K. H. Rieder, Rep. Prog. Phys. 61, 1575 (1998). 

[5] P. Sutter, M. Minniti, P. Albrecht, D. Farías, R. Miranda and E. Sutter, App. Phys. Lett. 99, 211907 (2011).  
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Integration of nanoparticles in enhanced oil recovery (EOR) has been intensively studied in recent years due to their 

unique properties owing to the nanoscale dimensions, rendering them to have different properties in comparison with 

its bulk material. Application of magnetic nanoparticles such as Ferrites was able to exploit their rheological properties 

as chain-like structure formed due to dipole-dipole alignment with the applied magnetic field [1]. Ferromagnetic 

Co2+xFe2+1-xFe3+2O4 nanoparticles had shown an increment in the oil recovery under the irradiation of EM wave 

[2]. In this research, the influence of magnetic nanoparticles Nickel-Zinc-Ferrite, Ni1-xZnxFe2O2 in the form of 

nanofluids on the recovery efficiency in EOR was studied. Nickel-Zinc-Ferrite magnetic nanoparticles withvarious 

values of x were synthesized to observe the effect of nickel to zinc ratioon recovery efficiency. The nanoparticles 

were characterized using X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscope (FESEM) and 

Vibrating Sample Magnetometer (VSM). Coreflooding experiments were conducted where the nanofluids were 

injected into the compacted sand saturated with crude oil under EM irradiation. The amount of oil recovered from the 

core was evaluated. VSM tests shows that the sample with x = 0.5 had the highest magnetization of 52.6 emu/g. The 

sample also achieved the highest crude oil recovery which was 26.07%. 

 

[1] P.L.J. Zitha, F. Wessel, Fluid Flow Control using Magnetorheological Fluids, Paper SPE 75144, SPE/DOE 

Improved Oil Recovery Symposium, Oklahoma(2002).  

[2] H. Soleimani,et.al., J. Nano Research, Vol. 26, p.111 (2014).  
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Usage of magnetic materials is not unusual in oil and gas research, specifically EOR where various magnetic micro- 

and nanoparticles were used to enhance sweep efficiency, reducing interfacial tension and heat generation. Magnetic 

nanoparticles which activated by magnetic field is anticipated to have the ability to travel far into the oil reservoir and 

assist in the displacement of the trapped oil. In this work, magnetic Fe2O3-Al2O3 nanocomposite was synthesized 

and characterized for its morphological, structural and magnetic properties. At annealing temperature of 900°C, this 

nanomaterial starts to exhibit magnetization as the composite structure crystallizes to the stable Fe2O3 and Al2O3. 

Subsequently, dispersion of 0.01 wt%Fe2O3-Al2O3 nanocomposite in distilled water was used for displacement tests 

to validate its feasibility to be applied in enhanced oil recovery. In displacement test, the effect of electromagnetic 

waves on the magnetization of Fe2O3-Al2O3nanofluid was also investigated by irradiating 13.6 MHz square wave to 

the porous medium while nanofluid injection taking place. In conclusion, almost 20% increment in the recovery of 

oil was obtained with the application of electromagnetic waves in 2.4 pore volumes (PV) injection of Fe2O3-Al2O3 

nanofluid. 
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Our recent study showed starches of cassava, corn and potatoes can be used as WBM additives, in which they function 

as fluid loss agent under drilling temperature range up to 250 °F [1]. However, all of them failed and lost their 

functional integrity when challenged at extreme drilling temperature of 300 °F. It has been reported that by adding 

nanoparticles such as carbon nanotubes and carbon black (CB) into the mud blends, properties such as drilling speed 

[2] and mud lifting capacity  [3] were enhanced. Here, we attempt to improve fluid loss property of WBM formulated 

with cassava starch by incorporating a thermal enhancer agent in a form of nanostructured CB and gilsonite. We 

challenged the mud at drilling temperature of 300 °F. Three mud formulations commonly used according to the 

National Iranian South Oil Company and American Petroleum Institute Standards set for the actual oil-field drilling 

condition were prepared (75, 100 and 150 pcf representing light, average and heavy mud weight). All these 

formulations showed drastic fluid loss improvement when CB and gilsonite were added in their formulations. Their 

rheological mud properties, such as apparent viscosity, plastic viscosity, yield point and gel strength exhibited a 

superior performance compared to that without CB additives. In short, finding from this study indicates a great 
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potential for WBM to be as competitive as the more popular oil based mud counterpart in an oilfield drilling operation 

via incorporation of nanostructured additives. 

 

[1] R. Samavati, N. Abdullah, K. N. Tahmasbi, S. A. Hussain and D. R. Awang Biak, Chem. Eng. App., 5(20), 161-

169 (2014). 

[2] M. Saeid, A. F. Mariela and I. M. Rafiqul, J. Petrol. Tech., 58, JPT online, (2006). 

[3] A. Samsuri and A. Hamzah, J. Petrol. Gas Eng., 2(5),  99-107 (2011). 
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Bifurcation of rupture path is studied for the effect of linear and cubic damping. Momentum equation with Rayleigh 

factor was transformed into ordinary differential form. Bernoulli differential equation was obtained and solved by the 

separation of variables. Analytical solutions yielded the bifurcation of linear and cubic damping was visible at 

imaginary part when the wave was non dispersive. For the dispersive wave, bifurcation of rupture path was invisible. 

Amplitude attenuated during the seismic moment. Imaginary parts of the solutions illustrate the intersection or 

collision of soliton, for which, the bifurcation of rupture path is initiated. 
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In the latest manufacturing processes the permanent tendency has been observed due to the gain of the energetic 

efficiency and shortening of the processing time with parallel preservation of the dimensions tolerance, shape 

tolerance and outer layer quality of the processed piece. Although, the abilities of efficiency gaining by uprising 

criteria for process parameters are limited. It is mainly observed in processing of the hardly machinable materials akin 

of titanium alloys or sintered carbide. Problems related with poor machinability revealed out particularly during 

processes of final manufacturing with using abrasive grinding [1 ,2]. 

In this work the results has been presented related with influence of the selected electrical parameters of the AEDG 

process on the surface layer temperature of machined samples, in comparison to the conventional grinding. Also 

modeling of temperature during AEDG process has been depicted. The basis of this work has been resembled by 

investigations of the deep grinding of surfaces of the titanium alloy Ti6Al4V with using CBN and diamond grinding 

wheel with metallic binding agent. For the comparative evaluation of the conventional grinding and AEDG, 

measurements of the specific grinding energy, energy of the spark discharge and internal stresses in the surface layer 

have been used. 

 

[1] E.O. Ezugwu, Z.M. Wang, J. Mat. Process. Tech., 68, 262 (1997). 

[2] X. Xu, Y.Yu, J. Mat. S. Lett., 21, 1293 (2002). 

[3] A. Golabczak, R. Święcik, Machine Eng. 12, 19 (2009). 

[4] A. Golabczak, R. Święcik, in Int. Symposium on Electromachining ISEM-XVI,  

p. 517 (Harmony, Shanghai, 2010). 
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Ti and its alloys have great applications in the area of biomaterials. Its main properties are excellent corrosion 

resistance, relatively low elasticity modulus, high specific strength and good biocompatibility [1]. The development 
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of new Ti alloys aims to obtain materials with favorable properties for use in the human body. The new alloys are 

being developed with the addition of Mo, Nb, Zr and Ta, because these elements do not cause cytotoxicity [1,2].  

The presence of interstitial elements (such as oxygen and nitrogen) causes strong changes in the elastic properties of 

the material, causing hardening or softening of the alloy. The study of the interaction of interstitial elements present 

in metals began with Snoek’s postulate, where a stress-induced ordering of interstitials gave rise to a peak in 

mechanical relaxation (internal friction) spectra. By means of mechanical spectroscopy, we are able to obtain 

information on the diffusion of these interstitial elements present in the crystalline lattice. In the mechanical relaxation 

spectra, each species of interstitial solute atom gives rise to a distinct Snoek’s peak, whose temperature and position 

depend on measurement frequency. This effect is very interesting because its peculiar parameters are directly related 

to the diffusion coefficient (D) for the interstitial solute [3]. 

In this paper, the effect of oxygen and nitrogen on the anelastic properties of some binary and ternary Ti-based alloys 

was analysed, using mechanical spectroscopy measurements. The diffusion coefficients, pre-exponential factors and 

activation energies were calculated for oxygen and nitrogen in these alloys. (Financial support: Capes, CNPq, 

FAPESP and FUNDUNESP). 

 

[1] M. Geetha, A.K. Singh, R. Asokamani and A.K. Gogia, Prog. Mater. Sci. 54, 397 (2009). 

[2] M. Niinomi and M. Nakai, Int. J. Biomater. 836587:1-10 (2011). 

[3] H. Mehrer: Diffusion in Solids: Fundamentals, Methods, Materials, Diffusion-Controlled Processes (Spinger-

Verlag, Berlin 2007). 
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Lightness, biocompatibility, and biodegradability of magnesium as well as its similar bone mechanical behavior 

makes it suitable for bone implants in human bodies. However, the degradation rate of magnesium and its alloys is 

too fast that it cannot support the 12-18 months healing time of the bone tissues and this may cause to the failure of 

the implants before the healing process is completed. 

In this study, in order to reduce the degradation rate of Mg alloys, nano hydroxyapatite is coated on Mg-Zn scaffold 

substrate by a pulse electro deposition. The effect of temperature, time, PH, current density and frequency are 

investigated in electro deposition process. 

The XRD, EDS and FT-IR analyses was used for evaluation of nano Ca-deficient HA (CDHA). Also, there are other 

calcium phosphate phases such as brushit (DCPD) and  octacalcium phosphate (OCP) that all changed to HA after the 

alkaline treatment.  In addition, electrochemical measurements showed that the corrosion resistance of CDHA-DCPD-

OCP coated alloy has significantly increased compared to that of  the bare Mg-Zn scaffold substrate. 
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The corrosion behavior of steels nitrocarburized in gas or molten salt has been published by many papers in the past 

40 years [1]-[3]. It is well-known that the nitrided layer formed on a steel surface shows good corrosion behaviour in 

salt water spray tests. 

We tried to study the corrosion behaviour of steels and cast iron in which the nitrided layers were systematically 

changed by gas nitriding and gas nitrocarburizing treatments, respectively .  

In the results, the corrosion resistance of carbon steel and cast iron was improved with the thickness of the nitrided 

layer. In particular, the steel and cast iron which formed more than 15 μm showed good corrosion resistance in salt 

water spray tests. 

Moreover, the steels and cast iron oxidized after gas nitriding or gas nitrocarburizing treatment also showed better 

corrosion resistance than the ones which were not oxidized after gas nitriding or gas nitrocarburizing treatment. 

We tried to study the reason why the nitrided layer was corroded. In the results, we found that the interface of the 

nitrided layer and the base metal was corroded through porosities in the nitrided layer. 

Furthermore, to make clear the mechanism of corrosion, we tried to study the electrochemical measurements, using 

typical specimens. We will introduce those results in the oral speech. 

 

[1] M. Yasuda, T. Watanabe and M. Kunieda, J. Electro- Steel making, Japan, 46, No. 4, 233 (1975). 

[2] U. Eberbach, Harterei-Techn Mitt. 54, No.4, S.241 (1999). 

[3] G. Wahl, VDI-Z, 21 S.811 (1984).  
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Two photon polymerization is a 3D processing approach that involves use of ultrashort (e.g., femtosecond) laser 

pulses to selectively polymerize photosensitive resins into microscale and/or nanoscale structures. The approach 

involves near simultaneous absorption of two ultrashort photons within a small volume during a short time frame; this 

type of electronic excitation is analogous to that of a single photon with significantly higher energy. The nonlinear 

character of two photon absorption enables creation of structures with features below the diffraction limit. A structure 

with an arbitrary geometry may be produced by polymerizing the photosensitive material along the laser trace, which 

is translated in three dimensions with a micropositioning system. Several types of photosensitive materials, including 
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polymers and inorganic-organic hybrid materials, may be processed using two photon polymerization. In addition, 

two photon polymerization can be set up in a conventional manufacturing environment; no specialized facilities are 

needed. In comparison with conventional fabrication approaches, two photon polymerization is a straightforward, 

single step, and rapid process. Recent medical applications of two photon polymerization have included processing 

of microscale structures out of polymers and organically-modified ceramic materials. Use of two photon 

polymerization to prepare many types of medically-relevant structures, such as scaffolds for tissue engineering and 

microneedles, will be reviewed. In addition, use of in vitro studies such as the MTT assay for assessing relevant 

polymers and organically-modified ceramic materials will be considered. The functionality of the two photon 

polymerization-created medical devices will also be considered. Our results indicate that two photon polymerization 

is an attractive 3D processing approach for scalable production of many types of small-scale medical devices 

 

[1] R. J. Narayan, A. Doraiswamy, D. B. Chrisey DB, and B. N. Chichkov, Mater. Today, 13, 44 (2010). 
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Magnesium is one of the lightest metals and magnesium alloys have quite special properties the interest to which is 

continuously growing. In particular, their high strength-to-weight ratio makes magnesium alloys attractive for various 

applications, such as transportation, aerospace industry etc. However, magnesium alloys are still not as popular as 

aluminum alloys, and a major issue is their corrosion behavior. 

The present research investigated the influence of the PEO treatment on the corrosion behavior of MRI 230M 

magnesium alloy. Plasma electrolytic oxidation (PEO) of an MRI 230M alloy was accomplished in a silicate-base 

electrolyte with KF addition using a DC power source. 

The corrosion behavior of  both treated and untreated samples was evaluated by open circuit potential (OCP) 

measurements, electrochemical impedance spectroscopy (EIS), linear polarization tests, linear sweep voltammetry 

(Tafel extrapolation) and chemical methods, such as mass loss and hydrogen evolution,  in neutral  3.0 wt% NaCl 

solution. 

According to the tests results, PEO process can affect the corrosion resistance of MRI 230M magnesium alloy, though 

its action is not always unambiguous. An attempt to explain the influence of the PEO treatment on the corrosion 

behavior of the alloy is presented. 

 

[1] J. Liang, P. Bala Srinivasan, C. Blawert, W. Dietzel, Corros. Sci., 51, 2483, (2009) 

[2] H. Duan, K. Du, Ch. Yan, F. Wang, Electrochim. Acta, 51, 2898, (2006) 

[3] C. E. Barchiche, E. Rocca, C. Juers, J. Hazan, J. Steinmetz, Electrochim. Acta, 53, 417, ( 2007) 

[4] G. Song, A. Atrens, Advanc. Eng. Mater., 12, 837, (2003) 
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Control over the surface morphology of solids as well as manufacturing of functional biomimetic surfaces with special 

responsive properties, also known as “smart surfaces”, have attracted intense scientific research effort. The recent 

surge of interest in these responsive systems stems from the widespread number of applications ranging from 

environmental cleanup to molecular sensors and micro/nano fluidic devices. We report here a methodology for the 

development of multifunctional responsive surfaces via ablating Si wafers with femtosecond laser pulses and 

subsequently coating them with different types of functional coatings [1]. The initial laser structured surfaces exhibit 

controlled dual-scale roughness at both the micro- and the nano-scale, which mimics the hierarchical morphology of 

responsive surfaces found in nature. Depending on the conformal coating deposited onto these surfaces, the following 

functionalities and reversible responsive properties are attained: a) pH responsiveness: when a polymer brush is 

“grafted from” these surfaces based on a pH-sensitive polymer, these artificially structured surfaces can alter their 

behaviour from super-hydrophilic (after immersion in a low pH buffer) to super-hydrophobic and water repellent 

(following immersion to a high pH buffer), (b) Photo-responsiveness: when photo-responsive ZnO layers are 

deposited onto the surface, a  dynamic optical control of the wetting properties is obtained and the surface can be 

switched from super-hydrophilic (after irradiation with UV light) to hydrophobic (following irradiation with visible 

light), (c) Electro-responsiveness: when a conformal oxide layer is thermally grown, a dynamic electrical control of 

the wettability can be achieved by means of electrowetting and (d) Chemo-responsiveness: when the surface is 

electrochemically etched to form a porous Si layer selective sensitivity to organic solvents is obtained. In all cases we 

show that the surface responsive properties are fully reversible while the dual-scale roughness induces a dramatic 

amplification of the surface response to the external stimuli. 

 

References 

[1] V. Zorba, E. Stratakis, M. Barberoglou, E. Spanakis, P. Tzanetakis, S. H. Anastasiadis, and C. Fotakis, 

“Biomimetic Artificial Surfaces Quantitatively Reproduce the Water Repellency of a Lotus Leaf”, Adv. Mater. 20, 

4049 (2008). 
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In the study, present the boronizing treatment on steel micro alloy was performed according to the dehydrated paste-

pack boriding [1-2]. The temperatures conducted at 1223-1323 K and at various exposure times of 1, 3, 6 and 9 h. As 

a result of the boriding process, the diffusion-controlled growth of the FeB/Fe2B layers was obtained at the surface 

of the micro-alloy steel [3-4]. The results of these examination properties of boride layer; revealed of Optical 

Microscopy (OP) the morphology of the boride layer has a saw-tooth and thickness ranged from 33 μm to 220μm 

depending on the boronizing time. The analysis of Scanning Electron Microscopy (SEM-EDS); showed distribution 

of the alloying elements were detected by spectrometry energy Dispersive. The X-ray diffraction (XRD) technique 

indicated on surface due to the occurrence of a mixture of FeB and Fe2B borides. The evaluation of adhesion of the 

layers was determined by the technique Rockwell-C hardness was also evaluated. The estimated of Young’s modulus 

and hardness of the layer by the nanoindentation technique with the load of 200 mN. The paste dehydrate boriding of 

micro-alloy reveal a change of propitiates on surface; also the coatings FeB and Fe2B, to make a function sacrifice in 

the steels micro alloyed widely used in pipelines transporting oil. 

 

[1] N. Lopez-Perrusquia, M. A. Doñu-Ruiz, V. Cortes Suárez, D. Sánchez -Huitron, E.Y .Vargas-Oliva, I. J. Pérez- 

Montes de Oca. Adv. Mater. Res. 690-693,  2055-2058 (2013). 

[2] N. Lopez-Perrusquia, M. A. Doñu-Ruiz, S. Rodríguez-González, D. L. Rosado Cruz, F. Vásquez-Ramírez. Adv. 

Mater. Res. 690-693, 2059-2062 (2013). 

[3] Z.G. Su, X.X. Lv, J. An, Y.L. Yang, and S.J. Sun, JMEPEG. 21 1337–1345 (2012), 

[4]O. Ozdemir, M.A. Omar, M. Usta, S. Zeytin, C. Bindal, and A.H. Ucisik, Vacuum. 83, 175–179 (2009).  
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MCrAlY can serve as stand-alone overlay coatings or bond coats in thermal barrier coating systems, and its phase 

stabilities play a vital role in determining the performance of these coating systems. In the present paper, the phase 

evolution of a NiCrAlY model coating alloy containing Re was investigated by experimental observation and 
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thermodynamic modelling in the temperature range from 800°C to 1200°C. A phase transformation occurred at 

temperature between 1000°C~1050°C, which was confirmed as a four-phase reaction, γ′-Ni3Al + α-Cr → γ-Ni + β-

NiAl. The β-NiAl phase was observed to undergo a martensite transformation in the specimen that was quenched 

from temperatures above 1000°C, and this NiAl martensite could affect microhardness of the NiCrAlY coating alloy. 

 

Keywords: NiCrAlYRe; Microstructure; Martensite phase transformation 
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The surface treatment by diffusion boron atoms enhances mechanical properties, depending on the condition under 

which it is produced the hard coating formed during a pack boriding process [1]. In the present work, a performed 

slow bending test for evaluate the mechanical behavior with hard coatings on surface Cr base steels. The formation 

of hard coating was carry out to surface treatment by diffusion boron atoms at temperature 1173 K for time exposition 

4, 6 and 8 h. The presence of the hard coatings was confirmed by scanning electron microscopy (SEM) with saw tooth 

morphology and X-ray diffraction analysis surface revealed peaks of FeB, Fe2B, CrB. The  evaluate the effect of each 

experimental conditions along the depth of the  hard coatings, the mechanical  properties  was determine  by depth  

sensing instrument  indentation along the depth of the  hard coatings at a constant load of 200 mN to determine the 

hardness gradient and Young's modulus. Three point bend test was carry out on specimen with hard coatings [2], the 

result showed an increase of strength with respect to the untreated Cr base steel. The fracture surfaces of bend tested 

samples were examined using a SEM, and show morphology brittle cleavage, columnar character of the microstructure 

contributes to the brittle character of failure. 

 

[1] AK, Sinha, ASM Int Handbook, vol. 4.Materials Park, Ohio, USA: The Materials International Society (1991): 

437-47. 

[2] ASTM E 855-08, 2009, p 779–787. 
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The use of Ti alloys in many engineering applications is limited due to the their poor wear and high temperature 

oxidation resistance. Molybdenum coating is a widely used coating for improving wear resistance and surface 

aluminizing is an effective method to improve oxidation resistance. In this study, Mo-Al are co-deposited by pack 

cementation in a single step process on powder metallurgy Ti and Ti-6Al-4V, and are compared with similar coatings 

applied to wrought Ti-6Al-4V. Process parameters were optimized by thermodynamic calculations using Thermo-

Calc software and some important thermodynamic aspects of the process are established. The coatings were 

characterized using scanning electron microscopy and X-ray diffraction. The effect of powder pack composition on 

the coating quality, microstructure and characteristics was established. 
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To investigate the dynamic behavior of beams with partially delaminated layers, a model is presented in this work. 

This model take into account the lateral strains. The principal advantage of the element is that it allows the modeling 

of delamination anywhere in the structure. The region without delamination is modeled to carry constant peel and 

shear stresses. Numerical results of the present model are presented and its performance is evaluated.  

 

Keywords: Beam, delamination, lateral strains. 

 

[1] Y. C. Wee, C. G. Boay (2007) Analytical and numerical studies on the buckling, Composite Structures 80 307–

319. 

[2] Lee Jaehong, Gurdal Zafer, Griffin Jr Hayden (1993) Layer-wise approach for the bifurcation problem in laminated 

composites with delaminations. Am Inst Aeronaut Astron J 31:331–8. 

[3] P. Donthireddy, K. Chandrashekhara, Modeling and shape control of composite beams with embedded 

piezoelectric actuators, Composite structures 35 (1996) 

[4] Kapania RK, Wolfe DR (1989) Buckling of axially loaded beam plate with multiple delaminations. J Press Vess 

Technol 111:151–8. 

[5] Wang JTS, Liu YY, Gibby JA (1982) Vibration of split beam. J Sound Vib 84(4):491–502. 

[6] Lee S., Park T., Voyiadjis G. Z. (2002) Vibration analysis of multiple-delaminated beams, Composites, Part B 

33:605–617. 

[7] D. T. Detwiler, M. H. H. Shen, V. B. Venkayya, Finite element analysis of laminated composite structures 

containing distributed piezoelectric actuators and sensors, Finite Elements in Analysis and Design 20 (1995). 

[8] Kim S.H., Chattopadhyay A., Ghoshal A. (2003) Characterization of delamination effect on composite laminates 

using a new generalized layerwise approach, Computers and Structures 81:1555–1566. 

[9] Tan P., Tong L. (2004) Delamination detection of composite beams using piezoelectric sensors with evenly 

distributed electrode strips, J. Compos. Mater. 38:321–352. 

[10] A. Mahieddine, M. Ouali (2010) Modeling and analysis of beams with delamination, International Journal of 

Modeling, Simulation, and Scientific Computing. 1 (3) 435 - 444. 

[11] A. Mahieddine, J. Pouget, M. Ouali (2010) Modeling and analysis of delaminated beams with integrated 

piezoelectric actuators, C. R. Mecanique 338 283 - 289.  

 

 

 

DSL233 

Mr. Tomas De La Mora Ramírez 

Tecnologio de Estudios Superiores de Jocotitlán,  

División de Ingeniería Electromecánica,  

Carretera Toluca-Atlacomulco KM. 44.8 Ejido de San Juan y San Agustín   

Jocotitlán Estado de México, México 



110 | P a g e  

 

 

 

Study and Properties Mechanical on Steels AISI W2 Boridig  

T. De la Mora-Ramírez1,2, D. Sánchez-Huerta2, E. A. Cerrillo-Moreno2, 

M.A. Doñu-Ruiz2, 3, N. López-Perrusquia2,3. 

1Tecnologio de Estudios Superiores de Jocotitlán, División de Ingeniería Electromecánica, Carretera Toluca-

Atlacomulco KM. 44.8 Ejido de San Juan y San Agustín  Jocotitlán Estado de México, México 

2Universidad Politécnica del Valle de México, Grupo Ciencia e Ingeniería de Materiales. Av. Mexiquense, 

Tultitlán. Edo. México, México. 

2Instituto Politécnico Nacional, SEPI-ESIME,Adolfo López Mateos, Zacatenco. 

México.D.F. 07738. México. 

 

The present study reports, the growth of the layers formed in the surface of the boride steel AISI W2; by the application 

of the dehydrated paste-pack boriding process at process, and using three different temperatures at 1173, 1223 and 

1273 K, with different times of exposition 2, 4, 6 and 8 h. The substrate and the boride Fe2B are analyses quantitatively 

and qualitatively. The growth of boride layer Fe2B was examined using optical microscopy (OM), scanning electron 

microscopy (SEM-EDS), X-ray diffraction (XRD). The properties mechanical evaluation, using a Vickers indenter 

with loads of 0.5 and 1 N; to constants distances from 15 µm and 30 µm, by determine the fracture toughness (Kc)  

and  the adherence of the boride layer Fe2B was evaluated by the Rockwell C test method (VDI 3198). The 

morphology presented the boride layer Fe2B showed smooth flat, whit ranged thickness from 13.96 ± 1.61 μm to 

75.86 ± 4.13 μm. The presence of borides layer Fe2B of steel substrate was confirmed by XRD and distribution of 

alloying elements by Energy Disperses for Spectroscopy (EDS). The hardness of the boride layers Fe2B ranged from 

157 9± 17 to 1975 ± 25 HV. The fracture toughness of boride layer Fe2B observed ranged from 2.17 to 3.5 MPam1/2. 

The boride layer has a scale delamination H3 to H6. The borides layer formed in surface, has function to increase the 

service life the  steels W2  used in the industries manufacturer. 
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The main purpose of this work is the energy saving by reducing friction and minimizing wear to avoid losses by 

raising these matter properties of nanomaterials on the surface layer.  

Therefore, we develop approaches for studying the tribological behavior phenomena concerning materials on surfaces 

of the layers to define the mechanical and tribological properties of materials to improve the surface layer materials 

of the treated parts. It was used for the vibratory grinding method of chemical mechanical processing surface using 

technology of low-frequency vibration in the treatment of metal parts in the presence of chemical additives, which 

have a great influence on the improvement of parameters mechanical, metallographic and geometrical (roughness, 

fatigue resistance, corrosion resistance, micro and macro hardness, structure) surfaces of mechanical parts.  

This vibratory finishing process has great advantages such as the treatment of complex mechanical parts, the 

possibility of processing of parts of different types and forms at the same time. it is also known to be an 

environmentally friendly process.  

Thus this work consisted of a surface treatment by vibratory grinding of samples of different materials (steel, 

aluminum, copper, brass). 

 

Keywords: Frequency, Vibration, Amplitude ,Roughness, Surface Hardening. 
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Metals surface coloration induced during laser treatment offers many interesting applications in miscellaneous fields 

such as products identification, aesthetics and arts. Its main advantage in comparison with the conventional marking 

processes is the no using and no generation of toxic products in regards to the environmental protection.  

The colors generation results from surface oxidation during the laser beam heating of the material surface under 

normal atmospheric conditions. The obtention of a given color is related to the laser beam, workpiece and 

environmental conditions operating parameters such as power, scanning velocity, frequency, spot laser diameter, 

metal type, workpiece thickness, environment nature 
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In our contribution, some operating factors effects are studied during surface treatment by a doubled frequency Nd: 

YAG laser ( l=532 nm) on a titanium surface under normal atmospheric conditions. We are interested in the surface 

reflectance and roughness using two experimental approaches: Taguchi and response function methodologies. 

Analysis results show that the most important operating factor during laser marking is the scanning velocity. While, 

the other factors show a complex influences on the objective functions. The surface responses show that the evolution 

of these two objective functions is generally quite complex depending on the operating factors, since the explored 

area presents maxima and / or minima. 
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There is a big difference between the measures applied for surface surveying in the laboratory environment and those 

undertaken during the technological process run. Examining the given surface in the laboratory a relatively expensive, 

delicate and precise equipment is in use – eq. the optical profilers, giving a 3D image, but at the technological stage 

during surface machining only the robust equipment can be applied, giving the fast, rough results by means of one 

line roughness profile. Then, the question arise: what is the relationship between the quantitative results obtained 

those ways? Are the one line measurement results relevant in comparison with the full 3D inspection? 

For to allow the answer, a certain geometrical model of the real surface topography have to be assumed. We have 

assumed the overlapping cones model, well corresponding with appearance of the surfaces of protective coatings we 

have investigated in our works. Use of the circular, uniform cones, affine – differing in their heights, randomly spaced 

over the plane, allow the intensive use of the interesting properties of the conical sections. Basing on this idea the 

specific quantitative results have been obtained for the 2D roughness profile, related with the basic, statistical 

parameters as well as the more thorough including the surface rugosity coefficient, which in usually not attainable 

without 3D examinations. 
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Titanium alloys have been widely used as biomaterials, especially for orthopedic prostheses and dental implants. 

Titanium has replaced Co–Cr alloys and 316L stainless steel due to its excellent corrosion resistance, mechanical 

properties, and biocompatibility. The aim of the development of titanium alloys is to create materials with improved 

properties for use as implants that can be used for a long period of time [1]. Interstitial elements, as oxygen, for 

example, change strongly the mechanical properties of the material and mechanical spectroscopy measurements are 

a powerful tool in the study of the interaction of these elements with the metallic matrix or substitutional solutes, 

providing information on diffusion and concentration of interstitial elements [2]. Samples of Ti-15Zr-xMo (x = 0, 5, 

10, 15 wt%) alloys were prepared in arc-melting furnace with argon atmosphere. The ingots were hot-rolled and 

submitted to a homogenization heat treatment [3]. The microestructural analysis was performed using XRD and SEM. 

In this paper, the effect of oxygen on the anelastic properties of Ti-15Zr-xMo alloys was analysed, using mechanical 

spectroscopy measurements. The diffusion coefficients, pre-exponential factors and activation energies were 

calculated for oxygen in these alloys. (Financial support: Capes, CNPq, FAPESP and FUNDUNESP). 
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In this study, the effects of medium dispersion and weight percent (0.5 and 1%) of multi-walled carbon nanotubes 

(MWCNT) at MWCNT/epoxy composite system are investigated. To disperse the MWCNT in the polymer matrix, 

sonication powers 50 W and sonication times 45 min were used. Epoxy and epoxy plus solvent of tetrahydrofuran 
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(THF) were used as dispersing media in this study. The quality of the dispersion was evaluated through rheological 

and viscoelastic properties studies. Scanning electron microscopy (SEM) was used to characterize the dispersion state 

of MWCNT. The results showed that the best rheological and viscoelastic properties were obtained for 1% MWCNT 

at epoxy plus solvent media and MWCNT/epoxy composite respectively. 

 

Keywords: Nanotubes, Rheological properties, Viscoelastic properties 

 

 

 

VIP036 

Prof. Ana Paula Alves R. Alves Claro 

UNESP – Univ. Estadual Paulista,  

Laboratório de Anelasticidade e Biomateriais,  

17.033-360, Bauru, SP, Brazil 

 

 

Surface Modifications of Ti-7.5Mo Alloy by Anodic Oxidation 

A.L.A. Escada1, A.P.R. Alves Claro1 

1 Univ. Estadual Paulista - UNESP, Department of Materials and Technology, Faculty of Engineering 

Guaratinguetá, Av. Dr. Ariberto Pereira da Cunha, 333, Pedregulho,  

CEP 12.516-410, Guaratinguetá, SP, Brazil. 

 

Titanium (Ti) and its alloys are widely used to manufacture dental implants and maxillofacial and ortho¬pedic 

prostheses due to their excellent mechanical properties, low specific weight, high resistance to corrosion, and high 

biocompatibility [1]. Lin et al. [2] developed a binary alloy, Ti-7.5Mo, with a low elastic modulus and a high 

strength/modulus ratio. A significant difference in elastic modulus between implants and bone tissue can lead to stress, 

thereby causing poor osseointegration, while an implant with a low elastic modulus can facilitate bone growth [3]. In 

this study, the effects of the parameters such as applied potencial difference, time and annealing temperature in the 

nanotubes formation were evaluated. The morphology of the nanotubes was analised by using scanning electron 

microscope (FEG-SEM), atomic force microscope (AFM), contact angle and thin film X-rays diffraction (XRD). Self-

organized ordered nano-structures was formed on the Ti-7.5Mo alloy surface from electrolyte (glycerol/NH4F) for all 

conditions. It was observed that the potential influenced in the diameter while the length was modified by time of the 

anodization. The presence of the phases anatase and rutile was affect by annealing temperature. 
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Engineered-nanotubular structures offer exciting progress toward the design of multifunctional medical implants. To 

bring this to reality, the mechanical, physical, biocompatibility, and interfacial properties of such structures should be 

optimized. We have observed that the fabrication of TiO2 nanotubes with elastic modulus close to actual bone 

promotes osteoblast growth. In addition TiO2 nanotubes could be considered a suitable alternative route for the 

development of drug-eluting antimicrobial implants due to the fact that these nanostructures are not an added coating 

but rather are rooted in the implants and will not delaminate from the surface. Such drug-eluting implants can prevent 

unnecessary side effects caused by oral administration of drugs, increase drug efficiency, and prevent infection related 

implant complications and failures. 

In the present work TiO2 nanotubes with controllable size ( 60-130nm, L: 1-10μm) synthesized by a simple 

electrochemical anodization technique are used as drug-eluting nanostructures on the surface of rat mini implants. 

This ability to control the aspect ratio of TiO2 nanotubes, gives an opportunity to manage their drug-eluting properties 

for optimal implant function. Sodium naproxene (anti-inflammatory drug) are loaded into TiO2 nanotubes by using 

the mass-scalable method of self-sustained diffusion at room temperature and pressure.  

In order to obtain a multifunctional implant, in addition to drug, silver nanopartilces were embedded within the 

nanotubes Transmission Electron microscope (TEM) analysis reveals the presence of Ag embedded inside and outside 

of the TiO2 nanotubes. Energy-dispersive X-ray spectroscopy (EDS) analysis confirmed the presence of Ag on the 

TiO2 nanotubes. This multifunctional surface is expected to perform superiorly mainly because Ag is embedded into 

the nanotubes resulting in more stable bonding between Ag and nanotubes, creating a slow, constant and controlled 

release of Ag ions to kill bacteria, and simultaneously create a minimum hazardous environment to the cells.   

Finally, in order to investigate the effect of nanotubes on behavior of osteoblast cells, a novel cell/surface interfacial 

characteristic approach using focused ion beam milling (FIB) and scanning transmission electron microscopy (SEM) 

techniques was developed. With this novel approach it was possible to cut through sections of cells and the underlying 

substrate and directly observe the biophysical interactions of osteoblasts with TiO2 nanotubes.  The results of this 

approach show a tight interface where TiO2 nanotubes act as anchoring sites for osteoblasts to attach and even grow 

inside the hollow section of nanotubes. This tight interaction would eventually result in enhance bon-implant interlock.  

Based on these findings, it is possible to speculated that surface modification of Ti implants by a silver embedded 

drug-eluting TiO2 nanotubes can provide a novel engineered nanostructure implant for ideal tissue regeneration and 

antimicrobial benefits at the tissue - implant interface. 
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Many of physical effects, such as dc conductivity and percolation, depend on the morphology of the silicate structure 

and its relationship to adsorbed water. These effects play an important role in numerous technological applications, 

in geology, oil-extracting industry, and other practical fields. 

All the studied samples (natural montmorillonite, kaolinite and сlinoptilolite with the different exchangeable cations 

in their structures) were stored in ambient air humidity. The investigation was carried by using two separate 

techniques, namely Dielectric Spectroscopy and a fractal analysis of electron micrographs. The aims of this work 

were to analyze the complex relaxation behavior of the relaxation process in temperature range –20 ÷ +70°C and to 

determine the fractal dimensions of silicates from the dielectric response at percolation. 

Dielectric measurements in the frequency range of 1 Hz ÷ 1 MHz were performed using a BDS 80 based on an Alpha 

Impedance Analyzer (Novocontrol). The micrographs were analyzed using a special Matlab based program. 

The analysis of aspects of the dielectric relaxation spectra related to percolation was used for the determination of the 

numerical characteristics of geometric heterogeneity of natural silicates. The percolation phenomenon in the silicates 

is related to the transfer of the electric excitation within the developed network of open pores due to the migration of 

protons and ions along the surface of connected pores on the outer surfaces of the granules. The analysis of these 

processes allows one to extract the fractal dimensions associated with the migration of charge carriers within the 

porous medium. The percolation temperatures of the studied samples were determined. Fractal dimensions of the 

silicates calculated in two ways: from dielectric spectroscopy study and from fractal analysis of the micrographs, - are 

in good agreement with each other.  
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Nowadays threats are grwoing in number and appear in different forms compared to those we lived during the Cold 

War where no one is certain of disappear. 

They change: they become more diffuse, and more unforeseeable. Unequality of development, migratory risks, hatred 

religious or ethnic resurgence, weakness of many States, and new actors confirmation maintain them in uncertain 

condition; thousands of nuclear weapons risk proliferating all types of mass destructive weapons and natural 
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catastrophes such as different kinds of pollution seen lately. Since the human beings are raising in number more and 

more on the planet earth leads automatically to the raise of natural disasters. Therefore it is commonly advised to draw 

a clear policy –at the international level- which prevent and mitigate the natural catastrophes. 

On one hand, if we do not manage to measure the danger of the changes occurred, and if we do not have the strong 

commitment to recognize the consequences, we will be certainly condemned to receive them instead of contributing 

in facing them. On the other hand, the entrepreneurship (enterprise creation) represent major stake to the environment, 

this stake would have two impacts: 

§ We should create new companies which their principal goal is to protect the environment such as recycling 

companies. 

§ The existing companies must have been sensitized to integrate new techniques of management in their policy and 

managerial system aiming at protecting environment and preserving nature. 

At the end, we are living in the really of the 3rd millennium which allows us to carry out the best research on the bad 

impacts of natural catastrophes as well as possible remedies. We need to be conscious and worried of the dangerous 

consequences to be able to prevent further natural catastrophes. 
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In this document we present the axial bearing capacity of poles hollow rectangular steel thin-walled concrete filled 

with sand. A series of tests was conducted to study the behavior of short composite columns under axial compressive 

load, the cross section being of dimensions 100x70x2 mm. A total of 16 columns were tested as follows: 4 filled with 

ordinary concrete, 6 filled with a concrete natural sand was replaced by a fully crystallized slag sand, and six others 

have been with a concrete sand slag or natural sand was replaced by a partially crystallized slag sand. The main 

objectives of these tests were to clarify the performance of specimens of steel filled with concrete sand compared to 

those filled with ordinary concrete. The main parameters studied are: the height of the specimen (300mm-500mm), 

type of loading (uniaxial and eccentric) and type of concrete filling. From the test results, it is confirmed that the tube 

length, has a considerable effect on the bearing capacity and failure mode. In all tested tubes short, the failure occurred 

by buckling outwards of the largest external side, followed by smaller due to the outward thrust of the concrete, it was 

observed that the sand concrete  improves bearing capacity and failure mode of pipe compounds. 

 

Keywords: concrete sand, granulated slag, buckling, Ultimate strength 
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Traditionally in diffusion experiments for both depth profiling and diffusion couples, concentration profiles are 

typically measured using regularly spaced sampling locations in the direction of diffusion. Here we propose as an 

alternative non-linear distributed spacing instead of the traditional approach. 

In order to obtain the optimized spacing we maximize the information obtained by each measured point. With this 

approach, a fixed number of data points can be arranged in an optimized way. The information given by each data 

point is given by the uncertainty in its measurement and the local geometry of the concentration profile (curvature). 

Through this method a better estimate with a narrower confidence interval is obtained for the diffusion coefficient. 

The methods and results presented can help researchers improve diffusion experiment design and better quantify the 

quality of their data. Additionally, we discuss how to apply this approach in cases of concentration-dependent 

diffusion. 
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One of the oldest programs of the U.S. Department of Energy is the Reduced Enrichment for Research and Test 

Reactors (RERTR) program. This program develops technology necessary to convert both research and test reactors, 

including some medical purpose reactors, from using high-enriched to using low-enriched metallic fuels and targets. 

This conversion is related to non-proliferation. The RERTR program has an emphasis on the basic investigations of 

phase equilibria and diffusion to support the development. For example, these fundamental studies have played an 

important role in development of two types of low enriched metallic uranium fuel: one is a dispersion fuel based on 

U-Mo pellets dispersed in an Al matrix and the other is a monolithic fuel where a U-10Mo foil is encased in Al-6061 

cladding. In both cases, metallurgical interactions occur between the U-Mo fuels and Al alloy matrix/cladding during 

processing and irradiation due to interdiffusion. Extensive studies have been carried out to investigate these 

interactions to document potential deleterious effects of complex aluminides formation-and-growth and initiate 

mitigation efforts. One engineering solution being examined for the mitigation is the use of diffusion barrier, which 

requires investigations of multicomponent phase diagrams and interdiffusion to identify the optimum diffusion barrier 
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and to develop the necessary heat treatments and thermo-mechanical processing. Zirconium, Molybedenum, 

Magnesium  and Niobium have been examined as a potential barrier layer between the U-Mo fuel and Al alloys. In 

order to investigate the compatibility and barrier effects, formation of intermetallic phases, growth rates, and ternary 

diffusional interactions and relevant kinetic coefficients are being examined, analyzed and determined between the 

fuel and barrier as well as barrier and Al-alloys. IN addition, microstructural development and diffusional interactions 

are being characterized throughout the heat treatments and thermo-mechanical processing with respect to the 

experimental results from the basic investigations of phase equilibria and diffusion. 
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Tantalum and hafnium carbides are refractory transition metal carbides and because of their very high melting point 

(>3900 0C), high hardness, elastic modulus and resistance to chemical attack, they are considered as good candidates 

for high temperature applications. Both TaC and HfC have been traditionally difficult to sinter and therefore hot 

pressing and spark plasma sintering (SPS) has been typically used to enhance the densification of these compounds. 

Pressureless sintering is also considered as a useful technique to form complex shapes and products from these 

compositions which needed using different kinds of sintering additives to enhance densification and final properties 

of the products. Carbon materials are considered to be one of the most promising reinforcements for structural 

composites due to their sintering activity, mechanical, thermal and electrical properties [1, 2].  

In this research TaC/HfC based composites reinforced with different amounts of carbon materials like as CNT, 

graphite and carbon black were fabricated by pressureless sintering approaches at temperature ranges of 1900-2200 

°C. The green powder show rather well dispersion of carbon materials within raw materials. The physical, mechanical 

properties, microstructure and phase evolution of sintered samples were characterized by electron microscopy and X-

ray diffraction. The results showed that the samples reached to higher densification values at relatively low 

temperature using nano carbon materials and well dispersion of sintering aids with firmly attachment to the carbide 

particle were obtained confirmed by microstructural studied. 

 

[1] A. Bellosi, F. Monteverde and D. Sciti, Fast Densification of Ultra-High-Temperature Ceramics by Spark Plasma 

Sintering, Int. J. Appl. Ceram. Technol., 3 [1] 32–40, (2006). 

[2] L. Silvestroni, A. Bellosi, C. Melandri, D. Sciti, J.X. Liu and G.J. Zhang, Microstructure and properties of HfC 

and TaC-based ceramics obtained by ultrafine powder, Journal of the Eur. Ceram. Soc., 31, 619–627, (2011). 
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Chemical ordering and diffusion are controlled by atomic migration, which in the case of solid intermetallic 

compounds, proceeds predominantly via elementary atomic jumps to vacancies. The macroscopic rates of both 

phenomena parameterised by diffusivities (diffusion) and relaxation times (chemical ordering) show temperature 

dependences quantified by thermodynamic activation energies usually evaluated through the Arrhenius analysis. The 

atomistic origin of the phenomenon consists of the thermal activation of the atomic jumps described in terms of the 

“activated-state-rate” theory involving the probability of the atomic displacement from the original lattice site to the 

intermediate lattice position corresponding to the energetic saddle point. The saddle-point energies are modelled for 

diverse intermetallic compounds using various concepts and techniques implemented with diverse Hamiltonians. The 

results are then used as parameters of Kinetic Monte Carlo simulations of ordering and diffusion, whose Arrhenius 

analysis yields thermodynamic activation energies. Correlation between thermodynamic activation energies for 

chemical ordering and diffusion and the values and relationships between the saddle-point energies is widely 

discussed. In particular, the origin of the relationship between the thermodynamic activation energies for ordering and 

Ni tracer diffusion in NiAl [1,2] is elucidated in the above terms.  

 

[1] M. Nikiel and R. Kozubski, Intermetallics, 25, 5-8, (2012).  

[2] P. Sowa, R. Kozubski, A. Biborski, E.V. Levchenko, A.V. Evteev, I. V. Belova,  G.E. Murch and V. Pierron-

Bohnes, , Philos.Mag. 93, 1987-1998, (2013).  
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Nickel-based superalloy single crystals and oxide dispersion strengthened (ODS) ferritic steels represent two classes 

of top creep-resistant structural materials. The main weakness of superalloy single crystals is the long-term instability 

of the γ´-precipitates above 800°C. The excellent creep properties of the ODS alloys can be attributed to the attractive 

interaction of dislocations with oxides described by the model of Rösler and Arzt [1]. Moreover, the stability and 

resistance to coarsening of oxides is excellent. 

In contrast to very recent developments in the field of ODS alloys, see e.g. [2], the leading idea is to provide very 

cheap ODS alloys with excellent creep and oxidation resistance up to very high temperatures of about 1200°C. The 

matrix of such ODS consists only of Fe10wt%Al ferrite with the solidus temperature over 1500°C strengthened with 

about 10vol% of Al reach oxides of the size about 50 nm. The cost of raw materials for the production of the ODS 

alloy is about 2 USD/kg. 

Processing of the ODS alloy powder consists in mechanical alloying of the Fe and Al powders in the air atmosphere 

acting as the source of oxygen in a simple attritor. The ODS alloy powder is then poured into a low-alloy steel tube 

and sealed by welding. The powder consolidation is performed by hot rolling. After removing the steel shell the ODS 

alloy is annealed at 1200°C for 24 hours in air to remove the defects, stabilize the microstructure and ensure an easy 

machinability of the material. The creep and tensile tests are performed for the produced ODS alloy at different 

temperatures up to 1200°C and their results will be presented. The ODS alloy can also be shaped by hot forming e.g. 

by forging. 

 

[1] J. Rösler and E. Arzt, Acta Melall. 38, 671 (1990). 

[2] M. C. Brandes, L. Kovarik, M. K. Miller, G. S. Daehm, M. J. Mills, Acta Mater. 60, 1827, (2012). 
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The data of diffusion coefficients of liquid metals and alloys are very important for development of solidification and 

soldering processes. We performed precise measurements of diffusion coefficients in liquid solder alloys using shear 

cell aiming at investigation of the effect of element and diffusion temperature on impurity diffusion and concentration 

dependence of the interdiffusion. 

The experiment type was impurity (Ag，Bi，In，Pb，and Sb) diffusion from a thick layer (3mm) of Sn base binary 

alloy into pure Sn and interdiffusion between semi-infinite sources (Sn-Pb). The Foton shear cell [1] was used. The 

diffusion capillary was set vertically and the higher material was set in the lower side to suppress the buoyancy 

convection. The diffusion experiments were performed at 573 - 973K. Four parallel experiments were performed to 

check the reproducibility. The concentration of each cell was measured by ICP-OES and the diffusion coefficients 

were obtained by fitting the diffusion functions. 

The obtained data had high reproducibility with an error smaller than 6%. The temperature dependence of the diffusion 

coefficients can be fitted with both T-square law [2] and Arrhenius equation in the temperature range of this study. 

The impurity diffusion coefficients were proportional to the multiplication of thermodynamic factor f and the ratio of 

rs/ri, where rs and ri are the atomic radius of solvent and impurity, respectively. The interdiffusion coefficients of Sn-

Pb agreed with the values predicted by Darken’s equation in alloys with low concentration of alloying elements. 
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[1] S. Suzuki, K.-H. Kraatz and G. Frohberg, J. Jpn. Soc. Microgravity Appl. 22, 165 (2005). 

[2] G. Frohberg: in Fluid Sciences and Materials Sciences in Space, p.159, H. U. Walter Ed., (Springer Verlag, 

Germany, 1987).  
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Alloying elements in steels control the properties of the material most often by affecting the behaviour of solute C 

and/or N. In contrast to liquid and gamma iron, information on the solute-solute interaction in alpha iron is limited, 

and the available data are not always reliable. We report recent experimental results on the effects of substitutional 

alloying elements, including 3d transition elements (V, Cr, Mn) and 3p block elements (Al, Si, P) on the solubility 

and diffusivity of C and N in alpha iron. The interaction between single interstitial and single substitutional solute 

atoms in alpha iron is mostly attractive for the substitutional elements located on the left of Fe in the periodic table, 

but the details are not quite similar to those in gamma iron and liquid iron, where both C and N are attracted by those 

solute species and the strength varies almost linearly with the atomic num 
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Solid diffusion couple experiments are conducted to analyse the growth mechanism of the phases and the diffusion 

mechanisms of the components in group IV refractory metal (Ti, Zr, Hf) – silicon systems. The estimated parabolic 

growth constants and of the integrated diffusion coefficients demonstrated that the analysis should not be done based 

solely on the parabolic growth constants for a multiphase interdiffusion zone, which might lead to a wrong conclusion. 

The growth mechanism of the phases and morphological evolution in the interdiffusion zone are explained with the 
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help of an imaginary diffusion couple. The location of the marker plane is detected based on the uniform grain 

morphology in the disilicide phase, which indicates that this phase grows mainly because of Si diffusion. 

The crystal structure, details on nearest neighbours of the components and their relative mobilities indicate the change 

in defect concentrations in the disilicide phase with the change of atomic number of the refractory component. TiSi2 

has the C54 (oF24) structure in which Ti is surrounded by 4 Ti and 10 Si atoms, whereas Si is surrounded by 5 Ti and 

9 Si. ZrSi2 and HfSi2 have the C49 (oC12) structure, and the metallic atoms are surrounded by 10 Si and 6 metal 

components. Si occupies two different sublattices (Si-I and Si-II). The Si-I position is surrounded by 12 Si (8 Si-I and 

4 Si-II) and Si-II one neighbours with 10 Si ((8 Si-I and 4 Si-II) and 4 metal components. Therefore, in all the 

disilicides, the local environment of any atom is composed by both kinds of components. Since, Si is found to be only 

mobile component; we can safely draw a conclusion that vacancies are present mainly on the Si sublattice. Moreover, 

the concentration of metallic anti-site defects must be negligible. The integrated interdiffusion coefficient increases 

with the increase in atomic number of the metallic components. This indicates the increase in defect concentration 

with the increase in atomic number. 

 

Melting point normalized integrated interdiffusion coefficients for disilicides in the group IV refractory metal silicon 

systems. Tm is the melting point of the phase of interest. 
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We report radiotracer diffusivities in Pd-based and Zr-based glass forming melts, presenting for the first time a 

complete set of data for all components over the whole relevant temperature range. While in a vast component 

decoupling of more than 4 orders of magnitude is observed between the diffusivity of Pd and of the smaller 

components at the glass transition temperature Tg, the diffusivities of all components merge close to the critical 

temperature Tc of mode coupling theory. For Pd, the Stokes-Einstein relation holds in the whole range investigated 

encompassing more than 14 orders of magnitude. The results suggest the formation of a slow subsystem as a key to 

glass formation in multicomponent systems. For Zr in Vitralloy-4, the decoupling from the smaller components is 

even observed in the equilibrium melt indicating a clear signature of the energy landscape on diffusion and viscous 

flow even in the stable liquid state more than 150 K above the liquidus temperature. 
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In this presentation, our recent activities in predicting diffusion coefficients in fcc, bcc, and hcp solid solutions using 

first-principles calculations and in liquid using ab initio molecular dynamics will be reviewed.  These include self-

diffusion coefficients 1-4, tracer diffusion coefficients in dilute solutions 5-7, calculation of migration entropy 8, 

tracer diffusion coefficients in metallic and oxide liquid 9-10, and effects of vacancy on diffusion of oxygen 11.  The 

effects of exchange correlation functionals are examined in some cases along with charge transfer between solute and 

solvent elements.  The dominant contribution of diffusion on the effects of Re addition on the creep properties of Ni-

base superalloys is discussed 12. Furthermore, these data greatly enhance the robustness of CALPHAD modeling of 

diffusion databases 13. 

 

1 Mantina, M. et al. First-principles calculation of self-diffusion coefficients. Phys. Rev. Lett. 100, 215901 (2008). 

2 Mantina, M., Chen, L. Q. & Liu, Z. K. Predicting Diffusion Coefficients from First-principles via Eyring’s Reaction 

Rate Theory. Defect and Diffusion Forum 294 1-13 (2009). 

3 Ganeshan, S., Hector, L. G. & Liu, Z. K. First-principles study of self-diffusion in hcp Mg and Zn. Comput. Mater. 

Sci. 50, 301-307, doi:10.1016/j.commatsci.2010.08.019 (2010). 

4 Shang, S. L., Hector, L. G., Wang, Y. & Liu, Z. K. Anomalous energy pathway of vacancy migration and self-

diffusion in hcp Ti. Phys. Rev. B 83, 224104, doi:10.1103/PhysRevB.83.224104 (2011). 

5 Mantina, M., Wang, Y., Chen, L. Q., Liu, Z. K. & Wolverton, C. First principles impurity diffusion coefficients. 

Acta Mater. 57, 4102-4108 (2009). 

6 Mantina, M., Shang, S. L., Wang, Y., Chen, L. Q. & Liu, Z. K. 3d transition metal impurities in aluminum: A first-

principles study. Phys. Rev. B 80, 184111 (2009). 

7 Ganeshan, S., Hector, L. G. & Liu, Z. K. First-principles calculations of impurity diffusion coefficients in dilute Mg 

alloys using the 8-frequency model. Acta Mater. 59, 3214-3228, doi:10.1016/j.actamat.2011.01.062 (2011). 

8 Mantina, M. et al. A first-principles approach to transition states of diffusion. J. Phys.-Condes. Matter 24, 305402, 

doi:10.1088/0953-8984/24/30/305402 (2012). 

9 Wang, W. Y. et al. Atomic structure and diffusivity in liquid Al (80)Ni(20) by ab initio molecular dynamics 

simulations. Physica B 406, 3089-3097, doi:10.1016/j.physb.2011.05.013 (2011). 

10 Fang, H. Z., Wang, W. Y., Jablonski, P. D. & Liu, Z. K. Effects of reactive elements on the structure and diffusivity 

of liquid chromia: An ab initio molecular dynamics study. Phys. Rev. B 85, doi:10.1103/PhysRevB.85.014207 (2012). 

11 Fang, H. Z. et al. First-Principles Studies on Vacancy-modified Interstitial Diffusion Mechanism of Oxygen in 

Nickel, Associated with Large-Scale Atomic Simulation Techniques. Journal of Applied Physics, Accepted (2014). 
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Aluminides are intermetallic compounds or alloys of aluminium and another metal. Their structures are often different 

from those of the constituents. Some aluminides are interesting functional materials others have attracted attention as 

high-temperature structural materials. For example, titanium-aluminides based on γ-TiAl have found applications in 

automotive and aircraft engine industries.  

Diffusion is of fundamental interest for materials with high temperature applications. An overview of recent advances 

mainly from the Münster laboratory on diffusion in binary aluminides is presented with an emphasis on the 

relationship between the structure properties and thermal vacancies. In particular examples of lattice self- and solute 

diffusion in binary aluminides from the systems Fe-Al, Ni, Al and Ti-Al are discussed. We also mention differential 

dilatometry studies from literature, which cast light on the thermal vacancy concentations, e.g. in iron aluminides and 

on their implications for the mechanisms of diffusion.. Finally, we mention some results about grainboundary 

diffusion. 
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In recent years in orthodontic practice orthodontic wire from the Shape Memory Alloy (SMA) NiTi has been 

established. This material is very useful because of its unique properties. In comparison with the other materials used 

in orthodontic praxis, it has better biocompatibility and unique functional property hold [1, 2]. The functional property 

that gives this material advantage over other materials is called superelasticity. This means that we can cause large 

strain on the material and, after deactivation, the material recovers back to its original position. This property is 

associated with the diffusion-less phase transformation between the austenitic and martensitic phases [3]. Orthodontic 

wire with such a property has a great advantage in the treatment of outstanding teeth in the oral cavity. Namely, an 

orthodontic appliance operates in such a way that the inserted orthodontic wire has functions which move the tooth 

or group of teeth into the right position [4].  

In this work we are presenting devices to simulate the different deformations of wire that occur in orthodontic praxis. 

On the wire from SMA NiTi we observed a stress-induced phase transformation which was caused by the different 

deformations. Our goals were to detect and determine the beginning of the stress-induced phase transformation at 

different deformations and the benefit of the transformation plateau during orthodontic treatment. This was done by 

measuring the micro hardness and electrical resistivity. By these analyses we detected successfully the phase 

transformation while the orthodontic wire was deformed in different ways. 

 

[1] P. R. Kusy, Angle. Orthod., 67, 197-207 (1997). 

[2] R. Rudolf, J. Ferčec, Military Technical Courier, 61, 105-122 (2013). 

[3] D. C. Lagoudas, Shape Memory Alloy: Modelling and Engineering Applications, (Springer, Texas (USA), 2008). 
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Thermomigration-induced unmixing, or Soret effect, of mixed ionic electronic conductor compounds, that seems to 

have long been forgotten, is now attracting new attention, as the devices thereof, e.g., memristors, atomic switches, 

thermoelectrics, and gas permeation membranes, grow smaller or thinner with their driving forces, whether electrical, 

chemical or thermal, ever increasing.[1] Particularly in the oxide-based devices, thermomigration of component 

oxygen is often of interest because all the defect-structure sensitive properties of the oxide are normally governed by 

oxygen nonstoichiometry.  

According to irreversible thermodynamics, [2] the direction and extent of thermomigration of mobile O in a mixed 

conductor oxide, e.g., La2NiO4+d, is governed by the sign and magnitude, respectively, of its reduced heat-of-

transport. Experimental measurement of, however, is by no means trivial and hence, numerical data are extremely 

limited. Even the qualitative prediction of d-thermomigration, thus, remains far beyond reach. 

We have recently developed a very simple electrochemical method to measure by using zirconia-based Galvanic cells, 

and successfully applied it to the system of La2NiO4+d which is known to be hyperstoichiometric across its entire 

stability range. It is found, to one’s surprise, that even changes its sign against oxygen activity depending on 

temperatures. We will report on the measurement principle and the results on La2NiO4+d together with their 

connotations. 

 

[1] E.g., D.B. Strukov, F. Alibart and R.S.Williams, Appl. Phys. A 107, 509 (2013). 

[2] C. Wagner, Progr. Solid State Chem., 7, 1 (1972) 
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Among all thermophysical properties, diffusion coefficients and viscosity are known to play a prominent role for a 

detailed understanding of the solidification process including crystal growth and vitrification. First principle-based 

molecular dynamics simulation represent a powerful approach to determine these quantities and analyze the 

underlying mechanisms at the atomic level. An investigation of diffusion and viscosity of pure liquid aluminum [1, 

2] and Aluminium-based alloys [3–6] is proposed by means of ab initio molecular dynamics simulation in the liquid 

state. The results are analyzed by the light of the icosahedral-short range order. The validity of the Stokes-Einstein 

(SE) universal law linking the viscosity and self-diffusion is thoroughly tested, as both quantities can be determined 

independently in the simulations. Our results show that the Stokes–Einstein relation can be applied over the 

temperature range investigated for pure liquid Al. For Al-based alloys application of the SE relation is more 

questionable and depends strongly on the degree of the icosahedral ordering. On the basis of these results, diffusion 

of impurities like Hydrogen in Al and Al-based alloys can be discussed. 

 

[1] N. Jakse and A. Pasturel, J. Phys. Cond Matter 25, 285103 (2013). 

[2] N. Jakse and A. Pasturel, Scientific Reports 3, 3135 (2013).  

[3] N. Jakse, O. Le Bacq et A. Pasturel, Phys. Rev. Lett.  93, 207801  (2004) 
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[4] N. Jakse, O. Le Bacq et A. Pasturel, J. Chem. Phys. 123, 104508 (2005) 

[5] N. Jakse, O. Le Bacq et A. Pasturel, Euro. Phys. Lett. 74, 275  (2006) 

[6] N. Jakse et A. Pasturel, Phys. Rev. B 76, 24207 (2007) 
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The marker method in studying the formation mechanism and defect structure of higher oxide during oxidation of 

lower oxide, showing rather high deviation from stoichiometry has been discussed. The approach to this problem 

needs specific treatment, both in experimental procedure and in the interpretation of results. It has been shown that 

the correct results of marker experiments in the case of highly defected ceramic substrates can be obtained, if these 

substrates before the marker deposition process are submitted to homogenization under highest oxidant activity, at 

which they remain stable at a given temperature. In addition, in the case of highly defected compounds, the 

nonstoichiometry must be considered in formulating appropriate chemical reactions, being the basis for foreseeing 

the location of markers in the interior of reaction product. The another very important problem consists in the 

possibility of the formation of reaction product not only at the surface of oxidized substrate but also inside of this 

substrate. In such a situation, the formulation of final conclusions concerning the crystalline lattice disorder from 

markers position should be combined with considerations of processes occurring in the substrate. Under these 

conditions only, the position of the markers in the reaction product allows rational conclusions to be formulated. 

Theoretical considerations presented in this work have been illustrated by the results of predominant disorder, 

obtained using marker method in several transition metal oxides and sulphides. 
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Mechanisms of Diffusion of Polar and Non-Polar Solvents in two Polyamides with Different Hydrogen Bond 

Densities (Polyamide 6,6 and Polyamide 6,10) 
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Polyamides are semi-crystalline polymers widely used in the automotive industry due to their high performance in 

terms of mechanical and fuel barrier properties. However, the polarity of this polymer makes it sensitive to polar 

solvents like water from the air humidity or ethanol, which is present in biofuels. In order to improve the biofuel 

barrier properties of polyamides, it is therefore important to study the diffusion mechanisms of polar and non-polar 

solvents and their effect on polyamide microstructure. Since the presence in polyamide of solvents like water or 

ethanol results in a large drop (70 to 100°C) of the glass transition temperature (Tg) of the polymer amorphous phase 

[1], the mobility of the polymer chains changes considerably during the diffusion process. This results in non-Fickian 

diffusion mechanisms. In the present study, we are interested in investigating to what extent the diffusion mechanisms 

are correlated to the mobility of the polymer chains. For this purpose, we have studied two polyamides with different 

densities of hydrogen bonds: PA6,6 and PA6,10. The sorption behavior and the effect of solvents on the polyamide 

glass transition temperature were assessed for each polymer matrix in the presence of a series of polar and non-polar 

solvents. The diffusion coefficients of water were measured as a function of the water activity in PA6,6 and PA6,10 

with a dynamic vapor sorption device (DVS). The a relaxation times (associated to glass transition) for dry and wet 

PA6,6 and PA6,10 were measured by Broadband Dielectric Spectroscopy in the attempt to correlate the variation of 

the a relaxation times and that of the diffusion coefficients. 

 

[1] A. Rios de Anda, L.-A. Fillot, S. Rossi, D. Long and P. Sotta, Polym. Eng. Sci., 51(11), 2129, (2011) 
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Electronic and ionic defects generated by nonstoichiometry or by doping play a prime role in diffusion processes and 

in the reactivity of functional oxides. Due to its sensitivity to electronic transitions of ions and defects, optical 

spectroscopy in the UV-vis-NIR range is a versatile, non-traditional technique for the study of point defects, reaction 

kinetics, and diffusion in oxides. We have studied under in-situ conditions at high temperatures the optical absorption 

at equilibrium as well as the redox kinetics of lithium niobate single crystals possessing different lithium deficiencies 

[1]. 

Chemical reduction of lithium niobates causes coloration of the initially transparent crystals due to the formation of 

electron polarons located on niobium [2]. At elevated temperatures, the equilibrium optical absorption spectra are 

dominated by a band due to free electron polarons, at about 0.95 eV. Its intensity follows an oxygen activity 

dependence in form of a power law (aO2) m with m = – (0.23 ± 0.01). This m-value is in excellent agreement with 

the chemical reduction model of the lithium-deficient material for which (aO2)1/4 is predicted [1]. 

Chemical diffusion coefficients have been determined from relaxation-type experiments with sudden changes in 

oxygen activity, aO2. Assuming coupled fluxes of lithium vacancies and free small polarons for attainment of 

equilibrium, diffusion coefficients of lithium vacancies and of lithium ions can be determined from the kinetics of the 
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redox processes. Their absolute values as well as the obtained activation energy of 1.45 eV are in good agreement 

with recent diffusion and conductivity studies of lithium niobates, see e.g. [3]. 

 

[1] J. Shi, H. Fritze, G. Borchardt, K.-D. Becker, Phys. Chem. Chem. Phys. 13, 2011, 6925. 

[2] O.F. Schirmer, M. Imlau, C. Merschjann, B. Schoke, J. Phys.: Condens. Matter 21, 2009, 123201 

[3] A. Weidenfelder, H. Fritze, P. Fielitz, G. Borchardt, J. Shi, K.-D. Becker, S. Ganschow, Z. Phys. Chem. 226, 2012, 

421 
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The continuous down scaling of microelectronic devices aims to decrease device production cost, to improve device 

performances, and to increase the number of potential applications (miniaturization). However, this down scaling 

progressively leads to the silicon (Si) physical limitations, such as for the Si oxide that has already been replaced by 

high-k dielectrics in current transistor production. Germanium (Ge) is another important group IV semiconductor, 

presenting higher charge carrier mobility and smaller band gap. This material should conveniently replace Si, 

particularly due to its compatibility to the Si complementary metal oxide semiconductor (CMOS) technology. 

Silicides are currently used as contacts in the Si-based technology. They are often produced by solid state reaction 

between Si and a metallic thin film using the self-aligned silicide process in the CMOS technology. Similarly, metallic 

contact production for the Ge-based technology needs to be investigated. Palladium germanides were shown to be 

interesting candidates for microelectronic applications, due to the formation of low resistivity phases at low 

temperature [1]. Few studies on this topic were already reported in literature, showing the sequential growth of Pd2Ge 

and PdGe phases. Pd2Ge is the first phase to form, but PdGe exhibits a lower resistivity. Palladium was also shown 

to be the dominant diffusing specie during the reaction of a Pd film with a thickness comprised between 30 and 50 

nm, using tungsten as a diffusion marker [2]. 

In the present work, in situ X-ray diffraction (XRD) annealing followed by atom probe tomography (APT) and 

transmission electron microscopy (TEM) analyses were used to study the reaction between a 10 nm-thick Pd film and 

an Ge(100) substrate. In-situ thermal annealing during XRD measurements allowed the phase formation sequence to 

be followed in real time. TEM observations provided structural information on reacted layers and interfaces, while 

APT analyses were used to determine the 3D distribution of Pd and Ge atoms in the Pd germanides. Contrasting with 

the experiments reported in the literature, this study allowed the phase formation sequence to be observed without 

marker and for a lower thickness of deposited Pd. 

 

[1] S. Gaudet, C. Detavernier, A.J. Kellock, et al, J. Vac. Sci. Technol. A 24 (2006) 474 

[2] C.M. Comrie, D. Smeets, K.J. Pondo, et al, Thin Solid Films, 526, (2012) 261 
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The experimental and mathematical method of calculating the diffusivity has widely studied and applied in many 

fields of science and technology where diffusion is concerned. In the present paper the peculiar behaviour of oil 

immersed transformer insulating solids which are cellulose based components and porous in nature is studied. It is a 

established fact that presence of external or internal moisture not only hampers the performance but also reduces the 

life of an oil filled transformer. The time required by the migrated moisture to diffuse and generate equilibrium 

conditions can devour information about the dielectric resistance of the insulation system against increasing moisture 

concentrations and subsequent failures. This equilibrium time constant is inversely proportional to the diffusivity and 

therefore is assumed to be a function of varying moisture concentrations.  

The paper gives an insight on laboratory scale transformer based diffusion experiments performed on Oil Impregnated 

Paper (OIP) of high porosity and dielectric stability at 1000C. The results obtained from these experiments were 

divided into two sections for understanding i.e. firstly the impact of diffusivity on varying moisture concentration 

(1%, 3%, 5%) and subsequent equilibrium time, and secondly improved moisture profiling by discretizing the whole 

system in to small elements for location oriented measurement of moisture. These results can be used in designing an 

intelligent black box system for effective assessment for in service on-line transformers. 

 

References: 

[1] R. Liao, M. Zhun, L. Yang, X. Zhou and C. Gong, J. Physica B: Condensed matter, 406, p1162-1168, (2011) 

[2] D. F. Garcia, R. Villarroel, B. Garcia and J. C Burgos, Vol.29(2), p 40-49, IEEE Electrical Insulation Magazine, 

(2013) 
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Growing focus and effort on the use and development of lightweight Mg alloys has been the catalyst for more 

fundamental research in Mg based material systems. Zinc (Zn) is one of the most common alloying elements in Mg 

alloys, usually in conjunction with aluminum (Al) in the Mg-Al-Zn or AZ series alloys. Diffusion and phase layer 

growth in the binary Mg-Zn system was investigated utilizing solid-to-solid diffusion couples of pure Mg vs. pure Zn 

annealed in the temperature range of 295° to 325°C. Additionally, solid-to-solid diffusion couples of pure Mg and 

Mg(Zn) solid solution annealed at temperatures between 350° and 450°C were used to study the interdiffusion and 

impurity diffusion in Mg solid solution. The diffusion microstructures that developed were examined by optical 
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microscopy (OM) and scanning electron microscopy (SEM). Concentration profiles were determined using X-ray 

energy dispersive spectroscopy (XEDS) and electron microprobe analysis (EPMA). Mg2Zn11, MgZn2 and Mg4Zn7 

phases were observed in all three pure metal couples as well as the high temperature, Mg51Zn20 phase in the 325°C 

couple. The MgZn2 phase developed the thickest layer, followed by the Mg4Zn7 and the Mg2Zn11 phases. Parabolic 

growth constants are reported for each phase. Activation energies for the growth of the intermetallic phases were 

calculated as 107 kJ/mol for the Mg4Zn7 phase and 207 kJ/mol for the MgZn2 phase. Interdiffusion coefficients were 

determined via the Boltzmann-Matano method. Because of the subtle concentration gradient across the intermetallic 

phases, the integrated interdiffusion coefficient was also calculated allowing comparison of activation energies. Thus, 

the integrated interdiffusion coefficient activation energies were 166 kJ/mol for the Mg4Zn7 phase, 192 kJ/mol for 

the MgZn2 phase and 152 kJ/mol for the Mg2Zn11 phase. From the solid solution diffusion couples where sufficient 

concentration gradient developed, the activation energy and pre-exponential factor for average effective interdiffusion 

coefficient in Mg(Zn) solid solution was found using the Boltzmann-Matano method and is reported as 129.5 kJ/mol 

and 2.67 x 10-4 m2/sec. The activation energy for diffusion of Zn impurity in Mg was determined via the Hall method 

and is 109.8 kJ/mol. 
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Transient Liquid Phase Bonding (TLPB) represents a promising alternative to conventional soldering due to higher 

possible service temperatures and low thermally induced residual stresses. This work targets the growth characteristics 

of Ag3Sn Intermetallic Compounds (IMC) in a thin, electroplated Ag-Sn interlayer system and aims at transferring 

the gained knowledge on TLP joining applications. 

A special experimental set-up was developed to obtain near-isothermal conditions and to access solid-solid and solid-

liquid interfacial reactions under identical conditions. The focus within these investigations was put on the short time 

formation of Ag3Sn IMC. Based on the as-coated state and the measurement of the initial IMC thickness, the evolution 

of IMC was analysed from initiation until 180 s of holding time in solid-liquid conditions at 250 °C and 300 °C and 

until 3600 s of holding time in solid-state conditions at 200 °C. Clear differences in terms of morphology and kinetics 

were identified depending on temperature. Diffusion mechanisms were determined which differed in the solid-solid 

and solid-liquid state and changed with increasing holding time. Growth kinetics of Ag3Sn IMC were mathematically 

captured by power laws and representative parameters like the interdiffusion constant or the activation energy were 

derived. A procedure was presented to create a processing map as a function of time and temperature which only 

requires a few short time experiments at two different temperatures. Finally, a joining model for TLPB was proposed 

and experimentally verified. 
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Diffusion of P into heavily doped p-type Ge is used for formation of a first cascade of multicascade solar cells. In this 

work the results of experimental and theoretical research of phosphorus and gallium distribution in the 

In0,01Ga0,99As/In0,56Ga0,44P/Ge heterostructures  are presented.  Heterostructures were grown at 635 oC. SIMS 

has been applied to obtain profiles of P, Ga and Ge. It was shown that there is a thin layer of about 26 nm in the 

germanium surface, in which gallium concentration exceeds the concentration of phosphorus. Therefore a nanoscale 

p-n junction is formed that does not have a significant impact on the solar cell performance at room temperature. The 

depth of the p-n junction for energy conversion in Ge cascade is 130—150 nm. 

Diffusivity of gallium (DGa= 1, 4*10-15 cm2/s) is significantly higher than presented in any previously published 

data. Diffusivity of P in Ge for vacancy-assisted diffusion [1-2] can't be taken for description of this case. As we 

propose, vacancy concentration changes in space and time, so generation and recombination terms must be considered 

in a continuity equation.  Numerical calculations of dopand profiles were performed using coordinate-dependent 

diffusion. Diffusivity of P increase from DP= 2*10-15 cm2/s in the p-type to DP= 6*10-10 cm2/s in the n-type Ge. 

This tendency correlates with the dependency of negatively charged vacancies on a free carrier concentration. 

 

[1] H. Bracht, S. Schneider, R. Kube.  Microelectronic Engineering, 88, 452 (2011). 
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In this talk, a new exact formalism of isotopic diffusion in an interdiffusion context is described. It is based on the 

Onsager phenomenological theory and linear response theory. The resulting expressions in the laboratory frame are 

surprisingly simple and consist of terms coming from the standard interdiffusion expressions and from Fick’s first 

law where the tracer diffusion coefficient is involved. A ‘sandwich’ type of interdiffusion experiment is most 

successful for the application of this formalism. The interdiffusion couple should initially contain a thin tracer layer 

of one or both of the constituent elements at the interface of the two parts of the couple. This type of experiment was 

first performed in 1958 by the late John Manning. The experiment was never repeated largely because it was never 
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analysed in terms of obtaining tracer diffusion coefficients. The new formalism provides the means to obtain the 

interdiffusion coefficient and tracer diffusion coefficients simultaneously from analysis of the interdiffusion and tracer 

profiles. It is very successfully applied to the results of Manning’s experiment in the Ag-Cd system (6 sandwich 

interdiffusion couples in total) and compared with independent measurements of the composition-dependent tracer 

diffusivities of Ag and Cd. Further development of the sandwich interdiffusion experiment and analysis to the case of 

multicomponent alloys will be commented on. 
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In fast nuclear reactor fuel U-Zr alloy, fission product lanthanides (LA=La, Ce, Pr, Nd, etc) accumulate in the fuel 

and migrate to cladding. When fuel and cladding come into contact, chemical reactions between the fuel and cladding 

constituents may occur, which are known as Fuel-Cladding Chemical Interaction (FCCI). The lanthanides are more 

reactive with Fe-base cladding than the fuel constituents. The resulting reaction products lower the cladding melting 

point, reduce effective cladding wall thickness and therefore increase stresses in cladding. To prevent lanthanide 

migration in the U-Zr alloy, adding a dopant was proposed. To examine the efficacy of the method out-of-pile tests 

of fuel samples containing cerium, as a representative lanthanide, simulating irradiation of high burnup metallic fuel 

were performed. The test samples are discs of U-10wt%Zr-2wt%Ce-5wt%In, where In is the dopant, with dimensions 

of 6 mm D x 5 mm L. The samples were tested with the hotter side maintained at 750 oC and the cooler side at 400 

oC to achieve a thermal gradient of 60 K/mm. The typical test duration was ~90 days. After each test, the sample was 

axially cut and metallographically examined. Optical microscopy and scanning electron microscopy were performed 

for characterization of Ce-bearing phases and measurement of the concentration of Ce along the thermal gradient. The 

effect of In addition was compared with those without indium was examined. 

 

KeywordS: fast reactor metallic fuel, U-Zr, lanthanide migration, dopant, indium, out-of-pile test, thermal gradient 
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In the hot strip mill process, steel surface is in contact with humid air at high temperatures: from nearly 1200°C 

(reheating furnace) to nearly 700°C (coiling). At these conditions, an oxide layer called commonly “scale” is formed. 

Some alloying elements such as Si, Mn and Al are added to steel to reach high level of mechanical properties like 

elasticity limit, strain strength, elongation, formability and crash worthiness. These elements segregate at high 

temperatures towards the scale/metal interface forming mixed oxides for silicon and aluminium or solid solutions in 

scale for Mn [1, 2].  

In this study, the focus is put on silicon effect on scale formation kinetics and chemistry during oxidation at hot strip 

mill temperatures. The steels containing 0.02 wt.%Si, 1.6 wt.%Si and 3.2 wt.%Si were oxidized in a 15% humid air 

with short isothermal oxidation times (15 min). The scale growth rate of the low alloyed steel follows a parabolic law 

with time corresponding to the iron diffusion controlled oxidation [3, 4]. The presence of silicon delays scale growth 

by forming a silica SiO2 barrier layer at the scale/metal interface. This effect is more important for the steel containing 

3.2 wt.% Si and induces a discontinuous scale. Silicon oxides are concentrated at the scale/metal interface and the 

morphology of formed layers depends on the oxidation temperature.  

 

1] R. Chen, W. Yuen, ISIJ international, 45, 52 (2005). 

[2] P.H. Bolt, Steel research international, 75, 399 (2004). 

[3] C. Wagner, J. Electrochem. Soc., 99, 369 (1952). 

[4] J. Paidassi, Acta Metall., 6, 184 (1958). 
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Diffusion related interactions between the high-density, low-enriched metallic fuels and the cladding alloys can effect 

the integrity of the metallic fuel systems [1,2] being developed for research and test reactors. Magnesium can be 

considered as a diffusion barrier in Uranium-Molybdenum alloy nuclear fuels cladded in Aluminum alloy, AA6061. 

Mg, with its low neutron absorption rate and complete immiscibility with U and Mo, has been shown to have 

negligible diffusional interactions yet acceptable interfacial bonding necessary for the fuel plate application [3]. On 

the other hand, the diffusional interaction between the Mg and the AA6061 cladding had not been investigated.  

Through solid-to-sold couples of pure Mg and AA6061, the interdiffusion and reaction can be characterized. This 

study characterizes the reaction products evolved and quantifies the diffusion kinetics when pure Mg bonded to 

AA6061 is subjected to thermal treatment at 300°C for 720 hours, 350°C for 360 hours, and 400°C for 240 hours. 

Characterization techniques include Optical Microscopy, Scanning Electron Microscopy with X-ray Energy 

Dispersive Spectroscopy, Transmission Electron Microscopy. Parabolic growth constants are reported for γ- 

Mg17Al12, β-Mg2Al3, and the elusive ε-phase. Similarly, the average effective interdiffusion coefficients of major 

constituents are determined for Mg(ss), γ- Mg17Al12, β-Mg2Al3, and AA6061. The activation energies and pre-

exponential factors for both parabolic growth constant and average effective interdiffusion coefficients were computed 
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using the Arrhenius Relationship. This study finds that the activation energy for growth of γ-Mg17Al12 is significantly 

higher than that for β-Mg2Al3 while the activation energy for interdiffusion of γ-Mg17Al12 is only slightly higher 

than that for β-Mg2Al3. Comparisons are made between the results of this study and those of diffusion studies between 

pure Mg and Al [4] to examine the influence of alloying additions in AA6061. 

 

[1] D.D. Keiser, S.L. Hayes, M.K. Meyer, C.R. Clark, “High-density, Low-enriched Uranium Fuel for Nuclear 

Research Reactors,“ Journal of Metals (JOM), (2003) 55-58. 

[2] E. Perez, D.D. Keiser, Jr., Y.H. Sohn, “Phase Constituents and Microstructure of Interaction Layer Formed in U-

Mo Alloys vs. Al Diffusion Couple Annealed at 600°C,” Metallurgical and Materials Transactions A, Vol. 42 (2011) 

pp. 3071-3083. 

[3] K. Huang, H. Heinrich, D.D. Keiser, Jr., Y.H. Sohn, “Fuel-Matrix Chemical Interaction Between U-7wt.%Mo 

Alloy and Mg,” Defects and Diffusion Forum, Vol. 333 (2013) pp. 199-206. 

[4] S. Brennan, K. Bermudez, N. Kulkarni, Y.H. Sohn, “Interdiffusion and Intrinsic Diffusion in Mg-Al System,” 

Metallurgical and Materials Transactions A, Vol. 43A, (2012), pp. 4043-4052. 
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Traditional treatment of bone diseases such as osteoporosis through the use of oral or intravenous drugs have many 

side effects. To overcome these problems, mesoporous materials are extensively used as carriers in local drug delivery 

applications. In this study sphere like hydroxyappatite particles with mesoporous structure were synthesized using a 

self-assembly process. Cetyl trimethylammonium bromide (CTAB) with 1-dodecanethiol were used as templating 

agents. The effect of solvent type and cationic surfactant amount on pore structure was investigated. The field 

emission-scanning electron microscopy (FESEM), x-ray diffraction (XRD), Brunauer-Emmett-Teller (BET) surface 

area analysis and fourier transform infrared spectroscopy (FTIR) results revealed that spherical porous nanostructure 

of hydroxyapatite with high surface area can be obtained in presence of di-ionized water as solvent and 30 mM of 

cationic surfactant (CTAB). 

 

[1] H. Chen, T. Hu, X. Zhang, K. Huo, P. K. Chu, and J. He, Langmuir, 26 (16), 13556-63, (2010). 

[2] X. Wang, X. Miao, Z. Li, and W. Deng,  J. Non-Cryst. Solids, 356 (18–19), 898-905 (2010). 

[3] Y. T. Huang, M. Imura, Y. Nemoto, C. H. Cheng, and Y. Yamauchi, Sci. Tech. Adv. Mater, 12 (4) 045005 (2011). 

[4] Y. Li, W. Tjandra, K. C. Tam, Mater. Res. Bull, 43 (8–9), 2318-2326 (2008). 
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To attain high critical current density (Jc) of bronze-processed Nb3Sn-based superconductors one must ensure the 

deepest diffusion transformation of Nb filaments into the superconducting Nb3Sn phase and optimize the 

nanocrystalline structure of the latter [1]. For the increase of Jc and decrease of manufacturing expenses, 

multifilamentary wires with tubular Nb filaments were worked out at Bochvar Institute of Inorganic Materials [2]. In 

the wires of such geometry bronze matrix is located both inside and outside Nb filaments, and the Cu-Sn/Nb diffusion 

surface for the superconducting phase formation is enlarged, which enables practically complete transformation of 

Nb into Nb3Sn. The nanocrystalline structure of superconducting layers is sensitive to the diffusion annealing [3]. In 

the present study the structure and morphology of superconducting Nb3Sn layers in multifilamentary wires with 

tubular Nb filaments have been studied by SEM and TEM after various regimes of the diffusion annealing. It is 

demonstrated that most of tubular filaments transform into the Nb3Sn phase in the wires with this geometry after all 

the diffusion heat treatments studied, but still in some tubes there are narrow islands of the residual Nb. Thus, for 

example, after the longest low-temperature annealing, 575°С, 300 h, the finest Nb3Sn grains have been obtained. 

However, according to our fractography studies, the Nb tubes vary in their thickness (from 0.5-0.7 to 1.5-1.9 mm), 

and in their thickened areas not only fine equiaxed Nb3Sn grains are observed, but also elongated (columnar) grains 

and the residual Nb islands. After the two-staged annealing, 575°С, 100 h + 650°С, 50 h, less amount of the residual 

Nb is retained, but the layer of columnar Nb3Sn grains is broader. Thus, varying the diffusion annealing regimes it is 

possible to optimize the superconducting layers structure and increase the current-carrying capacity of the 

superconductors. 

The study is supported by the Program of RAS (project No. 12-P-2-1015). The authors are thankful to A.E. Vorobyova 

and E.A. Dergunova for the composite specimens. 

 

[1] I.L. Deryagina, E.N. Popova, E.P. Romanov e. a. Phys. Met. Metall., 113, 391 (2012). 

[2] A.E. Vorobieva, A.K. Shikov, V.I. Pantsyrny et al., IEEE Trans. Appl. Supercond., 15, 3407 (20005). 

[3] E.N. Popova, V.V. Popov, E.P. Romanov et al., DDF, 273-276, 514 (2008). 
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In [1] the segregation effect for the grain boundary impurity diffusion problem was investigated for the case of the 

model where grains are represented by parallel slabs and the equilibrium conditions are assumed for the segregation 
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phenomena. In the present paper, we analyse the grain boundary impurity diffusion problem for both parallel slabs 

and the closed grain models where only local equilibrium conditions for the segregation are valid. This analysis is 

done by making use of an analytical approach and by means of Lattice Monte Carlo (LMC). This recent technique 

has been successfully used on numerous occasions [1-3] for the purposes of systematic studies of the grain boundary 

transition regimes that occur between the principal well-defined Harrison grain boundary kinetics regimes (A, B and 

C – types). The local and global segregation effects had been first introduced and studied in [4]. In the present paper 

these two types of segregation effect in the cubic grain model is analysed and compared with the simple parallel slab 

model. 

 

[1] I V Belova, T Fiedler, N Kulkarni and G E Murch, The Harrison Diffusion Kinetics Regimes in Solute Grain 

Boundary Diffusion, The Philosophical Magazine, 92, pp 1748-1763 (2012). 

[2] I V Belova and G E Murch, Analysis of Kinetics Regimes in Grain Boundary Diffusion, Philosophical Magazine, 

89, pp 665-675 (2009). 

[3] I V Belova and G E Murch, Exploration of the Transition from Harrison Type-A Kinetics to Type-B Kinetics 

Regimes in Grain Boundary Diffusion, Defect and Diffusion Forum, 273/276, pp 425-430 (2008). 

[4] Equilibrium and Time-Dependent Solute Segregation at Grain Boundaries: Systematic Monte Carlo Studies, Irina 

Belova, Graeme Murch, Thomas Fiedler, TMS 2011 Annual Meeting & Exhibition, Symposium on Thermally 

Activated Processes in Plastic Deformation: Nucleation and Diffusive Processes, February 27 - March 3, 2011. 
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Results of recent experimental investigations into stress induced grain boundary migration in aluminum bicrystals 

will be briefly reviewed. Boundary migration under a shear stress was observed to be coupled to a lateral translation 

of the grains for planar symmetrical and asymmetrical <100> and <111> tilt boundaries. For <100> boundaries this 

coupling proved to be the typical migration mode for all investigated boundaries with both low and high misorientation 

angles. 

Measurements of the temperature dependence of coupled boundary migration revealed that there is a specific 

misorientation dependence of migration activation para¬meters, such that the lower activation enthalpy values 

correspond to boundaries which can be associated with misorientations close to low Σ CSL orientation relationships. 

Contrary to expectations and theoretical predictions, the Σ7 CSL boundaries in bicrystals of different geometry moved 

under an applied stress, but their motion did not produce shear. These crystallographically equivalent boundaries, 

however, were found to behave different with respect to migration rate and its temperature dependence. 

The stress driven migration of the mixed <100> tilt-twist boundaries was observed to be accompanied by both the 

translation of adjacent grains parallel to the boundary plane and their rotation around the boundary plane normal. 
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During boundary migration shear is produced due to the partially <100> tilt boundary character, whereas the twist 

component is responsible for the concurrent grain rotation. 
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The state of grain boundaries in coarse-grained and ultrafine-grained (UFG) molybdenum has been studied by the 

method of emission nuclear gamma-resonance (NGR) spectroscopy on the 57Co(57Fe) nuclei. The specimens of 

coarse-grained Mo were obtained by cold deformation followed by recrystallization annealing at 1200oC, the 

crystallite sizes after such treatment being ~ 50 mm. The ultrafine-grained specimens were obtained by high-pressure 

torsion (HPT) at 350oС. 

The state of grain boundaries in the coarse-grained Mo was studied in the temperature range of 400-1000oС. After 

the 400oС annealing there are two lines in the Mossbauer spectrum, one of which, component 1, is formed by the 

Mossbauer atoms localized in grain boundaries, and another one, component 2), by the atoms located in near-boundary 

areas of crystallites. With the increasing of temperature the intensity of component 2 increases, whereas that of 

component 1 decreases up to its complete vanishing. Based on the results of NGR studies it is demonstrated that that 

grain-boundary diffusion proceeds through interstitials, and the temperature dependence of the grain-boundary 

segregation factor has been determined. 

In case of ultrafine-grained Mo there are also two lines in the spectrum after the annealing at 350oC, but their 

parameters substantially differ from those of the coarse-grained Mo, testifying that the state of grain boundaries in 

UFG Mo obtained by HPT is non-equilibrium.  When the annealing temperature is increased to 400oC, two more 

lines appear in the NGR spectra of UFG Mo, corresponding to the recovered grain boundaries and their near-boundary 

areas. The state of these two lines is close to equilibrium. Beginning from 600oС, there are practically no more non-

equilibrium boundaries in the spectra. 

 

The study is supported by the Program of the Ural Branch of RAS (project No. 12-P-2-1016) and by Russian 

Foundation for Basic Research (project No. 14-03-31596-m). 
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Metal thermo-compression wafer bonding is an enabling technology for microelectromechanical systems (MEMS) 

and heterogeneous integration in three-dimensional integrated circuits (3D ICs) applications. Besides enabling a 

mechanically stable joint, the metal bond also ensures high electrical and thermal conductance, and provides vacuum 

sealing for MEMS sensors and actuators. Due to its excellent electrical conductance, copper is the material of choice 

for many industrial applications and for this study. Void formation observed after the Cu-Cu bonding process can 

degrade the quality of the bonding interface [1,2]. Hence, mechanical instabilities can lead to malfunctions or even 

destruction of the device. Within this work a model based on thermodynamics to elucidate the void evolution was 

introduced. 

The object of the physical model was to theoretically predict the evolution of cavities in size and distribution with 

increasing annealing time, after successfully pre-bonding of the Cu wafer surfaces. Also the impact factors of the 

applied pressure, the initial void diameter and the surface energy were verified. Due to minimization of the energy of 

the system, a reduction of the free surface area, and hence a reduction of the average cavity size, was predicted by the 

model. 

 

[1] C.S. Tan, R. Reif, N.D. Theodore, and S. Pozder, Appl. Phys. Lett., 87, 201909-1 (2005).  

[2] M. Martinez, M. Legros, T. Signamarcheix, L. Bally, S. Verrun, L. Di Cioccio, and C. Deguet, Thin Solid Films, 

530, 96 (2013). 
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The Ni-based self-aligned silicide is widely used as contacts and interconnections in very large-scale integrated 

circuits [ ]. They are obtained by solid state reaction between Ni thin film and Si substrate. Therefore, the fundamental 

mechanisms related to their formation, including the first stages of the nucleation, phase formation sequence, the 

growth kinetics, and the microstructures of the silicide, are of great interest for applications. NiSi is the desired phase 

in the Ni silicide sequence as the contact material in advanced integrated circuits [ ] because of several advantages: 

low temperature formation, low consumption of Si, etc. However, a major disadvantage of NiSi is its degradation at 

high temperature. The addition of percent-wise Pt to Ni film increases significantly the stability of NiSi on Si 

substrates [ ]. 

In this work, in situ-XRD annealing followed by atom probe tomography (APT) and transmission electron microscopy 

(TEM) analysis were used to study the reaction between 10 nm Ni (10% Pt) alloy film and Si(100) substrate. 

Isothermal annealing in in-situ XRD at different temperatures (200°C, 215°C and 230°C) have shown a nucleation-
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controlled behavior for NiSi growth at the epitaxial θ-Ni2Si/Si interface in contrast to the diffusion-controlled growth 

usually reported for NiSi [ ]. TEM measurements have provided information about the NiSi nuclei shape and their 

distribution in the sample while APT analyses were used to determine the 3D distribution of Ni, Si, and Pt atoms. The 

Pt distribution was obtained in two cases: (1) in the θ-Ni2Si phase without the presence of NiSi nuclei and (2) inside 

the NiSi nuclei. A model for nucleation and lateral growth of NiSi at θ-Ni2Si/Si interface is proposed. 
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The development in micro and nanoelectronics has provoked a great experimental, theoretical and computer 

simulation activity that has allowed a better understanding of the surface defect formation in solid thin film systems 

caused by mass transport mechanism. It was found that the competition between elastic strain energy and surface 

energy can lead to the growth of surface profile perturbations. The evolution of the surface morphology is governed 

by the variation in chemical potential along the curved surface. Using molecular dynamics, phase field method, 

different continuum based models, the effect of various practically important physical (e.g., film and substrate 

stiffness, surface stress, lattice and thermal mismatch) and geometrical parameters (e.g., film thickness, initial profile 

of undulation) on the morphological instability of film surface were thoroughly analyzed. However, there is a lack of 

understanding of the influence of surface and interface phase elasticity on surface morphology evolution. 

The aim of this study is to resolve the phenomenon of formation of mesoscopic structures on the surface of 

heteroepitaxial thin film system due to surface diffusion by considering the effects of both surface and interface 

stresses. Elastic stress field caused by surface undulation is solved by using the constitutive equations of linear 

elasticity for the bulk and surface phases. Based on method of superposition, a boundary perturbation technique, 

Goursat-Kolosov complex potentials and Muskhelishvili representations, the original boundary value problem is 

reduced to the successive solution of a system of singular and hypersingular integral equations for any order of 

approximation. This perturbation solution and thermodynamic approach allows us to derive a governing equation 

which gives the amplitude change of a surface roughness with time. 

 

Acknowledgement: The work was supported by Russian Foundation for Basic Research under the grants 14-01-00260 

and 12-08-31392. 
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Fracture is a complex phenomenon, which for molybdenum and tungsten is decisively influenced by the strength of 

grain boundaries (GB). The reduced cohesive strength of GBs gives rise to intergranular fracture, which is a key factor 

for the pronounced brittleness of these metals. In order to gain a fundamental understanding, the relationship between 

the geometry of the GBs, the segregation of solute elements to the interface and the work of separation has to be 

elucidated by atomic scale simulations. 

We present atomistic simulations of GBs in tungsten, molybdenum and ferritic iron. Our approach is based on density-

functional theory combined with a semi-empirical method to efficiently obtain reliable GB geometries. We scan over 

a wide range of GBs, selecting those, which are highly frequent in real polycrystals, and investigating the change of 

properties (i.e. the geometry, work of separation, GB energy) as a function of misorientation. In this way we provide 

a comprehensive overview of GB cohesion for pure bcc metals in an unprecedented quality. In addition we present a 

new approach using a first-principle mean field approximation (the virtual crystal approximation) to study segregation 

in highly alloyed tungsten. With these results we can present general trends and give direct suggestions on how to 

improve the cohesive properties for these metals. Aside from that we discuss an argument found theoretically for the 

experimentally observed preferred transgranular fracture in iron opposed to the intergranular fracture found in 

molybdenum and tungsten. 
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The dissimilar metal weld is widely used as well as the similar weld especially in the Oil and Gas industry. However, 

dissimilar weld is more complex than similar weld because it exhibits a small localized hard zone which becomes a 

brittle zone in the weld. 

In this work, we characterize dissimilar metals welds between duplex stainless steel and HSLA steel. The welds were 

produced using two different electrodes, an austenitic (309 L) and a duplex (2209) grade. 

The microstructures of welded joints are investigated using scanning electronic microscope and optical microscope. 

The chemical compositions in different zones were detected by energy-dispersive spectroscopy. Tensile, 

microhardness and toughness of dissimilar welds have been evaluated. 
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A type II boundary is formed in both of the weld joints, where a narrow hard zone is observed in the interface between 

the weld and HSLA steel. Obvious concentration gradient of Ni and Cr exist between the fusion boundary and the 

type II boundary where the hardness is much higher. 

The impact strengths of the weld metals are lower than the duplex stainless steel and much higher than the HSLA 

steel. 

The weld produced with E2209 electrode has better impact properties than that produced with 309L electrode. 

 

[1] S. Wang, Q. Ma, Y. Li, Characterization of microstructure, mechanical properties and corrosion resistance of 

dissimilar welded joint between 2205 duplex stainless steel and 16MnR, Materials  and Design 32, 831-837, 2011. 

[2] P. Bala Srinivasan, V. Muthupandi, W. Dietzel, and V. Sivan, Microstructure and Corrosion Behavior of Shielded 

Metal Arc-Welded Dissimilar Joints Comprising Duplex Stainless Steel and Low Alloy Steel,  Journal of Materials 

Engineering and Performance 15, 758-764, 2006. 

[3] P. Bala Srinivasan, V. Muthupandi, W. Dietzel, and V. Sivan; An assessment of impact strength and corrosion 

behaviourof shielded metal arc welded dissimilar weldments between UNS 31803 and IS 2062 steels, Materials and 

Design 27, 182-191, 2004. 
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In this paper, the tribological behaviors of (Co, Ni, Fe) alloys reinforced with eutectic (WC-W2C) carbides were 

investigated on a tribometer with a ball-on-disk configuration under non-lubricated. 

 The generated wear was quantified volumetrically by means of surface topography scanning measurements. The wear 

tests were performed on a CSM tribometer type choosing the tribological parameters near the operating conditions 

(linear Speed (cm/s), Load range (N); number of cycles etc.). 

The wear tracks and wear debris were analyzed by scanning electron microscopy (SEM), energy disperse X-ray 

spectrometry (EDX) and X-ray diffraction (XRD). The observed mechanisms of wear are discussed with respect to 

the magnitude of wear that was measured. 

 

Key words : Wear resistance; WC–(Co, Ni, Fe); Friction; tribometer 
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Various averaging procedures needed in order to derive governing and constitutive equations for description of two-

phase systems are discussed in the lecture. Preference is given to the sequential spatial-temporal averaging procedure, 

and on the basis of this approach the equations taking into account fluctuations of concentration and their correlation 

with the kinematic characteristics of the gas-liquid mixture are derived. 

The additional impulse due to virtual mass force as a result of bubble pulsations considered, the momentum balance 

provides the basis for the turbulent viscosity and bubble diffusion models. The continuity equations for each phase 

are transformed into a set of diffusion equations taking into account the liquid volume displaced by an equal volume 

of the rising bubbles this being particularly important near the wall. It allows these equations to be applied to bubbly 

flow of a wide bubble size distribution. 

Closed-form theoretical expressions have been obtained for mixtures of bubble sizes predicting the bubble 

concentration profiles for each size fraction as well as the total concentration profile in the pipe cross-section. The 

separation effect when each bubble size fraction has its own and different from others concentration profile is 

exhibited. This effect explains experimental non-uniform multi-peaked bubble concentration profiles. 

The local homogeneous approximation enables the concept of turbulent boundary layer with vanishing viscosity to 

be employed. The limiting case of high Reynolds number is examined under the assumption that the changes of the 

non-dimensional turbulent shear stresses and mixing lengths for the ideal turbulent boundary layer and gas-liquid 

mixture are of a similar nature. Analytical solutions for the wall shear stress, velocity and void fraction distributions, 

and the basic average parameters of the gas-liquid flow are obtained from a relative friction law with only a single 

additional empirical constant. 
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Some factors that effects on increasing the temperature of the fluid inside absorption tube of parabolic trough collector 

has analyzed. These factors are: (absorption tube length; fluids type; flow rate). The design of absorption tube as well 

as solar parabolic trough collector has been changed into different ways in order to increase the fluid temperature 

inside the absorption tube. The Design of experiments (DOE) plays a major role indicates which significant factors 

effect on increasing the temperature. The present method was validated using an experimental designed and was 

fabricated in the Department of Mechanical Technology at Riyadh College of Technology for the investigation of the 

study. The experiments have been done on all the previous factors randomly using factorial design by merging all the 

factors together to know which factors can affect increasing the fluid temperature inside absorption tube, eight 

experiments with three replicates have been chosen randomly. As the results shown, the most significant effective 

factors to maximize fluid temperature were the flow rate and the interaction between absorption tube length and fluid 

type. It also was found that fluid temperature inside the collector was maximized when oil was used as the heat transfer 

fluid and the tube length used was 436 mm. 

 

Keywords: Solar Energy, Parabolic Trough Collector, Absorption Tube, Design of Experiments (DOE). 
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The alternative fuel is become important to replace the use of petroleum fuel. Hydro-cracking is a chemical hydro-

catalytic reaction and widely used in the petroleum refinery to upgrade heavy hydrocarbon into lighter hydrocarbon. 

Application of vegetable oils as a feedstock for biofuel production via hydro-cracking could be a promising way for 

the production of renewable hydrocarbons. In this work, the effect of catalysts, temperature and different vegetable 

oils on synthetic biofuel via high pressure pack bed reactor is investigated. Firstly, H2 was fed with palm oil and two 

different catalysts (Pd/Al2O3 and Pt/Al2O3). The effect of different temperatures (500°C and 530°C) was investigated 

and the pressure was applied at 5 MPa in both temperatures. The results revealed that, the Pd/Al2O3 produced the 

highest biofuel production after distillation approximately 90% at 500°C. After that, palm oil and soybean oil were 

used to compare in the efficiency for kerosene fuel production. The reaction was operated at 450°C, 5 MPa under H2 

pressure on the present of 0.5%Pd/Al2O3. The distillation yield of palm oil and soybean oil showed the highest yield 

at about 74% and 70%, and was classified as kerosene yield at 27% for both feed stocks. Furthermore, the kerosene 

product properties were characterised and the viscosities were obtained at 1.84 cSt and 1.75 cSt when palm oil and 

soybean oil were used, and provided 43.06 MJ/kg and 42.15 MJ/kg of heating combustion value, respectively. 

Moreover, the range of carbon distribution of synthetic kerosene produced from palm oil was showed between C9-

C14 like a petro-kerosene. 

 

[1] B. Veriansyah, J.Y. Han, S.K. Kim, S.A. Hong, Y.J. Kim, J.S. Lim, Y.W. Shu, S.G. Oh and J. Kim. Fuel., 94, 578 

(2012). 

[2] W. Kiatkittipong, S. Phimsen, K. Kiatkittipong, S. Wongsakulphasatch, N. Laosiripojana and S. Assabumrungrat. 

Fuel Process Technol., 116, 16 (2013). 
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In the present work, we have studied the performance of an open compression chamber with compressed air and 

driven by an Oscillating Water Column (referred to hereafter as OWC) seen as a wave energy converter device 

operates mainly with conventional technologies. It consists of a partially submerged and hollow structure opened to 

the sea and normally, below the mean sea level. These structures partially enclose a column of water exposed to the 

incident wave field through the underwater opening and to the atmosphere through a power take-off mechanism. As 

the waves impinge on the device, pressure oscillations at the column underwater interface cause the water column rise 

and fall within the structure. The air trapped above the column surface within the structure is alternatively expanded 

and compressed through the power take-off mechanism, typically a turbine, converting the air static and dynamic 

pressure into mechanical energy. Recognizing the existence of a free-surface for the water column, the interface 

position between the trapped-air and water volume together with the motion of the column, is described by a non-

linear energy equation that reflects the main dynamic characteristics. We analyze the dynamic response of the OWC, 

as a consequence of a non-linear air pressure inside the compression chamber. To use the heave motion of the OWC 

governing equation into physical variables, imply several possible combinations, for this reason we propose 

characteristics scales which allow us to express the governing equation in dimensionless form, which permit to 

examine the phenomena under different magnitude orders of physic variables. We combine the mass conservation 

equation and the energy equation, obtaining an expression for the non-linear air pressure which is dictated by a third 

degree polynomial. We carry out some numerical experiments in order to elucidate the effects of the different 

dimensionless parameters on the dynamic response of the OWC. The numerical results of the above governing 

equation serve us to estimate the dimensionless work done by the oscillating water column. 
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One of the most promising absorber materials for thin film solar cell modules are polycrystalline chalcopyrite thin 

film solar cells based on Cu(In,Ga)Se2 (CIGS). Because of their direct band gap and high absorption coefficient CIGS 

compounds have high solar to electricity conversion efficiency, reliability, and stability. CIGS thin-films were derived 

by a sol–gel dip coating technique. The changes of physical properties of copper indium gallium diselenide (CIGS) 

thin films were determined after the irradiation by beta radiation. The desired electrical resistivity is determined after 

the films exposed to beta radiation by using Sr-90 radioisotope. The variations in structural and optical properties are 

considered with respect to absorbed dose level to investigate the characteristic properties of CIGS thin films. 
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Typically, biodiesel is produced via a chemical reaction called as transesterification of triglycerides obtained from oil 

crops and animal fat with some kinds of acidic or alkali catalyst and various kinds of alcohol such as methanol, ethanol 

and even butanol. In this work, some effects of the types of oil/alcohol and alcohol concentrations on settling 

behaviour of glycerol, a byproduct obtained during biodiesel production is investigated. The reaction was performed 

using sodium hydroxide (NaOH) as a catalyst with a reaction temperature (60 ºC) and 20 min for the reaction time. 

The biodiesel yield and the byproduct obtained from each experiment were separated and observed. An equal ratio of 

the biodiesel and the glycerol was again vigorously remixed. Hereafter, the settling behaviour of glycerol was 

observed. The results revealed that the settling time was reduced significantly as the alcohol concentration increased. 

In addition, when a mixture of two types of alcohol is applied, synergetic effect of the mixed alcohols reduced the 

settling time of the byproduct of glycerol. 

 

[1] F. Ma and A.M. Hanna. Biodiesel production: A review, Bioresource Technol., 70, 1-15 (1999). 

[2] A. Bouaid, M. Martinez and J. Aracil. Long storage stability of biodiesel from vegetable and used flying oils. 

Fuel., 86, 16, 2596-2602 (2007). 
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Fossil fuels are in continuous process of reduction. Find alternative fuels to reduce emissions of pollutants, it is 

necessary. Biodiesel is one of the best renewable resources available that have appeared recently. 

The gaseous fuel used in engines of the diesel cycle has been much studied in recent years, due to the characteristics 

positive of these fuels when the focus is the level of emissions launched in the atmosphere.  

The challenge is to transform the engine diesel into dual engine by using adequate mixtures of diesel, biodiesel and 

natural gas to obtain correct ratio of each fuel and to maintain the original characteristics of diesel engine and good 

performance[1,2]. 

In this sense, the objective of this research is to study the emission characteristics of a commercial diesel engine 

working with biodiesel (B70, B80 and B90) and natural gas mixture. The fuel used in motor consists of 15% mixture 

of diesel and biodiesel (liquid fuel) and 85% natural gas; experiments were carried out in powers 40, 60 and 80 kW. 

The engine was instrumented in order to obtain temperature, mass flow rate, pressure and concentration of combustion 

gases during the experimental test. From the experimental results it was verified that NOx, NO, and CO2 

concentrations decrease. It was also verified an elevated reduction on level the emissions of these exhaustion gases 

compared to diesel standard. 

 

[1] Y. J. R. Costa, A. G. B. Lima, C. R. Bezerra Filho, M. B. Grilo, A. M. N.  Lima., Braz. J. Petrol. Gas. 2, 36-44, 

(2008) 

[2] A. E. Atabani, A. S. Silitonga, I. A. Badruddin, T. M. I. Mahlia, H. H. Masjuki and S. Mekhilef: Sust. Energ. 

Rev.16, 2070-2093,(2012). 
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Bioethanol is mainly produced from food sources, leading to criticisms regarding competition between food and fuels 

for agricultural resources, then is important study raw materials alternatives [1]. The objective of this work was to 

characterize the sisal bagasse and evaluate the alcohol production. The reactions of hydrolysis were carried out in 

stainless steel reactor of high pressure and sugar and alcohol contents were determined by HPLC. The pretreatment 

was realized in the lowest temperatures and acid concentration obtaining the maximum xylose concentration of 24000 

mg/L. After the prehydrolysis the percentage of cellulose in the bagasse of sisal concentrated in about 107% in 

function of the hemicellulose reduction of about 30% and leaching of ashes of 40%. The pretreatment has not affect 

lignin concentration. In the process of hydrolysis it was verified that the regions with the higher levels of glucose 

formation were in the lowest temperatures and acid concentration, obtaining values of 4000 mg/L. The sisal bagasse 
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has a high quantity of pentose from the hemicellulose. The hydrolyzate can also be used for the production of ethanol 

and xylitol. 

 

References: 

[1] C.S.S. Lima, M.M. Conceição, F.L.H. Silva, D.A.S. Leão, E.E. Lima, L.S. Conrado, Applied Energy, 102, 254-

259 (2013). 
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The macambira (bromélia laciniosa) is a plant of the family Bromeliaceae, gender Bromeliad, is found in the Brazilian 

Northeast, highly resistant to dry climates, she has no commercial value, The objective of this study was to evaluate 

the potential of macambira for ethanol production, samples were collected in the rural municipality of Nova Foresta 

in the state of Paraíba, The leaves were cut into small pieces and then passed through a drying process in air circulation 

oven to constant weight and went through a process of grinding in a Wiley mill, chemical characterization of the 

leaves was carried out following the methodology described by Morais (2010) 1,. where it was determined the 

moisture, extractives, cellulose, hemicellulose, lignin and ash, Chemical characterization from the following values 

were obtained; moisture 8,14±0,08%, extractives 7,49±0,79%, cellulose 27,2±0,9%, hemicellulose 37,24±0,9%, 

lignin 5,4±0,4% and ash 3,62±0,1%. Pretreatment with dilute acid in order to hydrolyze the hemicellulose was 

performed then the acidic hydrolysis was performed in a stainless steel reactor, with a capacity of 700mL, with internal 

temperature control and external, the concentration of sugars resulting from the acid hydrolysis was quantified using 

the technique of high performance liquid chromatography. 

 

[1] J. P. S. Morais, Procedimentos para análise lignocelulósica. / por João Paulo Saraiva Morais, Morsyleide de Freitas 

Rosa e José Manoel Marconcini.- Campina Grande: Embrapa Algodão, (2010). 
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It was studied the pretreatment and hydrolysis of sugar cane bagasse using vermiculite clay treated with acid as solid 

catalyst. The milled sugar cane bagasse was subjected to a pretreatment using 3% sodium hydroxide and then 4% 

sulfuric acid and the procedure was carried out in a batch reactor at a temperature of 120 ° C for a period of 60 min. 

This step aimed to reduce the level of lignin and hemicellulose in the bagasse as well as a possible decrease in cellulose 

crystallinity. Samples of sugarcane bagasse in natura and pretreated were characterized about the fiber content as a 

way to compare the amounts of these components before and after treatment. The bagasse samples were subjected to 

SEM. After analysis it was found that the bagasse in nature had a composition of (55.73 ± 2.73)% of α-cellulose 

(14.75 ± 3.58)% and hemicellulose (15.49 ± 1 05)% lignin, while the pre-treated bagasse showed a composition of 

(65.92 ± 0.69)% of α-cellulose (19.15 ± 1.38)% hemicellulose and (± 8.95 0.38)% lignin. The SEM after pre-treatment 

showed that there was a change in the morphology of the fibers. Catalytic tests were performed in aqueous solution 

using the bagasse in natura and processed and vermiculite clay as catalyst enabled. The tests were conducted at 180 

and 200 ° C in autoclaves by polytetrafluoroethylene jacketed stainless steel parts, aiming to evaluate the influence of 

temperature on the process as well as the viability of using vermiculite as solid catalyst from the reaction of hydrolysis 

of cellulose. At the end of the catalytic tests the reaction product was filtered and the supernatant (liquor) obtained 

was analyzed for glucose content (mg L-1) by high performance liquid chromatography (HPLC). The use of activated 

clay with phosphoric acid (4M) produced an increased amount of glucose, and the final yield equal to 12,6%. 
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Cellulases, among many enzymes, have highlighted in several areas of expertise, such as food, textiles, pulp and paper 

and wastewater treatment of effluents and residues. There is also the challenge of producing biofuels, where currently 

cellulases have been widely applied in the production of cellulosic ethanol, where it uses during the stage of hydrolysis 

of lignocellulosic biomass for conversion of cellulose to glucose. Studies have been developed in order to produce 

this enzyme through a process of solid state fermentation from lignocellulosic agroindustrial wastes, thus reducing 

the cost of enzyme production, and adding value to the residue. The aim of this work was to produce cellulases from 

the stalk of the cashew bagasse using Trichoderma reesei LCB 48. The study of the cellulase production was 

performed using 22 factorial design with central point in quadruplicate. The washed stalk of the cashew bagasse 

inoculated with T. reesei was evaluated for the production of cellulases with initial moisture contents of 45, 55 and 

65% and in the presence of inorganic nitrogen ((NH4)2SO4) at concentrations 0.5, 0.75 and 1%. The fermentation 

was developed over 238 hours, and during this period the parameters analyzed were pH, moisture, AR and enzyme 

activity expressed in CMCase. Peak production of cellulase enzyme expressed in CMCase was achieved with 238 

hours which value was 0.71 U/g (0.095 U/mL), under the conditions of 45% initial moisture content and 1% of 

nitrogen source. This activity was obtained in only one stage of the biotechnological process, the solid state 

fermentation; the next ones are concentration and purification. The using of experimental design methodology allowed 
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us to observe the initial substrate moisture is the determining variable in the production of enzymes CMCases, and 

the minimum moisture level (45%) showed the highest production values of CMCase. 
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The increase in energy demand, the price also start off showing many folds toll and this has raised an alarm to save 

energy, by using minimum energy from the conventional resources like crude-oil, natural gas, oil shale etc .The ever 

increasing energy demand can be reduced to some extent by using energy sources other than conventional sources 

like solar energy, biomass, geothermal energy, wind energy. The interest towards absorption refrigeration machines 

and absorption heat pumps has increased considerably over the last few years, due to the extreme necessity of more 

effective use of heat, the creation of wasteless technology, and economy of fuel and energy resources. The systems 

consume very little high-grade electrical/mechanical energy as compared with the vapour compression systems. The 

effect combination of operating temperatures and concentrations with water-lithium bromide on performance are 

presented and discussed. 
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In Algeria the global solar radiation and its components is not available for all locations due to which there is a 

requirement of using different models for the estimation of global solar radiation that use climatological parameters 

of the locations. 
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Empirical constants for these models have been estimated and the results obtained have been tested statistically. The 

results show encouraging agreement between estimated and measured values. 

 

Key words: Global solar radiation, empirical model, semi arid areas. 
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Advanced cathode materials are needed to produce the stable, high current electron beams that are needed for compact, 

high power, high frequency, vacuum electronic devices. Current state of the art thermionic cathodes require high 

operating temperatures resulting in inefficient power consumption, poor reliability and reduced lifetimes. 

Alternatively, field emission (FE) cathodes offer the potential for significant reductions in power and cooling 

requirements for an operating device.  FE cathodes made from carbon nanotube (CNT) fibers and films have 

demonstrated high emission currents, low turn-on voltages, long lifetimes and offer considerable potential for use as 

electron sources for vacuum electronic devices [1].  (CNT) fibers and films that were fabricated by direct online 

condensation from a floating catalyst chemical vapor deposition reactor.   Both fiber and film cathodes showed stable 

emission in the current range of 1–2 mA at cathode temperatures less than 1000°C as measured with an infrared 

camera during field emission. A compound cathode made from four laser-patterned CNT films stacked together 

emitted greater than 8 mA of current.  A cathode consisting of wound and cut CNT fibers with ~200 exposed cut fiber 

end emitted >10mA.  Fowler-Nordheim analysis indicated a change in the morphology of the emitters as the cathode 

to anode distance was reduced. When field induced self-heating effects became significant, the single fiber cathode 

stopped emitting abruptly. For CNT films, even though self-heating effects can destroy a portion of the film, FE can 

still occur from other areas.  These materials offer significant potential for use as cold cathodes in vacuum electronic 

devices. 

 

[1] S. B. Fairchild, J. S. Bulmer, M. Sparkes, J. Boeckl, M. Cahay, T. Back, P. T. Murray, G. Gruen, M. Lange, N. P. 

Lockwood, F. Orozco, W. O’Neill, C. Paukner, K. K. Koziol (2014). Journal of Materials Research, 29, pp 392-402. 

 

This work is supported by the Air Force Office of Scientific Research and the European Office Aerospace Research 

& Development. 

 

 

 

VIP040 

Prof. Stan Veprek 

Department of Chemistry,  

Technical University Munich,  

Munich D-85747, Germany 

 

 



161 | P a g e  

 

The Role of Interfaces in Superhard Heterostructures and Nanocomposites  

S. Vepřek1,*, V.I. Ivashchenko2 and M.G.J. Veprek-Heijman1  

1 Department of Chemistry, Technical University Munich, Munich D-85747, Germany 

2 Institute of Problems of Material Science, NAS of Ukraine, Krzhyzhanovsky str. 3, 03680 Kyiv, Ukraine 

* Presenting author: stan.veprek@lrz.tum.de; V. Ivashchenko ivash@ipms.kiev.ua  

 

Based on a combination of thermodynamics and first-principles quantum molecular dynamics (QMD) calculations, 

we shall discuss the prospects of a variety of one monolayer thick (1 ML) interfacial XY-layers (XY = SiNx, BN, 

AlN and SiC) for achieving super- and ultrahardness in fcc-TmN/XY (Tm = Ti, Zr, V and others transition metals) 

heterostructures and nanocomposites. In the past we have shown that superhardness of ≥ 65 GPa can be achieved in 

long-term stable quasi-binary nc-TiN/Si3N4 nanocomposites, and ultrahardness of 80 to ≥ 100 GPa in quasi-ternary 

nc-TiN/Si3N4/TiSi2 systems (which are however not stable in long terms) only when the oxygen impurities are 

sufficiently low, in the range of few 100 ppm. The present work deals with clean systems essentially free of impurities 

in order to study intrinsic properties of different TmN/XY heterostructures. We present new results regarding the 

dynamic stability of different SiNx interfacial layers in the TiN/SiNx system, which is immiscible and forms a semi-

coherent interface. The possible hardness enhancement in the TiN/BN system, which is from thermodynamical point 

of view also immiscible, is limited due to the strongly incoherent nature of the TiN/BN interface and, as shown by 

the QMD calculation, by the inherent dynamics instability of the interfacial BN layer which transform into a highly 

disordered h-BN-like phase already at 0 K. The hardness enhancement reported for the nc-TiN/BN nanocomposites 

is therefore more probably due to the refinement of the TiN crystallite size to about 10 nm (the "strongest size") and 

not to a semicoherent interfacial layer strengthened by valence charge transfer like in the TiN/SiNx system. QMD 

calculations show that the AlN interfacial layer in the TiN/1 ML AlN/TiN is dynamically stable within the whole 

temperature range of 0 to 1400 K considered. However, thermodynamic considerations suggest that, although the 

heterostructures with 1-2 ML AlN have been shown to possess relatively high stability, the formation of nc-TiN/AlN 

nanocomposites with thermal stability comparable to the nc-TiN/Si3N4 system seems to be questionable because of 

the relatively low positive mixing enthalpy (i.e. low de-mixing energy) of the TiAlN solid solution. The cubic AlN 

interfacial layer is stable in TmN/AlN heterostructures with lattice parameter ≤ 4.4 Å, but it is dynamically unstable 

in heterostructures with TmN having a larger lattice parameter. The interfacial SiC layer in the fcc-TiN/1 ML SiC/TiN 

heterostructures is, according to the QMD calculations, stable only up to about 600 K above which it transforms into 

strongly distorted 3C-SiC phase. Moreover, the formation of nc-TiN/SiC nanocomposites is unlikely because, from 

the thermodynamical point of view, the solid solution TiN1-xCx should form, particularly at a higher temperature. 

These combined thermodynamical, DFT and QMD calculations allow to identify the TmN/XY systems which are 

promising candidates for new superhard nanocomposites and rule out those which are less or not suitable. This may 

save a lot of time-consuming experimental work.  
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Graphene & silicon carbide (SiC) are advanced semiconductors having figures of merit scaling well above those of 

well-established ones. Understanding and mediating the properties of SiC and graphene surfaces & interfaces are of 

central importance toward functionalization & applications. The 1st case of hydrogen-induced metallization of a 

semiconductor surface has been shown for the 3C-SiC(001)3x2 [1]. Here, investigations based on advanced 

experimental techniques such as STM/STS and vibrational & synchrotron radiation-photoemission spectroscopies, 

and on state-of-art VASP simulations within the MedeA® computational environment will be presented and discussed 

including: i) The 1st evidence of H/D-induced nanotunnel opening at a semiconductor sub-surface shown here for 

SiC [2]. Depending on the H coverage, these nanotunnels could either be metallic or semiconducting. Dangling bonds 

generated inside the nanotunnel offer a promising template to capture atoms or molecules. These features open nano-

tailoring capabilities towards advanced applications in electronics, chemistry, storage, sensors or biotechnology. 

Understanding & controlling such a mechanism open routes towards selective surface/interface functionalization [2]. 

ii) The role of H interaction with graphene on SiC dust grains in polycyclic aromatic hydrocarbons (PAH) formation 

in the interstellar space as a possible route in the prebiotic roots of life [3].  

 

[1] V. Derycke, P. Soukiassian, F. Amy, Y.J Chabal, M. D’angelo, H. Enriquez, M. Silly, “Nanochemistry at the 

atomic scale revealed in hydrogen-induced semiconductor surface  

metallization”, Nature Mat. 2, 253 (2003). 

[2] P. Soukiassian, E. Wimmer, E. Celasco, Cl. Giallombardo, S. Bonanni, L. Vattuone, L. Savio, A. Tejeda, M. Silly, 

M. D’angelo, F. Sirotti, M. Rocca, “Hydrogen-induced  

nanotunnel opening within semiconductor subsurface”, Nature Com. 4, 2800 (2013). 

[3] P. Merino, M. Švec, J.I. Martinez, P. Jelinek, P. Lacovig, M. Dalmiglio, S. Lizzit, P. Soukiassian, J. Cernicharo, 

J.A. Martin-Gago “Graphene etching on SiC grains as a path to interstellar PAHs’ formation” Nature Com. 5, 3054 

(2014) 
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Controlling the Structure of Carbon at Nanoscale 
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Annealing SiC single crystals in a vacuum furnace or in hot gases (e.g. chlorine) lead to the formation of carbon on 

the surface of SiC. In these processes, carbon is not supplied from the gas passed through the system (as in the case 

of chemical vapor deposition), but from the SiC lattice (through decomposition SiCàSi (g) + C(s) or reaction: 

SiCàSiCl4(g) + C(s)). It has been shown that variety of carbon nanostructures (nanotubes, graphene, etc.) can be 

synthesized depending on the processing parameters. However, controlling the structure of the carbon may be more 

complicated than previously thought. For the controlled growth of the carbon structures, fac¬tors affecting the process 

will be covered in this talk. Special attention will be paid to diffusion. The effects of enhancing or limiting diffusion 

and the effect of catalyst will be discussed. Supported by TUBITAK grant no: 213M481. 
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Synthesis and Characterization of Low-Dimensional Carbon Nanomaterials on 3C-SiC/Si 
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Low dimensional carbon nanostructures, especially graphene, have attracted significant interest due to promising 

applications ranging from high-speed electronics to sensing. Preparation of graphene layers by thermal decomposition 

of SiC has been studied as a promising method for the synthesis of homogeneous, wafer-size graphene layers for 

technological applications. The growth of graphene on bulk hexagonal polytypes of SiC has been extensively studied 

and we have presented a model for the evolution of the graphene in this process. The growth of graphene on epitaxial 

3C-SiC/Si substrates is an appealing alternative to the growth on bulk SiC for cost reduction and for integration with 

Si based electronic devices. Here, we present a study of the synthesis of graphene on 3C SiC/Si substrates via high 

temperature annealing in a vacuum furnace. The quality and number of graphene layers have been investigated using 

RAMAN Spectroscopy and Transmission Electron Microscopy (TEM). The Ex-situ measurements confirm the 

dependence of the number of graphene layers on the annealing temperature as well as an improvement via a low 

temperature anneal of the epitaxial SiC. 

 

 

 

VIP072 

Prof. Mark H. Rummeli 

Sungkyunkwan University,  

Advanced Institute of Nano Technology,  

Seoul, South Korea 

 

 

Room Temperature in-Situ Nanostructure Synthesis using Electron Beam Irradiation 

Mark H. Rummeli 

 

In this presentation the use of electron irradiation to grow 1D and 2D nanostructures will be presented. The fabrication 

of these nanostructures is accomplished by using the electrons used to image specimens in a transmission electron 

microscope. No specialized holders or systems are required making the technique relatively cheep and easy. 

As examples of the technique I will demonstrate of electron irradiation can be used to form 1D coaxial B/BOx 

nanowires and BOx nanotubes. In addition, I will show how 1 atom thick Fe membranes can be formed and also the 



164 | P a g e  

 

catalytic activity of a single atom for the growth of or etching of graphene can be accomplished. The technique 

provides unprecedented insight in to nanostructure formation at the atomic scale. 
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Silicon Carbide-Based one-Dimensional Nanostructures Growth: 

Towards Electronics And Biology Perspectives 
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By an original process based on the carburization of Si NWs, we have successfully elaborated new kinds of silicon 

carbide nanostructures: either core-shell single crystalline Si-SiC nanowires or SiC nanotubes. It has been shown that 

Si out-diffusion through SiC can be monitored via the pressure of carburization and permits to control the kind of 

grown nanostructures. Finally, the crystalline quality of these materials is very good and the control of the dimensions 

of the nano-objects can be achieved. Moreover, an alternative approach has been also studied in order to obtain SiC 

nanopillars by plasma etching. 

These new nano-objects could offer potential applications in many fields: physics, chemistry, technology science and 

biology. These new nano-objects may become a very promising material for gas detection, energy storage and bio-

nanotechnology. In the future, the possibility to fabricate bio-sensors in-vivo with this kind of nanostructures could 

offer a considerable progress for medicine. 
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The importance of antibacterial, antifungal and antiviral coating on glass has become of great interest in recent years.  

Glass coated with aforementioned material has promising applications in health protection against fluid-borne 

pathogens when applied on doors, windows or partitions. Silver nanoparticles (AgNPs) are already known for 

exhibiting such antipathogenic properties especially when deposited onto glass. In this study, AgNPs were deposited 

on bare glass substrate and graphene oxide (GO) coated glass substrate to compare the effect of antibacterial efficacy 

on these surfaces.  The AgNPs were deposited by hot-wire chemical vapor deposition (HWCVD) while the GO films 

were spin coated onto the glass and quartz substrates. The films on quartz substrate were used to study the surface 

plasmon resonance (SPR) properties of AgNPs. Observations showed narrow-sized AgNPs were successfully 

deposited on quartz as well as on GO coated substrates. Characterizations were carried-out  using various techniques 

such as UV-Visible spectroscopy, Raman spectroscopy and Field Emission Scanning Electron Microscopy (FESEM). 

AgNPs on bare glass substrate and GO coated glass substrate showed  zone of inhibition region for Gram positive 

Staphylococcus aureus (SA) and Gram negative Escherichia coli (EC), which suggests antibacterial efficacy. 

 

Keywords: Silver nanoparticles, Graphene oxide, Antibacterial properties, Zone of inhibition 
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In our work we proposed laborer glassy materials through sol-gel from forerunners based mainly alkoxides: the 

tetraetoxysylane (TEOS) Si(OC2H5)4and tetrametoxysylane (TEMOS) Si(OCH3)4 DOPS by cations of alkali and 

alkaline earth metals. The protocol droule in two stages. First hydrolysis then forerunners doping and murissement of 

samples. The first phase which droule pH <7 is determinante because it allows us to determine the parameters of 

influence and optimisation.Notre exploration we found that the sample repondant to report TEOS: C2H5OH: H2O 

equivalent 5: 20: 20 and dopaux cations Na, Ba and Sr donnau a characteristic X-ray spectrum of an amorphous 

structure. The incorporation of noble metals micelle is in sight. 
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Anisotropic Conductivities of Carbon Nanotube/Graphene Composite Films 
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Graphite oxide (GO) was prepared by chemical oxidation of pristine graphite [1], and the GO dispersions in water 

were sprayed on substrates. As-prepared GO film was soaked in HI water to make rGO (reduced graphite oxide) film 

[1, 2]. The resulting rGO film was analyzed by using 4-pin probe analyzer and current-voltage measurements, and the 

film conductivities were compared in both in-plane and out-of-plane directions. In addition, the film conductivities 

were analyzed according to the loadings (10-30 wt. %) of multiwalled carbon nanotube (MWNT) added in rGO films. 

The experimentally measured conductivities were compared and discussed based on the film structures of rGO and 

MWNT-embedded rGO.  

rGO film showed the different XRD patterns as compared to rGO powder. The diffraction peak at 2q = 24.1o of rGO 

film was significantly intensified rather than that of rGO powder. The SEM cross-sectional images of rGO and 

rGO/MWNT films supported the XRD results. The in-plane conductivities (ss) were higher than the out-of-plane 

conductivities (sv) by ~105 order in thin films. The highly-conductive MWNT added and evenly distributed in rGO 

films complemented for the decrease of conductivity caused by the defects of rGO and the random stacking of rGO 

sheets. 

 

[1] W.S. Hummers, R.E. Offeman, J. Am. Chem. Soc., 80, 1339 (1958). 

[2] W. Oh, D. Kim, E.D. Jeong, J.-S. Bae, J. Kor. Phys. Soc., 63, L2062 (2013). 
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Gas Barrier Property Improvements in Polymer-Clay Nano-Composites 

A. Al-Abduljabbar 

Mechanical Engineering Department, King Saud University, Riyadh, Saudi Arabia 

 

Polymer-clay nanocomposites are becoming more popular due to improved mechanical and gas barrier properties 

over pure polymers and classical polymer-based composites. This paper contains a general overview of polymer-clay 

nanocomposites in terms of properties and processing.  The improvements in gas barrier properties are discussed in 

details; and a model to represent the effect of introduction of nano-fillers on the permeability is proposed. 

While conventional polymer-based composites improve the strength and modulus over pure polymers, they notably 

decrease the ductility and elongation, in addition to compromising other properties, especially at high volume fractions 

which is needed to attain the improved mechanical properties. Polymer-clay nanocomposites (PCNC), on the other 

hand do offer better properties at very low volume fraction of the nano-filler, which minimizes the effect on other 

favored properties of the polymer. 

The mechanism by which clay platelets, which have thicknesses of few nanometers size, compared with several 

hundred nanometers in the other two dimensions, introduce the mechanical and other properties improvement can be 

attributed to their high efficiency in introducing discontinuity to flows through the bulk matrix polymer material.  

However, the extent of this improvement depends on the success of intercalation or separation of the clay platelets 

through the bulk matrix.  The variables considered in the analysis in this work include: aspect ratio of thickness to 
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length of inclusions (clay platelets), their orientation within the polymer, the effect of the polymer constrained zone 

surrounding the inclusions and the inclusions volume fraction.  
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On The Use of Mathematical Modeling in Hygroscopic Capillary-Porous Bodies Drying Process 
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Moist materials are capillary-porous bodies filled with moisture and inert gas. Drying is an oldest method applied to 

moisture removal in wet porous solids. This technique usually requires very expensive equipment and high energy 

consumption, especially in situation where high temperature are used. Thus, several mathematical models (thin-layer, 

single-particle and deep-layer models) has been proposed to accurately describe drying process [1-2]. They are based 

on the laws of heat and mass transfer or simply empirical equations based in drying experiments. The goal is to predict 

drying and heating rates, final moisture content and output temperature of the products, total drying time, and correct 

drying procedure, in order to control and optimize drying process, evaluating hydro-mechanical and thermal stresses 

in the products, which can lead to severe damage, and possibly can compromise the final quality of them. 

This work briefly focuses some of different models used today, including applications, elucidating the main physical 

aspects and limitations of these models. Further, the importance of the simulation as tools in the development, design 

and analysis of drying systems is discussed too. 

 

[1] G.T. Santos, M. Fortes, J.H. Martins and P.M.B. Monteiro, Drying Technol., 31, 1979 (2013). 

[2] V.S.O. Farias, W.P. Silva, C.M.D.P.S. Silva, J.M.P.Q. Delgado, S.R. Farias Neto and A.G.B. Lima, Numerical 

Analysis of Heat and Mass Transfer in Porous Media, Vol.27, p.85, J.M.P.Q. Delgado, A.G.B. Lima and M.V. Silva, 

Ed. (Springer-Verlag, Heildelberg, 2012).  
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The moisture transfer in buildings walls in direct contact with the ground leads to the migration of soluble salts which 

are responsible for many building pathologies. The rising damp treatment in walls of old or historical buildings and 

Monumental heritage is a very complex procedure. The techniques traditionally used to reduce the rising damp are 

not always effective and sometimes are costly, especially in the treatment of high thickness walls with heterogeneous 

materials such as the built heritage, which suggests the “wall base ventilation system” technique. 
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This paper describes the implementation of two higroregulated wall base ventilation systems in a church in the North 

of Portugal for the treatment of rising damp and presents the results of three years of the systems monitoring. It is a 

work developed by LFC – Laboratory of Building Physics of FEUP, where the main goal is to validate and optimize 

this treatment technique. It was assessed the functioning and effectiveness of the implemented systems, minimizing 

the likelihood of condensation inside them and maximizing the drying process through the adoption of higroregulated 

systems. With the monitoring carried out it is possible to conclude that, for the analyzed climate, it is better to adopt 

a seasonal operation, where the air is admitted from the exterior, during the warm months, and in the cold months the 

air is admitted from the interior of the Church. 
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The physical properties of the mould material to which the liquid metal is poured, have a decisive influence on the 

course of the physics–chemical metal–mould reactions, and on the time dependent heat transfer rate from the casting, 

both determine the final casting quality. In the porous mould sand with bentonite binder there the technological water 

amount does not exceed 4%, is used to activate the purely physical mechanism of binding the matrix (quartz grains) 

using bentonite (kind of clay). An important phenomenon accompanying the heating of the so-called green sand mould 

by poured metal is the production of water vapor and then its condensation in the over-moisture zone (local water 

content in over-moisture zone exceeds several times the value of initial technological moisture content) in the deeper 

layers of the mould. This zone of moisture condensation, which is formed from the casting–mould interface is 

characterized by low strength of mould sand and is the favorable factor to form the special casting defect (scab defect) 

[1,2]. This zone does getting more space and is moved into the mould to its external surface. Simultaneously the water 

evaporates increasingly when the temperature of mould is close to 100° C, the vapor is transported (presence of 

pressure gradient), and further condenses in more and more distant (from casting) zones of the mould. The water 

vapor migration into the mould is accompanied by an additional (parallel to conduction) heat transfer connected with 

a mass transfer (vapor) [3]. Resuming, the gradually dried and humidified zones of the mould, variable in time and 

space coordinates, are characterized by differing local thermo-physical properties. The phenomena connected with 

over-moisture zone affect also on the dynamics of the heat transfer from the casting and the local time of its wall 

solidification. The phenomena of moisture transfer are rarely included in modeling of foundry processes. The coupled 

heat at moisture transfer modeling is described for buildings walls and porous construction materials [4, 5, 6] where 

the temperature of process is lower then 100°C and the dynamics of process is significantly lower then in green sand 

mould during cast iron casting processes. 

The study described in paper includes the iron plate casting experiments poured in green bentonite-sand mould. The 

temperature fields of casting and in different zones of the mould were recorded. The determining of the thermo-

physical properties of mould sand in over-moisture zone using simulation tests was the goal of our study. An 

originality of the related research is an attempt to take into account the effects of the global thermal phenomena 

occurring in the quartz sand bonded by bentonite-water binder, using the apparent thermal coefficients. The majority 

of foundry simulation systems are not capable to modeling the phase transformation of water into vapor, vapor 
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transport and its condensation in porous media (mould). In these cases the application of apparent coefficients is an 

effective way. 

 

[1] Smolinski A., Pucka G., J. Rojek J., Technological aspects of the over – moisture zone in clay moulding sands,  

Archives of Foundry, Volume 4, № 14,  2004, pp 450–455 

[2] Szmigielski T., Moisture of mould in condensation zone, Archives of Foundry, Volume 3, № 10,  2003, pp 249–

254 

[3] Ignaszak Z., Graczyk L., Popielarski P., Experimental – simulating method of over moist zone identification in 

the mould, Archives of Foundry, vol. 6, № 22, 2006, pp 216–223  

[4] Shao-Shu Chu, Te-Hua Fang, Win-Jin Chang, Modelling of coupled heat and moisture transfer in porous 

construction materials, Mathematical and Computer Modelling 50 (2009) 1195–1204  

[5] A.S. Guimarães, J.M.P.Q. Delgado, V.P. de Freitas, Numerical Simulation of Rising Damp Phenomenon, Defect 

and Diffusion Forum, v. 326-328, (2012), p48–53  

[6] J.M.P.Q. Delgado and M. Vázquez da Silva, Performance and Modelling of Water Vapour Adsorption in Piles of 

Granules using a Cylindrical Pore Model, Defect and Diffusion Forum, v. 312-315, (2011), 1155–1160  
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Ultrasound Assisted Drying 

Jefferson L. Gomes Corrêa 

 

Drying is a unit operation that promotes the conservation of food by reduction of moisture content and water activity. 

The most used technique of drying is the convective one because it is easy to implement. However, this technique 

involves the exposure of the food to high temperature for a long time with consequent degradation of quality  

characteristics as nutrient contents, color and texture. Convective drying can be intensified by the application of high 

intensity ultrasound by reducing both external and internal mass transfer resistances. This lecture presents a work 

concerned on the influence of the application of ultrasound (75 kW; 21 kHz) on convective drying of slices of 

pineapple fresh and pretreated with a sucrose solution. The influence of drying air temperature was also tested.  

The drying kinetics were automatically measured and the kinetics, modeled with the aid of a based Fick diffusive 

model.  
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a Theoretical Investigation 
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Water uptake studies of composite materials reinforced with vegetable fibers shows that they are highly sensitive to 

environmental influences such as water and temperature. The high moisture absorption of natural fibers causes 

degradation of mechanical properties, resulting in swelling of the fibers affecting the matrix crack initiation or 

weakening of the interactions on the fiber-matrix interface. In polymer composites reinforced with vegetable fibers, 

the moisture absorption by untreated fiber with low wettability and insufficient adhesion between the hydrophobic 

polymer and hydrophilic fiber matrix reduces both the mechanical properties of the system and lead to delamination 

over time [1, 2]. The presence of moisture leads to impregnation and imperfect interfacial fiber-matrix adhesion, 

which generate internal stresses porosity and premature system failure [2]. Accordingly, the aim of this work is to 

study theoretically water absorption in unsaturated polyester composites reinforced with caroá fiber (Neoglaziovia 

Variegate) at 25 and 70°C. The samples of the composites had a composition of 30% caroá fiber and 70 % unsaturated 

polyester caroá with the dimensions 20 x 20 x 6 mm³. The results of the average moisture content and moisture content 

distribution during the water absorption process are presented and analyzed. Comparison between numerical (via 

ANSYS CFX Software) and experimental data [2] of the average moisture content showed good agreement. It can be 

concluded that the water absorption rate is faster in the vertex region of the composites, and mainly in higher 

temperature. 

 

[1] L.H. Carvalho, E.L. Canedo, S.R. Farias Neto, A.G. Barbosa de Lima and C.J. Silva. Moisture Transport Process 

in Vegetable Fiber Composites: Theory and Analysis for Technological Applications. In: J.M.P.Q. Delgado Ed. 

Industrial and Technological Applications of Transport in Porous Materials. New York: Springer, 2013. V.36, p.37-

62.  

[2] M.M.S. Nóbrega. Polyester matrix composites with caroá (Neoglaziovia Variegate) fibers: Mechanical 

characterization and water sorption., Doctorate thesis, Process Engineering, Federal University of Campina Grande, 

Campina Grande, Brazil, 2007. 
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Wheat is one of the most important food crops in North America, with its use as a major ingredient in a variety of 

food including bread, cake, pasta and pastry.[1] This grain is a cereal  that after harvesting, presents many losses due 

to inadequate transportation and storage. For a correct transport, storage and conservation of the grain it is necessary 
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that it go through the drying process, so that the partial removal of water occurs until the moisture around 13%, 

avoiding changes in grains such as producing bacteria and microorganisms that may provoke damage in the product 

[2]. Drying is essentially a process of simultaneous heat and mass transfer. In most drying operations, water is the 

liquid to be evaporated, and air is the drying agent. In this process, heat, necessary for evaporation, is supplied to the 

particles of the material and moisture vapor, evaporated liquid, is removed from the material being carried by the air 

around the product [3]. In this sense, this work proposes the application of a mathematical model and its analytical 

solution in the convective drying of ellipsoidal solids via Galerkin-based integral method considering convective 

boundary conditions and constant thermo-physical properties. Results of the mean temperature and mean moisture 

content are presented and compared with wheat experimental drying data at relative humidity 33.8 % and a 

temperature of 47.0 °C. Furthermore, it was possible to analyze that heat transfer in the drying process occurs much 

faster than the mass transfer, thus providing a rapid heating of the product. 

 

[1] M. Hemis, R. Choudhary and D. G. Watson. Bio. Eng., 112, 202-209 (2012). 

[2] J. P. Silva, Convective Drying Solids with Complex Shape Using the Galerkin-Based Integral Method, (Master`s 

Thesis. Federal University of Campina Grande, Campina Grande, Brazil, 2013). (In Portuguese) 

[3] M. Özbey, M.S. Söyleme, Energ. Conv. and Manage, 46, 1495-1512 (2005). 
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Castor bean (Ricinus communis), also known as castor oil bean, mole bean and wonder tree, is a member of Spurge 

family (Euphorbiaceae) which is originated from tropical Africa and is currently cultivated as an oilseed crop and also 

grown as an ornamental plant in many countries of Asia, Central and North America, Africa and Europe [1]. Castor 

bean is an important commercial crop. 

Castor oil-based by-products are used in the manufacture of several commercially important commodities like 

surfactants, coatings, greases, pharmaceuticals, cosmetics, polyesters, polymers, etc [2]. The castor bean has in the 

compositions approximately 50% oil, giving it special characteristics such as high viscosity, heat and pressure 

stability, low freezing point, and the ability to form waxy substances after chemical treatments [3]. Therefore, the 

castor bean is a potential candidate for the production of biodiesel. However, this product must be dried, in order, to 

reduce moisture content, for safe storage. 

Drying is a complex operation involving transient transfer of heat and mass that provokes physical or chemical 

transformations in the product, which, in turn, may cause changes in product quality as well as the mechanisms of 

heat and mass transfer [4]. 

The objective of this study was to investigate numerically the heat and mass transport during drying of the castor bean 

fruits. The solution of the governing equations of the model was performed using ANSYS CFX 12.1. software. The 

castor bean fruits were considered as a triaxial spheroid. 
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Results of temperature and moisture content kinetics obtained via CFD were compared to experimental data at 

different drying conditions (40 and 60 ºC), considering boundary conditions of the first kind in the model. From the 

results we concluded that CFD simulation, if used properly, could be used quite accurately to analyze and improve 

efficien 

[1] L.G. Doan, A Review J. Toxicol, 42, 201 (2004). 

[2] P. Vijaya Kumar, Y.S. Ramakrishna,  B.V. Ramana Rao, U. S. Victor, N.N. Srivastava, A.V. M. Subba Rao, Agr 

Forest Meteorol, 88, 279 (1997). 

[3] M. M. Conceicão, R. A. Candeia, H. J. Dantas, L. E. B. Soledade, V. J. Fernandes, A. G. Souza, Energ Fuel, 19, 

2185 (2005). 

[4] A. S. Mujumdar, Handbook of Industrial Drying, Vol. 1, p.1287, Ed. (CRC Press, Boca Raton, 2007). 

[5] C. Chueaprasat and T. Chitsomboon, The 22nd Conference of Mechanical Engineering Network of Thailand, 

15,17, (2008) 

cy and quality in grain drying [5]. 
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A rigorous and comprehensive coupled mathematical model of mass, heat and dry gas transfer was developed and 

established to analyze the variables variations in convective drying of porous materials. The governing system of 

nonlinear partial differential equations were derived where conservation laws of mass and heat transfer were applied 

and implemented to finite element method in two dimensional system. Further, Skyline solver was used to capture 

highly nonlinear transient process. The characteristic of hygroscopic and nonhygroscopic materials on the drying 

variables variation was clearly distinguished in this works. The results show that liquid diffusivity induced by capillary 

mechanism is dominant in the constant rate period (CRP) before vapour diffusivity caused by diffusion of vapour 

pressure and bulk flow gas take over in first falling rate period (FRP1). Subsequently when drying reaches the second 

falling rate period (FRP2), bound water mechanism is activated for hygroscopic zone whereas drying is almost 

accomplished for nonhygroscopic materials. 
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The Agro-industry is considered as one of the most waste producing industrial fields as a result of food processing. 

In accordance with Queiroz et al. [1], products classified as agricultural waste are often valuable material in the 

nutritional point of view; this material may also be used in order to increase the yield of the main product. Moreover, 

its disposal in the environment causes economical and environmental costs, proportional to the exploration volume. 

The literature contains a number of studies on the drying of agribusiness waste: grape seeds [2]; pumpkin seeds [3]; 

guava processing subproduct [4]; pineapple fiber derived from pineapple waste [5];olive oil subproduct [6]; fermented 

grape [7]; among others. Despite the wide diversity of research in the area of agro-food wastes, no references on 

drying Waste orange were found, demonstrating the importance of studying this subproduct. 

Combined with the use of clean energy resources, the recovery process would contribute more to the environment 

protection. It is in this framework that a new solar dryer has been designed in the Unit of Solar Equipments 

Development. Indirect solar drying has, also, many advantages compared to natural sun drying. In fact, the first does 

not cause product degradation as it is protected by the drying chamber from direct sun, insects and exterior 

environment. The aim of this work is to study the drying kinetics of waste, generated during the processing of orange 

to make fruit juice, by using an indirect forced convection solar dryer at 50◦C and 60◦CThe rate of moisture removal 

from the product to be dried has been found to be directly related to temperature, humidity and flow rate. The 

characterization of these parameters has allowed the determination of the appropriate drying time for this product 

namely orange waste. 

 

[l] AJM. Queiroz, HJ. Dantas, RMF. Figueirêdo, KS. Melo. "Solar drying of jack fruit monds". Eng. Agríc. Vol. 30, 

No. 6, 2010, pp. 1150-1161. 

[2] JS. Roberts, DR. Kidd, O. Padilla-Zakour, "Drying kinetics of grape seeds". J. Food Eng. Vol. 89, No. 4, 2008, 

pp. 460-465. 

[3] K. Sacilik K. "Effect of drying methods on thin-layer drying characteristics of hull-less seed pumpkin (Cucurbita 

pepo L.) ". J. Food Eng. Vol. 79, No. 1, 2007, pp. 23-30. 

[4] KW. Konga, A. Ismaila, CP. Tanb, NF. Rajabc (2010). "Optimization of oven drying conditions for lycopene 

content and lipophilic antioxidant capacity in a by-product of the pink guava puree industry using response surface 

methodology". LWT - Food Sci. Technol. Vol. 43, No. 5, 2010, pp. 729-735. 

[5] TGM. Waughon, RS. Pena (2008). "Thin layer drying model of pineapple’s fibrous residue". Bol. Centro Pesqui. 

Process. Aliment. Vol. 26, No. 2, 2008 ,pp.297-306. 

[6] I. Montero, T. Miranda, JI. Arranz, CV. Rojas. "Thin layer drying kinetics of by products from olive oil 

processing". Int. J. Mol. Sci. Vol. 12, No. 11, 2011, pp.7885-7897 

 [7] LFD. Ferreira, MR. Pirozi, AM. Ramos, JAM. Pereira . "Mathematical modeling of thin-layer drying of fermented 

grape pomace". Pesq. Agropec. Bras. Vol. 47, No. 6, 2012, pp.855-862. 
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Adsorption is one of the most energy efficient techniques for butanol separation from dilute fermentation broths. To 

develop an efficient butanol adsorption process, adsorption and desorption are equally important since it is necessary 

to be able to desorb the adsorbed butanol to produce the high butanol concentration product. Even though many 

investigations were performed to identify suitable adsorbents for this process, there are only a few studies that have 

addressed the desorption process. In this study, activated carbon F-400 was used as butanol adsorbent for its high 

adsorption capacity, adsorption rate and selectivity for butanol in the presence of other fermentation broth 

components. 

In this paper, results for both adsorption and desorption are presented with an emphasis on desorption. The operating 

conditions of the thermal desorption process were optimized and different adsorption-desorption cycles were carried 

out both for butanol-water and acetone-butanol-ethanol (ABE) model solutions. The results for a 1.5 wt% feed 

butanol-water binary solutions showed that the butanol adsorption capacity and the recovery of butanol were fairly 

constant (302 mg/g and 84%) in subsequent adsorption-desorption cycles confirming that the whole amount of 

adsorbed butanol is desorbed and the adsorption column could preserve its initial adsorption capacity in different 

cycles. Similar results were obtained for butanol separation from ABE model solutions containing (wt%): 1.2 butanol, 

0.6 acetone, 0.2 ethanol, 0.5 acetic acid, 0.5 butyric acid, 0.4 glucose and 0.4 xylose. The corresponding butanol 

adsorption capacity and recovery were 170 mg/g and 80%, respectively. 
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Variation of humidity and temperature influences the moisture content of wooden materials and structures, which is 

accompanied by a change of their physical properties, like volume and strength. This change is explained by the 

absorption of a considerable amount of water from the gaseous state. The kinetics of the underlying processes are 

frequently studied by means of water vapour sorption (WVS) experiments. During the last decades the WVS 

behaviour has been investigated from cell wall level [1] up to larger wood samples [2]. The so-obtained experimental 

data were either modelled with a pair of coupled diffusion equations (for larger samples) [3,4] or with two parallel 

exponential processes (for all sizes) [5,6], with the latter being represented by two Kelvin-Voigt elements indicating 

sorption kinetics to be determined by relaxation processes. 

In order to identify the underlying processes controlling water vapour absorption in wooden materials, WVS 

experiments on grained wood samples were carried out. Thus, parts of the complex structure were removed without 

losing all the information of its macrostructure. The sorption kinetics of several grain sizes were analysed for various 

steps in relative humidity. Based on the obtained data, the mass change at short times indicates diffusion to be a 

possible candidate for the fast process. 

 

[1] G.N. Christensen and  K.E. Kelsey, Holz als Roh- und Werkstoff, 17, 178 (1959) 

[2] L. Wadsö, Wood Science and Technology, 28, 59 (1993) 
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[3] K. Krabbenhoft and L. Damklide, Materials and Structures, 37, 615 (2004). 

[4] J. Eitelberger et al., Composites Science and Technology, 71, 1727 (2011) 

[5] V. Sharratt et al., Polymer Degradation and Stability, 96, 1210 (2011).  
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Açaí (Euterpe oleracea Martius) is a native fruit to the Brazilian Amazon. It is rich in phenolics compounds and 

anthocyanins, substances that protect the body from infection and have high antioxidant capacity. Freeze-drying is 

recommended for products that contain in your composition heat sensitive substances and that can undergo physical 

and structural changes during drying, such as fruits, vegetables, chicken and shrimp meat. Freeze-drying produces the 

highest quality product obtainable by any drying method [1]. The knowledge of drying kinetics is essential for 

modeling and optimization of a freeze-drying process. Rehydration behaviour has been considered as a measure of 

the induced damage in the material during drying, such as integrity loss and reduction of hydrophilic properties, which 

decrease the rehydration ability [1]. Therefore, the objective of this work was to analyze the liophylization of açai 

from an experimental investigation involving the determination of the drying and rehydration kinetics. Effective 

diffusion coefficient was determined by fitting experimental thin-layer drying data to the Fick’s diffusion model. The 

semi-empirical Peleg and Weibull models were evaluated for a proper description of the rehydration kinetics of freeze-

dried açaí. Out of all the expression, Peleg semi-empirical expression was found to be the most widely used and 

successfully expression to explain the rehydration kinetics for different materials at various operating conditions [2]. 

Indices related to water uptake and loss of solute are reported and discussed in order to assess the rehydration ability 

of the freeze-dried product [1]. 

 

[1] L.G. Marques, M.M. Prado, J.T. Freire, LWT Food Sci. Technol.,42, 1232 (2009). 

[2] K.V. Kumar, H.K.S. Souza, V.K. Gupta, J. Taiwan Inst. Chem. Eng., 42, 278 (2011 
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The application of infrared (IR) radiation has become widely widespread for drying agricultural products. However, 

high radiation intensities can cause thermal damages to the heat sensitive materials, affecting their quality. For the 

technical and economic advantages resulting from the intensification of the drying process can be accompanied by 

the product quality, the combined use of IR radiation and air forced convection appears as an more effective alternative 

than radiation or convection alone, since the hybrid drying provides a synergistic effect between them. The air flow 

tends to reduce the surface temperature of the particles, thus preventing overheating and thermal damage to the 

material. However, there is a lack of information in the literature on the hybrid drying of bee pollen. The objectives 

of this work was, therefore, to investigate the combined drying (convective and infrared) of pollen grains from an 

experimental approach of the heat and mass transfer and energy efficiency. The experimental unit consists of a drying 

chamber equipped with a 250 W incandescent lamp and an air supply unit. The drying chamber of 200 x 200 x 300 

mm was made from wood sheet of 10 mm thickness. The chamber walls were isolated and covered with an aluminum 

foil. The air flow is applied on the upper side of the sample. It is funneled through a rectangular duct. The temperature 

of the IR source was regulated using a temperature controller, while the air velocity was fixed by regulating the fan 

revolution using a DC adaptor. The IR source was located at a distance of 32 cm of the sample. The experiments were 

conducted with pollen grains arranged in a thin layer and exposed to IR intensities of 150, 300 and 450W/m2 and air 

velocities of 1.0, 2.0 and 3.0 m/s. The surface temperature of the material was measured during drying through an 

optical pyrometer. The effects of the process parameters on the drying kinetics and specific energy consumption are 

presented and discussed.  
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Rough rice is cultivated in wide world. Being a delicate cereal, rice needs to be carefully handled and post-harvest 

processed. The rice are gathered at various moisture contents ranging between 18 and 28% (dry basis), and depend 

on rice variety and climate conditions [1]. Rough rice should be dried to a moisture content of 12-13% (wet base) in 

order for safe storage after harvest [2]. In this sense objective of this paper is to present an experimental study of 

rough rice (BRSMG CONAI cultivar) drying by using a stationary method. The grain was dried in an oven with air 

mechanical movement under controlled conditions of velocity, temperature and relative humidity of air. In order to 

obtain balanced moisture content, the samples studied were kept in 40 and 60 °C drying air temperature. The mass of 

grains were measured using a semi-analytical balance in which the weights for each sample were performed obeying 

established time intervals, starting with 5, following with 10 and 30 minutes until the grains reach constant mass. 

Results of the drying and heating kinetics of the grain during the process are shown and analyzed. It was found that 

higher drying rate and lower time for drying in higher air temperature (60 °C). However, we can notice that the gain 

in drying time provide by drying in higher temperature cannot be compensate for possible damage in the grain. It can 
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be concluded that the reduction of the moisture content of the grain, is considered very complex and, depending on 

the method and drying conditions, can substantially alter the physical properties and final product quality. 

 

[1] Golmohammadi M., Assar M. and Rajabi-Hamane M. J. Chem. Petrol.  Eng. Vol. 46, nº.2, Dec. 2012. P. 87-96. 

[2] Dong R., Lu Z., Liu Z., Koide S. and Cao W. J. Food Eng. Vol. 97. (2010) p. 167. 
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The water migration plays a fundamental role during the drying process of rice grains. To securely store the product, 

artificial drying is an essential operation, and an intermittent method is usually used during this operation. Intermittent 

method alternates drying periods with periods of rest or relaxation. Several mathematical models have been proposed 

to describe intermittent drying of rough rice grains. In particular, diffusion and empirical models are used. Empirical 

equations are useful tools if the main objective of a study is to describe the drying kinetics or to determine the drying 

rate at any instant of time.  Experimental data related to intermittent drying of rice at 40°C with drying air velocity of 

1.5 m s-1 and tempering period ranging from 0 to 1 h available in Ref. [1] were used in Ref. [2] to obtain parameters 

of various drying empirical models. In the present work, a diffusion model and a new empirical equation has been 

proposed to describe the drying process of rice grains. The results obtained here are compared with those obtained 

through models analyzed in Ref. [2]. According to the comparison performed among all the results, diffusion and 

Page models as well as the new empirical equation proposed in this paper well describe the intermittent drying of 

rough rice grains. However, the new empirical model provides the best statistical indicators. 

 

[1] A. Cihan and M. C. Ece, J. Food Eng., 49, 327 (2001). 

[2] A. Cihan, K. Kahveci and O. Hacihafızo lu, J. Food Eng., 79, 293 (2007). 
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Drying is a process of heat and mass transfer that includes dimensional changes, whith happens in moist porous bodies. 

Control this process prevent cracks, fissures and deformation, avoiding, damage and quality reduction to the product. 

Thus, this paper aims to theoretically study the drying of ceramic plates. Here is presented a mathematical model and 

its exact solution via Galerkin based integral method (GBI method) [1], to describe the heat transfer and migration of 

moisture during the drying process considering boundary condition of the 1st kind (Dirichlet condition). The effective 

mass diffusivity of the material was determined using the optimization procedure [2] by comparison with experimental 

drying data of the material at the temperature 110ºC. Results of the drying and heating kinetics and moisture content 

and temperature distribution inside the ceramic plates during the drying process are presented, analyzed and discussed. 

The drying simulations results of the average moisture content shown to be consistent with the experimental data. It 

was verified that the vertex of ceramic plate is a region that dry and heat quickly. This thus region is more propicies 

to cracks and deformations, which reduces product quality. 

 

[1] I.B. dos Santos, L.P. de Lucena Silva and A.G. Barbosa de Lima, Defect and Diffusion Forum, Vols. 326-328 pp 

199-204 (2012). 

[2] B. Gebhart, Heat conduction and mass diffusion, New York: McGraw-Hill, Inc., 634p (1993). 
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Drying is a process of heat and mass transfer including shrinkage that takes place in porous bodies. During clay drying, 

the main parameter to obtain optimum drying is the maximum drying rate so as to prevent cracks, fractures and 

deformations. Many clay drying studies can be found in the literature. However, in the case of ceramics (clay) bricks, 

the moisture motion within the body has not yet been properly explained. Moreover, the studies on this matter have 

detected great water volume losses through evaporation simultaneously with brick dimension changes during the 

drying process [l-2].  
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In this sense, this work presents an experimental study on the behavior of clays during the drying process. We have 

taken into account different dimensions and the material initial moisture content, and temperature and relative 

humidity of air-drying. Drying kinetics and volume changes of parallelepiped-shaped samples are shown and 

analyzed. It has also been verified that air-drying temperature and body shape have an enormous influence on the 

drying rate. 

 

[1] J. J. S Nascimento, F. A. Belo, A. G. B. Lima, Simultaneous moisture content transport and shrinkage during 

drying of parallelepiped solids. In: Inter-american drying conference, 2001, Boca del Rio, Vera Cruz. The Second 

Inter-American Drying Conference, México D.F. 331-341(2001). 

[2] A. G. B. Lima, S. A. Nebra, M. R. Queiroz, Simultaneous Moisture Transport and Shrinkage During Drying of 

Solids with Ellipsoidal Configuration., Vol.1, p. 85-93,( Chemical Engineering Journal,2002) 

 

 

 

DSL204 

Mr. Aguinaldo Araújo 

Department of Mechanical Engineering,  

Center of Science and Technology, 

Federal University of Campina Grande (UFCG),  

Zip Code 58429-900, Campina Grande-PB, Brazil 

 

 

Heat Transfer in Fixed-Bed Elliptic Cylindrical Reactor:  

Effect Heat Transfer Coefficient of the Inner Wall of the Reactor  

Aguinaldo Araújo Silva Filho1,a, Antonio Gilson Barbosa de Lima1,b. 

1Department of Mechanical Engineering, Federal University of Campina Grande (UFCG),  

Zip Code 58429-900, Campina Grande-PB, Brazil. 

aaguisilvafilho@yahoo.com.br, bgilson@dem.ufcg.edu.br 

 

Keywords: heat transfer, reactor, elliptical cylinder number, finite volume, simulation. 

 

The study of the heat transfer phenomenon in porous media by fluids percolating in the axial direction has been of 

great interest to many researchers because of the range of application in many branches of science and technology. 

Applications are directed to various industrial processes such as filtration, distillation, absorption and adsorption 

columns, drying and catalytic reactions of fixed-bed. In the literature, several solutions have been presented to solve 

the diffusion / convection equation applied to fixed-bed reactors, but these studies are limited to a cylindrical 

geometry. However, few papers dealing to the reactors with elliptic cylindrical geometry [1-3]. Thus, this paper aims 

to present a three-dimensional pseudo-homogeneous model to describe steady-state heat transfer within a fixed-bed 

reactor with elliptic cylindrical geometry, considering the variable porosity. The energy equation written in elliptic 

cylindrical coordinates and applied to the porous medium (particle system) is numerically discretized using the finite 

volume. Results of the effect of heat transfer coefficient on the inner wall of the reactor under the temperature 

distributing inside the reactor are presented and analyzed. 

 

[1] L.G. Oliveira, Heat Transfer in Cylindrical Reactor of Elliptic Fixed Bed: Aspects Termofluidodinâmicos and 

Geometry, (PhD Thesis, Federal University of Campina Grande, 2004). (In Portuguese). 

[2] L.G. Oliveira.; R. Swarnakar, A. G. B. Lima, Steady State Model for Heat Transfer in a Packed Bed Reactor of 

Elliptic Cylindrical Shape. International Journal of Chemical Reactor Engineering, Vol. 6, p. 1, 1542-6580, 2008. 
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Thesis, Federal University of Campina Grande, 2004). (In Portuguese). 
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Ceramic processing has been studied based on the material formulation and industrial arts used in the production of 

commercial products. These products are very different in size, shape, detail, complexity, material composition, 

structure, and cost. In the manufacturing process of buildings bricks water is added to the clay before forming to 

increase plasticity. After plastic forming and casting, brick must be dried, in order, to removal of the moisture prior 

for further processing and/or firing. If this moisture content is not removed adequately, severe stresses occurs inside 

the brick causing cracking and fissures reducing quality of product post-drying process [1, 2].  

In this sense, this paper aim to study drying of industrial hollow bricks in a tunnel dryer of cross flow type. The 

theoretical model is based on mass and energy conservation equations applied to air and product including water 

condensation. Conservation equations are solved using the finite-volume method. To validate the methodology, 

numerical and experimental results for the moisture content and the temperature of brick during the drying in an 

industrial scale are compared and a good correlation was obtained. Results of moisture content and temperature of the 

product, and temperature, relative humidity and absolute humidity of drying air as a function of drying time and bed 

length of the dryer are presented and analyzed. 

 

[3] W.D. Callister, Jr. and D.G. Rethwisch: Fundamentals of Materials Science and Engineering: An Integrated 

Approach (3rd. ed. John Wiley & Sons, Inc. USA, 2008). 

[2] F.V.S. Tavares, Master`s Thesis, Federal University of Campina Grande, Campina Grande, Brazil (2013). 
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There is ample evidence that mass transfer in biological materials is not represented by Fick’s laws of diffusion, 

occurring as so-called non-Fickian or anomalous diffusion. Yet a classic diffusion approach is still used in the 

mathematical description of osmotic dehydration. Lately additional theoretical and experimental evidence has 

appeared suggesting that this anomalous diffusion process can be represented using a fractional calculus approach, 

especially in food materials[1]. The aim of this research was to model, through fractional calculus, the diffusion of 

sucrose in Granny-Smith apples throughout the osmotic dehydration process. The diffusion process was modeled 

using a space fractional version of the partial differential equation. 

The experimental data of sucrose diffusion in Granny-Smith Apple was utilized to obtain the parameters of the space 

fractional equation, such as, the space fractional derivative order and diffusivity.  The fractional derivative order and 

diffusivity in the space fractional derivative were β = 1.717 [-] and D =2.414*10-6 [m1.717/s] respectively. The 

solution obtained through the fractional calculus are superior when compared with Fick's second law, in addition, 

anomalous diffusion of sucrose in apples correspond to a super diffusive case.  

The results demonstrated the fractional calculus model not only has a better prediction over Fick's second law but also 

has better phenomenological interpretation. One of the practical potential advantage is to reduce processing time 

because the better prediction by the anomalous diffusion model. 

 

[1] R. Simpson, A. Jaques, H. Nuñez, C. Ramirez andS. Almonacid, Food Eng. Rev., 5, 45 (2013). 
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Drying is a unit operation for remove water from a product by evaporation or sublimation, by applying heat under 

controlled conditions [1]. The main purpose in drying of biological products is the reduction of moisture content to a 

certain amount, which allows safe storage and preservation [2]. The drying involves simultaneous coupled heat and 

mass transfer phenomena, requiring effective mathematical models for process simulation. In this sense, several 

models have been proposed to describe the loss of moisture and heating the solid during the drying of biological 

materials (grains, fruits, vegetables, etc.), however there are few works that incorporate the phenomena of 

simultaneous heat and mass transport (liquid and vapor) applied to products ellipsoidal shape [3]. 

This paper aim to present a mathematical model, based on the thermodynamics of irreversible processes to describe 

both the heat and mass transfer (liquid and vapor) during the drying of bodies with oblate spheroidal geometry. This 
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model was applied to describe drying of lentil, considering the variables transport coefficients and convective 

boundary conditions at the surface of the solid. All equations were presented in oblate spheroidal coordinates and 

numerically solved by using the finite-volume method. Results of the average moisture content, average temperature, 

heat flux, liquid flux, vapor flux, and moisture content and temperature distributions inside a lentil kernel during 

drying process (T=40 ºC, RH=50% and v=0.3 m/s) were presented and analyzed.  

 

[1]T. Kajiyama and K. J, Park, Braz. J. Agri-ind. Prod., 10, 1(2008). 

[2] J.A. Esfahani, H. Majdi and E. Barati, J. Food Eng., 8, 1 (2014). 

[3] V. A. B. Oliveira, A. G. B. Lima and C. J. Silva, Int. J. Food Eng., 8, 1 (2012). 
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One of the main causes of older and heritage buildings degradation is moisture, in particular the rising damp from the 

ground. The construction materials which are in contact with water or moist soil are subject to capillarity, which is 

defined as the phenomenon of a liquid rising through the capillaries of a solid, leading to the emergence of several 

pathologies. 

The height of progression of the moist front depends on the climatic conditions of the ambiences, the isolation, the 

wall thickness, the porosity and porometry of the materials, the presence of salts and the nature of the coating 

materials. 

The objective was the study of the interface between layers through the introduction, in the automatic calculation 

program WUFI-2D, of fictitious layers between the layers of brick and mortar. The fictitious layers correspond to the 

part of the brick that above and below the joint receives the mortar, and for this reason they are small layers whose 

thickness and properties are unknown and are intended to be characterized. Through simulations on the WUFI-2D 

program and using lab results was possible to reach a function that relates the thickness and the properties of the 

fictitious layers. 
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The occurrence of porosities in the casting structure is assigned to change its state of matter (liquid/solid). These voids 

with the size of the order from microns to mm depend on the metallic alloy type and the solidification process of 

castings. Simultaneously, these voids (local micro cavities) are impossible to be totally eliminated in the cast structures 

of ingots, not subjected to plastic forming (by forging or rolling). Of course, the presence of voids in matrix structure 

affects on the local deterioration of mechanical properties of casting. These discontinuities can be shrinkage, gas or 

mixed (gas-shrinkage) origin [1,4]. 

The shrinkage porosity is caused by the difference of alloy density of liquid and solid phase. All castings of aluminum 

alloys have practically a tendency to the volumetric solidification (with mushy morphology in solidifying zone) and 

form in most cases a kind of the scattering porosities in the region of walls joints, so-called hot spots. 

Typical gas porosities result from hydrogen contained in the liquid Al-Si alloy. The solubility of H decreases 

drastically during solidification (Sievert diagram). 

One of technology of Al-Si alloys casting, which is expected to lead to minimize porosities and improve the quality 

of casting is high-pressure die-casting, especially the parts for the automotive industry. By definition, this approach 

should give the higher surface quality, the better dimensional accuracy and also the better compactness of internal 

structure comparing with gravity casting (die-casting). Thus sometimes there is done so called technology conversion, 

i.e. the replacement of the gravity die-casting by high-pressure die-casting technology under pressure during casting 

exceeding sometimes 100 MPa. 

Despite such high pressure on the solidifying alloy (multiplication phase known as third phase of process) of high 

pressure die-cast still does not manage to completely eliminate described above porosities (voids). The modeling of 

solidification (by virtualization) enables to indicate, as in the case of conventional casting technology, the dangerous 

regions where the shrinkage mainly origin porosities can appear. The modeling of gas porosities origin hasn’t been 

still controlled effectively and usefully, mainly in the quality prediction practice of the castings (presence of gas 

bubbles in structure). 

The experimental validation of virtual prediction of porosities in the high-pressure die-casting made of AlSi9Cu3 

alloy by the modeling using Nova Flow & Solid CV and ProCAST systems are described in the paper. It was assessed 

the porosity participation and the identification the probable source of origin (shrinkage, gas, gas-shrinkage), including 

the gas occlusion being result of the air entrapment pockets [4] during dynamic pouring of the mould cavity was 

realized. The porosity tests were carried out by destructive methods on selected polished wall cross-sections of the 

casting: Visual Testing (VT) and Penetrating Testing (PT). In addition, for the identifying purpose the bottom of 

porosity under the microscope technique was observed. 

Under the experimental validation procedures, the influence of selected database parameters on the virtual mould 

cavity pouring, the local cooling rate of casting (hot spots and forming walls) and mechanisms of shrinkage porosity 

formation were analyzed. It turned out that some of analyzed shrinkage porosities can be considered as acceptable in 

terms of operational requirements and taking into consideration the principle of "tolerance of damage" [2,3]. However, 

the size and distribution of non-shrinkage porosities in thin walls and zones outside the regions of hot spots, is not 

only the content of hydrogen resulting in the liquid alloy, but also with the way of the metal mould cavity pouring. 

The velocity distribution of streams and its turbulences observed on the virtual flow image can be applied to verify 

the hypotheses concerning the occlusion of air/gas. This analysis can also lead to justify the advisability of soft models 

developing for gas porosity zones predicting in high-pressure die-castings as a complement to casting simulation 

systems. 

 

[1] Campbell J., Castings, Butterworth-Heinemann, 2000. 

[2] Ignaszak Z., Popielarski P., Hajkowski J., Prunier J-B., Problem of acceptability of internal porosity in semi-

finished cast product as new trend – “tolerance of damage” present in modern design office, Defect and Diffusion 

Forum Vols. 326-328 (2012) pp. 612-619. 
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[3] Ignaszak Z., Hajkowski J., Popielarski P. – Mechanical properties gradient existing in real castings taken into 

account during design of cast components, Defect and Diffusion Forum Vols. 334-335 (2013) pp. 314-321. 

[4] Wang L., Turnley P., Savage G., Gas content in high pressure die castings, Journal of Materials Processing 

Technology, vol. 211, Issue 9, 2011, pp.1510–1515. 
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Green roofs are considered to be an effective contribution to the resolution of several building issues. The green roofs 

improve the storm water management, reduce the air pollution and noise, increase vegetal and animal biodiversity in 

cities and improve the building energy efficiency by enhancing the heat transfer through roofs. This work analyses 

the performance of two available detailed simulation programs applied to green roof effect calculation. The intended 

simulations must be as complete as possible, including all the relevant aspects of hygrothermal behavior induced by 

the presence of green roof components. These aspects can be very different, ranging from energy demand evaluation 

to the comfort of users of accessible green roofs or storm water management.  

On a first step, performance indicators are selected and simulation results are compared. On a second step, a sensitivity 

analysis of the input parameters is performed, focused on the variability induced in the results, using different codes.  

Finally, the work developed aims to optimize the composition of the green roof assembly that best fits Atlantic 

climates. 
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Mesoporous silicas are promising materials for creating hybrid organic–inorganic composites by functionalization 

with organic moieties. These composite materials show a high potential for application in optical gas sensing, 

catalysis, separation and fuel cells. The latter was in the focus for the mesoporous Si-MCM-41, which was 

functionalized by co-condensation from tetraethylorthosilicate (TEOS) and mercaptopropylmethoxysilane (MPMS) 

with a following thiol-oxidation to SO3H by H2O2. The low proton conductivity of pristine Si-MCM-41 (5.8 × 10−5 

S cm−1) could be improved by 40% functionalization to the value of 0.19 S cm−1 at 413 K [1]. Samples were studied 

mainly by impedance spectroscopy (IS) and magic-angle spinning (MAS) nuclear magnetic resonance (NMR) 

diffusometry. The use of high-resolution 1H MAS PFG NMR diffusometry was necessary, since the 1H NMR 

spectrum consists of the signal of mobile hydroxy species and the signals of the fixed methylene groups. Self-diffusion 
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coefficients in the order of magnitude of 4 × 10−9 m2s−1 were obtained and compared with diffusion coefficients 

derived from conductivity data. The comparison of IS and MAS PFG NMR results allows the determination of the 

Haven factor, which amounts 5 660 for 20% and 329 for 40% functionalization. The proton conductivity in 

functionalized MCM-41 could be explained by structure diffusion [1]. The deconvolution of the 29Si MAS NMR 

spectra shows that Si atoms of the functionalizing silane are linked to the MCM 41 framework via three or two ≡Si-

O-Si≡ bonds. 13C CP MAS spectroscopy confirms that that the majority of the organic functional groups remained 

intact after the oxidation [1].  

The present lecture compares the previously obtained results [1] with recently (2014) obtained results for the 

mesoporous KIT-6 [2], which provides, compared to MCM-41, a better water storage. 

 

[1] M. Sharifi, M. Wark, D. Freude, J. Haase, Microporous Mesoporous Mater., 156 (2012) 80-89. 

[2] T.-W. Kim, F. Kleitz, B. Paul, R. Ryoo, J. Am. Chem. Soc., 127 (2005) 7601-7610. 
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We discuss the numerical modelling of two phase flow in porous media (see [1]). We consider a one-dimensional 

problem describing flow of two incompressible and immiscible fluids through a porous medium where the non-

wetting phase (oil) is displaced by the wetting fluid (water). The used model is based on Darcy’s law and we consider 

either horizontal (neglecting the influence of gravity) or vertical flow. In case of horizontal flow, we compare our 

solution with analytical solution published in [2]. In case of gravity driven vertical flow, there is no known analytical 

solution and we propose our solution as a benchmark solution. 

Our numerical model is based on the modelling of interface separating zones where the water is present and where it 

is not. We semidiscretize the problem in space and obtain a mass preserving system of ODEs. We have moving grid 

points only on region where the water is present, and these move accordingly to the evolution of the interface. We can 

choose to have non-equidistant grid with more grid points in the neighbourhood of the interface. This guarantees very 

good approximation of sharp fronts during infiltration. We solve the resulting system of ODEs using some known 

ODE solver, e. g. ode15s in MATLAB library. The proposed numerical method is original and is a good candidate 

for its application in solving inverse problems (to determine the permeability to saturation and capillary pressure to 

saturation relations). Numerical experiments and comparisons with results obtained by other method confirm it. 

 

[1] J. J. Bear, H.-D. A. Cheng: Modelling Groundwater flow and Contaminant Transport, Volume 23, Springer, [2010] 

[2] R. Fučík, J. Mikyška, M. Beneš and T. Illangasekare, Vadose zone j., vol. 6, pp. 93-104, 2007. 
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Numerical modeling of two phase follow is discussed. Two immiscible and uncompressible wetting and nonwetting 

liquids are considered- see [1]. The nonwetting liquid in fully saturated 1D sample is replaced by wetting liquid under 

gravity, or centrifuge driving forces. The hydraulic permeability and capillary-pressure empirical laws are considered 

in van Genuchten-Mualem ansatz. The numerical approximation is based on  ODE model for time evolution of wetting 

liquid front in the sample - see [2]. On the front of the sample we keep full saturation with the wetting liquid. 

Mathematical model can be transformed to a double degenerate (at effective saturations 0 and 1)   porous media type 

equation in terms of wetting liquid. Then we approximate it by ODE system which is completed by ODE model for 

the front of wetting liquid. We compute also the outflow of nonwetting liquid and the centrifuge force for the complete 

system (global flow characteristics). We discuss the sensitivity of global flow characteristics on soil parameters (in 

hydraulic permeability and capillary-pressure models). 

The obtained results demonstrate that our proposed numerical method is a good candidate in solving inverse problems 

to determine soil parameters. 

 

[1] J. J. Bear, H.-D. A. Cheng: Modelling Groundwater flow and Contaminant Transport, Volume 23, Springer, [2010] 

[2] J. Kačur, J. Minár : A Benchmark Solution for Infiltration and Adsorption of Polluted Water Into Unsaturated–

Saturated Porous Media, Transport in Porous Media, March 2013, Volume 97, Issue 2, pp 223-239 
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Flow in porous media occurs in many naturally-occurring and engineered systems [1,2]. One of the key properties for 

understanding the fluid flow and pressure drop in porous media is permeability, which is varies widely among 

researchers [3,4].  The current work presents systematic experimental data for packed spheres of uniform size (3 mm) 

having a porosity of 39% subjected to water flow.  The experiments covered a sufficiently broad range of flow 

Reynolds number such that all flow regimes are encountered: pre-Darcy, Darcy, Forchheimer and Turbulent.  The 

pre-Darcy regime is very scarce or non-present in the literature [5-8].  As a necessary initial step, flow regimes were 

identified and different permeabilities exhibited by the porous medium in each flow regime were calculated [3,6].  

The length scales in defining the Reynolds number included the diameter of the sphere and the square root of the 
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various permeabilitities [2,9] in order to study the transitional Reynolds numbers among the flow regimes.  It is shown 

that the permeability in the Darcy regime is most appropriate and produces results consistent with accepted 

understanding in the literature of porous media. 

 

[1] J. Bear, Dynamics of Fluids in Porous Media (Dovers, New York, 1972) 

[2] D.A. Nield and A. Bejan, Convection in Porous Media. 2nd Ed. (Springer, New York 1999) 

[3] N. Dukhan, C. A. Minjeur II, J. Porous Mat., 18(4), 417 (2011) 

[4] N. Dukhan, K. Patel, J. Porous Mat., 18(6) 655 (2011). 

[5] R. M. Fand, B.Y.Y. Kim, A.C.C. Lam, R.T. Phan, J. Fluids Eng. 109, 268 (1987)  

[6] K. Boomsma, D. Poulikakos, , J. Fluids Eng. 124, 263 (2002). 

[7] B. Antohe, J.L. Lage, D.C. Price, R.M. Weber, J. Fluids Eng. 11, 404 (1997) 

[8] J.P. Bonnet, F. Topin, L. Tadrist, Transp. in Porous Media. 73, 233 (2008). 

[9] M. Kaviany, Principles of Heat Transfer in Porous Media. 2nd Ed. (Springer, New York 1995. 
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The zero length column (ZLC) method, introduced by Eić and Ruthven, [1] measures diffusion characteristics in 

porous adsorbent particles [2]. It allows a monolayer (or “Zero Length”) of a sample to be held in a gas stream, so 

that the diffusion is controlled by only the intra-particle porosity, rather than the inter-particle porosity [3]. 

The ZLC was further adapted to liquid systems at Plymouth University by connecting it to a High Performance Liquid 

Chromatography (HPLC) unit. Currently, the ZLC has been extended to sandwich more than a monolayer of sample, 

which allows the study of the diffusion within its inter-particle pores in relation to its intra-particle pores. 

This research is in collaboration with Omya AG, and the aim is to study and develop modified calcium carbonates 

(MCCs) as active substrates for the controlled delivery of functional materials. MCCs already have a wide range of 

applications, particularly as an important filler and coating pigment for the paper making process.  

Desorption and diffusion coefficients have been calculated for different grades of MCCs that have been loaded with 

either the active ingredient of a medicinal tablet or main flavour compound of a foodstuff. The coefficients are then 

compared to one another in relation to the MCCs’ properties (i.e. porosity, surface area, particle size). 

The measured values of diffusion were compared to those generated by PoreXpert, a software that generates 3-

dimensional void structures [3]. 

In the future, the solvent within the ZLC will progress to synthesized stomach and/or oesophagus fluids and saliva in 

order to mimic the human gastrointestinal tract. 

 

1. M. Eic and D.M. Ruthven, Zeolites, 1988. 8(1): p. 40-45. 

2. S. Brandani, Chem. Eng. Sci., 1996. 51(12): p. 3283-3288. 

3. C.M. Gribble, 2010. The University of Plymouth (Doctoral Thesis). p. 230. 
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Gaining knowledge about damaging semiconductor materials by radiation fluxes that leads to degradation its physic-

mechanical characteristics, seems can generate flaws for new radiationresistant materials, namely, for silicon carbide. 

Voids in lattice of 3C-SiC and clusters of gaseous nanobubbles investigated on theoretical grounds represent 

imperfections which can be studied in computer experiments. A computer simulation was performed using the kinetic 

theory, the model of Brownian motion of bubbles, and the stochastic simulation method [1]. Advantages of this 

approach are solving a problem based on a rigorous mathematical base of nucleation consistent with a pulsed action 

on the blistering processes. The condensation model of the liquid drops [2] considered as a phase transition of 1-st 

kind at initial stage is conceptually identical to the nucleation model of gaseous bubbles in lattice due to penetration 

high-energy ions of Xe++. In the difference from equilibrium stage where phase transitions of homogeneous 

nucleation thermodynamically well described and sizes of bubbles grow with constant rate the presence of a 

significant amount of interfaces (grain boundaries and triple joints), which work as drain for the removal of radiation 

defects, can lead to a quality change of nanomaterials compared with coarse equilibrium predictions. Computer 

experiments related to non-equilibrium phase transition in nano-objects, such as diffusion transference gaseous pores 

were produced. And new properties of defects diffusion with respect to sample temperature and the model of grain 

boundaries for silicon carbide are systematized. 

 

This work is partially supported by RFBR grants 12-01-00490, 12-01-00708, 14-01-00787 and Program 

Dept.Math.RAS. 

 

[1] G.I. Zmievskaya, A.L. Bondareva, V.D. Levchenko, T.V. Levchenko// J. Phys. D: Appl. Phys. 40 (2007), 4842-

4849. 

[2] A.L. Bondareva, T.V. Levchenko, G.I. Zmievskaya//Defect and Diffusion Forum.V. 297–301: Diffusion in Solids 

and Liquids V: Trans Tech Publications.Switzerland (2010), 502-507. 
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One of the greatest difficulties in geotechnics is the reliability and representativity of parameters related to the soil. 

Given the financial and practical impossibility to test a whole area of interest, only a sample of the soil is tested to 

represent averaged soil parameters. However, the reliability and representativity of this sample is questioned, 

especially in regards to the scale effect. In contaminant transport modelling, the soil is treated as a continuum, and the 

local heterogeneity is exchanged by a representative macro homogeneity, which is in accordance with the sampling 

concept. For heterogeneous soils, the small sized sample used in column tests to determine transport parameters, more 

often than not, represent the local and not the desired average parameters, causing a scale dependency in the transport 

parameters, especially in the dispersion coefficient. In this paper, we study the use of the space fractional advection 

dispersion equation (FADE) to simulate Brazilian lateritic soil column tests, and compare the breakthrough curves 

(BTCs) results by using the FADE and the classic advection dispersion equation (ADE) in attempt to solve the 

problematic described above. The FADE can more accurately simulate heavy tailed BTCs that diverge from the ideal 

sigmoidal shape predicted by the ADE. The fractional index of derivation of the FADE can account for the scale effect 

in the column test sample by predicting a super-dispersion that can simulate the growing heterogeneity as the scale 

changes. For fitted BTCs with lower index of derivation, the faster than fickian dispersion rate is clearly observed and 

the disparity between the models grows with the scale. As for a higher fitted index, the FADE falls into the ADE and 

the models become undistinguishable. In conclusion, for heavy tailed BTCs generated by heterogeneous soils, the 

FADE can simulate a higher dispersion rate that can improve the scale effect of the sampling process. 
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The reaction-diffusion problem along catalytic active porous layers (washcoat structures) has been a long standing 

topic of debate. In particular, the effective transport properties are extremely important for mathematical modeling of 

reaction and diffusion steps along the porous network of washcoat layers with pseudo-homogeneous models that take 

into consideration the volume averaging approach. These transport properties are mainly evaluated by experimental 

means or through the application of empirical expressions. In the absence of experimental data for such transport 

properties the empirical expressions are employed taking into account specific textural properties of the porous layer, 

namely the porosity and pore-size distribution. 

In this study a CFD multi-scale bottom-up methodology was developed for studying the effect of the porous structure 

morphology on the catalytic reactor performance namely through the influence on the effective mass diffusion 

coefficients. The methodology consists initially in the digital reconstruction of the washcoat porous layer into two 

sub-macro-scale levels: the nano- and micro-scale levels. The reconstruction technique for both levels is based on the 
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superposed spheres method resembling the physical mechanism of porous layer formation. The digital reconstruction 

of the washcoat layer is physically supported by pore- or grain-size distribution functions gathered from the literature.  

The two considered scale levels allow the reproduction of a bi-dispersed (bimodal) porous system. At the nano-scale 

level a mesoporous structure is recreated considering cylindrical-shaped particles whereas at the micro-scale level 

spheres are considered as the grain shapes. The solution methodology consists in the application of the diffusion 

equation along the porous phase of the nano-scale model considering the Knudsen regime for species diffusion. With 

the solution fields of the diffusion equation applied at the nano-scale level, the effective diffusivity is computed and 

exported to the transport equation that is applied in the solid phase (mesoporous particles) of the micro-scale level. In 

macro-pores (micro-scale voidage) the diffusion equation is also applied but considering the molecular regime for 

species diffusion. After the overall procedure the species effective diffusivities along the washcoat layer are computed. 

The comparison between the results achieved with the current methodology and experimental data is presented for 

the particular case of CO diffusion in a bimodal γ-Al2O3 porous layer. Several empirical expressions for effective 

diffusivity evaluation, largely employed in literature are considered and their results are compared with the values of 

the application of the current methodology for several bi-dispersed pore systems with textural properties realistically 

founded. The study reveals a specific range of suitability for such expressions based on the pore-size distribution 

functions of the porous structure.  
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Diffusion in solids is a relatively slow mode of transfer. An effective way to accelerate cooling and warming processes 

is to utilise a network of channels percolating through the solid and generate a flow of cold/hot liquid through it. 

Porous materials featuring such complex channel networks abound in nature, from vascular networks that regulate the 

temperature of mammals to fractured rocks involved in geothermal heat production. Predicting how the nature of a 

network governs the transfer enhancement is, however, a great challenge [1, 2]. 

Complexity arises from the coupling of advection (in the liquid) and diffusion (both in the solid and the liquid). This 

coupling involves key parameters such as; the fluid velocity in the channels, the radius and length of the channels, the 

diffusivity of the solid and of the liquid and the spacing between the channels.  

Here we present a set of numerical results that establishes how these parameters affect the cooling/heating of a solid 

featuring an array of parallel channels. The numerical method used simulates the diffusion and advection of passive 

Brownian tracers [3]. Results reveal the fundamental scaling laws that govern the typical cooling time as a function 

of the key parameters. We relate these scaling laws to the underlying physical mechanisms of coupled advection and 

diffusion. These results will constitute a robust basis for further investigations considering interconnected complex 

networks such as those found in nature.  

 

[1] B. Bijeljic, P. Mostaghimi & M.J. Blunt, Phys. Rev. Lett., 107(20), 204502 (2011). 
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Granular matter such as sand, powders and soils is a particular type of porous material that comprises grains in contact. 

Upon loading it may undergo large deformations accompanied by mechanical dissipation and heat production. The 

ability of the material to transfer the produced heat away then determines the overall heat budget. 

Shear-induced heating of granular matter occurs for instance in landslides, earthquakes and snow avalanches. The 

tremendous amount of heat produced may often lead to a partial melting of grains, which weakens the material. 

However, field temperature measurements consistently reported temperature increases much lower than expected 

when considering the heat conduction through the grains as sole mode of transfer. This long-standing paradox is 

referred to as shear-heating paradox. 

We present here a set of experimental and numerical observations that evidence the importance of second mode of 

transfer in sheared granular materials. We show that grains subjected to shear naturally develop large-scale correlated 

structures [1, 2]. By analogy with turbulent vortices, we named these structures granular vortices. Likewise turbulent 

vortices and despite their fundamental differences, granular vortices mixes the grains across the streamline. We show 

that the heat flux resulting from the coupling between the vortex advection and the contact conduction may be several 

orders of magnitude higher than the heat flux predicted by the sole contact conduction [2, 3]. This mode of transfer 

thus appears as a key feature to reconcile the shear-heating paradox. 

 

[1] T. Miller, P. Rognon, B. Metzger & I. Einav. Phys. Rev. lett. 111.5 (2013):058002. 

[2] P. Rognon and I. Einav. Phys Rev. Let. 105(21): 21830 (2010). 

[3] D. Griffani, P. Rognon, B. Metzger & I. Einav. Phys. of Fluids 25(9), 093301 (2013). 
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We present a new multiscale finite difference method (MsFDM) to approximate pressures and velocities in highly 

heterogeneous porous media flows. Heterogeneity in the permeability coefficient is assumed to occur on a wide range 

of length scales. Our multiscale method allows to incorporate fine-scale permeability information into coarse-scale 

simulations. In this direction, we define local, multiscale basis functions to represent the discrete solutions in 

subdomains. Similar procedure was employed successfully in [1] using hybridized mixed finite elements for the 

spatial discretization of the equations. Here, global and local flow problems are approximated using the finite 

difference method through coarse and fine grids, respectively. Such hierarchical scheme is expected to be an 

inexpensive alternative to solve the global flow problem on fine grids only. Numerical results are presented to 

illustrate the computational performance of the new multiscale method. 

 

[1] A.S. Francisco, V. Ginting, F. Felipe and J. Rigelo, Mathematics and Computers in Simulation, 99, 125 (2013). 
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Excess pore water pressure, which has a major influence on the strength and stability of the two-phase soil-fluid 

system, plays a key role in many geological hazards. In this paper, a mass and momentum conservation based 

formulation capable of considering both poro-elastic and poro-plastic pore fluid pressurizations is adopted and 

implemented in a coupled CFD-DEM model to analyze the coupled response of the meso-scale pore pressure 

evolution and the micro-scale behavior of the cohesionless granular media. A series of plain-strain simulations were 

conducted on dense sands with different fluid compressibility, viscosity, permeability and normal strain rate under 

drained and undrained conditions, respectively. The numerical results reveal that, under the undrained conditions, the 

evolution of the pore water pressure is in connection with the overall change of the void ratio as well as the fluid 

compressibility, while under the drained conditions, the evolution of the pore water pressure is governed by the strain 

rate of the granular media, together with the fluid permeability and viscosity. In addition, local liquefaction is 

numerically reproduced in the drained test, revealing the liquefaction potential of a dense sand system with good 

drainage conditions. 
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The resin transfer molding (RTM) is one of most popular manufacturing processes of composite structures. RTM is a 

technique of liquid composite molding (LCM) wherein a thermosetting resin is injected into a closed mold in which 

a fiber preform has been placed. The fiber preform is typically composed by fiberglass or carbon fiber. The 

thermosetting resins (typically epoxy, polyamides, polyesters and phenolic) help in binding the fiber together, and 

impart compressive strength, dimensional and thermal stability and good fatigue properties to the part. The RTM is 

used to produce medium/large parts with two smooth surfaces in an efficient way because the resin is injected into 

mold after that fiber perform is installed in the mold [1]. Numerical analysis this process may be able to predict resin 

infiltration and to determine filling time. In this sense, work aims to investigate the infiltration of a CaCO3 filled resin 

in or fibrous porous media using experiments and the PAM-RTM software. A preform of glass fiber mat, with 

dimensions 320 x 150 x 3.6 mm, has been used for rectilinear injection experiments conducted at room temperature, 

with injection pressure of 0.25, 0.50 and 0.75bar. The resin contain 0% and 40% CaCO3. The numerical results were 

evaluated by direct comparison with experimental data. The flat flow-front profile of the rectilinear flow was reached 

approximately halfway the length of the mold. It was observed, that the velocity infiltration decreases with increasing 

the CaCO3 content and the higher the amount of CaCO3 in the resin, the lower the permeability of the reinforcement 

found, thus, incresing the time to processing of the composite material. 

 

[1] F. ZHAO, Simulation of the Felling Process During the Resin Transfer Molding, Master of Computational 

Mechanics, Department of Compational Mechanics, University Ecole Cenrale de Nantes, France (2011).  
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It is well known in rotating system case that the main cause of the premature wear of mechanisms is essentially the 

friction. The deflection phenomena in rotating shafts and the thermo-hydrodynamic lubrication aspect are among 

other important problems encountered in tribology [1-2]. Extensive works have been reported to calculate the 

characteristics of the misaligned journal bearings [3-4] without taking into account the thermal effects in their 

mathematical modeling. Notice that only few investigations are available in the literature for analyzing some 

characteristics of misaligned journal bearings by considering thermal effects. In this present work, a numerical study 

of the effect of misaligned porous journal bearing caused by shaft deformation is analyzed by taking into account the 

thermo-hydrodynamic lubrication aspect. The generalized Reynolds equation is derived by considering the influence 

of thermal aspect, the porous structure of the material used and the shaft misalignment degrees. Different parameters 

are then calculated for different values of misalignment degree, eccentricity radio and porous bearings permeability. 

Obtained results showed the influence of some parameters:  the misaligned degree, the lubricant film and the 

temperature on pressure distributions. It is also shown that the difference between the thermo-hydrodynamic and 

hydrodynamic aspect is also noticeable especially for low permeability and high misaligned degrees. A good 

agreement is observed between the results obtained in this study and those of the literature. 

 

[1]  S. Boubendir, S. Larbi, R. Bennacer. Tribology international, 44, p. 1-8 (2011) 

[2] S. Boubendir, S. Larbi, R. Bennacer. D.D.F, 297-301, p. 618-623 (2010) 

[3] J. Sun, G. Changlin. Tribology international, 37, p. 841-848 (2004) 

[4] S. Das, S. K. Guha, A. K. Chattopadhyay. Tribology international, 35, p. 201-210 (2002)  
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The present work refers to the study of natural convective flows inside a porous cavity saturated by a binary fluid. 

The side walls are maintained at temperature and concentration values lower than those of a heat and solute source 

which located at the centre of the bottom wall, when zero mass and heat fluxes are imposed on the rest of the horizontal 

walls. The binary fluid is assumed to be Newtonian and to satisfy the Boussinesq approximation, the flow is 

incompressible, laminar, bidimensional and in the steady state. On the other hand, the porous medium is supposed to 

be isotropic, homogeneous and in thermodynamical equilibrium with the fluid. The momentum equation, for each 

direction, stands for the Darcy-Brinkman model. 

The governing equations are discretized in space using the finite volume method. The resulting algebraic equations 

are solved using the line by line method, when the iterative procedure includes a pressure correction calculation 

method, namely SIMPLER [1], to solve the pressure-velocity coupling in the momentum equation. The present code 

has been validated by comparing the obtained results with some data published in the literature. For all numerical 
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simulations, the Darcy number, the porosity and the conductivity ratio were respectively set to 10-3, 0.4 and 1, while 

a wide range of the source length (0.2 to 0.8), the Lewis number (10 to 300) and the buoyancy ratio (1 to 100) is 

investigated in the main idea to establish new correlations relating these variables with the Nusselt and the Sherwood 

numbers. 

Taking into account effects of each adimensional number, some powerful correlations predicting heat and mass 

transfer through this kind of cavities are proposed, which predict within ±2% the numerical simulations. 

 

[1] S.V. Patanker, Numeical heat transfer and fluid flow, Mc Grow, (New York 1980). 
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Following the development of an immersed boundary method for the study of flow through porous media [1,2], this 

paper presents direct numerical simulations for structured porous media composed of equal size staggered square 

cylinders. Different Reynolds numbers are simulated in order to capture the dependence of the pressure drop and 

friction factor with the Reynolds number. Results are compared to available and widely used empirical correlations. 

These correlations assume that the additional pressure drop caused by the entrance and exit flow adjustments is 

unimportant as compared to the pressure drop imposed by the porous medium core. Following this line of though, 

many of the studies and books on flow though porous media neglect these entrance and exit effects and at best mention 

them in passing. 

Through the representation of the pressure drop per unit length for several Reynolds numbers, the authors obtain for 

a regular matrix composed of equal size square cylinders, the influence of the porous medium entrance. This influence 

is a function of the Reynolds number. 

 

[1] P.J.S.A. Ferreira de Sousa, I. Malico and G. Fernandes, Defect and Diffusion Forum, 334-335, 359 (2013). 

[2] P.J.S.A. Ferreira de Sousa, I. Malico and G. Fernandes, Defect and Diffusion Forum, 326-328, 725 (2012). 
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External thermal insulation composite systems (ETICS) for walls are a very interesting technology but, despite its 

thermal advantages, ETICS is faced with a very serious problem: the defacement caused by biological growth. At this 

moment, no simple process has yet been developed to predict the risk of ETICS defacement, which may be used by 

designers, engineers and the building industry. 

A methodology of probabilistic risk assessment of biological growth on ETICS exterior layer will provide guidelines 

to help in decision. In this work, a risk analysis approach has been improved and evaluated in a case study with ETICS. 

The scope of the risk analysis was established to define its main purposes when applied to ETICS. Secondly, a 

qualitative probabilistic analysis was done to determine the variables and parameters that are mandatory in ETICS 

defacement and should be considered in the risk analysis. Data regarding the mandatory variables and parameters in 

ETICS defacement was collected in order to establish a probabilistic approach of its variation and, a quantitative 

probabilistic risk analysis strategy is presented based in Monte Carlo simulations. 

Finally, a meta-model, Response Surface Methodology, was developed and compared with WUFI 5.0, for assessing 

biological growth on ETICS as a function of exterior temperature, exterior relative humidity and atmospheric 

radiation. Response Surface Methodology is one of the most widely-used meta-models, which refers not simply to 

the use of a response surface as a multivariate function but also to the process for determining the polynomial 

coefficients themselves. 
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This work is to study and analyze the mechanical behavior of cellular materials mono dispersed. Metal foam with 

regular Kelvin tetrakaidecahedron cells is virtually developed in a 3D volume environment. This porous field 

consisting of cells having millimetric strands with curve-triangular cross-section named "plateau" is designed to 

perform a parametric study which may explain quantitatively the geometrical characteristics effects on the foam 

elasticity.  

This study is for showcasing some parameters that affect the distribution of the porous field elasticity such as 

densification and orientation of these anisotropic cells. The CAD tools have been used to change the cell morphology 

in which this lead to examine the effect of the strands intensity, that which illustrates the  open cell passage to the 

closed cell, and  the cell alignment on  the material elasticity modulus. 

In the same context, and to guide the material elasticity direction, a local and unidirectional stretching cells, faults and 

obstacles or reinforcements were introduced for examine their effects on the metal foam mechanical properties. 
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Research and development of ultra fine atomic clusters, nano-scale, and nanostructured materials is a fast growing 

discipline of basic and applied sciences. Tremendous opportunities for many advanced technologies are anticipated 

to introduce many new high technology products that could activate the economy, revitalize existing industries, create 

entirely new businesses in materials, photonics, bioengineering, medicine and pharmacy, reduce the cost of national 

defence, accelerate the future exploration of deep sea and deep space, reduce significantly the energy consumption 

and therefore solve major social problems. 

Nuclear and atomic clusters, nanostructured and nano-crystalline materials compose a new promising class of 

disordered solids. The study of alpha clustering has a long history in nuclear physics and will not be described in this 

lecture. A group of a few of atoms bound together by interatomic forces is called an atomic cluster. Atomic cluster of 

assembled materials constitute a new class of solids with unique nanostructured morphology and related properties. 

The properties of atomic clusters are in general quite different from the corresponding bulk states. This is mainly due 

to the fact that with decreasing number of atoms a relative increase of the numbers of surface atoms is accompanied; 

in the case of nano-clusters the structure and dynamics is already dominated by the surface atoms. These cluster-

effects are essentially influenced by anharmonicities, which are distinctly larger at the surface than in the bulk: The 

surface particles are, in general, less bonded than the bulk particles and, therefore, the mean-square amplitudes of the 

particles at the surface are significantly larger than in the bulk, a fact leading to enhanced anharmonicities. Therefore 

the phonon density of states in nano-clusters has been studied theoretically using molecular dynamics; in this way 

anharmonic effects could be fully considered. 

The world of atomic clusters, are in fact loosely bound arrangements of atoms ranging from a few atoms to up to 

several ten thousands of them. These objects are characterized by many surprising properties that are not yet all of 

them understood. For instance, the chemical reactivity of a cluster can change by several orders of magnitude when 

just one single atom is added or removed. Clusters are promising candidates for novel applications, from catalysts to 

magnetic storage devices and optoelectronic circuits. Clusters often show strongly size dependent physical and 

chemical properties. These size-dependent properties are not only of fundamental interest but also of practical 

relevance to heterogeneous catalysis and to nanotechnology. 

Many characteristics of a metal cluster are determined by its geometric structure, making structure determination an 

important step in understanding cluster properties; in particular, equilibrium structures commonly deviate 

significantly from simple segments of the bulk lattice. Even before the discovery of C60 and C70 fullerenes, 

predictions and indirect experimental inferences of high-symmetry closed-shell structures for specific metal cluster 

sizes have fuelled efforts to develop size-specific experimental structure determination methods for free mass-selected 

clusters. Nanostructured Silicon (n-Si) and its oxides and nitrides are novel photo luminescent materials for 

applications such as optoelectronics and next generation photovoltaic cells. 

Ultra fine grained and nanostructured W and B4C as advanced engineering materials are also suggested as protective 

armours against neutrons and alpha-particle radiation on the plasma-facing first wall of future D-T fusion power 

plants. 

In this lecture as an example we review the synthesis of atomic clusters, ultra fine grained particles and nanostructured 

materials preparation by high energy repeated deformation processing of alloys, transition and actinides metal 

compounds, nano-W, nano-Graphite, and ultra fine grained B4C and their morphological and structural 

characterization by optical metallography, XRD, DSC and HRTEM. 

The understanding of nanoscale interactions of nuclear materials under extreme conditions such as in deep space 

applications or also in common nuclear reactors applications help to mastering the complex behaviour of actinides 

and of fission products, the chemical interactions, the activation of new phase transitions trigged by the grain size 

with atomic length scale, swelling, the dominate role of the thermal conductivity, the precipitations and solutions 

behaviour under extreme conditions of high radiation, pressure and temperature, and also the interfacial behaviour of 

fuel cladding under such extreme environmental conditions. 

We conclude that, micro-chemical interactions and large scale production save control at nano-scale and 

characterization of ultra fine grained and nanostructured nuclear fuels, photovoltaic and nanostructured advanced 
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engineering materials are disciplines of nanotechnology witch will surmount the existing social, scientific and 

technical barriers for large scale advanced energy applications in the future. 
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Droplets of nanoliter and subnanoliter are useful in a wide range of applications, particularly when their size is uniform 

and controllable. Examples include biochemistry, biomedical engineering, food industry, pharmaceuticals, and 

material sciences. One example of their many fundamental medical applications is the therapeutic delivery system for 

delivering site-specific therapy to targeted organs in the body and as the carriers for newer therapeutic options. The 

size, the size distribution and the effective manipulation of droplets at a scale of nano, pico and even femto liters are 

critical in all these applications. We report a glass capillary microfluidic system for synthesizing precisely controlled 

monodisperse multiple emulsions (Fig. 1) and their applications in synthesizing nanofluids (Fig. 2), engineering 

materials and colloidosome systems for drug delivery.  

Figure 1 illustrates our system for synthesizing double emulsions. Inner, middle and outer fluids are pumped by high-

precision syringe pumps and forced to flow through the capillary microfluidic system. Their flow rates are controlled 

and measured by the syringe pumps. A combination of co-flow and flow focusing in the microfluidic system 

accurately generates outer-fluid suspensions of middle-fluid droplets that contain inner-fluid smaller droplets inside 
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(Fig. 1). The synthesis process is visualized, monitored and recorded (in terms of images and videos) by a high speed 

digital imaging system equipped with an inverted microscope (high-speed camera mounted on a long distance 

microscope via a C-mount coupler). By this method, we can continuously synthesize double emulsions with various 

emulsion morphologies by adjusting processing parameters. Here the morphology contains sizes and their 

monodispersity of inner and outer droplets, number of inner droplets, shell thickness of outer droplets, and 

volume/mass fractions of inner and outer droplets. The processing parameters include geometrical parameters of 

microfluidic system, flow rates and properties of inner, middle and outer fluids.  

 

Figure 1 Our glass capillary microfluidic system for synthesizing precisely controlled monodisperse double emulsions 

and for fabricating polymeric core-shell microcapsules for encapsulation and controlled release applications: (a) 

schematic of the microfluidic system in which the middle fluid is immiscible with both the inner and outer fluids; (b) 

the microfluidic system glued to a glass supporting plate and with fluids inlets; (c) optical micrographs of double 

emulsions containing a controlled number of inner droplets; (d) photo of our experimental system with three fluids 

pumped by syringe pumps and the process visualized, monitored and recorded by a high speed digital imaging system 

equipped with an inverted microscope.  

 

Figure 2 Examples of nanoparticles and nanofluids synthesized in our lab with microfluidic droplets as reactors or 

templates: TEM/SEM images of nanoparticles- (a) CePO4 nanofibers, (b) octahedral Cu2O nanoparticles, (c) N-

vinylcaprolactam polymer-nanoparticles whose size and shape are temperature-sensitive, (d) spherical Fe3O4 

nanoparticles, (e) elliptic Cu nanorods, (f) needle-like CuO nanoparticles, (g) hollow CuS nanoparticles, (h) hollow 

and wrinkled Cu2O nanoparticles, (i) Cu2O(core)/CuS(shell) nanoparticles, (j) flower-like and starfish-like Cu2O 

nanoparticles; (k) photos of smart fluorescent magnetite nanofluids whose microstructures and thus properties are 

light-sensitive, (l) photos of oil-in-water single emulsions that can upgrade water conductivity significantly and are 

very stable. 
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Experimental investigations are carried out to measure the thermal conductivity of ethylene glycol and water mixture 

based NiFe2O4 nanofluid. NiFe2O4 nanoparticles are synthesized by microemulsion technique. Magnetic nanofluild 

are prepared at various weigh ratios of the ethylene glycol and water mixture including 60:40%, 40:60% and 20:80%.  

The thermal conductivity of nanofluid is measured with KD2 Pro by using transient hot wire method. The experiments 

are performed at different volume concentrations between 0% and 2% and a temperature range of 20–60 °C. Results 

show that the thermal conductivity increases with the increase of particle volume fraction and temperature. Maximum 
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enhancement of 18% is observed at 2% volume concentration of nanoparticles suspended in 20:80% ethylene glycol 

and water mixture.  The experimental results are compared with some credible theoretical models and show that these 

models fail to predict the thermal conductivity of nanofluids. Moreover, new correlation is developed for thermal 

conductivity based on experimental data.  
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Mechanothermal method (mechanical alloying and a subsequent heat treatment) has been used to prepare shape 

memory intermetallic compound with nanocrystalline structure and nominal compositions of Ni45Ti50Cu5 (at٪) from 

the elemental powders. The product was characterized using X-ray diffraction (XRD), transmission electron 

microscopy (TEM) and diffrentional scanning calorimetry (DSC). The results exhibited that after 60 h milling, the Cu 

dissolve into NiTi structure and the low crystalline NiTi(110) phase was obtained. Annealing of the milled powders 

at 900˚C for 30 min leads to grain growth, decrease of microstrain finally formation of nanocrystalline NiTiCu 

compound. The solution of Ti and Cu in Ni occur due to decrease in diffusion distances (interlamellar spacing) 

 

[1] T. Goryczka, and J. Van Humbeeck, J. Compound Compd., 456, 194 (2008). 
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Multiwall carbon nanostructure (MWCN) was successfully grown on iron coated indium tin oxide (ITO) substrate via 

the chemical vapour deposition (CVD) of acetylene (C2H2). Indium oxide nanostructure that originated from ITO 

substrate is incorporated into the MWCN growth via a solid– liquid–solid mechanism. A solid-liquid-solid 

mechanism, which is comparable with that of a vapour-liquid-solid mechanism, has been reported in the growth of 

semiconducting nanowire [1]. In solid-liquid-solid, the substrate is used as a source material, which leads to the 

formation of liquid droplets. Solid-liquid-solid mechanism does not require as high a growth temperature as vapour-

liquid-solid since no vapour phase is involved. Under the present working temperature of 400 °C, indium oxide has 

been potentially diffused and incorporated into the MWCN growth which brings to the perception of carbon growth 

on particular substrate. The type of transparent conducting oxide substrate used in this study has much contribution 

to the MWCN growth. In this study, the diffusion and incorporation of indium oxide nanostructure into the growth of 

MWCN which has been grown directly onto ITO substrate via a solid–liquid–solid mechanism is reported. Thermal 

CVD was used to grow the carbon nanostructures with the incorporation of indium oxide at low temperature of 400 

°C by introducing the hydrocarbon gas. 

 

[1] H.F Yan, Y.J Xing, Q.L Hang, D.P Yu, Y.P Wang, J. Xu, Z.H Xi, S.Q Feng, Chem. Phys. Lett., 323, 224–228 

(2000) 
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The rising concerns about global warming and imbalance in the carbon cycle urge rapid development of efficient CO2 

conversion processes [1, 2]. The present work investigates hydrogenation of CO2 to methanol over promoted ternary 

Cu/ZnO/SBA-15 catalyst. In order to understand the effect of Mn, Zr and Pb promoters on the Cu/Zn/SBA-15 

catalysts, hydrogenation of CO2 was performed in a stirred high pressure reactor at 483K, 22.5bar, and H2/CO2 of 3. 

The physicochemical properties of the nanocatalysts were studied using N2 physical adsorption, field -emission 

scanning electron microscopy (FESEM) and transmission electron microscopy (TEM). The surface characteristics of 

catalysts depended on the type of promoter and influenced their catalytic performance. The Mn and Zr promoters 

resulted in large surface area of the catalyst and improved catalytic activity and methanol selectivity. However, an 

opposite effect was found for Pb promoter. A 10% improvement on the CO2 conversion and 20 % on the methanol 

selectivity was achieved due to the double promotion effect of Mn and Zr on Cu/ZnO-SBA-15 catalyst. 

 

[1] C. Li, X. Yuan, and K. Fujimoto, Appl. Catal. A: General, 469, 306-311, (2014). 

[2] J. Toyir, P. R. de la Piscina, J. L. G. Fierro, and N. Homs, Appl. Catal. B: Environmental, 29, 207-215, (2001). 
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NiTe nanocrystallites were prepared through facile and fast solid state reaction of tellurium with nickel in argon 

atmosphere. The samples processed for 3 h, 5 h and 10 h were characterized by X-ray diffraction, transmission electron 

microscopy, magnetization, calorimetry and Raman spectroscopy. NiTe anocrystallites have been successfully 

synthesized after only 3 h of mechanical alloying. X-ray diffraction, calorimetry and Raman spectroscopy analysis 

indicates that the products are single phase of hexagonal NiTe. TEM images show that the processing time plays no 

important role on the morphologies of the final products. VSM confirms the antiferromagnetic character of NiTe 

nanocrystallites, showing only slight tendency of increasing of saturation magnetic field and saturation magnetization 

fluctuation with processing time increasing. 

 

Keywords: A. transition metal alloys and compounds; B. mechanical alloying; C. crystal structure;  

C. magentisation; D. transmission electron microscopy, TEM; D. X-ray diffraction. 
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Sol–gel synthesis consists of building an inorganic framework through hydrolysis and condensation reactions under 

mild conditions. An almost infinite number of combinations for hybrid organic-inorganic formulation together with 

various ways of processing the solution into a functional material led to practical applications in domains ranging 

from microelectronics to protective coatings [1]. Particularly, interests for sol-gel porous materials are increasing 

more and more in modern materials science due to their high potential for energy transfer devices, selective sensors, 

etc. The understanding of the mechanisms of gas adsorption (i.e. water) in such materials is required to predict and 

control their final properties. 

We report the first observations of water transfer into Silica xerogel by Environmental Ellipsometry-Porosimetry 

(EEP) measurements. EEP technique allows accurate determination of water content in porous materials by 
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monitoring the refractive index variation as a function of humidity ratio [2]. Both materials were obtained from the 

very same formulation but one was processed to form a thin film, less than 1 µm thick, while the other one was shaped 

as a 2 mm-thick monolithic xerogel. EEP was used to monitor in real-time the water content variation at the surface 

and into the bulk of the material when exposed to relative humidity steps. Interestingly, these film and xerogel show 

very different behaviors in terms of water transfer. These behaviors will be detailed and compared, and we will provide 

a tentative explanation to this phenomenon. 

 

[1] C. Sanchez, L. Rozes, F. Ribot, C. Laberty-Robert, D. Grosso, C. Sassoye, C. Boissiere, L. Nicole, Comptes 

Rendus Chimie 2010, 13, 3-39. 

[2] Boissiere, C.; Grosso, D.; Lepoutre, S.; Nicole, L.; Bruneau, A. B.; Sanchez, C. Langmuir 2005, 21, 12362–71. 
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This study was about the preparation of samarium iron garnet (Sm3Fe5O12) nanoparticles via an improved technique 

named: Modified Conventional Mixing Oxides (MCMO) method. Metal oxides and ethanol solution were used as 

raw materials to prepare Sm3Fe5O12 (SmIG) material. The material was characterized by XRD, FESEM, EDX and 

TEM. Single-phase SmIG nanoparticles with an average particle value of 25 nm and average crystallite size value of 

44 nm have been synthesized at 1350 oC via MCMO method. SmIG powders with grains sizes below 1 µm and high 

purity has been presented by FESEM and EDX results, respectively. Lattice constant value of 12.535 Å and density 

value of 6.221 g.cm-3, were calculated for SmIG sample. The later has reached around 99% of its theoretical density. 

MCMO method appears to be an attractive route due to the enhancement of structural properties of the interested 

sample with high yield in nano-scale product as compared to other preparation techniques. 

 

Keywords: MCMO Method; SmIG; XRD; FESEM; TEM. 
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The mechanical and physical properties of epoxy-clay nanocomposites are known to be significantly affected by the 

dispersion and distribution of the clay particles in the epoxy matrix. The degree of dispersion of the clay particles in 

the epoxy matrix depends mainly on the processing parameters used to synthesize the nanocomposite.  

In this paper, the optimized high shear mixing parameters determined in an earlier work were used to disperse five 

different loadings of Nanomer I.30E nanoclay (1, 1.5, 2, 3 and 5 wt%) into DGEBA epoxy matrix. A systematic 

approach was adopted to optimize the degassing process of the mixture. X-Ray Diffraction (XRD) analyses showed 

that the optimum nanoclay dispersion was achieved for a degassing cycle of 2 hours at 120˚C. The diffusion of water 

molecules and maximum moisture uptake of epoxy are reduced considerably by the presence of nanoclay. The flexural 

strength of the developed nanoclay/epoxy composite are found to increase by up to 15% for 1.5 wt% and due to the 

high stiffness of the clay, as compared with epoxy resin, flexural modulus improved continuously with clay loading. 

The observed reduction in strength and fracture strain at high clay loadings is mainly attributable to the presence of 

clay agglomerations. 
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Nanostructured multilayer manganese dioxide/nickel/copper sulfite (MnO2/Ni/CuS) composite films were 

successfully deposited on supporting polyethylene terephathalate (PET) substrate through the sequential deposition 

of CuS, Ni and MnO2 thin films by chemical bath deposition, electrodeposition, and horizontal submersion deposition 

techniques, respectively. Deposition of each thin-film layer was optimized through varying deposition parameters and 

conditions associated with specific deposition technique. Both CuS and Ni thin films were optimized for their 

electrical conductivity whereas MnO2 thin film was optimized for its microstructure and charge capacity.  

The electrochemical properties of nanostructured multilayer MnO2/Ni/CuS composite films were evaluated by cyclic 

voltammetry as electrode materials of electrochemical capacitor prototype in a dual planar device configuration. 

Cyclic voltammograms in mild Na2SO4 aqueous electrolyte exhibited a featureless and almost rectangular shape 

which was indicative of ideal capacitive behavior and high cycling reversibility for prolonged cycling up to 1,500 

cycles. Nanostructured multilayer MnO2/Ni/CuS composite films on supporting polyethylene terephathalate (PET) 
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substrate could potentially be utilized as electrode materials for the fabrication of high performance electrochemical 

capacitors.  

 

Key Words: multilayer nanocomposite films; electrical conductivity; charge capacity; electrode materials 
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The effects of confinement on Li and Na in nanoporous systems are studied at room temperature (RT) and during in 

situ heating and cooling experiments. Porous glasses such as Vycor and Gelsil with pore sizes 5-20 nm are loaded 

with alkali metals from the gas phase through vapor diffusion. Diffraction experiments with synchrotron radiation 

show that, on condensation in the porous networks, Li and Na do not adopt their BCC bulk structure but rather form 

a mixture of close-packed phases identified as HCP, 6H and FCC in the case of Li whereas Na crystallizes into 9R, 

HCP, FCC and 4H. In contrast, in the bulk such close-packed phases can form only by martensitic transformation 

below 77 K in Li and 35 K in Na or, alternatively, at very high pressures [1]. On cooling, the RT structural state of 

both metals is maintained and no transformations are observed. 

Very surprisingly, on heating, neither for Li nor for Na any indications of melting are found at or close to their bulk 

melting temperatures and, instead, the room temperature phases remain stable in their crystalline form far beyond: In 

the case of Li, some evidence of melting together with the onset of chemical reactions with the matrix are observed 

only above 700°C as compared to the bulk melting point of 180°C while melting in confined Na was not observed at 

all. These findings strongly deviate from known behavior of other materials in porous matrices typically characterized 

by a small decrease of the melting point on the order of several degrees Kelvin [2]. Possible explanations for the 

anomalous suppression of melting in Li and Na are discussed. 

 

[1] O. Blaschko, V. Dmitriev, G. Krexner, P. Tolédano, Phys. Rev. B 59, 9095 (1999) 

[2] H. K. Christenson, J.Phys.: Condens. Matter 13, R95-R133 (2001) 
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This paper reports the simulation study of humidity-sensitive and electrical properties of plasma polymerized 

hexamethyldisiloxane (pp-HMDSO) thin film based sensors. The humidity sensitive film was deposited by glow 

discharge at low frequency power (19 KHz) in a capacitively coupled parallel plate plasma reactor. The sensor design 

comprises the intredigited electrodes and the absorbing layer. The sensor was calibrated in terms of impedance as a 

function of relative humidity (10% to 95%), using a Frequency Response Analyzer. The used signal frequency was 

fixed at 1 kHz with signal amplitude of 3V. Hexamethyldisiloxane thin film is investigated as humidity sensor. The 

elaborated sensor exhibited a small hysteresis (2% RH) and fast response (8 and 34 s when the adsorption and 

desorption occur between 35% of RH and 95% of RH, respectively) [1]. The simulations results showed an increase 

in time characteristic of diffusion with the increase of sensitive layers thickness, which confirms the reduction in the 

sensitivity for thicker films. The performance of the films and the results of the model simulations are presented and 

discussed. The HMDSO film showed promising characteristics for humidity sensor development. 
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Studied nanostructure, based on chromium alloy, produced from pure elemental powders by high-energy ball milling. 

The nanostructured alloys obtained are characterized by several techniques, such as X-ray diffraction (XRD), which 

allowed the optimization of nickel in chromium dissolution time. The peaks of a solid solution seem of face centered 
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cubic (FCC) structure, for a speed of 200 rpm after 1 hour milling time, the exploitation of the XRD patterns recorded 

the crystallites size of the order about 83 nm for 48 hours milling time. The scanning electron microscopes (SEM), 

EDX analysis have confirmed the refining of grinded particles in function of milling time and the homogenization of 

our powders in different parts components. The mixture of chromium and nickel particle formed begins to decrease 

in volume; moreover the milling times increases and the refinement of particles continuous. A layering structure 

constituting of alternating layers of Cr and Ni is observed, this typical structure of materials, prepared by mechanical 

alloying formed by ductile and hard elements. The measurement of Differential Calorimeter Scanning (DSC) has 

confirmed the formation of our alloys. 
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Comparable analysis of morphology of surface, IR-spectra and X-ray spectroscopy of source and mechanochemical 

dispersed samples of humic acid and humine of Kara-Keche coal has been made. Selective adsorption of ferricinium 

cation from water solutions of perchloric acid on the source and mechanochemical dispersed samples of humic acid 

and humine of Kara-Keche coal has been established. 
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Hetero-nanostructures are very effective for improving the gas sensitivity and selectivity. The development of a 

hetero-junction between two different gas sensing materials often leads to synergetic effects, which enhance the gas 

sensing performance, including  sensitivity and selectivity, lower operating temperature, shorter response and 

recovery times [1-3]. In this study, pure ZnO and In2O3-ZnO hetero-nanostructures have been synthesized by a simple 

microwave-assisted co-precipitation method. The results show that proportions of In3+ and Zn2+ have significant 

effect on morphology, crystallite size, surface area, photoluminescence and sensing properties. As the In2O3 content 

of the samples increases, the BET surface area increases up to 4.7 times. The sensor with 0.02:1.0 and 0.08:1 molar 

ratios of In3+:Zn2+ are highly sensitive and selective for the detection of ethanol. This may be attributed to the 

formation of hetero-interfaces between ZnO and In2O3 with different electrical properties and high oxygen vacancies. 

 

[1] X. Jia, H. Fan, Mater. Res. Bull. 45, 1496 (2010). 

[2] H. Yang, S. Wang, Y. Yang, Cryst. Eng. Comm, 14, 1135 (2012). 

[3] Nandan Singh, Andrea Ponzoni, Raju Kumar Gupta, Pooi See Lee, Elisabetta Comini, Sens. Actuators B: Chem. 

160, 1346 (2011). 
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The self-assembly (SA) studies in solutions containing mobile and oppositely charged nanoparticles (NP) are very 

important due to numerous manifestations of this phenomenon. Without electrostatic interactions the NPs could only 

attract each other, which greatly limits the variety of options for SA manifestation. Since the NPs are macroscopic 

objects, Brownian dynamics (diffusion) should be used for describing NPs motion in a polar viscous solvent. The 

dynamic (kinetic) aspects of SA formation are of a fundamental importance here. A study of electrostatic SA 3d case 

with negligible screening solvent concentration is one of the most difficult theoretical problems of statistical physics 

because one has to consider explicitly the long-range interactions  between all NPs which is enormous computational 

problem. The effective interactions of charged mobile particles is also very non-trivial task; these are far from the 

predictions of the standard Debye-Hückel theory for equilibrium systems [1].  
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In this presentation, we have obtained the self-consistent solution of this challenging problem. The method relies on 

the transformation of the Brownian dynamics into Fokker-Planck (Smoluchowski-type) equations for the joint 

correlation functions [2]. Theory describes the NPs diffusion in potentials of mean forces, which are, in its turn, 

functionals of the correlation functions (a self-consistent theory). A closed set of nonlinear integral-differential 

equations is derived which is solved then numerically. The partial structure factors and screening factors are extracted 

from the obtained correlation functions, whereas the reverse Monte Carlo method is used to visualize pattern 

formation.  

 

[1] V.N. Kuzovkov, E.A. Kotomin, and M. Olvera de la Cruz, J. Chem. Phys., 135, 034702 (2011). 

[2] V.N. Kuzovkov,   E.A. Kotomin,   G. Zvejnieks,   M. Olvera de la Cruz, Phys. Rev. E,  82, 021602 (2010).  
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The mechanical alloying process has been used to prepare nanocrystalline Ni20Co80 alloy from elemental Ni and Co 

powders in a planetary ball mill under argon atmosphere. Scanning electron microscopy, X-ray diffraction and 

magnetic measurements were carried out to investigate morphological, structural, microstructural and magnetic 

properties changes during the milling process. The interdiffusion of Co and Ni leads to a heterogeneous solid solution 

with Ni-rich and Co-rich environments after 12 h of milling. The end product is a mixture of a highly disordered 

structure, fcc-Ni(Co), fcc-Co(Ni) and hcp-Co (Ni) phases having different microstructural and structural parameters. 

The coercivity, Hc, decreases rapidly up to 3 h of milling to about 58.3Oe and remains constant on further milling. 

The saturation magnetization, Ms, value of about 126 emu/g is obtained after 48 h of milling. 
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Membrane supports plays an important role in membrane synthesis and should offer sufficient mechanical strength 

for system to resist pressure gradients imposed during the filtration.  Different stable support materials have been used 

or synthesized as alumina [1], apatite, and kaolin-dolomite [2], but a few works has been reported about carbon support 

preparation and pore structure control. This work consists of two parts, in the first the macroporous carbon material 

was prepared by blending activated carbon with thermosetting resin (epoxy, phenolic). During pyrolysis, porosity 

control of composite materials is investigated by varying different parameters. Various porosity agents (starch, 

polyvinyl butyral, polyvinyl alcohol) are added in the paste with a constant concentration of 5%. Experimental results 

shows that particle size of activated carbon powder plays dominant role in controlling the size and distribution of 

pores during  pyrolysis of carbon/resin composite.The carbonaceous material obtained with mean pore diameter of 

0,1µm and 2 mm thickness can be used as nanofiltration membrane support or as microfiltration membrane.  In this 

complex system of carbon / matrix composite where all components interact according to their chemical and physical 

natures, the experimental method is still the most reliable way to predict properties of porous carbonaceous solids 

formed after pyrolysis. In a second part, the pipe porous support is put in contact with the zeolite precursors and 

submitted to hydrothermal synthesis. This method is also called “In-situ crystallization”. The gel (products for 

synthesizing the zeolite Na-A) was then poured into a teflon-lined autoclave in which the tube was placed vertically; 

then the autoclave was sealed and kept in an oven mainly for nuclei formation. The crystallization occurred under 

static conditions in an oven during 24h at 100°C. Under adequate conditions Na-A film supported on the outer surface 

of porous tube can be successfully prepared by in situ synthesis. Characterizations were performed by using scanning 

electron microscopy, differential thermal analysis, mercury porosimetry, X-ray diffraction (XRD) and mechanical 

strength. 

 

[1] B.Abbad, A.Lounis, S.Condom. Appl. Mechanics and Mater. Vols. 291-294 (2013) pp 2758-2764 

[2] Jianer Zhou Xiao Zhen Yongqing Wang, A. Larbot, Xuebing Hu, J. Porous Mater. 17 (2010), p.1 
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Hydrogen sulfide (H2S) is a highly odorous and toxic gas, which can be found in the majority of coal gasification 

plants, petrochemical industries and wastewater treatment plants. Once released in the atmosphere, H2S is considered 

a major air pollutant. It is also known to severely poison catalytic systems. It takes ppm quantities of sulfur 

contaminants to reduce the lifetime of a supported metal catalyst to a few months or even a few weeks. A cheap and 

high capacity adsorbent capable of removing H2S in a wide range of temperatures can be of a major interest in many 
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different industries. Oxides of different transition metals like Cu, Fe, Zn and also combination of metal oxides like 

Cu-Cr-O or Cu-Ce-O have good H2S adsorption behavior [1]. 

Nanotitanate ETS-2 (Engelhard Titanosilicate-2) is 5-10 nm particles of Na-TiO2 with an external surface area of up 

to 300 m2/g [2]. it has high affinity towards divalent atoms like transition metals. As a result, transition metals can 

substitute Na on the surface of the particles through a simple ion exchange process to form high capacity H2S 

adsorbents. In this study breakthrough capacity of metal exchanged ETS-2 for adsorption of H2S at high temperatures 

has been investigated. The adsorbent was found to be an effective H2S scavenging agent at temperatures as high as 

950⁰C. 

 

[1] S. Rezaei, A. Tavana, J. Sawada, A. Junaid, and S.M. Kuznicki, Ind Eng Chem Res, 51, 12430 (2012) 

[2] S.M. Kuznicki, Large-Pored Crystalline Titanium Molecular Sieve Zeolites. Patent US4853202, 1989. 
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Plasma Electrolytic Oxidation (PEO) was performed on Ti in electrolyte containing calcium acetate monohydrate 

(Ca(CH3COO)2•H2O) and sodium phosphate monobasic dihydrate (Na2HPO4•2H2O) using a pulse power supply. 

Scanning electron microscopy (SEM) with EDS and X-ray diffraction (XRD) were employed to characterize the 

microstructure, elemental composition and phase components of the coatings. All the oxidized coatings contained Ca 

and P as well as Ti and O, and the porous coatings were made up of anatase, rutile and hydroxyapatite. After 

hydrothermal treatment, the hydroxyapatite was precipitated on the surface of the sample plate obtained by PEO and 

the hydroxyapatite thickness was about 15 μm. 
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In recent years, a great deal of difficult material degradation has caused serious environmental, social and legal 

problems. Consequently the search technology considered less polluting and impactful has become a major concern. 

The increase of waste is directly related to increased consumption and the creation of synthetic materials. The amount 

of waste generated is directly related to population growth - increasing waste generation. And the creation of synthetic 

materials is related to the development of new products with complex structures commonly non-degradable - 

presenting high potential for harm to the environment and humans. 

Currently, products made from recycled materials provide equivalent strength to those made from raw materials. The 

use of wood-plastic composite in the manufacture of new products comes as a solution that respects the environment, 

helping to eliminate the improper clearing of forests and the problem of the accumulation of waste, eliminating the 

estate agent impactful and polluting waste, adding value the same to turn it into raw material for industry. To make 

this possible, we must study and test new options that can replace materials with no loss of quality of the final product. 

The present work has as main objective to develop a responsible product with the environment and with the growth 

of recycling materials to replace the wood in various purposes. Thus, the feasibility of using different proportions of 

wood waste for the manufacture of composites was evaluated, with the high-density polyethylene (HDPE) as the 

binder. The composites were produced with residue of Eucalyptus grandis with 0, 5, 10 and 20% by dry weight ratio. 

The HDPE was used as a pattern in making these, the initial form of granules with a density around 1.06 g/cm³. No 

coupling agent was used. 

For the production of the plates used in this study, we used Eucalyptus grandis wood waste from the company Serraria 

Fartura, located in São Sebastião da Grama, SP-Brazil. All material (wood particles) was packed in plastic bags, 

properly identified. Then it was taken to the Laboratory of Engineering Materials UPM (Mackenzie Presbyterian 

University), located in São Paulo, SP-Brazil. Subsequently the material was placed in an oven to obtain the dry weight. 

The composites were manufactured in a similar way to manufacture a plate with the dimensions of 10x10 cm and the 

properties such as hardness, melt flow index, bending strength and tensile impact were evaluated. 
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Carbon nanotubes was discovered by ljima in 1991, and this discovery has stirred up scientists and engineers in this 

field of research. They are very small in size, having strength of 20 times that of high strength steel alloys, half as 

dense as aluminium and also have current carrying capacities of 1000 times that of copper. The mechanical properties 

of CNT depend on many factors. Since it is difficult to control these factors experimentally, modeling and simulations 

could provide crucial insight and design guidance. We can use deferent method of modeling to predict the mechanical 

properties of CNTs instead of using expensive experimental prediction. In thesis work, the primary focus is to define 

the Young's modulus of carbon nanotubes. Mechanical properties of single-walled carbon nanotubes are investigated 

by means of MSM method in ANSYS finite element code.  

In addition, we also examined numerically the effect of the presence of defects on the elastic modulus. Stone Wales 

defect (5-7-7-5) is selected to illustrate this effect. First, the tests are realized on nanotubes containing Stone Wales 

defects. In a second step, we examined the effect of defects on the graphene sheet. Comparison of these models with 

perfect models led to very important results.  

 

Keywords: Carbon nanotube, graphene, graphite sheet, Finite Element, the molecular structural mechanics (MSM), 

Stone Wales defect, and (5-7-7-5) defect. 

 

 

 

 


