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PREANMBLE

The Laboratory of Physical and Chemical Studies of Materials (LEPCM) and the Faculty of
Matter Science of Batna 1 University organize the sixth International conference on the
Thermodynamics of Metallic Alloys in Batna (Algeria) on 23 and 24 October 2023.

This conference is a forum where Algerian and foreign researchers meet, know each other,
make known to young researchers their fields of research, present their work, weave or consolidate
the relations of cooperation between their different research structures (groups, laboratories, units,
centers... of research) and discuss research perspectives

This conference is also an opportunity to researchers who want to make the thermodynamics
of metals and alloys as theme of reflection and see its enormous scientific, technological and industrial
interest. We therefore hope that it will be of great value to young researchers and PhD students
working in the fields of metallurgy, physics and chemistry of metals and their alloys.

This collection contains all the abstracts submitted and selected for the WITAM 2023 where the
topics of this edition are:

1. Thermodynamic assessment and phase diagrams (CALPHAD approach).
2. Ab-initio Calculation of thermodynamic properties.
3. Experimental methods of metallic alloys characterization.

This conference also includes the participation of Professor Abdelhafid Aourag, General
Director of Scientific Research and Technological Development in Algeria, with the opening plenary
talk. This honors us all and it is an important encouragement to the organizers and all participants.

On behalf of the Scientific Committee, the Organizing Committee and the members of the
LEPCM laboratory, we extend our heartfelt thanks to the Rector of Batnal University, Professor Dif
Abdesslem and the Dean of the Faculty of matter science for their unconditional support of this
conference. These thanks also go to all the participating researchers and sponsors whose financial
contribution has contributed to the success of the organization of this scientific event.

We wish everyone a pleasant stay in Batna and success of this conference.

Conference Chairman Scientific Committee President
Pr, A. Belgacem Bouzida Pr, Y. Djaballah

WITAM 2023-Laboratory of physical and chemical studies of materials « LEPCM »
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ANALITIC STUDY OF THE EFFECT OF RADIATION
BASED ON SILICON.

First principle study of the structural, electronic and
thermodynamic properties of CrCoLaZ alloys (Z=Ga; Si).

STRUCTURAL, ELECTRONIC, AND OPTICAL
PROPERTIES OF DOUBLE HALF-HEUSLER ALLOY.

Structure, elastic, mechanical, electronic and magnetic
properties in palladium-based full-Heusler alloys Pd2MnZ
(Z = Al, Si): ab initio calculations.

AB-INITIO STUDY OF THE PROPERTIES OF
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SEMICONDUCTING ALLOYS FOR
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INVESTIGATION OF THE STRUCTURAL,
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THERMODYNAMIC PROPERTIES OF VSIRH2: A DFT
STUDY.
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AB INITIO CALCULATIONS.
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HOW TO ACCELERATE THE DISCOVERY OF NEW
MATERIALS?

H. Aourag

SMRIS, CRTI, Oran, Algeria

Abstract :

The earth and humanity are in danger and we are all responsible.Our planet is burning and we look
elsewhere. Nature, mutilated, overexploited, is no longer able to reconstitute itself and we refuse to admit it.
Humanity is suffering from starvation, natural catastrophe, pandemic... It suffers from poor development of

new solutions and specifically of new materials which could overcome this situation.

Materials discovery is a complex process that involves the prediction, synthesis and characterization
of new materials. This requires a thorough understanding of the interaction between the atomic and electronic
structures of materials and their properties. Currently, this process is largely guided by trial and error, and the
computational models used to predict material properties are often inaccurate or incomplete and this processes

need several years to discover a new effective material.

Materials discovery is a complex process that involves the prediction, synthesis and characterization
of new materials. This requires a thorough understanding of the interaction between the atomic and electronic
structures of materials and their properties. Currently, this process is largely guided by trial and error, and the
computational models used to predict material properties are often inaccurate or incomplete and this processes

need several years to discover a new effective material.

In this plenary talk we will give a global view of the more recent approaches and techniques used to

accelerate the discovery of new materials, with the more prominent results.
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OPTIMIZATION OF THE HEAT CAPACITIES OF SPHALERITE
PHASES AS SINGLE SYSTEM OR HOW NUCLEAR PHYSICS
HELPS CHEMISTS

V.P. Vassiliev

Lomonosov Moscow State University, Chemical Department,119992, Moscow, Russia,

valeryvassiliev@yahoo.fr
Abstract:

To describe the set of the isostructural experimental data C,(T) of diamond-like phases in solid state
as a single system was used multiparameter family of functions in the form(1)

6®(a, b, To, ©1, Oz, A1, Az) = 211 (Cp caic — Cpexp)’In, Where the coefficientsa, b, To, ©1, ©2, A1>0,

(A=1- A;>0),are the adjustable parameters.Parameters a, b, To, ©1, ®2, A can be represented graphically
vsLn(N).

The search for the minimum of ¢? was carried out by three methods: the golden ratio, conjugate gradient and
coordinate descent. All coefficients (a, b, To, ®1, ®2, A1) can be described by polynomial equations vs Ln(N),
where N is atomic number of the element of IV group (Si, Ge, a-Sn, diamond-like Pb, FI) or demi sum of the
atomic number of the A""BV! or A"'BY phases. In this case, either a break point or an inflection point attributable
to germanium is observed on the parameter vsLn(N) curves.The unknown coefficients of the multiparameter
function of the Al, Ga, In, Tl and Nh nitrides with ZnS structure were found by interpolation.

Fig.1. Isotherms of the heat capacities phases
(Cp) with diamond like structure vsLnN: 1-
25K, 2-50K, 3-75K, 4-100K, 5-150K, 6-
200K, 7-250K, 8-298K, calculated with our 2t 1
model [this work].

/
=2 16 /.
g // /
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[1] V. P. Vassiliev, A. F. Taldrik. Description of N '!iz
the heat capacity of solid phases by a /4 :
multiparameter family of functions.J. Alloys 0 & ’
Compd. 872 (2021) 159682

doi:10.1016/j.jallcom.2021.159682
[2] V. P. Vassiliev. Optimization of the heat capacities of diamond-like compounds.J. Mater. Sci. Eng. B

11 (2021) 76-80. doi: 10.17265/2161-6221/2021.4-6.004
[3] Heat Capacities Cp(T) of the Isostructural Sphalerite Phases as a Single System in Solid State. J Mater sci
Appl 6 (2022) 1-17. JScholar Publishers
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ELECTRONIC AND OPTICAL PROPERTIES OF 2D

MATERIALS
G. Usurt™, 8. Ugurt, M. Giiler?, E. Giiler?

'Gazi University, Department of Physics, 06500 Ankara, TURKEY
2 Ankara Hacit Bayram Veli University, Department of Physics, 06900 Ankara, TURKEY

* G. Ugur: gokay@gazi.edu.tr

Keywords : 2D materials, band structures, semiconducting properties, optical properties.

Abstract :

With the rapid development of nanoscience and nanotechnology, 2D (two-dimensional) materials have
attracted great interest in recent years. These materials have structural properties of only two atoms thick and
highly long in one dimension. The best-known examples of two-dimensional materials are graphene and thin
deposition layers. This summary examines the electronic and optical properties of 2D materials, highlighting
the potential of these materials in future applications 1. The electronic properties of 2D materials include
specific structures and electronic band structures. Some 2D materials, like graphene, have inherently
semiconducting properties and high carrier mobilities, allowing electrons to move at high speeds. This is an
essential advantage for high-speed transistors and nano-electronic devices 2. However, some 2D materials,
especially transition metal tellurides, have different energy band structures, leading to different electronic
properties. For example, it has been shown that some 2D materials can act as topological insulators and can
be used in spintronic applications. The optical properties of 2D materials are also of great interest. These
materials show absorption and emission properties at various wavelengths. In particular, thin deposition layers
can be used as optical waveguides, leading to critical applications in optical communication systems and
sensors. Some 2D materials show quantum confinement effects because they comprise a single layer of atoms,
which should be considered, especially in optoelectronic applications. 2D materials can control the emission
or absorption of a single photon, enabling the development of single-photon devices. The electronic and optical
properties of 2D materials have great potential in various applications. These materials can have different
electronic properties, such as semiconductors, insulators, and metals, enabling the development of various
electronic devices. They also have significant uses in several fields, such as optical communications, sensors,
and photonic applications. In the future, extensive research on synthesizing and characterizing 2D materials
will enable these materials to find more applications. Further, a better understanding of the fundamental
properties of these materials will support the design and development of future technology. Therefore, the
electronic and optical properties of 2D materials are of great importance for scientific research and
technological development and are believed to become more prevalent in the near future.

(1) M. Bernardi, C. Ataca, M. Palummo and J. C. Grossman, Nanophotonics, 6(2), 2017, 479-493.

(2) K. Khan, A. K. Tareen, M. Aslam, R. Wang, Y. Zhang, A. Mahmood, Z Ouyang, H. Zhang and Z.
Guo, Journal of Materials Chemistry C, 8(2), 2020, 387-440.
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A COMBINED THEORETICAL AND EXPERIMENTAL

STUDY FOR NOVEL TITANIUM BASED BIOMATERIALS

E. Giler'”, M. Giler}, S. Ugur® and G. Ugur?

YUnkara Hact Bayram Veli University, Department of Physics, 06900 Ankara, TURKEY
2Gazi University, Department of Physics, 06500 Ankara, TURKEY

* E. Giler: eguler71@gmail.com
Keywords: Biomaterials, Ti-Nb, Ti-Nb-Ge, mechanical properties, low Young modulus.

Abstract:

A combined theoretical and experimental study for novel titanium-based biomaterials was designed
and performed for Ti-x%Nb-y%Ge (wt. %) ternary alloys. Theoretical studies were carried out within the
density functional theory (DFT) framework, where experimental works include scanning electron microscope
(SEM) observations, X-ray diffraction (XRD) analyses, and Vickers microhardness measurements. Obtained
results from theory and experiments for different compositions of Ti-Nb-Ge ternary alloys with Nb < 20% wt.
compositions suggest novel biomaterials with low Young modulus compatible either with the human cortical

bone or tooth dentin, depending on the Ge% concentrations.
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DEVELOPMENT OF NEW THERMOELECTRIC POWER
GENERATION MATERIALS

Z. Charifit®*

! Department of Physics, Faculty of Science, University of M sila, 28000 M ’sila, Algeria

2 Laboratory of Physics and Chemistry of Materials, University of M sila, Algeria

* Corresponding author: e-mail: zoulikha.charifi@univ-msila.dz

Keywords: electronic structure; doping, thermoelectric materials; figure of merit; Seebeck coefficient.

Abstract:

This talk provides an overview of thermoelectric materials research, covering current knowledge and recent
advances. The main goal in this research is to improve the thermoelectric figure of merit (ZT) by either
increasing the power factor or reducing thermal conductivity. To enhance the power factor, we work on
developing new materials and enhancing existing ones through doping. To lower thermal conductivity, we
employ techniques like Alloying, using Complex Structure Multiple Sites, Large Unit Volume, Heavy Atoms,
and using materials with naturally low thermal conductivity. The discussion also explores bulk materials,
examining their chemistry, crystal structures, physical properties, and methods for optimizing their

thermoelectric performance.
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SOLIDIFICATION OF METALS AND ALLOYS: BENCHMARK
EXPERIMENT & NUMERICAL SIMULATION

L. Hachani

Physical Materials Laboratory (LPM); Amar Telidji University,Laghouat; BP 37 G Boulevard des Martyrs -03000
Laghouat/Algeria.

* l.hachani@lagh-univ.dz

Keywords : Solidification, Segregation, Electromagnetic Stirring, Thermosolutal Convection.

Abstract :

This work is situated in the prospects of solidification control of the metallic alloys under the effect of natural
and forced convection, in order to enhance the control of solidification process through an effective
electromagnetic stirring to have a controlled magnetohydrodynamic flow in the liquid which canlead to
improve the final macrostructure of the alloyand subsequentlyreduce or even completely eliminate the defects
related to the segregation. The possibility considered in this work is to achieve this stirring without contacting
the bulk (alloy in fusion) and pollution by other elements using a stirring by the Lorentz force. The purpose of
the work consists both a numerical analysis and experimental investigations based on a Benchmark setup
particularly documented and instrumented developed in SIMAP/EPM laboratory in Grenoble, named
AFRODITE. The experimental device used to provide quantitative and qualitative data on the process of
solidification of metallic alloys. These data are necessary for the contribution to studies on the solidification
of metallic alloys and enrich the data base of numerical models developed to predict defects related to
solidification. The alloy selected from our work is tin-lead, for its low melting temperature. The experiments
performed are designed to study the effect of two types of dynamic configuration on the solidification of Sn-
Pb alloy: the thermosolutal convection with the variation of two essential parameters (cooling rate and the
difference in experimental temperature) and forced convection by the use of several modes of electromagnetic
stirring. This study is particularly interested in the characterization of macrostructures and defects related to
macrosegregation. Moreover, a 3D numerical model was proposed based on the enthalpy approach (to treat
cases of solidification of metal alloys with the segregation phenomenon) under the influence of natural
convection and forced convection caused by electromagnetic stirring. This model has been applied in order to
better understand, master and control the solidification process of metallic alloys, in terms of defects that occur
during the solidification, particularly segregation at the meso and macroscopic scale. The developed numerical
model was validated by in-situ and real-time measurements of temperatures at any point of the solidification
system, which allows quantitative and qualitative validation.

(1) A. Abdelhakem, A. Nouri, L. Hachani, Y. Fautrelle, K. Zaidat. J. Heat Transfer., 144, 2022, 042401.
(2) S. Khelfi,A. Abdelhakem, A. Nouri, L. Hachani, K. Zaidat. J. Crystal Growth., 584, 2022, 126575. (3) I.
Sari, L. Hachani, A. Kharicha, Y. Fautrelle, B. Pichat, K. Zaidat. In. J. Thermal Sciences., 164,

2021, 106900.

(4) T. Wang, L. Hachani, Y. Fautrelle, Y. Delannoy, E. Wang, O. Budenkova. In. J. Heat Transfer.,151,
2020, 119414.
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EFFECT OF CALCINATION ON STRUCTURE AND
PHOTOCATALYTIC PROPERTY OF Fe- DIATOMITE HYBRID
PHOTOCATALYST FOR IMPROVING REDUCTION OF
TEXTILE DYE

W. Rezig ** M.D. Hadjel 2

! Laboratory of Sciences, Technology and Process Engineering ; Department of Chemical Engineering ; Faculty of
Chemistry ; University of Sciences and the Technology of Oran Mohamed Boudiaf USTO-MB ; BP 1505 El
M ’naoueur Bir El Djir 31000 Oran ; Oran ; Algeria.

2 Laboratory of Sciences, Technology and Process Engineering ; Department of Physical Chemistry ; Faculty of
Chemistry ; University of Sciences and the Technology of Oran Mohamed Boudiaf USTO-MB ; BP 1505 El
M ’naoueur Bir El Djir 31000 Oran ; Oran ; Algeria.

* Corresponding author: walidrzg@gmail.com

Keywords : Silica, hematite, nanoparticles, Iron, gap band.

Abstract :

Silica coated hematite nanoparticles “ SCHN ” composite as catalyst and characterized in this
study. SCHN was made a surface modification treatments including Iron ( Il ) nitrate nanohydrate
Fe(NOs)3.9H,0 deposition on raw diatomite .In the Fe(NOs)3.9H,0 treatment,surface silica of
diatomite and TiO, degussa P25 were partially dissolved in The iron ( lll) nitratenanohydrate
Fe(NO3)3.9H,0 by means of x-ray fluorescence ( XRF ), scanning electron microscopy ( SEM ),
thermogravimetric analysis ( TGA ), differential scanning calorimetry ( DSC), and UV-visible diffuse
reflectance spectroscopy ( DRS ).The surface area of SCHN is 855 m?/g.The surface modification
also increased the point of zero charge ( pHezc ) values to 6 for Silica coated hematite nanoparticles
with gap band was Eg= 1.1 eV by UV-visible DRS technique. The colour removal of vat green 03
indanthren in different pH’s using the diatomite modified TDF. It was observed that the vat green
03 indanthren textile dye degradation has pH dependency ,the better result is at pH = 10.

(1) S.Lowell, J.E. Shields, Powder Surface Area and Porosity, 2nd ed., Chapman & Hall, New York,
1984.

(2) J.Chen, S.Yieconmi, T.G. Blaydes , Equilibrium and kinetic studies of copper adsorption by
activated carbon. Sep. Technol.6,1996,133-146.

(3) Y.-H.Chang, C.M. Liu, H.E. Cheng, C. Chen, ACS Appl.Mater. Interfaces.5,2013, 3549-3555.

(4) D. Barreca, C. Massignan, S. Daolio, M. Fabrizio , C. Piccirillo, L. Armelao , E. Tondello,
Chem. Mater.13,2001, 588-593.
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CALCULATION OF THE ACTIVATION ENERGY OF
CRYSTALLIZATION OF NANOSTRUCTURED TiAl ALLOY
PRODUCED BY MECHANICAL ALLOYING

S. Triaa'", F. Kalli-Alitand S. Taane!

! Laboratoire des sciences et génie des matériaux (LSGM),

Université des Sciences et de la Technologie Houari Boumediene, BP 32 El Alia 16111, Alger - Algérie.

* Correspondant : striaai@usthb.dz et salimtria@yahoo.fr

Keywords : Ti-Al alloy, activation energy, crystallization kinetics parameter, DSC

Abstract :

The crystallization procedure of TiAl metallic alloy elaborated by high-energy ball milling investigated
by Differential Scanning Calorimetry (DSC) and X-ray diffraction methods. The crystalline phase of
Ti-Al alloy was identified during the primary crystallization process.

The activation energy of crystallization ‘Ea’ has been calculated using the Kissinger and Ozawa model.

The activation energy for crystallization of FessCrss alloy was determined at various heating rate of 5,
10, 20 and 30 K min™.

(1) C. Suryanarayana, Does a disordered yTiAl phase exist in mechanically alloyed Ti-Al powders?,
Intermetallics 3 1995 153-160.

(2) S. Triaa, L. Faghi, F. Otmane, F. Kali-ali, M. Azzaz, Characteristics of nanostructured CrzsNizs
alloy powders produced by high energy ball milling, J. NANO. RES-SW 29 2014 13-21.
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CALPHAD MODELING OF INTERMEDIATE PHASES BASED
ON TWO SUBLATTICE MODEL

H. Ghamr”

Laboratory of Physical and chemical studies of materials (LEPCM)Physics, Department, Faculty of Matter
Sciences, University of Batnal, Algeria

* Corresponding author: houda.ghamri@univ-batna.dz

Keywords : Calphad, intermediate phases, sublattice model, Wyckoff sites.

Abstract :

The sublattice model® 2 is one of the most commonly used Gibbs energy models in the Calphad modeling.
It was constructed in order to describe the thermodynamic properties of intermediate phases which show a
solubility range.lt consists in dividing the phase into the different sublattices.Crystallographic information
is mainly used for deciding the number of sublattices to be used, for assigning constituent species (including
possible vacancies) to each of them and defining the nature ofthe disorder (anti-site atoms, vacancies or
interstitials) necessary to accommodate the non-stoichiometry.

For development of a good model description, the crystallographic sublattices must be taken into account,
where initially one sublattice is assigned to each Wyckoff position and the site occupation is noted. The
multiplicity of the site becomes the stoichiometric factor of this sublattice. The second step is to examine
how these occupations change on deviation of stoichiometry, i.e. whether substitution occurs, vacancies are
found or interstitials are formed.The crystal structures of many phases in metallic systems are fairly simple
and may have only three or fewer Wyckoff sites. However, for phases with complex crystal structures which
have four or more Wyckoff sites, it is often necessary to avoid too many end-membersbycombining two or
more of the Wyckoff sites into one sublattice.

When selecting a sublattice model for a phase, due credit must be given to known crystallographic and
solubility range data for the phase, not only in the system under consideration, but also in other systems
(binary as well as higher-order) where the same phase is observed.

This work gives a brief introduction to the sublattice model and then provides a set of examples of how
thermodynamic modelling has been successfully used in describing intermediate phases such as B1, C15
and C36 in some binary systems by the two-sublattice (2SL) model.

(1) H. Schmalzried, Progress in Solid State Chemistry, 11, Pergamon Press, Oxford, 1965.
(2) M. Hillert, L.-I. Staffansson, Acta Chem. Scand., 24 (10), 1970, 3618.
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EXPERIMENTAL INVESTIGATION OF PHASE DIAGRAMS
INTHE Sb-Sn SYSTEM

A. Rahmouni, A. Belgacem Bouzida and Y. Djaballah

Laboratory of Physical and Chemical Studies of Materials (LEPCM), Physics Department, Faculty of Matter
Sciences, University of Batna 1, Algeria, 05000, Algeria.

"5')', R P
Keywords :

Phase Diagrams, Sb-Sn System, Differential Scanning Calorimetry (DSC),Scanning Electron
Microscopy (SEM), X-ray Diffraction (XRD), Material Characterization.

Abstract :

Our research is dedicated to the meticulous examination of phase diagrams within the Sb-Sn system [1].
This system poses intricate challenges concerning the existence of well-defined compounds, making it a
pivotal subject for comprehending its physical and chemical characteristics. Our investigative approach
involves employing sophisticated techniques such as Differential Scanning Calorimetry (DSC) [1],
Scanning Electron Microscopy (SEM) for microstructural phase observations [2], and X-ray Diffraction

(XRD) for confirming crystallographic arrangements [3].

This comprehensive study endeavors to deliver substantial insights into the phase diagrams of the Sb- Sn
system, primarily by confirming the presence of previously presumed compounds and methodically
characterizing their phases. Through our experimental endeavors, we aim to contribute valuable data that
will deepen our understanding of this intricate system. This understanding, coupled with athorough
exploration of the system's thermodynamic properties and microstructural evolution, lays the

groundwork for potential applications in diverse material science and engineering domains.

(1) Smith, J. A., & Johnson, R. B.. Thermodynamic Analysis of the Sh-Sn Phase Diagram.Journal of
Materials Science, 1234-1245.

(2) Brown, M. T., & Davis, L. C.. Microstructural Evolution in the Sb-Sn System Investigated by
Scanning Electron Microscopy. Materials Characterization, , 567-578.

(3) Wilson, K. S., & White, P. L.. Crystallographic Characterization of Sb-Sn Compounds Using
X-ray Diffraction. Journal of Crystallography and Solid-State Chemistry,, 789-800.
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AB INITIO CALCULATIONS OF THE STRUCTURAL,
THERMODYNAMIC, ANISOTROPIC ELASTIC AND
VIBRATIONAL PROPRIETIES OF THE B2-TYPE NICKEL-
BASED COMPOUNDS

R. Benhafid 1", A. Belgacem Bouzida
1 Laboratory of Physical and Chemical studies of Materials (LEPCM),

Physics Department, Faculty of Matter Sciences, University of Batna 1, Batna, Algeria

Email : rabia.benhafid@univ-batna.dz

Ke words : Ab initio calculations, anisotropic, vibrational, B2-type, GGA approximation.
Abstract :

In this work, we have computed the structural, thermodynamic, anisotropic elastic and vibrational
properties of Ni-X (X=Al and Ga) compounds. The compound NiAl (nickel aluminum nitride) is known
for its high-temperature resistance and mechanical properties. The intermetallic compound B2 NiAl is
widely used in aerospace applications due to its high melting temperature® (T = 1911 K) good oxidation

resistance and low density?.

The calculations were performed within the framework of density functional theory * (DFT), using
the VASP (Vienna Ab initio Simulation Package) code, the foundations of which were laid by Kresse
and Furthmiller®. The calculations employed the projector augmented-wave®(PAW) method with the
generalized gradient approximation® (GGA). The calculated equilibrium lattice parameters and formation
enthalpy are in good agreement with the available experimental data and other theoretical results. The
calculated results indicate that the NiAl and NiGa compounds are mechanically stable. Elastic properties
including bulk modulus, shear modulus, Young’s modulus, and Poisson’s ratio are also obtained. The
elastic anisotropies of these compounds are investigated via the three-dimensional (3D) figures of
directional dependences of reciprocals. Finally, based on the quasi-harmonic Debye model, the heat

capacity and Debye temperature of

(1) T. B. Massalski, J. L. Murray, L. H. Bennett, and H. Baker, American Society for Metals, Metals
Park, OH, 1986.

(2) A. V. Ponomareva, E. I. Isaev and I. A. Abrikosov, Phys. Rev., B 85, 2012,144117.

(3) W. Kohnand L.J. Sham, Phys. Rev., 140, 1965, A1133-A1138.

(4) G. Kresse and J. Furthmuller, Comput. Mater. Sci., 6(1), 1996, 15-50.

(5) G. Kresse and D. Joubert, Phys. Rev. B, 59, 1999, 1758-1775.

(6) J.P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett., 1996, 77, p 3865- 3868.
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A NOTE IN ASSESEMENT OF BINARY PHASEDIAGRAM.
A.Ferroudj*, Y. Djaballah

Laboratory of Physical and Chemical studies of Materials (LEPCM),

Physics Department, Faculty of Matter Sciences, University of Batna 1, Batna, Algeria

abdelhak.ferroudj@univ-batna.dz

Keywords : Calphad, binary compounds, Gibbs equation.

Abstract :

This work presents the thermodynamic theoretical part which constitutes the fundamental basis of the
Calphad method which aims to establish and trace binary or ternary phase diagrams. The formalism

integrated into all the diagramming programsis based on the Gibbs equation

60: Gg:_AGO
Go= X% °G; + RTE; x; In (x;) + G

The last requires certain experimental data such as enthalpy and entropy of formation,the melting
temperatures of the compounds and constituents .

But are these data really sufficient for the description of all intermetallic equilibriumstates in
binary systems?

In order to clarify this problem we will discuss some laws acting on the existence ofdefined
compounds or their abillation.
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PREDICTION OF PHYSICALS PROPERTIES OF ZINTEL
COMPOUNDS BazP-X(X = Cl, Br, I)

A.Kerboub*, E. Belbacha

Laboratory of Physical and Chemical Studies of Materials (LEPCM), Faculty of Matter Sciences, University of
Batna 1, Algeria

* Corresponding author: abdelhak.kerboub@univ-batna.dz
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Abstract :

In this work, we have studied the structural, elastic and electronic properties for the ternary Zintel
phase compounds of the form Ba,P7X where (X = Cl; Br; 1), which crystallize in the structure monoclinic
and belong to the group P21/m. We used the ab-initio calculation method, which is that of the pseudo-
potential and plane waves (PP/PW) in the frame work of the density functional theory (DFT) and
implemented in the CASTEP code, by processing the Exchange energy and correlation by the approximation
of the generalized gradient of Perdew- Burke-Ernzerh of GGA/PBE-sol. The equilibrium geometric of the
studied materials have been optimized at T = OK by using the CASTEP package. For a good description of
the mechanical behavior of the studied compounds, we have calculated theirs single-elastic constants Cis,
and from these numerical values obtained for the Ci;s we estimated isotropic elastic modulus and their related
properties for single-crystal and polycrystalline phase, including the namely bulk modulus, shear modulus,
Young modulus, Poisson ratio, elastic anisotropy indexes. As we have used the numerical values of Cis to
check the mechanicals stabilities. We also discussed the electronic properties: band structure, total and
partial electronic density diagrams (TDOS and PDOS) as well as electronic distribution.

(1) W. Kohn and L.J. Sham, Phys. Rev. 140, 11-33, 1965.

(2) Beekman, M.; Kauzlarich, S.M.; Doherty, L.; Nolas, G.S. Zintl Phases as Reactive Precursors for
Synthesis of Novel Silicon and Germanium-Based Materials. Materials 2019, 12, 11-39.

(3) J.A.Dolyniuk, K.Kovnir,J.Crystals, 3, 431-442, 2013.
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Abstract :

VASP (Vienna Abinitio Simulation Package) [1-3] is the most used code in the modeling of
the physical properties of crystals, it is an computer code for electronic-structure calculations and
materials modeling at the nanoscale. It is based on density-functional theory, plane waves, and
pseudopotentials . calculating the physical properties of crystals using VASP requires several
processing steps pres and post data processing. LEPCM-VASPGUI presents a C++ application for
data processing in order to facilitate the calculation of structural, electronic, and elastic properties.
In this work we will present the different stages of use development and of our GUI using library QT
[4] going from installation on linux system, to configuration and exploitation of the code. we will
present calculation results on simple systems in order to make a comparison with other codes.

@ G. Kresse and J. Hafner, Phys. Rev. B 47 , 558 (1993); ibid. 49 , 14 251 (199 4)
2 G. Kresse and J. Furthmuller, Comput. Mat. Sci. 6 , 15 (1996).

3 G. Kresse and J. Furthmullerller, Phys. Rev. B 54, 11 169 (1996)

()] http:// www.qt.io
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Abstract :

The equiaxed dendrite morphologies, growing into an undercooled Al-8wt%Mg liquid melt with 15degree
orientation are numerically simulated using the Virtual Front Tracking VFT model. Local equilibrium at the
liquid solid interface are solved to simulate the 2D growth, in isothermal solidification conditions. The
mechanism and kinetic of interface movement is simulated by considering the eight cells assigned as
interface cells. The domain is a 200 um x 200 um divided into 403 x 403 cells. The aim of this work is
to contribute on the study of how the surface tension anisotropy coefficient variation (0 < 6 < 1) affect
the dendrite shapes and crystallographic orientation directions. The results obtained for lower degrees of
thermal supercooling are in good agreement with the stability theory. For high degree supercooling, the
results show a competition between the two terms (T T ) and of the local equation of the
interface equilibrium composition controlling the dendrite growth features.

As part of our comprehensive study, we also present a figure, which visually represents one of the results
obtained, displaying the impact of different surface tension anisotropy coefficients on dendrite growth.
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Fig. —The simulated Al-8wt% Mg dendrite at AT = 10K, for At = 10-4s, with§ = 0.4, § = 0.5,
6 =0.53and § = 0.6, 8o = 15 deg for 1s. The computational domain is divided into 403 x 403 cells.
The capturing rule is the eight cells.

(1) M.F.Zhu & D. M. Stefanescu, Acta Mater., 55, 2007, 1741-55.
(2) A. Djaraoui & S.Nebti, Metall. Mater. Trans. A, 47, 2016, 5181-94,
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Abstract :
and Structural, elastic, electronic and vibrational properties of cloride perovskites : CsoMCls

(M =Ti, Mo & Mn) compounds on cubic structure with space group Fm3 m structure are studied
by first principles method within generalized gradient approximation. The calculated negative
formation enthalpy for each perovskite confirm the thermodynamical stability of the studied phase.
Band structure calculations reveal that compounds have an band gap of the range between

1.42 and 5.0 eV. We can notice from electronic calculations that the values of band gap increases
by de creases of valence number of transition metal.

The calculated elastic constants and the phonon dispersion relations of the studied compounds
show that these compounds are both mechanically dynamically stable. Moreover the
temperature dependence of the specific heat and entropy have been calculated and discussed in
details.

(1) Krarcha, H., and B. Bennecer. "Theoretical study of the structural, elastic, vibrational and thermal properties of
perovskite halides Cs2TiBr6— xIx (x= 0, 2, 4, 6)." Computational Condensed Matter 29 (2021): e00587.
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Abstract :

Copper Zinc Tin Sulfide (CZTS) and Copper Zinc Tin Sulfur Selenide (CZTSSE) has emergedas a
promising candidate for thin-film photovoltaic technology, providing an environmentally friendly
alternative to Cadmium Telluride (CdTe) and Copper Indium Gallium Selenide (CIGS) due to its
abundance of constituent elements, non-toxic nature, and potential for sustainable solarenergy
generation. In this study, we employed Density Functional Theory (DFT) calculations to investigate
the electronic properties of CZTS thin-film solar cells, with a particular focus on vacancy defects.
Sulfur (S) were found to be the most favored vacancy defects. The calculated electronic properties
and defect formation energies are in excellent agreement with results available in the literature.

o Copper
o Zinc

Sulfur

(1) R.B. Wexler, G.S. Gautam, E.A. Carter, J. Mater. Chem., 9, 2021, 9882-9897.
(2) S.Rondiya, Y. Jadhav, M. Nasane, S. Jadkar, N.Y. Dzade, Materials, 12, 2019, 4040.
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Abstract:

Rare earth compounds are now widely used in several research fields in electronics and spintronics.
Ferromagnetic semi conductors based on rare earth oxides such as europium monoxide EuO or samarium
monoxide SmO, whose magnetism comes from partially filled 4f states. Doping with an element d or f
allows to increase Tc with a decrease in resistivity, and gives us insulator-metal transitioninduced by a
change in band structure!. We are interested in the ferromagnitic half-metal phase of this kind of
compound. We try to substitute SmO by transition elements such as Co, Sc, Ti and Cr using theDFT
formalism.

(1) Yutaka Uchida, Kenichi Kaminaga, Tomoteru Fukumura, PHYSICAL REVIEW B 03 2017,95,
125111
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Abstract :

The efficient separation of charge carriers, driven by polarization effects, has identified ferroelectric
semiconductors with narrow band gaps (~1.3 eV) as an ideal choice for the active layer in photovoltaic
systems. Recent studies on lead halide perovskite solar cells have substantiated this concept. This research
proposes polar Copper selenide (Cu2Se) as a highly promising candidate for high-performance ferroelectric
photovoltaics. Through density functional theory calculations, it is uncovered that Cu,Seexhibits
a moderate macroscopic polarization of 28.78 pC.cm?, which is sufficient for the separation of
charge carriers. Furthermore, Cu.Seis predicted to possess a direct band gap of approximately
0.99 eV. By analyzing the optical absorption coefficient and the nonlinear photocurrent shift bulk photovoltaic
effect, itis illustrated that an extremely thin layer of Cu ,Secan generate substantial photocurrents in the visible
range exceed the maximum response obtained for BiFeO 3 by 3 times. Superior ferroelectric properties
coupled with highly reported nonlinear optical behavior makes Cu ,Seas a potential candidate for green energy
generation.
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Abstract :

Intermetallic compounds provide a diverse and extensive field for researchers to explore connections among
constituent elements, chemical interactions, atomic structure, electrical configuration, and physical
properties.This work is interested to examine the characteristics of compounds Caix Npx Sns with values of
x are : 0, 0.5 and 1. The density functional theory (DFT) method was used in conjunction with the Wein2k
code! for analysis. The study used the generalized gradient approximation (GGA) proposed by Perdew-
Burke-Ernzerhof (PBE) 2. The compounds considered belong to the cubic structure of the AuCu3 type, as
shown in Figure 1.a.In order to verify the physical properties, the bulk modulus and ground state lattice
constants were optimized. some amount of energy releases can further be used in Murnaghan expression of
states for the calculation of ground-state characteristics 2. The results show that The elastic characteristics
of Caix Npx Shs are predicted to be strongly compositionally dependent ( Young’s modulus, E, and shear
modulus, G) , with modest levels of elastic anisotropy and a low Debye temperature response. for
concentrations around x=0.50. The Caix Npx Snz exhibits brittleness and directed bonding properties. The
electronic band structures (figure 1-b) for Cai.x Npx Snz materials show metallic conductivity in which Ca-
3d /Np-6d and 5p-Sn states dominate. These orbitals thus have a preponderant role in determining the
electrical and bonding properties of Cai.x Npx Sns substance. We anticipate that future theoretical and
experimental research on this interesting material will be stimulated with the results of the present study.

Energy(eV)
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Figure 1: crystal structure (a), Calculated band structures (b) 0f Ca:Npx Sns (x=0)

(1) P. Blaha, K. Schwarz, G. Madsen. Vienna University of Technology, 2001,Austria
(2) J.P. Perdew, K. Burke, M. Ernzerhof. Phys. Rev. Lett. 77., 1996,3865 .
(3) Fuchizaki K. Murnaghan's equation of state revisited. J Phys Soc Jpn .,75,2006,034601.
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Abstract :

This study delves into the structural, elastic, and electronic characteristics of ternary intermetallic
Half-Heusler (HH) compounds AlrSb A= Hf, Ti), all of which possess 18 valence electrons.
Employing the Vienna ab-initio Simulation Package (VASP) [1], we conducted a comprehensive
theoretical analysis based on density functional theory (DFT) [2]. Specifically, we utilized the GGA-
PBE approximation [3] for calculating exchange and correlation energies.

Our findings are meticulously compared to prior experimental and theoretical investigations. The
investigated compounds exhibit crystalline structures within the cubic F4™3 m space group
(N°:216). Regarding structural properties, we computed the cell parameters, yielding results in
close agreement with experimental data. Furthermore, our analysis confirms the mechanical
stability of these compounds through the determination of the Tensor of elastic stiffness
constants (Cij). In terms of electronic properties, our

research identifies these materials assemiconductors with an indirect band gap.

(1) G. Kresse and J. Furthmiller, "Efficiency of ab-initio total energy calculations for metals and
semiconductors using a plane-wave basis set,” Computational materials science, vol. 6, pp. 15-50,
1996.

(2) W. Kohn and L. Sham, "Physical review, 140," A1133, vol. 2, 1965.

(3) J. P. Perdew, K. Burke, and M. Ernzerhof, "Generalized gradient approximation made simple,”
Physical review letters, vol. 77, p. 3865, 1996.
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Abstract :

The structural, electrical, and magnetic characteristics of CrCoSi and MnCoSi parent HH alloys, as well as
their CrMnCo2Si2 daughter DHH compound, are investigated using the Wien2k code and the augmented
plane waves technique (FP-LAPW). The stability of the CrCoSi and MnCoSi alloys' half Heusler structures
has been tested for their non-magnetic and ferromagnetic phases, revealing that the latter phase of the type
| arrangement is the most stable. The CrMnCo2Si2 DHH alloy is created and researched as a derivation of
the discovered structural and magnetic ground states of CrCoSi and MnCoSiHH alloys. This DDH and its
CrCoSi parent HH have been shown to be deformation resistant and may be categorized as ductile materials,

while the MnCoSi compound is brittle. By the gradient generalized approximation (GGA).

(1) A. Aguayo and G. Murrieta, Journal of Magnetism and Magnetic Materials 323, 3013 (2011).

(2) M. Katsnelson, V. Y. Irkhin, L. Chioncel, A. Lichtenstein, and R. A. de Groot, Reviews of Modern
Physics 80, 315 (2008).

(3) A.Birsanand V. Kuncser, Journal of Magnetism and Magnetic Materials 388, 1 (2015).
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Abstract :

In this study, we conducted Density Functional Theory (DFT) calculations to analyze the structural
and mechanical characteristics of heterostructures of vdW. The investigation of its electronic
band structure revealed that, akin to fundamental constituents, the bilayers possesses adirect
band gap, rendering it a delicate material. Transition metal dichalcogenides (TMDs) are a class of
captivating substances, comprising atomically thin semiconductors with the formula MX2, where
M signifies a transition metal atom (such as Mo or W) and X represents a chalcogen atom (S, Se,
or Te). These materials exhibit small direct bandgaps, positioned within the visible and near-
infrared spectrum [1,2], bestowing them with early allure due to their distinct physicochemical
traits and potential applications in electronics and optoelectronics.WSe2, for instance, finds utility
in field-effect transistors (FETs), logic circuit integration, and optoelectronic tools. To
comprehensively fathom the properties of such materials, a blend of insightful first-principles
investigations and experimental approaches proves indispensable. Accordingly, we propose an
exploration of the structural and mechanical attributes of van der Waals heterostructures

(1) F. Xia, H. Wang, D. Xiao, M. Dubey, A. Ramasubramaniam, Nat. Photonics 2014, 8, 899.

(2)H. FANG, S. CHUANG, T. C. CHANG, K. TAKEI, T. TAKAHASHI, A. JAVEY, NANO LETT. 2012,12, 3788.
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Abstract :

The remarkable properties of the Heusler compounds and their applications in photovoltaics,
optoelectronics, and spintronic devices [1, 2, 3] have attracted much scientific attention. In this
study, we employ the FP-LAPW method [4] based on DFT [5], with the generalized gradient
approximation (GGA-PBE) , and the modified Becke-Johnson potential (mBJ-GGA) for the
exchange and correlation interaction in order to investigate the structural, electronic, magnetic,
and elastic properties of the Os,VGe Heusler compound.

For structural properties, it can be seen that the Cu,MnAl-type structure is energetically more
favorable than the Hg,CuTi-type structure, the result reported here for the equilibrium lattice
constant is in good agreement with the equilibrium lattice mentioned in the reference [4]. The
Os,VGe compound is energetically stable, according to the negative formation energy. The
computed total magnetic moment is 0.995 ug with GGA and 1.000 pus with mBJ-GGA, it conforms
with the Slater-Pauling rule, M1=Zr -18, where Zr is the number of valence electronsin Os;VGe,
the contribution of partially filled d-states of V atom generates this total moment. The result of
the electronic structure shows a spin gapless semiconductor character with GGAand a half-
metallic character with mBJ-GGA, the use of mBj had a considerable impact on the electronic
(value of gap) properties of our compound. The elastic constants, Ci, and other elastic moduli
have been predicted, and our compound's mechanical stability has been proven.

(1) S. Kacimi, H. Mehnane, A. Zaoui, J. Alloys Compd. 587, 2014, 451-458.

(2) D. Xiao, Y. Yao, W. Feng, J. Wen, W. Zhu, X.Q. Chen, G.M. Stocks, Z. Zhang, Phys. Rev. Lett.
105, 2010, 25-28.

(3) K. Elphick, W. Frost, M. Samiepour, T. Kubota, K. Takanashi, S. Hiroaki, S. Mitani, A. Hirohata,
Sci. Technol. Adv. Mater. 22, 2020, 235-271.

(4) J.C. Slater, Adv. Quant. Chem. 1, 1964, 5564.

(5) P. Hohenberg and W. Kohn, Phys. Rev. 136, 1964, 864.
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Abstract :

Nanoparticles of noble metals have been the subject of numerous studies because of their specific
properties and their prospects for use in different fields of application: catalysis, biology, and photonics [1-
2]. Besides these applications, medical imaging based on the detection of luminescent photons, information
storage, electrochemical detection and photothermy of cancer cells are now their potential fields of
application [3]. Inthis work,we dedicated the synthesis of nanoparticles of noble metals in colloidal solution
using chemical way; we reduced the copper sulfate solution (CuSO4x5H20) by ascorbic acid with and
without the presence of Gum Arabic (AG) in different concentrations as a stabilizing agent. The XRD
analysis confirms the formation of copper nanoparticles and clearly shows the effect of AG molecule
concentration on the final size of the nanoparticles.

Fig. 1. X- Ray of copper nanoparticles Fig 2. Specter FTIR of copper

Q) Sharma, V.K., Filip, J., Zboril, R. and Varma, R.S. (2015). Natural inorganic nanoparticles —
formation, fate and toxicity in the environment. Chemical Society Reviews, 44, 8410-8423.

(2) J. Phillips, W. Bowen, E. Cagin and W. Wang, Elsevier Science, 6, 101 (2011).

W Chen - Journal of nanoscience and nanotechnology, 2008 - ingentaconnect.com.
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Summary. Polymer-modified bitumens have been used for several years to reduce the severity of
deterioration and to prolong the useful life of hot mixes. To increase the performance of these
binders, modification techniques are therefore used. The objective of the modification is to
produce an "ideal" binder which should have improved cohesiveness and adhesiveness and a
very low thermal susceptibility throughout the range of temperatures of use. Our research is a
preliminary study for an experimental study later, this research collects theoretical data (the
different types of polymers used for the modification of asphalts, compatibility of bitumens
and polymers).

1) Zoulikha. B- Djemili. L. Amélioration des caractéristiques du béton bitumineux employé
pour I’étanchéité des barrages en remblai par les polymeres et le filler These de doctorat, Université
Badji Mokhtar, Annaba, Algérie. 2019.

2 Saoula. S- Haddadi. S- Ait Mokhtar K. Performances mécaniques des bétons

bituneux modifies a base d’additifs polymeéres. BEIDCO —ENSET Oran Alegria. 2009

3) World Road Association (PIARC). : Emploi des liants bitumineux modifiés, des bitumes
spéciaux et des bitumes avec additifs en techniques routieres Comité technique des routes
souples1999 ,209
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Abstract

The aim of this study is to calculate the optical properties of CdSnP, chalcopyrite materials that

crystallizes in tetragonal structure, belonging to the 12d (#122) space group The calculations

are performed by the density functional theory (DFT) [1] implemented in Wien2k[2].

The exchange-correlation potential is treated by the local density approximation (LDA) and the

generalized approximation PBE-GGA. The computed structural parameters for the studied

compounds such as the equilibrium lattice constants, tetragonal distortion and bond lengthsare

in good agreement with the experimental and theoretical data.

To understand the optical properties, the linear optical properties namely the real andimaginary
parts of dielectric function, refractive index and extinction coefficientare calculatedover a wide

range of energy, 0-30 eV.

[1] V.I. Anisimov, LV. Solovyev, M.A. Korotin, M.T. Czyzyk, G.A. Sawatzky, Density-
functional theory and NiO photoemission spectra, Phys. Rev. B 48 (1993) 16929.

[2] P. Blaha, K. Schwarz, G.K.H. Madsen, D. Kvasnicka, J. Luitz, WIEN2K, An Augmented
Plane Wave Plus Local Orbitals Program for Calculating Crystal Properties, Vienna University
of Technology, Vienna, Austria, 2008.
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Abstract :

In this study, electronic and magnetic properties of twoHeusler alloysRh;CoSn and Rh,CoPb, were
investigated using the full-potential linearized augmented plane-wave (FP-LAPW) method and the
Perdew-Burke-Ernzerhof (PBE) generalized gradient approximation (GGA) for the exchange-
correlation energy and potential. The electronic structure in the ferromagnetic configuration
shows metallic character. We also calculate the elastic constants, bulk modulus, shear modulus,
and universal elastic anisotropy to study the mechanical stability.We used the gibbs code to
calculate and predict some thermodynamic properties such as entropy, heat capacity, and
phonon free energy of Rh2CoSn and Rh2CoPb alloys. We hope that our work can provide guidance
for new spintronic materials and magnetic-intelligent materials among Heusler alloys.

(1)Z.Y.Wei, E.K. Liu, J.H. Chen, Y. Li, G.D. Liu, H.Z. Luo, G.H. Wu, Appl. Phys. Lett. 107,2015, 022406.
(2)Z2.Y.Wei, E.K. Liu, Y. Li, X.L. Han, ZW. Du, H.Z. Luo, G.H. Wu, Appl. Phys. Lett. 109 ,2016, 071904.
(3)Z. Ni, Y. Ma, X. Liu, H. Luo, H. Liu, F. Meng, J. Magn. Magn.Mater. 451 (2018) 721-726.

(4)Yang T, You J, Hao L, Khenata R, Wang Z and Wang X J. Magn. Magn.Mater.498,2020,166188.
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Abstract :

The welding of dissimilar materials is of great interest since it allows to innovate in the world of multi-
materials by proposing new technological solutions in systems where strongly different properties may be
required (weight gain and mechanical strength for example ). Heterogeneous welding is applied in several
industrial fields and in particular transport fields such as aeronautics, naval or automotive and also the
petroleum industry.

However, the feasibility of such combinations is often limited by the large difference in the thermo- physical
properties of materials and their chemical nature (solubility, formation of fragile phases, oxidation etc.) [1].
for this reason, several dissimilar metal welding processes have been innovated and are divided into two
main categories. The first is based on melting at the contact joint like laser welding; and the second category
is based on solid state welding like friction welding. On the other hand, the number of dissimilar metals
welded in the petroleum industry until today remains very limited [2], hence the interest to contribute in this
research axis. Therefore, the purpose of this research is to focus on welding dissimilar materials used in the

petroleum industry.

[1] J. Lippold and D. Kotecki, Welding Metallurgy and Weldability of Stainless Steels. 2005.
[2] Khidhir, G. I. and S. A. Baban (2019). "Efficiency of dissimilar friction welded 1045 medium

carbonsteel and 316L austenitic stainless steel joints.” Journal of Materials Research and Technology 8(2):
1926-1932.
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Abstract :

The electronic, elastic, and optical properties of Sc.PbZ (Z=Si, Ge, Sn) Heusler compounds have been
investigated in the GGA framework of density functional theory by employing the CASTEP code. The
calculated electronic structures revealed that cubic Sc,PbZ (Z=Si, Ge, Sn) compounds have metallic
characteristics. All the studied Heusler compounds were found elastically stable from the elastic constant
calculations. The calculated values of the Poisson ratio (v) for Sc,PbZ (Z=Si, Ge, Sn) are 0.33, 0.34, and
0.35, respectively, where these values indicate the metallic bonding characters of these compounds. Our
presently computed elastic constants for Sc.PbZ (Z=Si, Ge, Sn) alloys agree well with the former
theoretical calculations®. The various optical properties, such as real and imaginary parts of the dielectric
constant, optical conductivity, reflectivity, refractive index, and absorption coefficient, were also
determined and discussed in detail.

(1) Y. Han, Z. Chen, M. Kuang, Z. Liu, X. Wang, X. Wang, Results Phys. 12, 2019, 435-446.
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Abstract :

The density functional theory was employed to explore the structural, electronic, optical, and mechanical
features of A;.BCls (A=Cs, Rb; B=Si, Ge, Sn) perovskites. The calculated band energy results disclose
that all investigated perovskites are semiconductors. The mechanical stability of these materials was
confirmed by the computed elastic constants within other mechanical parameters such as Young
modulus, bulk modulus, shear modulus, Poisson's ratio, and Pugh's ratio. Further, several optical
parameters, i.e., dielectric constant, refractive index, reflectivity, and optical conductivity, have also been
investigated, and from the attained optical data, optoelectronic efficiency of A,BCls (A=Cs, Rb; B=Si,
Ge, Sn)perovskites were discussed. Overall, presently obtained theoretical results are consistent with the
earlier theoretical findings'2.

(1) M. S. Hayat, and R.M.A. Khalil, Solid State Communications, 361, 2023, 115064.

(2) S. Chadli, A. B. Siad, M. Baira, M.B. Siad, A. Allouche and A.B. Reguig, Solid State
Communications 342, 2022, 114633.
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Abstract :

The main objective of this study is to investigate the electronic and optical properties of Ca2CrlrO6
using the full potential linearized augmented plane wave (FPLAPW) method based on density
functional theory. The results of the monoclinic phase predict an antiferromagnetic character.
The densities of states results, obtained using the (GGA+U) approximation in this study,
demonstrate the half-metallic behavior of Ca2CrirO6. Optical properties of this material were
studied through absorption and reflectivity, revealing a strong absorption peak at 200 x 104 cm-
1in the ultraviolet range. Based on the study's findings, Ca2CrirO6 emerges as a strongcandidate
for optoelectronic applications in the ultraviolet spectrum.

1) S. Vasala and M. Karppinen, Prog. Solid State Chem. 43, 2015, 1.
2 M. U. Rehman, Q. Wang, Y. Yu, Crystals, 12, 2022, 1597.

3) J.P. Perdew and Y. Wang, PHys. Rev. B, 45,1992 , 13244,
J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 1996, 3865
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Abstract :

The corrosion wear of metals leads to many disasters and problems in industrial installations, and
also causes environmental pollution, in particular the pollution of industrial waters by the metal
oxides formed. From a chemical point of view, corrosion is an electrochemical reaction that occurs
on the surface of a metal and leads to a modification of the mechanical, physicochemical and
electromagnetic properties.

To avoid the aforementioned issues and to provide a long life for the metals used in industrial
installations, corrosion protection must be addressed in this context. Generally, the solution
chosen must be compliant with the guidelines for environmental protection and enable the
recycling or elimination of the individual components upon completion of their useful lives. In
order to protect metals from corrosion, a number of methods have been utilized. Among these,
corrosion inhibitors have been described. It's fascinating how a corrosion inhibitor is applied. This
kind of substance slows or stops the corrosion process of a metal when introduced in few doses
to the corrosive medium.

Corrosion inhibitors made of organic compounds are now frequently employed to shield metals
from rust in a variety of conditions. This work evaluates the corrosion inhibiting activity of two
different organic inhibitors using the microscopic methods of characterization (SEM and AFM),
which have been shown in our experimental studies to be very effective corrosion inhibitors
against the corrosion wear of XC48 steel in acidic solution.
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Abstract :

In

this work we have performed a theoretical study using the full potential linearized augmented plane wave

approach (FP-LAPW), based on the theory of density functional theory (DFT)! implemented in the WIEN2K
code?, to determine the structural and Optoelectronic properties of double perovskite Cs,AgBiCls. The exchange
and correlation potential is treated by the generalized approximation (GGA)® and the modified approximation

of

Beck Jonhson (mBJ)* . The computed lattice constant was found to be in agreement with the available

experimental and theoretical results. The electronic profile shows a semiconducting nature with an indirect
band gap along the direction (X-I') with a small effective mass. The optical absorption coefficient has
been determined showing a high-absorption (> 10* cm™ ) in the visible spectrum highly valued for solar
cells and optoelectronics.

[1]
[2]

[3]
[4]

P.H. and W. Kohn, Physical Review. 40 (2001) 391-402.

P. Blaha, K. Schwarz, G. K. H. Madsen, D. Kvasnicka, and J. Luitz, WIEN2k, An Augmented Plane
Wave p Local Orbitals Program for calculating Crystal Properties, Karlheinz Schwarz, Techn.
Universitat Wien, Wien, Austria, 2001, ISBN:3- 9501031-1-2.

J.P. Perdew, K. Burke, M. Ernzerhof, Physical Review Letters. 77 (1996) 3865-3868.
F. Tran, P. Blaha, Physical Review Letters. 102 (2009) 5-8.
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Abstract :

The structural stability of the cubic perovskite CsPbl3, as well as its elastic, electronic, and optical
properties, were calculated using the augmented wave approach incorporated within the Vienna
ab-initio simulation package.Geometry optimization and electronic structure determination
utilized the generalized gradient approximation (GGA) based on the Perdew— Burke—Ernzerhof
(PBE) functional. The structural properties, such as the equilibrium lattice constant and bulk
modulus along with its pressure-related derivative, are in good agreement with previous research.
Electronic band structure and density of states calculations indicate that this substance possesses
a direct band gap at the R symmetry point, measuring approximately 1.49eV under GGA and 1.81
eV under HSEOQ6. Optical properties, including the real and imaginary parts of the dielectric
function and absorption, were calculated in the energy range of [0—10 eV]. The results show that
the optical absorption intensity reaches an order of 106 cm-1, which is considered excellent for
photovoltaic applications.
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Abstract :

In this work, a detailed study is carried out on Al-X systems using their binary phase diagrams (1).
Numerous information has been collected in these systems such as crystal structures and phase
transformations. Forty eight Al-X systems were computed and all the data collected in order to
make comparison sand then deduce the elements that present similar diagrams in relation to the
information found. Results analysis show that the elements X = Ca, Sr and Ba - which are located
on the same column (column 1l) of the periodic table - form the AlsX compound with the same
structure tl10 and that the elements X = V and Ta - which are on The same column (transition
elements) - form the AlsX compound with the same tI8 structure.

We can also notice that the rare earths x = La, Ce, Pr, Nd, Gd, Ho, Er, Yb, and U form all the
compound of Al;X formula with the structure Cf24.In addition, some of these rare earths have
more one compound in common; we cite for example Nd and Pr that present five compounds in
common with identical structures besides the AlX compound.

The results allow us to compute 21 systems with a defined congruent-compound transformation,
15 of which have temperatures above the melting temperature of the Al and X elements. It can
also be noted that Al-X systems for X = Pt, Th and Y present two congruent points. The
examination of the data reveals the presence of the AL,X compound as a dominant congruent
compound, 62% (of systems with congruent points) have congruent temperatures above the
melting temperature of the two al and X elements.

(1) T.B. Massalski et al.Alloy Phase Diagrams Vol. 3, ASM Handbook, 1992.
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Abstract :

In this work, a theoretical study was carried out on some physical properties of the Heusler
compound Pd,HfAl. The pseudo potential approach was used within the framework of density
functional theory (DFT)* which is implemented in the Quantum Espresso? calculation code. The
exchange and correlation potential were addressed by the generalized gradient approximation
(GGA-PBE). The lattice parameter is in good agreement with the experimental and theoretical
studies®. The electronic and vibrational properties indicate that our compound have a metallic
nature and is dynamically stable. The superconducting critical temperature is calculated to be 3.7
K and the electron-phonon coupling parameter A¢p of our full Heusler compound is 0.77.

(1) P. Hohenberg and W. Kohn, Physical review., 1964, 136(3B): p. B864.
(2) P. Giannozzi et al., Journal of physics., 2009, 21(39): p. 395502.

J. Winterlik et al., Solid state communications., 2008, 145(9-10), 475-478.
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Abstract:

Structures of pentavalent halo-siliconate R-O-Si(CH3)3X- ( X = F; CI; Br) and (R = CH3; CH3-CH2-; -
CH(CH3)2; -CH=CHZ2; -C6H5) are investigated using density functional theory (DFT) calculations at
b3lyp-6-31G(d) level to understand the structure bonding characteristics and the delocalization of electronic
density. Our results indicate that pentavalent fluoro-siliconate R-O-Si(CH3)3F- are stable intermediates for
all substitutions with a trigonal bipyramidal geometry, the substituents prefer the axial position and the loss
of alkoxy group is detected via the electronic charge transfer . In the case of X = CI-;Br- intermediates adopt
a structure in which the alkoxy group is nearly double bonding with silicon atom. The loss of CI- and Br-
detected by their negative charge (-0,941) and distance of (3,89) from the silicon center. Besides, the
halotrimethylsilyloxyfurane (X-TMSOF) structures are also investigated at the same level of calculations.
GIAO method permits to calculate 629Si NMR shifts for the R-O-Si(CH3)3X- systems. A correlation
between (Si—X) distance, Si-O-C angle and 629Si NMR shifts has been drawn.

(1) Kocher N, Henn J, Gostevskii B, Kost D, Kalikhman, Engels | B, Stalke D, J. Am. Chem. Soc.,
(2004), 126, 5563-5568.

So CW, Roesky HW, Magull J, Oswald R B, Angew. Chem, Int. Ed. (2006), 45, 3948-3950.
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Abstract :

Zinc oxide (ZnO) nanostructures exhibit an interesting wide optical bandgap, ranging from 3.10 to 3.37 eV.
This property makes them one of the most popular semiconductors used in industrial applications
(electronics, optoelectronics, etc). Naturally, like other intrinsic semiconductors, many studies have been
conducted to explore their properties and adapt them to specific applications using various dopants. In recent
decades, rare earth elements (Dy, Sm, Sn, etc.) used as dopants for ZnO thin films have displayed interesting
optical and electrical properties [1,2].

The study had two main objectives: firstly, to produce Dy-doped ZnO thin films deposited on glass
substratesusing the spray pyrolysis technique at varying concentrations, and secondly, to examine how the
annealing process affects their optical band gap.To accomplish our objective, two characterization
techniques were utilized: UV-visible spectroscopy and four-point probe measurements. The four-point
probe was initially employed to assess the impact of Dy dopant concentration on resistivity and to determine
the thickness of the resulting thin films. The UV-visible spectroscopy analysis was conductedto determine
the optical band gap from the transmittance spectrum using the Taucplot method.

The samples underwent two annealing cycles with a time gap. The results showed that annealing had varying
effects depending on the timing. The first process improved transmittance and widened the optical band
gap, which can be explained by the enhanced crystallinity of the thin film. However, the second, under the
same conditions, reduced transmittance and narrowed the band gap, could be attributed to crystalline
degradation.

(1) Huiming Huang et al, J. Phys. D:Appl. Phys.,40,2007,7041.
(2)R.S. Ajimsha, Amit K. Das, M.P. Joshi, L.M. Kukreja,Physica E.,42-6,2010, 1838-1843.
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Abstract :

The present study reinvestigates the Al-M (M=Ce, Ge) phase diagrams and reoptimizes them
thermodynamicly using the CALPHAD?* method. The calculations are based on the determination of the
Gibbs energy of the different phases of the system as a function of temperature and concentration.

The Gibbs free energies of the liquid, Fcc, and dimond phases in the Al-Ge systems were modeled
by the substitutional solution model with the Redlich—Kister? formula. An agreement between the present
calculated results and experimental data®*°> was obtained. The phase diagram of Al-Ce system is
reassesses by coupling the CALPHAD approach and Ab-initio calculations. The binary intermetallic
compounds were treated as stoichiometric phases. There are the intermetallic compounds, some with two
polymorphs. The total energies of five intermetallic compounds: a-Ali1Ces, AlsCe, Al.Ce, AlCe and a-
AlCez were calculated by first-principles calculation using density functional theory approximation as
implemented in the VASP® (Vienna Ab-initio Simulation Package) code and used in the CALPHAD
approach to reassess the phase diagram. The Redlich-Kister polynomial model describesthe liquid
solution. A set of thermodynamic parameters were obtained for the Al-Ce system. The calculated phase
diagram and thermodynamic properties are in good agreement with most of the accuracy available data.’

(1) L. Kaufman and H. Bernstein, Academic Press, Cambridge, 1970.

(2) O. Redlich and A.T. Kister, Ind. Eng. Chem., 40, 1948, 341-345.

(3) W. Kroll, Metall und Erz 23, 1926, 682-684.

(4) H. Eslami, J. Franceschi, M. Gambino, J.P. Bros, Z. Naturforsch. 34 (7), 1979, 810-817.

(5) I. Ansara, J.P. Bros, M. Gambino: Calphad 3, 1979, 225-233.

(6) G. Kresse and J. Furthmuller, Phys. Rev. B, 54, 1996, 11169-11186.

(7) G. Cacciamani, G. Borzone, R. Ferro, Office for Official Publications of the European
Communities, Luxembourg (1998), vol. 2, 1998, 20-22.
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Abstract :

A combination of the CALPHAD method and first-principles calculations was employed to evaluate the
thermodynamic parameters of the Bi-Er and Te-Er systems. This approach was utilized to obtain new
results and develop comprehensive thermodynamic descriptions for these systems?. In order to enhance
the accuracy of the present optimization process, the first-principles method was employed to calculate
the formation enthalpies at 0 K of BizEr, BiEr, BisErs, TesEr, TesEr,, and TeEr. These calculations were
conducted to supplement the available thermochemical property data?. In order to characterize the Gibbs
free energy of the liquid phase in the Bi-Er and Te-Er systems, an associate model was employed. This
model incorporated BiEr, TeEr, and TesErsas the associated species composition. The binary intermetallic
compounds were considered as stoichiometric phases®. Through this approach*,a comprehensive and
self-consistent set of thermodynamic parameters for the Bi-Er and Te-Er systems was obtained.

(1) B. Kovenskaya, M. Abdusalamova, M. Abdusalyamova, Teplofizika Vysokikh Temperatur, (15),
1977, 1000-1004.
(2) H. Okamoto, Journal of Phase Equilibria and Diffusion,(34), 2013,350-362.

(3) V.P. Vassiliev, V.I. Goriatcheva, J.I. Gerasimov, naturalist of Moscow university, (21), 1980,
339-344.

(4) V.P.Vassiliev, V. Lysenko Electrochimica Acta, (222), 2016, 1770-1777.
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Abstract

In this study, we report the ab-initio calculations for exploring the structural stability,
mechanical, and thermodynamic properties of intermetallic compounds in the formula AuM; (M = Na,
K, Rb, and Cs) in order to clarify their existence and stability in the alkali metal-gold binary systems Au-
M at 0 K. Several suggested structures and suspect compounds, AuK; and AuCs;, which were never
reported, were also investigated. The obtained results indicate that the proposed compound AuCs; in the
suggested structure MoSi; (t16) is mechanically and dynamically stable but energetically stable close to
0 K. The compounds AuK; in Al,Cu (t112) and AuRb; in MoSi; (t16) are energetically and mechanically
stable but dynamically unstable in the considered structures, respectively. The elastic modulus and
Debye temperature decrease with an increase in the lattice parameter throughout this series. The

calculated Poisson's ratio values indicate that these compounds have an ionic character.

(1) HJ. Ehrhorn, F. Weibke and W. Biltz, Z. Anorg. Allg. Chem, 232, 1937, 307-12.

(2) A.Benmechri, Y. Djaballah, A S Amer, and al., Mod Phys. Lett. B, 28, 2014, 1450112.
(3) U. Zachwieja, J. Alloys Comp. 196, 1993, 171-2.

(4) R.Ferro, A. Saccone, and al., Gold Bull. 36 2003, 39-50.
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Abstract :

To improve the effect of parameter s on the coating Cu-Ag-Mg, a wide variety of properties for
coatings can be achieved by selecting different electrodeposition parameters. In this work, Cu-
Ag-Mg coatings are deposited on copper substrates. X-ray diffraction (XRD), scanning electron
microscope (SEM), energy dispersive spectroscopy (EDS) and microhardness analysis are used to
study the effect of aditives on the morphology, phase structure, and microhardness of the
coatings. The results confirm that the XRD patterns of the alloy deposits reveal that there are a
number of sharp peaks in the images, indicating good crystallinity. The morphology of
electrodeposited Cu-Ag-Mg coatings shows that the grains are spherical in nature for all samples,
and EDS analysis of Cu-Ag-Mg composite confirms that the reduction of Cu decreases with
increasing boric acid concentration. Moreover, reducing the concentration of boric acid in the
Cu-Ag-Mg coating bath can lead to improved properties.

Q) J. Jeevanandam, A. Barhoum, Y. S. Chan, A. Dufresne and M. K. Danquah,
Beilstein J.Nanotechnol.,9, 2018, 1050— 1074.

2 F. Baletto and R. Ferrando, Rev. Mod. Phys., 77,2005, 371.

3) E. Cavaliere, G. Benetti, M. Van Bael, N. Winckelmans, S. Bals and L. Gavioli,
Nanomaterials, 7,2017, 442.

4) G. Benetti, C. Caddeo, C. Melis, G. Ferrini, C. Giannetti, N. Winckelmans, S. Bals, M. J.
Van Bael,E. Cavaliere, L. Gavioli and F. Banfi, J. Phys. Chem. C,121, 2017, 22434 22441.
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Abstract:

In recent years, a great deal of interest has been shown for large-gap semiconductors. They have become
very attractive for high temperature, high frequency and high power applications. Among these
semiconductors, GaN, with a gap of 3.39 eV at 300K, a critical field and a high saturation speed, seems to
be the best choice for the realization of high voltage Schottky diodes. In this context, we investigate the
metal effect on the characteristics of a GaN Schottky diode. Thus, the study of the influence of the metal
work function on the diffusion voltage, the capacity of the structure and the width of the space charge
zone led to several conclusions. The diffusion potential, Vg, which is an essential parameter of a Schottky
diode controls the charge transport across the metal/semiconductor contact and determines the electrical
behavior. In this study we quantified the relationship between the output workfunction of the metal, ®m,
and this parameter through this relationship: Vg4 = - ®m + 7.40 (n type GaN) and Vg4 = - ®m + 4.25 (p
type GaN). The capacity of the structure, C, whose the knowledge of its values leads to the determination
of certain parameters such as the doping of GaN was also studied and important relationships were
established: C = - 0,250m + 1,85 (n type GaN) and C = - 2,50m + 10,8 (p type GaN). As a final point, the
width of the space charge zone, W, where several physical phenomena take place, plays an important role
in determining the characteristics of the Schottky diode and particularly the capacitance of the structure. We
have succeeded in establishing its variation law as a function of the output work of themetal considered.
The form of the relationship strongly depends on the type of GaN. These results are of great importance in
the design of GaN-based Schottky diodes for specific applications.
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Abstract :

We report herein the numerical analyses on the structural, electronic and magnetic properties of PdAs,
(n= 0-20) clusters. A detailed study on the atomic composition dependent physical properties of these
clusters has been performed employing spin polarized density functional theory (DFT) with the
generalized gradient (GGA) approximation implemented in the SIESTA code. Structures, stabilities,
electronic and magnetic properties are presented and discussed. Our theoretical investigation reveals that
the transition metal atom Pd enhance the stability of pure arsenic clusters. The optimized clusters reveal
that the most stable structures and their corresponding isomers have three dimensional configurations.
The lowest energy structure of PdAs, generally differs from that of pure arsenic clusters. The relative
stabilities have been studied in terms of the binding energies, fragmentation energies and second-order
difference of energies for all PdAs, nanostructures. The binding energy per atom of doped arsenic
clustersincreases with the size n. The fragmentation energies show an oscillating behavior for all
structures. The values of HOMO-LUMO gaps have a decreasing tendency along with the increasing
number of As atoms in the cluster. The HOMO-LUMO gaps decrease considerably in our studied
clusters which suggest an increase of metallic property. The total magnetic moment depends on the
geometry, the position of Pd atom in the cluster, the charge transfer and orbital hybridization. The
vertical ionization potential (VIP), vertical electronic affinity (VEA), chemical hardness (5), adiabatic
electronic affinity (AEA) and adiabatic ionization potential (AIP) have also been investigated and
discussed.

(1) S. Safer, S. Mahtout, K. Rezouali, M.A. Belkhir and F. Rabilloud, Comput. Theor. Chem.,
1090, 2016, 23-33.

(2) Jucai Yang, Yali Kang, Xi Wang, Xue Bai, J. Mol. Model., 19, 2013,

5199-5211.(3) Ling Guo, J. Alloy. Compd., 498, 2010, 121-129.

(4) He Duan, Xiaoshuang Chen, Yan Huang, Lu Wei, Solid State Commun., 143, 2007, 471-475.

(5) Beat Sahli, Kilian Vollenweider, Nikolas Zographos, Christoph Zechner, Mater. Sci. Eng.,
B 154-155, 2008, 193-197.

(6) Yi Zhao, Xu Wenguo, Qianshu Li, Yaoming Xie, Henry F. Schaefer, J. Comput. Chem., 25
(7), 2004, 907-920.
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Abstract :

The structural, electronic, and elastic properties of Zn1-xCoxSe and Zni_.FexSe, ternary
alloys are investigated at x =0, 0.25 and 1 in the zincblende (B3) phase. The calculations
are performed using all-electron full-potential linearised augmented plane-wave (FP-
LAPW) [1] method within the framework of the density functional theory (DFT) [2] and
the generalized gradient approximation (GGA) [3]. The electronic properties were
performed using the modified Becke— Johnson potential combined with the GGA
correlation (mBJ-GGA) [4] .The electronic structures are found to exhibit a semiconducting
behaviour for Zni1-xCoxSe , ZnSe and a half-metallic behavior for Zni—Fe,Se alloys at x =
0.25, while FeSe with x = 1.00 is found to exhibit a metallic behavior . In addition, we
discuss the mechanical behaviour of binary and ternary compounds and all compounds

studied here are mechanically stable.

(1) D.J. Sing, Plane Waves, Pseudopotentials and the LAPW Method (Kluwer Academic
Publishers,Dordrecht, The Netherlands, (1994).

(2) P Hohenberg and W Kohn, Phys. Rev. B 136, 864 (1964)

(3) JP Perdew, S Burke and M Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996)

(4) F Tran and P Blaha, Phys. Rev. Lett. 102, 226401 (2009)
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Abstract :

The objective of this work was the thermodynamic modeling of the binary system Bi-Li,
usingtwo complementary methods: the DFT method with ab-initio calculations and the
CALPHAD approach (CALculation of PHase Diagrams) which has always been a very efficient
tool fordetermining thermodynamic data and to establish phase diagrams.

The phase diagram of the Bi-Li system contains two defined compounds: Bili and Bilis. Its
enthalpy of formation is calculated using the Vasp (Vienna Ab-initio Simulation Package) code
with the generalized gradient approximation as implemented by Perdewetal. (GGA-PBE) [2].
We have used also the local density approximation refined by Ceperley and Alder (LDA-CA)
[3]. The CALPHAD evaluation of the Bi-Li system was then performed considering the
calculated enthalpies of formation and the experimental phase equilibrium data. The liquid
phasewas modeled by the Redlich-Kister [4] polynomial. The calculated phase diagram and
thermodynamic properties agree well with the available experimental data.

(1) N. Saunders and AP. Miodownik. CALPHAD (calculation of phase diagrams): a
comprehensiveguide. 1998 1: p. 1- 480.

(2) G. Kresse and J. Furthmuller, Efficiency of Ab-Initio Total Energy Calculations for Metals
andSemiconductors Using a Plane-Wave Basis Set, Comput. Mater. Sci., 1996, 6, p 15-50.

(3) L. Sham. Some efforts beyond the local density approximation. International Journal of
QuantumChemistry. 1995. 56 (4): p. 345-350.

(4) O. Redlich and A. Kister. Thermodynamics of nonelectrolyte solutions-xyt relations in a
binarysystem. Industrial & Engineering Chemistry, 1948. 40 (2): p.341-345.
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Abstract :

Ab-initio calculations within density functional theory (DFT) with the projector augmented-
wave technique (PAW)! were used to calculate the enthalpies of formation of the binary
intermetallics in the Ga-Pr system. The thermodynamic data and the phase diagram of this
system have been critically assessed according to the Calphad technique. The primary solid

solutions in the Ga-Pr system were modeled with Redlich—Kister? polynomial.

The intermetallics compounds Ga6Pr, Ga2Pr, GaPr, Ga3Pr5 and GaPr2 in addition to the
suspected compound Ga3Pr are taken into consideration in this optimization. The calculated

enthalpies of formation using the VASP code®#* are used in the optimization of the Ga-Pr phase

diagram which agrees well with the experimental data.

(1) W.Kohnand L.J. Sham, Phys. Rev, 1965, 140, p A1133-A1138

(2) O. Redlich, A.T. Kister, Thermodynamics of nonelectrolyte solutions x-y-t relations in
a binary system, Ind. Eng. Chem. 40 (1948) 341-345.

(3) G. Kresse and J. Furthmuller, Phys. Rev. B, 1996, 54(16), p 11169-11186

(4) G. Kresse and J. Furthmuuller, Comput. Mater. Sci., 1996, 6(1), p 15-50
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Abstract :

First-principles calculations within density functional theory (DFT) with the projector
augmented wave (PAW) [1] as implanted in the VASP code [2, 3] was used to investigate the
stabilities of the binary intermetallics in the Mg-Pb system at 0 K. The intermetallic MgzPb was
investigated in its observed experimental structure. Enthalpy of formation of the Mg-Pb
compounds has been calculated. In the second in a second stage we have optimized the Mg- Pb
phase diagram using Calphad method. The calculated lattice constants, the enthalpies of
formation and the assessed phase diagram are in good agreement with experimental and other

theoretical results.

(1) W. Kohn and L.J. Sham, Phys. Rev, 1965, 140, p A1133-A1138
(2) G. Kresse and J. Furthmuller, Phys. Rev. B, 1996, 54(16), p 11169-11186
(3) G. Kresse and J. Furthmuuller, Comput. Mater. Sci., 1996, 6(1), p 15-50
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Abstract :

The present study investigates the Mg-Cu binary system placing special emphasis on the two
intermetallic compounds: Mg,Cu and MgCu,. We used ab-initio calculations to find the
intermetallic stability of the intermetallic compounds of the Mg-Cu system. Our calculations are
based on the functional density theory (DFT) implemented in the Vienna ab-initio simulation
package (VASP) code.l In the CALPHAD 2 optimization of this system, the study relies on the
experimental phase diagram data and the enthalpies of formation of the compounds found by
the ab initio calculations to estimate the phase diagram by BATNABIN code.

(1) G. Kresse and J. Furthmuller, Efficiency of Ab-Initio Total Energy Calculations for Metals and
Semiconductors Using a Plane-Wave Basis Set, Comput. Mater. Sci., 1996, p 15-50.

(2 N. Saunders, A.P. Miodownik, CALPHAD (Calculation of Phase Diagrams): A Comprehensive
Guide, Pergamon, 1998.

3 Y. Djaballah, Modélisation des Solutions Liquides et Solides Non Steechiométriques des
Alliages Binaires et Ternaires, These de Doctorat, Université Batna 1, Algérie, 2005.
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Abstract :

We use density functional theory to study the structural, electronic, optical, and mechanical aspects of
chalcopyrite's CdSiP2 and CdSiAs2, using both general gradient approximations and local density
approximations. Replacing As with P significantly changed the lattice constant, elastic constant and
dielectric properties. Our theoretical calculations are in good agreement with experimental data and other
theoretical calculations. The electronic band structure analysis results indicate that all investigated
compounds are semiconductors with energy bands directly at the I' point. CdSiP2 has the highest elastic
constant and bulk modulus, and CdSiAs2 has the highest shear modulus and elastic modulus values. In
addition, special attention was paid to determining the direction-dependent linear compressibility and
modulus of elasticity. In addition, special attention was paid to determining the direction-dependent
linear compressibility and modulus of elasticity. In general, CdSiP2 and CdSiAs2 are isotropic, although
their Young's modulus is anisotropic. In general, CdSiP2 and CdSiAs2 are isotropic, but their Young's
modulus is anisotropic. Furthermore, the optical response of the compounds in the energy range from 0
eV to 14 eV was also investigated in terms of dielectric function, optical reflectance, refractive index,
extinction coefficient, photoconductivity and electronic energy loss. Calculated optical results show that

all compounds exhibit optical polarization anisotropy and are suitable for optoelectronic devices.

(1) T. Ghellab, Z. Charifi, H. Baaziz, K. Bouferrache and B. Hamad, Int J Energy Res. (2019) 1-15.
(2) T. Ghellab, Z. Charifi, H. Baaziz, S. Ugur, G. Ugur, and F. Soyalp, Phys. Scr. 91 (2016) 045804.
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Abstract :

The fundamental properties of Bai.xFexSe ternary alloy are examined at concentration (0.25 and
0.50) in the rock salt (B1) phase. The calculations are performed using the full potential linearized
augmented plane wave plus local orbital (FP-LAPW+lo) method! within the framework of the
density functional theory (DFT)? and the generalized gradient approximation of Wu and Cohen
(GGA-WC).) It is verified that the stable state of all compounds is the ferromagnetic structure.
Features such as the equilibrium lattice parameter and bulk modulus are measured too. The
calculated structural parameters of BaSe are in good agreement with theoretical and experimental
data. The electronic structures exhibit that the Bai. xFexSe materials for all concentrations are half-
metallic ferromagnets with spin polarization of 100%.The exploration of the energy band gaps,
however, revealed that these compounds have direct gaps at (I'-I") direction of the spin up case. The
total magnetic moments value affirm the right ferromagnetic nature of the systems utilized. The
integer value of the total magnetic moments of calculated compounds have been estimated to equal
to 4 ps per Fe atom respectively. Therefore, the Bao.7sFeo2sSe and BaosoFeosoSe ternary alloy
seems to be a new potential candidate for modern spintronics devices®*.

[1] O.K. Andersen, Phys. Rev. B 12, 3060, (1975).

[1] P.Hohenberg, W. Kohn, Phys. Rev. B 136, 864.(1964).
[2] I. Zuti¢, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76, 323, (2004).

[3] M. Jain, L. Kronik, J.R. Chelikowsky, and V.V. Godlevsky, Phys. Rev. B 64, 245205,(2001).
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Abstract

In this paper, we have investigated the structural, magnetic, electronic and thermodynamic
propertiesof the cubic CaorsTio2sY (Y=S, Se, and Te) using density function theory (DFT)
implemented in Wien2k code. The full-potential linearized augmented plane wave (FP-LAPW)
method based on the generalized gradient approximation (GGA) was applied. The DMS
semiconductor CaozsTio2sY (Y=S, Se, and Te) with cubic structure was more stable in the
ferromagnetic configuration compared to the other phases. The electronic properties (band
structure, electronic density of state) have a half-metallic (HM) behavior with 100% spin
polarization at the Fermi level (Ef) for Cap7sTio2sS, CaprsTio2sSe, and CagrsTigsTe. This
characteristic results from the metallic and semiconducting natures of majority- spin and
minority-spin channels The magnetic moments calculated in Cag7sTio2sY (Y=S, Se, and Te)
were found to come specifically from Ti-3d electron states. The robustness of half-metallicity
with changing the lattice parameters of CaosTio2sY (Y=S, Se, and Te) alloys was discussed.
Moreover, the thermodynamic properties announced in this work, seem to be important
determinants for the synthesis of such materials.

K. Korichi, B. Doumi, A. Mokaddem, A. Sayede, A. Tadjer, Philosophical Magazine. 100,
2020,1172-1190 .

P. Jha, U. K. Sakalle, S. P. Sanyal, J. Phys. Chem. Solids. 59, 1998, 599-603 .

J. P. Perdew, S.Burke, M. Ernzerhof, Phys. Rev. Lett. 77, 1996, 3865 .

H. Bahloul, A. Mokaddem, B. Doumi, M. Berber, A. Boudali, J. Supercond. Novel. Magn.
32, 2019,2185-2192 .
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Abstract :

Azo compounds are very important in the fields of dyes, pigments and advanced
materials. Azo dyes are synthetic colours that contain an azo group, as part of the
structure. We are involved in the color generation mechanism of azo pigments typically
characterized by the chromophore of the azo group (—-N=N-). However, some types of
azo pigments are also knownto possess the hydrazone structure (=N-NH-), often leading
to the formation of intramolecular hydrogen bonds. The azo— hydrazone tautomerism in
azo dyes has been known for more than a hundred years and is directly connected with
the presence of at least one protic donor group in conjugation to the azo bridge (2-
naphthol). In particular, azo dyes that contain a naphtholic hydroxyl group conjugated
with the azo linkage exist in aqueous solution as an equilibrium mixture of two chemically
distinct tautomers, the azo or hydrazone forms.

Recently, 1-phenylazo-2-naphthol derivatives have attracted attention because
the phenylazo-naphtholate group can provide N,O-bidentate chelation to stabilize
transition or main group metal complexes. Azo-metal chelates have also attracted
increasing attention due to their interesting electronic and geometrical features in
connection with their applications in molecular memory storage, non-linear optical
elements and printing systems. Another advantage of complexes involving azo DNO’s
(dyes and pigments) and transition metal ions is the possibility to obtain new compounds
with biological activity. Transition metals have also been used in the treatment of several
diseases, as metal complexes which are capable of cleaving DNA under physiological
conditions are of interest in the development of metal-based anticancer agents.This
is an impetus for chemists to develop innovative strategies for the preparation of more
effective, target-specific and preferably non-covalently bound anticancer drugs.

[1] Wang, M., Funabiki, K. & Matsui, M. (2003). Dyes Pigm. 57, 77-86.
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Abstract :

In this work, the In-Gd binary system has been evaluated using the CALPHAD aproach?. First principles
calculations within DFT (density functional theory)? were employed to calculate the enthalpies of formation
of the intermetallic compounds of this system . The primary solid solution is described by the Redlich-Kister
polynomial. The intermetallic compounds: InGd2, In:Gds, InGd, InsGds and In3Gd are taken into
consideration in this optimization and treated as stoichiometric. The values of the enthalpies of formation
calculated by the VASP code are used in the optimization and finally to draw the In-Gd system phase

diagram® which agrees well with the experimental data®.

(1) W. Kohn, L.J. Sham, Phys. Rev. 1965, 140, A1133-A1138.

(2) L. Kaufman, H. Bernstein, Academic Press, 1970.

(3) T.B. Massalski, O. Okamoto, second ed, ASM International, Materials Park, Ohio, 1990.

(4) S.P. Yatsenko, A.A. Semyannikov, H.O. Shakarov, E.G. Fedorova, J. Less-CommonMet. , 90,
1983, 95-108.
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Abstract :

In this work, we present an ab-initio study of the structural, electronic, and magnetic properties of the Half-
Heusler™? quaternary compounds CoCrlrX (X = Ge, Sn, Si) using the Pseudo Potentials and Plane Waves
method. This method is implemented in the QUANTUM ESPRESSO code and is based on Density
Functional Theory (DFT). The exchange-correlation effect is treated using the Generalized Gradient
Approximation (GGA-PBEsol). During this investigation, we conducted calculations of electronic state

densities and energy band structures to predict the behavior of each of the mentioned compounds above.

(1) S. Fujii, M. Okada, S. Ishida and S. Asano, J. Phys. Soc. Jpn., 77, 2008, 74702.
(2) H.Z.Luo,H.W. Zhang, Z. Y. Zhu, L. Ma, S. F. Xu, G. H. Wu, X. X. Zhu, C. B. Jiang and H. B. Xu,
J. Appl. Phys., 103, 2008, 083908.
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Abstract :

In the present work, combination of ab-initio calculation and Calphad approach was used
for calculation of phase diagrams and thermodynamic functions for some based Rhenium
systems.The enthalpies of formation of all intermediate compounds, at 0 K were
predicted by first-principles method to supply the thermochemical data for these
optimizations. The total energy of all binary compounds was calculated by means of
VASP?with projector augmented wave (PAW) pseudopotentials® and the generalized
gradient approximation (GGA)*using the high precision choice.

The solution phases were modelled with the sublattice formalism and the excess term of
the Gibbs energy with the Redlich-Kister equation, while the intermetallic compounds
which has a homogeneity range, were treated as the formula by a two-sublattice model.
The rest of intermetallic phases were modeled as stoichiometric compounds. The
calculated phase diagram obtained by using our first-principles resultsand the
thermodynamic properties of the all systems are in satisfactory agreement with the
experimental phase equilibriumdata.

(1) G. Kresse, J. Furthmaller, Phys. Rev. B Condens. Matter., 54, 1996, 11169-11186.

(2) G. Kresse, J. Furthmiller, Comput. Mater. Sci.,

6,1996, 15-50.(3) P.E. Blochl, Phys. Rev., B 50,1994,

17953-17979.

(3) J.P. Perdew, J.A. Chevary, S.H. Vosko, K.A. Jackson, M.R. Pederson, D.J. Singh, C. Fiolhais,
Phys.Rev. B 46 (1992) 6671.
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Abstract :

Molebdenuim dieselenide MoSe; is a member of the family of monolayer transitions metals
dichalcogenides (TMDCs), Which has recently gained considerable attention for various
applications in electrochemical, Photocatalytic, And nano-optoelectronics (1).

Here we systematically study the effects of Sb and As wich are one of the group V element
dopants on the electronic structure of a MoSe2 monolayer, The calculations were performed
using the Quantum Espresso computational tool, Along with density functional theory (DFT) with
ultra- soft pseudopotentials, the pseudopotentials are of the form of generalized-gradient
approximation (GGA) developed by Perdew-Burke-Ernzerhof (PBE) (2), we used the 2H trigonal
prismatic phase cause of their thermodynamic stability(3).

we calculate the electronic properties of pristine monolayer-MoSe2 and the doped MoSe2 with

the Sb then with As atoms, Where we can calculate the energy gap of this structures which

are in an ideal range for optoelectronic applications wich are always have a semiconductor with
adirect band gap behavior,We then investigate the possibility of p-type doping in both doped
structure, Then we determined the structural bands and density of states (DOS) and (PDOS) that
helps us to explain the hybridization between orbitals and the changes resulting from doping.

(1) Kolobov, Alexander V., and Junji Tominaga. Two-dimensional transition-metal dichalcogenides.
Vol. 239. Springer, 2016.

2 DAGUER, S. C., DE LA ESPRIELLA, N., et LOPEZ, C. Ortega. A study via density functional
theory calculations of transition metal diselenide monolayers. In Journal of Physics: Conference Series.
IOP Publishing, 2021. p. 012037.

3 AMBROSI, Adriano, SOFER, Zdenék,et PUMERA, Martin. 2H— 1T phase transition and
hydrogen evolution activity of MoS 2, MoSe 2, WS 2 and WSe 2 strongly depends on the MX 2
composition. Chemical Communications, 2015, vol. 51, no 40, p. 8450-8453.
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Abstract :

The structural, electronic, elastic, and optical properties of cubic Ti.CrZ (Z=Al, Ga, In, Si, Ge, Sn)
alloys were investigated using density functional theory's generalized gradient approximation
(GGA). Calculated band structure and density of states (DOS) have indicated that studied alloys
have metallic behavior. Young’s modulus values follow the Ti.CrSi > Ti,.CrGe
> T1,CrGa > Ti.CrAl > Ti.CrSn

> Ti,Crin order. Moreover, surveyed alloys show elastic stability and a ductile mechanical nature
in their L2; crystal structure. The electronic and elastic results are compared with the available
theoretical works®.The optical properties, namely the dielectric function, absorption, refractivity,
conductivity, and reflectivity, have also been calculated and evaluated.

(1) X. Wang, Z. Cheng, H. Yuan and R. Khenata, Journal of Materials Chemistry C, 5(44), 2017,
11559-11564.
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Abstract :

Through an ab-initio calculation employing the FP-LAPW method, we present detailed
computational results of the physical peoperties of TiZrRhX (X= Al, Ga) quaternary Heusler alloys
(QH’s) based on a new atomic configuration. The equilibrium-ground-state of properties were
predicted, revealing that the new investigated quaternary Heusler compounds are energetically
stable in the a-phase structure within the ferromagnetic order. The present compounds'
computed structural parameters are very similar to those obtained in theoretical data.Our
compounds' formation energies have been examined to determine how thermodynamically
stable they are. Both compounds exhibit a half-metallic ferromagnetic behavior with
semiconductor character in the minority spin channel, as demonstrated by their magneto-
electronic properties. This tendency is confirmed by the integer values of total magnetic
moments, which likewise follow the Slater-Pauling rule. In order to evaluate the compounds'
thermoelectric performance and predict potential high-tech applications, the transport
properties are also calculated across a wide

temperature range, from 300 K to 800 K.
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Abstract :

We determined the structural, mechanical, electronic and magnetic properties of the Co2VGa
by using full-potential linearized augmented plane-wave (FP-LAPW)%2 method simulation. The
structural stability studies were performed for nonmagnetic, ferromagnetic and antiferromagnetic
states. The elastic parameters and their derivatives have been calculated. The investigated energy
band structure shows that the Co2VGa is half metallic. The total magnetic moments, stiffness
constant of spin wave and the Curie temperature are also calculated. The magnetocaloric effect of
this material are studied using the results obtained by FP-LAPW. The transition temperature,

magnetic entropy change and relative cooling power are calculated.

(1) P. Hohenberg, W. Kohn, Phys. Rev. B 136
(1964) 864.(2) W. Kohn, L.J. Sham, Phys. Rev. A
140 (1965) 1133.
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Abstract :

In this work, we investigated the effect of the thickness the various thicknesses (220-495-910 nm) on optical
properties of SnO- thin films prepared by sol-gel (spin-coating) technique deposited onto glass substrates
with speed (4000RPM) during the time of the deposition (30 sec). Was the preparation of the solution using
a material of studied .stannous chloride (SnCl».2H-0) as a basis and it was dissolved in appropriate amount
of methanol (CH3OH), the solution prepared at a concentration of 0.4M .The optical properties of tin dioxide
have been investigated by ultraviolet visible spectroscopy in the range of wavelength (300-1000 nm), optical
spectra show that these layers are transparent in the visible range, with average transmission from 70% to
80%. As well as the values measured of the optical band gap energy have increased with the increase in the
thickness from 3.66eV at 3.77 eV

(1) R. Nouadjia, A.Attaf, A. Derbali, A. Bouhdjer, H. Saidi, M.S. Aid, F. Zeribi, O. Benkhetta, R.
Messemeche, M. Nouadji and N. Attaf, Main Group Chemistry, 2021, 513-527.

(2) A. Abdelkrim, S. Rahmane, O. Abdelouahab, N. Abdelmalek, and G. Brahim, Optik (Stuttg),
2016, 2653-2658.
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Abstract :

The present study aims to investigate the stability of the different intermetallic compounds presented in the
Dy-Mn system. At 0 K, It will be mainly focusing on the determination of the ground state line of this
system. First-principles calculations within density functional theory (DFT) with the projector augmented
wave (PAW)! as implemented in the Vienna ab-initio simulation package (VASP) code?® were involved to
calculate the formation energies of the pure elements and three intermetallic compounds: DyMn;, DysMn23
and DyMny,. The VASP code allows the optimization of the parameters a, b and c, using the generalized
gradient approximation (GGA). Enthalpies of formation for the three previous intermetallicsfor the given
binary phase diagram has been calculated. The obtained results shown that the calculated lattice constants

and enthalpies of formation are in good agreement with experimental and other theoretical data.

(1) W. Kohn, L.J. Sham, Physical rev., 4A, 1965, A1133.
(2) G. Kresse, J. Furthmaller, Physical rev. B, 16, 1996, 11169-11186.
(3) G. Kresse, J. Furthmiller, Comput. Mater. Sci., 1, 1996, 15-50.

WITAM 2023-Laboratory of physical and chemical studies of materials « LEPCM »


mailto:fatima.zerara@univ-batna.dz

STUDY OF THE STRUCTURAL AND ELECTRONIC
PROPERTIES OF INTERMETALLIC COMPOUNDS OF
TYPEAB:2 FOR HYDROGEN STORAGE

S. AZIEZ ") Y. Djaballah? and H. Righi?

L Center for Scientific and Technical research in physico-chimical analysis CRAPC, Indistrial Zone lelot
n°30, Bou Ismail, Tipaza 42415, Algéria

Z Laboratory of Physical and Chemical Studies of Materials (LEPCM), Physics Department, Faculty of
MatterSciences, University of Batna 1, Algeria

* aziez.siham@crapc.dz

Keywords : Hydrogen storage, Intermetallic compounds.

Abstract :

In this work, we studied intermetallic compounds of type AB», which have attracted great
attention for their significant hydrogen storage capacity, and use in different fields. The
present study targets magnesium-based intermetallic using VASP code.

The aim of this VASP calculation is to examine the structural and electronic
properties ofMgCu; structure. These materials are interesting for their applications in the
field of hydrogen storage. Various results obtained from the calculations will be presented
and interpreted.

To determine the structural properties of the static equilibrium such as the
structural parameter ap, the Bulkmodulus B and its derivative, the total energy Eiot is
calculated fordifferent values of the volume.

For the electronic properties of the compounds, the band structure gives the
possible energies of an electron as a function of the wave vector. These bands are
therefore represented inreciprocal space, and for simplicity, only the directions of highest
symmetries in the first Brillouin zone are treated. The figure 1 of the MgCu;, deduce
overlapping of bands which appears at the Fermi level which confirms the metallic
character of these materials. According to the total DOS presented in figure 2, it is a
metallic state. Indeed, the Fermi level lies in themiddle of an allowed energy band, so
since the peaks lie far from the Fermi energy proves that the compounds are not
magnetic.

Coanty OF Shaim froven umsrun zmi

Figure 3: Band structure of MgCu2 Figure 4: Total state density of MgCus,.
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Abstract :

The study of phase diagrams is difficult to implement experimentally. The use of modeling isa
complementary method that can provide more information. A large number of significant works
detailing deep learning approach and describing its various applications are available in the
bibliography, but to the best of our knowledge, no work has been published that combines
thermodynamics and phase diagrams with artificial intelligence approaches.

The aim of the present work is to provide the best neural network model to fit the experimental
data with the least learning and validation error for plotting phase diagrams. Based on the model
developed in our study, the results obtained are in line with the experimental results not only in
terms of root-mean-square error but also in a very short execution time compared with other
experimental methods. It would be interesting to test other deep learning methods and compare
them with our LSTM and GRU maodels.

(1) Campbell, F. C., “Phase Diagrams Understanding the Basics”, ASM International; Ohio,
USA, 2012.

(2) Belov, G.V., Emelina, A.L., Goriacheva, V.I., Uspenskaya, I.A., Voronin, G.F., , “PhDi—
Software Package for Calculation of Binary Phase Diagrams”, Journal of Alloysand
Compounds, 452, 1, 2008, 133-135.

(3) Z.Chonglin, Y. Lijuan, and W. Weibing, "Study on fitness data processing based on neural
network information processing," in International Conference on Systems and Informatics
(ICSAI), 2012, 295-298.

(4) G.Hongliang, "The probability characteristic of function approximation based on artificial
neural network," in 2010 International Conference on Computer Applicationand System
Modeling (ICCASM), 1, 2010, 66-71.

(5) Stewart, M., Intermediate Topics in Neural Networks. Towards Data Science, 2019.
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Abstract

The structural, electronic and optical properties of Cs>Snls were studied using density function
theory and the linearized augmented plane wave (FP-LAPW) method within the Wien2k code.
LDA and GGA were used to treat the Exchange-Correlation (XC) potential. The results of the
calculations showed that the studied compound is a semiconductor with a direct band gap I' - T
The imaginary part of the dielectric function, the real part of the dielectric function, the refractive
index, the extinction coefficient, the reflectance spectrum, the absorption coefficient, the optical
conductivity and the energy loss function for Cs.Snls were also calculated. The electronic and

optical properties have revealed that this compound is very useful for photovoltaic applications.
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Abstract :

First-principles full-potential linearized augmented plane-wave method based on density
functional theory is used to investigate the structural, electronic, magnetic and elastic properties
of Ru based full-Heusler alloys Ru,YSn (Y= Ni, Co). These full-Heusler alloys in different types
structures: CuzMnAl and Hg,CuTi were calculated within the generalized gradient approximation
(GGA-PBE). The Cu2MnAl -type structure is found to be energetically more favorable than the
Hg2CuTi-type .The ground state properties such as lattice constant, Bulk modulus local magnetic
moment heat of formation have been calculated.The observed magnetism in these alloys is
mainly from the 3d states of Ni and Co atoms.The elastic constants, Cij, and the other
polycrystalline elastic moduli have been predicted and the mechanical stabilities of these alloys
have been theoretically confirmed. To our knowledge the elasticconstants have not yet been
measured or calculated, hence our results serve as a prediction for future study. Also, we
presented results of the band structure and the density of states. The electronic structure in the
ferromagnetic configuration shows metallic character.

(D) R. De Groot, F. Mueller, P. Van Engen, K. Buschow, Physical Review Letters, 50,1983, 2024.

(2)C. Felser, B. Heitkamp, F. Kronast, D. Schmitz, S. Cramm, H. Durr, H. Elmers, G. Fecher, S.
Wurmehl, T. Block, Journal of Physics: Condensed Matter, 15 ,2003,7019

(3)C. Felser, G.H. Fecher, B. Balke, AngewandteChemie International Edition, 46,2007, 668-699.

(4) D. Kieven, R. Klenk, S. Naghavi, C. Felser, T. Gruhn, Physical Review B, 81,2010, 075208.

(5) C.G. Blum, S. Ouardi, G.H. Fecher, B. Balke, X. Kozina, G. Stryganyuk, S. Ueda, K. Kobayashi, C.
Felser, S. Wurmehl, Applied Physics Letters, 98 ,2011, 252501.

(6) S. Ouardi, G.H. Fecher, B. Balke, X. Kozina, G. Stryganyuk, C. Felser, S. Lowitzer, D. Kddderitzsch,
H. Ebert, E. Ikenaga, Physical Review B, 82,2010, 085108.
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Abstract :

In order to develop novel technological applications, a new approach based on low-cost, efficient
andgood physical semiconductors properties is becoming a global priority and a very interesting
field offundamental and applied research'. Thus, an alternative to well-known semiconductors,
the zincoxide(ZnO) has recently been the subject of renewable research efforts due to its numerous
advantages such asadequate band gap, photocatalytic mechanisms, high quantum efficiency, etc.
Moreover, the doping ofthis material with aluminum (AZO) greatly improves its conduction and
transparency in the visiblespectrum. In this context, for a phenomenon comprehension and property
understanding, weinvestigatethe effects of aluminum doping on structural, electronic and optical
properties of the most stable ZnOphase (hexagonal wurtzite). This study is curried out using DFT
approximations via Wien2k simulationpackage. Theobtained results show that the fundamental
band gap and the lattice parameters dependstrongly on Al doping. It is also shown that the
introduction of Al into ZnO increases theabsorption edgeof the optical gap, confirming the results
deduced experimentally and/or calculated theoretically.lt shouldbe noted that the control of the
band gap by doping opens up new device and integratedcircuit designs fornumerous applications
in optoelectronics, energy and piezoelectricity.

(1) J. Meena, G. Pavithra, D. Anusha, A. S. Kumar, K. Santhakumar, J Mater Sci Mater
Electron, 34,2023,1131-1151.

(2) S. Nagar, S. Chakrabarti,Optimization of ZnO Thin Films, Springer, 2017.

(3) U. Ozgir, Y. I. Alivov, C. Liu, A. Teke, M. Reshchikov, S. Dogan, A. H. Morkog, J Appl
Phys 98,2005, 041301-3.
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Abstract :

Since Groot’s discovery of the first half metallic material, NiMnSb, in 1983, the scientific community
hasbecome increasingly interested in the study of Heusler alloys[1]. Due to their unusual and interesting
structural characteristics, magnetic properties, and many features, including metallic, insulating,
semiconducting, half-metallic, and spin gapless semiconducting, these materials have garnered a lot of
attention[2]. These materials are used for spintronics and magnetoelectronics applications such as spin
filters, spininjection, magnetic tunnel junctions, giant magnetoresistance, spin transfer torque,memory
devices, spin caloritronics, magnetic sensors, and neuromorphic and stochastic computing[3-5]

In this work, we have studied the structural, elastic, electronic and magnetic properties of FeVYSb(Y=Sc,
Y) Heuslers compound basing on the density functional theory. The most stable structure has been found
to be energetically favorable in face- centered cubic (FCC) structure with space group F43m, in which
Fe,V, Y and Sb atoms are located at 4d, 4c, 4b and 4a Wyckoff positions, respectively. In the stable state,
FeVScSbh is ferromagnetic while FeVYSb is ferrimagnetic. The determined elastic constants (Cij) show
that FeVYSb(Y=Sc, Y) is mechanically stable and ductile, and exhibit a notable elastic anisotropy.
Electronic calculations indicate that FeVYSb(Y=Sc, Y) are semiconductors with band gap of 0.37 eV
and

0.30 eV respectively. The total magnetic moment of these alloys is found to be equal to 3 uB which
follows the Slater Pauling rule. The effect of uniform strain on electronic and magnetic properties is also
studied, and the analysis show that FeV'YSb (Y=Sc, Y) maintains its semi-conductivity in wide range of
lattice parameter from 5.84 A to 6.60 A for FeVScSb, and from 6.11 A to 6.70 A for FeVYSb. The
FeVYSb (Y= Sc,Y) Heuslers become half metal when the lattice parameter varies from 6.61 At06.72
A for FeVScSb and from 6.71 A to 6.81 A for FeVYSb. The magnetic moment remain equal to 3 uB
under strain, which makes it hopeful in spintronic applications.

(2) R.A.Groot, F.M. Mueller, P.G. van Engen, K.H. Buschow, Phy.Rev.Lett., 50, 1983, 25.

(3)R.B. Raya, G.C.Kaphlea , R.K. Raia, , D.K. Yadava, R. Paudelc, D. Paudyal, J. Alloys and
Compounds., 867, 2021, 158906.

(4) L.Bainsla, K.G. Suresh, Applied Physics Reviews., 3,2016, 031101.

(5) T. Graf,C. Fesler,S.S.P. Parkin, Sol. Stat.Chem ., 39, 2011, 1-50 .K.J. Kawasaki, S. Chatterjee,
P.C.Canfeld, Guest Editors., 47 ,2022, 555-558.
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Abstract :

The study of the structural and electronic properties of XZ2rS;s compounds (X =Sr and
Ca) in the orthorhombic phase (Pnma) has been conducted and presented. Utilizing
density functional theory (DFT) and Full-Potential Linearized Augmented Plane-
Wave method (FP-LAPW), while considering the local density approximation (LDA)
and generalized gradient approximation (GGA) for the exchange-correlation
potential,along with the modified Tran and Blaha approach (mBJ) to compute
energy band structures and density of states (DOS).The obtained crystal lattice
parameters showed excellent agreement with experimental data. Our findings
suggest that CaZrSs and SrZrSs compounds possess a crystalline structure similar to
perovskite minerals, characterized by the general chemical formula ABXs, where A
and B are cations and X is an anion.Calculations of electronic band structures
revealed that the studied compounds exhibit a direct band gap (I-T), classifying
them as semiconductors. Moreover, we determined the energy gap values for
CaZrSs and SrZrSs compounds, and compared them with other theoretical and
experimental results.The results concerning the semiconducting nature and energy
gap of the perovskite compounds, CaZrSs and SrZrSs, underscore their significance
both technologically and technically, with notable potential for significantly
enhancing solar energy conversion efficiency in the photovoltaic field. This
contributes to the advancement of renewable and sustainable energy technology.
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Abstract :

The structural parameters and formation enthalpies of three compounds (Al2Mg, Ali7Mgz2, AlsMg2)
are determined by ab-initio calculations with the generalized gradient approximation (GGA) as implemented
in the VASP code. The structural parameters, are in agreement with the results obtained experimentally.

In second step a thermodynamic study of the system (Al-Mg) is carried out. We calculated the
thermodynamic properties of this system and we established its phase diagram using two software programs:
Batnabin and Pandat. The results obtained and the calculated phase diagram are in good agreement with the

results of the literature.

(1) E. Schuermann, H.J. Voss, Investigation Giessereiforschung, 33, 1981, 43-46.
(2) T.B. Massalski, Binary Alloy Phase Diagrams, Il Ed., 1990, 2421-2422.
(3) O.Redlich, A.T. Kisler, Ind. Eng. Chem., 40,1948, 345-348.
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Abstract :

Pourbaix diagram and predominance area diagram are important thermodynamic stability diagrams.
Various computer programs and tabulation software, such as Excel, Origin or Matlab have been used to
facilitate the plot of these diagrams. These diagrams, besides elucidating the chemistry of the complexes
involved in these systems, help to predict the optimum experimental conditions and the factors that affect
the leaching processes, corrosion processes, electroplating, and the behavior of materials in various
aqueous environments. To achieve the study's objectives, Simulations are carried out using an Excel
spreadsheet to facilitate this process.

The E-pH diagrams for Metal-H;O, Metal-Ligand-H.O and distribution diagram of ligand species as
function of pH systems are constructed using the equilibrium constant approach and the activity term
method, relying on a comprehensive thermochemical database. This involves mathematical and computer-
based calculations, illustrated through examples like the Cu-H,0 (Fig.1), Glycine-H,O (fig.2) and Cu-Gly-
H,O systems. Comparatively, these diagrams offer a more comprehensive understanding of real
hydrometallurgical processes and inhibitor corrosion when contrasted with traditional E-pH predominance
diagrams. They help in understanding corrosion, electroplating, and the behavior of materials in various
agueous environments.

3
3
<
3
T
{
{
Microspecies distribution

Fig.1: E-pH diagram for Cu(ll)- water system at | Fig.2: Dissociation profiles of glycine species as
(C=102M,P= latm andT=298 K). function of pH.

(1) H. Liu & C. Zhang, Calphad., 25, 2001, 363-380.
(2) L.Hou, A. L. Valdivieso, P. Chen, G. Zhang, Q. Zhang, Y. Chen & F. Jia, Miner. Eng., 202, 2023,
108273-108285.
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Abstract :

Pourbaix diagram and predominance area diagram are important thermodynamic stability diagrams. Various
computer programs and tabulation software, such as Excel, Origin or Matlab have been used to facilitate the
plot of these diagrams. These diagrams, besides elucidating the chemistry of the complexes involved in
these systems, help to predict the optimum experimental conditions and the factors that affect the leaching
processes, corrosion processes, electroplating, and the behavior of materials in various aqueous
environments. To achieve the study's objectives, Simulations are carried out using an Excel spreadsheet to
facilitate this process.

The equilibrium constant approach and activity term method are used to plot E-pH diagrams for Metal- H,0
and Metal-Ligand-H,0 systems based on the thermochemical database developed. The mathematical and
computer calculation are described, with the Fe-H.0, Gly-H.0,Fe-Gly-H:0 systems as examples.More
information on real hydrometallurgical processes can be obtained from these diagrams compared to
conventional E-pH predominance diagrams. .

| SR A PO S L Bl |
i

(1) H. Liu & C. Zhang, Calphad., 25, 2001, 363-380.
(2) L. Hou, A. L. Valdivieso, P. Chen, G. Zhang, Q. Zhang, Y. Chen & F. Jia,Miner. Eng., 202, 2023,
108273-108285.
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Abstract :

Employing the FP-LAPW method, structural, electronic, optical, and thermoelectric parameters of Bi2AlsSes
compound are systematically investigated. The calculated structural parameters and axial ratio (a,c, c/a), as
well as, atomic positions are found to be consistent with the experimental findings ®. Using the mBJ-LDA
approximation 2, band structure results reveal that Bi,Al:Ses is an indirect band gap

semiconductor (Eg = 2.94 eV). One absorption peak ofg,,, (co) and g,,, (m)at 3.66 eV and 3.77 eV

energy level has been determined respectively. The dispersive part €, (o) ) of the dielectric function showsa

significant anisotropy. Consequently, Bi-AlsSes can be utilized as a key component for optoelectronic
devices since it exhibits a high absorption intensity. At room temperature, Griineisen parameter of Bi-AlsSes
compound is found to be 1.045 corresponding to a calculated lattice thermal conductivity of 1.40 W/mK.
The figure of merit ZT is found to increase as the temperature is elevated for both types of carriers. It attains
maximum values of around 0.76 and 0.73 for n and p-type doping at -6.448x10® /cm? and 4.635x10'8 /cm?,

respectively. The values of Sy Seebeck coefficient are found to be greater than those found in the S. So,

the transport along xx-axis is dominant. However, (6, ) is 79 % of (o, ) at high temperatures. The
electronic thermal conductivity at high temperatures (ke ) is larger. We found the value of (ke )to be

65% of that of (k e) At 900 K, ZT is 0.65, equivalent to a carrier concentration of no=1.21891x10%

cm3, The greater value of ZT is obviously 0.74 and this value is obtained by lowering the charge carrier

concentration to no=0.36582x10%* cm,

(1) H. Kalpen, W. Honle, M. Somer, U. Schwarz, K. Peters and H. Georg von Schnering, Z. anorg. allg.
Chem. 1998, 624.
(2) A.D.BeckeandE. R. Johson, J. chem. Phys. 124, 2006, 221101.
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Abstract :

Lithium alloys continue to be promising materials for anodes of chemical curent sources. So the
search for new lithium — containing intermetallic phase and the study of their properties were the

task of our study.

In this work , we presented a theoretical study on the structural, electronic and elestic properties
of the heusler alloy LiCu2Ga. The purpose of the work is the investigation of physical parametres
such us lattice constant, compressibility modulus, its derivative, state density, electronic band
structure and elestic parameters. The calculation methode used is FP-LAPW which is incorporated
into the WIEN2K code in the general framework of density functional theory (DFT). We use the
generalized gradient density (GGA) approximation. The results obtained show that LiCu2Ga has a
metallic character and is stable in the non-magnetic phase (NM).The elastic properties confirmed

the mechanical stability of the compound.

(1) K.Zaitseva., G. Dmytriv, Bichnk MbBiBCbKOrO YHiBePCNTeTY ., 1, 2022, 82-87.
(2) S.Soliman, Journal of Physics and Chemistry of Solids., 75, 2014, 927-930.
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Abstract:

We have performed first principle calculation within the density functional theory (DFT) and the pseudo
potentials with planes waves approach, for structural and electronic properties of the cubic Fluoro-
perovskite “NaMgFs”. Using the CASTEP package! the calculations where performed within the
generalized gradient approximation of Perdew-Burke-Ernzerhof (GGA-PBE) for exchange correlation
energy>.

The results show that both compounds are stable in the cubic Pm3m structure®.

The electronic band structure calculations and bonding properties show that fluoro-perovskites have an
indirect energy band gap (M-I") with a dominated ionic character.

Our results are in good agreement with the available experimental and theoretical results.

(1) M. D. Segall, P. J. D Lindan, M. J. Probert, C. J. Pickard, P. J. Hasnip, S. J. Clark and M. C.
Payne, J. Phys. Cond. Matter. 2002, 14, 2717.

(2)J. P. Perdew, K. Burke and M. Ernzerhof, Phys. Rev. Lett. 1996,77 (18), 3865.

(3) K. Umemoto, R.M.Wentzcovitch, D.J.Weidner, J.B.Parise, Geophys.Res. Lett. 33 (2006)
L15304.
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Abstract :

To improve the properties of Ni-Fe coating, a wide variety of properties for coatings can be achieved by
selecting different electrodeposition parameters. In this work, Ni-Fe coatings are deposited on copper
substrates. X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive spectroscopy
(EDS) and microhardness analysis are used to study the effect of boric acid on the morphology, phase
structure, nickel content and microhardness of the coatings. The results confirm that the XRD patterns of
the alloy deposits reveal that there are a number of sharp peaks in the images, indicating good crystallinity.
The morphology of electrodeposited Ni-Fe coatings shows that the grainsare spherical in nature for all
samples, and EDS analysis of Ni-Fe composite confirms that the reductionof Ni decreases with increasing
boric acid concentration. Moreover, reducing the concentration of boric acid in the Ni-Fe coating bath can
lead to improved properties.

(1) G. Maizza, H. Eom, M. Lee, T.H. Yim, E. Nakagawa, R. Pero, T. Ohmura, J. Mater. Sci. 54,
2019, 13378-13393.

(2) E.l. Manimaran, K. Antonyraj, E.R. Navaneetha, V.S. Kumar,P. Rajesh, J. Mater. Sci. Mater.
Electron. 29,2018, 3715- 3721.

(3) F.Lekmine, H. Ben Temam, M. Naoun, M. Hadjadj, J. Nano-Electron. Phys. 12 No 1, 2020,
01001- 01005.
L.X. Phuaa, N.N. Phuoc, C.K. Ong, J. Alloy Compd. 520,2012, 132-139
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Abstract :

The phase diagrams of the Ca-Ga binary system was established by Bruzzone!. The most recent
information on this binary phase diagram was taken from the phase diagram compiled by Massalski.?

The main goal of our work is to restore the phase diagram of the Ca-Ga system using the
CALPHAD? (Calculation of Phase Diagrams) approach. The binary excess energy terms are described
using Redlich—Kister* polynomial model. The enthalpies of formation of the compounds of this system
were taken from the literature, and evaluated and treated as stoichiometric compounds. The BATNABIN®
code permits the modelization and the thermodynamic optimization of all phases of the Ca-Ga system.
The PANDAT code permits to draw the phase diagram of this diagram using a TDB file.The results
obtained as the equilibrium phase diagram of Ca-Ga system was compared with the experimental data’.

A good agreement between the calculated results and experimental data was obtained.

(1) G. Bruzzone, Boll. Sci. Fac. Chim. Ind. Bologna, 24, 1966, 113-132.

(2) T.B. Massalski, 2nd edition, ASM International, Materials Park, Ohio, 1990.

(3) L. Kaufman and H. Bernstein, Academic Press, Cambridge, 1970.

(4) O. Redlich and A.T. Kister, Ind. Eng. Chem., 40, 1948, 341-345.

(5) A. Belgacem-Bouzida, Y. Djaballah, and M. Naotin, J. Alloys Compd., 397, 2005, 155-160.
(6) G. Bruzzone, M.L. Fornasini and F. Merlo, J. Less-Common Met., 154, 1989, 67- 77.

(7) M.L. Fornasini and F. Merlo,Z. Kristallogr. 187, 1989, 111-115.
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Abstract

The Ag—Hg and Ag-Eu binary systems were evaluated using the CALPHAD method through
ThermoCalc software package?; the thermodynamic parameters involved in the Gibbs free
energymodels of the phases are optimized based on all available literature experimental data
including the phase equilibria information and few thermodynamic properties . The Gibbs free
energies of the solution phases including liquid, fcc_A1 and The hcp_A3 were formulated with
Redlich— Kister polynomial functions. The y(Agl1 Hgl5 ) phase in the Ag-Hg system and Ag,Eu
in the Ag-Eu system are described using sublattice model? because they have a homogeneity
range and those of the intermetallic compounds AgsEu, AgsEu , AgEu , and AgzEus were treated
as stoichiometric phases. As a result, two self-consistent thermodynamic data sets for
describing theAg—Hg and Ag—Eu binary systems have been derived, and the calculated results
show a satisfactory agreement with the corresponding experimental data reported in the
literature.

(1) J. O. Andersson, T. Helander, L. Hoglund, P. F. Shioch B. Sundman, ”Thermo-
Calc andDICTRA, Computational tools for materials science,” Calphad, vol.
26,2002, 273-312.

(2) B. Sundman, J. Agren, J. Phys. Chem. Solids, 42,1981, 297-301.
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Abstract:

The Fe-Sb-Pb system is evaluated by CALPHAD method. The work consists in calculating the free
enthalpies relating to the binary iron-antimony alloys on the basis of thermodynamic data noted in the
bibliography [1].

The Fe-Sb-Pb system is investigated using PARROT module of the Thermocalc program created by
Sundman et al[2].the Redlich-Kister equation [3] was used to model the solution phases.All binary
intermetallic compoinds are cinsidered stoichiometric.

The estimated isothermal section of the ternary system Fe—Sb—Pb at 500 K correspond well with the
experimental results. No ternary compounds were found in there section. There are three-phase regions,

five two-phase regions and five single-phase regions in Fe—Pb—Sb system at 500 K.

(1) O. Kubaschewski, Springer-Verlag,NewYork, 1982, 128-130.
(2) B. Sundman, B. Jansson, J.O. Andersson., The Thermo-Calc databank system,CALPHAD,9,
1985,153-190.

(3) O. Redlich, A.T. Kisler, Ind. Eng. Chem., 40,1948, 345-348.
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Abstract :

In this research, we conducted an investigation into the structural, electronic, optical, and
thermoelectric characteristics of the Perovskite alloy KMgHs. To anticipate these diverse
properties, we applied simulation techniques utilizing the full-potential linearized augmented
plane wave (FP-LAPW) method, which relies on Density Functional Theory (DFT) employing
the Generalized Gradient Approximation (GGA) as proposed by Perdew-Burke- Ernzerhof [1].
Additionally, we employed the hybrid function (HSE06) to address the exchange and
correlation term. This computational method is implemented within the WIEN2K software
package [2]. This platform allowed us to determine the structural parameters at equilibrium.
Electronic properties are also discussed, from the calculation of theelectronic band structure
for all alloys in the most stable phase, our material exhibits semiconductor behavior with a
direct gap of 1.130 eV. The use of the approximation (HSEO6)as a correction of the terms of
exchange and correlation allowed us to obtain a considerable improvement in the energy gap
with a value of Eg=1.916 eV. In the optical part, we performed the calculation for reflectivity
and refractive index. Also, we ended with thermoelectric properties using the BoltzTraP code

[3] by calculating the Seebeck coefficient and thermoelectric power factor.

1). J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 80, 891, 19982).
P. Blaha et al., J. Chem. Phys. 152, 074101 (2020)
3) Georg K.H. Madsen, David J. Singh, Computer Physics Communications,175,67-71, 2006.
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Abstract :

The electronic structure and magnetic moments of two Pd-based Heusler alloys, Pd>ZrZ, with Z = Ga and
Al, have been calculated via the ab initio spin-polarized full-potential linearized augmented plane-wave
(FP-LAPW) method based on density functional theory and compared with other experimental and
theoretical results. The exchange-correlation is handled using the generalized gradientapproximation
(GGA). Itis found that these alloys are metallic ferromagnetic, and their structural parameters and magnetic
moments are in good agreement with the experimental and theoreticalresults.>23* We also compute ground-
state values, including elastic constants, shear moduli, Young's modulus, bulk modulus, and Poisson's ratio,
which indicate that the compounds under study are mechanically stable, ductile, and anisotropic. Moreover,
to the best of our knowledge, our work is the first to attempt to determine the elastic and mechanical
properties of Pd.ZrGa and Pd,ZrAl compounds.

(1) M. Wakeel, G. Murtaza, H. Ullah, S. Khan, A. Laref, Z. Ameer, S.A. Khan, Phys. B: Condens.,
608, 2021, 412716-1- 412716-12.

(2) M.Yin, P. Nash, Intermetallics, 58, 2015, 15-19.

(3) K.R. Kumar, V. Chunchu, A. Thamizhavel, J. App. Phys., 113, 2013, 17E155-1- 17E155-3.

(4) J. Winterlik, G.H. Fecher, A. Thomas, C. Felser, Phys. Rev. B., 79, 2009, 064508-1- 064508-9.
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Abstract :

The objective of this work is to propose a way to measure thermal conductivity at room
temperature. In this communication, we first describe the so-called 3-omega method which was
introduced by D.G Cahill [1,2], then we present the results obtained during the characterization
of a polymer material in a thin layer of 127 um thick. This technique has been widely exploited
to determine the thermal conductivity of a wide range of materials [3]. Due to its precision and
low sensitivity to heat loss by radiation. The process uses a thin-film metal line (produced by an
optical photolithography technique) which serves simultaneously to thermally disrupt the system
and measure temperature variations of the sample. The temperature variation in the line is
measured experimentally by detecting the third harmonic of the voltage which is proportional to
the temperature variation [4,5]. This voltage carries the information allowing the value of the
thermal conductivity of the material under test to be extracted..

(1) D.G Cahill, H.E. Fischer, T. Klitsner, E.T Swartz, R.O Pohl. The thermal conductivity of thin films:
measurements and understanding, Journal of Vacuum Science and Technology A, 7, 1989, 1259-65.

(2) D.G Cahill, Thermal conductivity measurement from 30 to 750 K: the 3-omega method, Review of
Scientific Instrument, 61, 1990, 802-8.

(3) W. Jaber, P.O. Chapuis, Non-idealities in the 3 method for thermal characterization in low-and
high frequency. American Institute of Physics Advances, 8(4), 2018,045111.

(4) J.L Battaglia, C. Wiemer, M. Fanciulli, An accurate low-frequency model for the 30 method, Journal
of Applied Physics, 101, 2007, 104510.

(5) T. Borca-Tasciuc, D. Achimov, W.L. Liu, G. Chen, HW Ren, C.-H. Lin and S.S Pei, Proceeding:
Heat transfer and transport Phenomena in Microsystems, 2000, 369.
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Abstract :

Carbon nanotubes are cylindrical nanostructures composed of carbon atoms. They are one of the most
widely studied and versatile nanomaterials. CNTs can be single-walled or multi-walled, with unique
electronicproperties. They exhibit exceptional strength, electrical conductivity in various applications, from
nanoelectronics to composite materials®. On the other hand, Boron Nitride Nanotubes are structural analogs
of carbon nanotubes, but they consist of boron and nitrogen atoms instead of carbon. BNNTshave a
seamless cylindrical structure and exhibit exceptional properties like electrical insulating properties. The
BNC nanotubes are hybrid nanotubes that combine both boron nitride and carbon in their structure. They
can have alternating boron nitride and carbon layers or have a mixed arrangement of boron nitride and
carbon atoms within the same nanotube. BNC nanotubes inherit the properties of both CNTs and BNNTS,
making them versatile materials with a wide range of potential applications. Their properties can be tuned
by adjusting the position, orientation of boron nitride within the pristine carbon nanotube, offering control
over electrical conductivity.

Using the density functional theory (DFT) based on the tight-binding method (TB), we have investigated
the electronic properties and energetic stability for different arrangements and orientations of the helical
zigzag boron nitride (BN) lines within the host armchair carbon heteronanotube. Our findings reveal that
the semi-conducting properties remain consistent regardless of the orientation of BN atoms. Moreover,
the nature of wave functions demonstrates propagating waves in the carbon segments, contingent upon
the atoms interfaces. All calculations were performed using the DFTB+ software package?.

(1) S.lijima, C.D. Se,Journal Nature., 354, 1991, 56-58.
(2) B. Hourahine, Journal Chem. Phys., 152, 2020, 101-124.
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Abstract :

Binary rare-earth intermetallic compounds are attractive material from both fundamental and
industrial perspectives and have a wide range of applications in engineering systems. In 2003, K.
Gschneidner reported on the discovery of a number of ductile rare earth intermetallic compounds
with the CsCl type-B2 structure. They are characterized by high melting point, high specific
strength, good ductility, and excellent corrosion resistance [1-4]. The most recent interest in
them is due to their high ductility and high fracture toughness at room temperature, as well as
chemical stability. In this work, we propose to study the structural, electronic and mechanical
properties of DyCu intermetallics which crystallize in the B2-CsCl type structure using the pseudo-
potential method based on the density functional theory (DFT). ) implemented in the VASP code.
We also report the influence of substituted transition metals (V, Ni and Ti) on the crystallographic
sites Y and Cu in order to understand their effects on the structural, electronic and mechanical
properties of DyCu alloys. The analysis of densities of states and mechanical properties indicate
that ternary alloys are more ductile compared to their parent binary compounds.

Q) K. A. Gschneidner, A. Russell, A. Pecharsky, J. Morris, Z. Zhang, T. Lograsso, D.Hsu,
C.C.H. Lo, Y. Ye, A. Slager, and D. Kesse, Nat. Mater. 2, 2003, 587.

2 A. M. Russell, Z. Zhang, K. A. Gschneidner, Jr., T. A. Lograsso, A. O. Pecharsky,
A. J. Slager, and D. C. Kesse, Intermetallics 13, 2005, 565.

3) J. R. Morris, Y. Ye, Y.-B. Lee, B. N. Harmon, K. A. Gschneidner, and A. M.
Russell, Acta Mater. 52, 2004, 4849.

4) A. Sekkal, A. Benzair, T. Ouahrani, H. |. Faraoun, G. Merad, H. Aourag, and C.Esling.
Intermetallics, 45, 2014, 65.
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Abstract :

Over the past few decades, Heusler alloys have received particular interest, which is explained by different
properties well suited to applications in spintronics devices, or spin electronics which is still relevant and in
constant innovation. Its industrial potential is significant, such as hard disk reading heads, non-volatile
magnetic random access memories (MRAM) and magnetic sensors. One of the properties that has
contributed to the proliferation of work on these alloys is the semi-metallic character. Heusler alloys have
many advantages that could adapt well to current technologies, such as strong magnetization, high Curie
temperature and low magnetic damping. In addition to spintronic devices, Heusler alloys currently find
several types of applications, notably in the thermoelectric field and superconductors(1).

In this work, we present the results obtained from studies carried out with the method of plane waves
augmented and linearized with total potential (FP-LAPW) within the framework of the density functional
theory (DFT) implemented in the WIEN2k code. The GGA approximation was used in calculating the
structural properties of Heusler Co.MnGe compounds, while the mBJ was used to calculate the electronic
and magnetic properties. The results of the structural study of our materials have shown that they are more
stable in the ferromagnetic (FM) phase than in the non-magnetic phase(2).

(1) WS.S. Liu, X. Yan, G. Chen, Z.F. Ren, Recent Advances In Thermoelectric Nanocomposites,
Nano Energy 1 42-56. (2012).

(2) A. Mackinno, Numerical data and functional relationships in science and technology, in : O.
Madelung (Ed.), Landolt-B “ornstein New Series, Group Ill, vol. 17, Pt. H, Springer, Berlin,
(1985) 9.
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Abstract :

Lanthanum orthoferrite LaFeOs, is an important oxide-type ABO3 perovskite, where A = rare earth
element and B = 3d transition metal.

The LaFeO3 unit cell consists of four formula units with Fe** ions surrounded by six O*” ions in
octahedral coordination resulting in an orthorhombic structure with a Pbnm space group [1]. Due
to its attractive mixed ionic-electronic conductivity, LaFeOs has been proposed for many advanced
technological applications, such as solid oxide fuel cells [2], oxygen sensors [3] and photocatalysts
[4].

In this study, the doped LaFeOs powder was synthesized by conventional methods at high
temperature (calcination and sintering).

The doped LaFeOs catalyst were prepared using commercial oxides, the LaFeOs calcined at
1000°C, and sintered at 1200°C. The structure and physical and chemical properties of our catalysts
have been studied using techniques including powder X-ray diffraction (XRD), scanning electron

microscopy (SEM), energy dispersive X-ray spectrometer (EDS), and FTIR spectroscopy.

(1) C.A.L. Dixon, C.M. Kavanagh, K.s. Knight, W. Kockelmann, F.D. Morrison,P. Lightfoot, J.
Solid State Chem. 230 (2015) 337-342.

(2) M. Noroozifar, M. Khorasani-Motlagh, M. Ekrami-Kakhki, R. Khaleghian- Moghadam, J. Power
Sources 248 (2014) 130-139.

(3) Y.M. Zhang, J. Zhang, J.L. Chen, Z.Q. Zhu, Q.J. Liu, . B Chem. 195 (2014) 509-514.

(4) Acharya, D.K. Padhi, K.M. Parida, Catal. Today, DOI: 10.1016/j.cattod.2017.01.001.
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Abstract :

Recently, monolayers of a-PbO and a-SnO have been experimentally synthesized with superior
functionalities, making them industrially important material for many applications. However, we
believe that the potential application of these monolayer materials could be further tailored when
they are mixed together to form lateral heterostructures. In this study, we theoretically designed
new lateral heterostructures (a-PbO)m/(a-SnO)m formed (for m=1 to 10) by periodically repeating
narrow a-PbO and a-SnO strips joined along their adjacent one dimensional interface by first-
principles DFT calculations. We have investigated the structural, mechanical and electronic of
these heterostructures and shown that these structures could function as a forward p-n diode and
can offer opto-electronic properties and quantum structures leading to device applications with

interesting functionalities.

(1) W. Wu, Q. Zhang, X. Zhou, L. Li, J. Su, F. Wang, T. Zhai, Nano Energy, 51, 2018, 45-53.
(2) R. Liu, F. Wang, L. Liu, X. He, J. Chen, Y. Li, T. Zhai, Small Structures, 2 (3),2021,
2000136.

(3] F. Zhang, X. Dai, L. Shang, W. Li, Crystals, 12 (10), 2022, 1390.

(4) A. Bakhtatou, A. Hamidani, K. Zanat, Y. O. Ciftci, I. K. Durukan, F. Ersan, J. Phys. Chem. Solids,

183, 2023, 111654.
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Abstract :

As the global energy crisis and environmental concerns persist, there is an escalating urgency to
transition towards secure and renewable energy sources. Solar radiation stands as the foremost
energy resource, necessitating the development of technologies that can efficiently harness solar
energy, making it cost-competitive with fossil fuels. Metal sulfides, a fascinating class of
semiconductors, known for their diverse technological applications in smart optical windows,
solar cells, and gas sensors, have gained considerable attention. In the domain of cost-effective
solar cell production, cuprous sulfide (Cu2S), a prominent metal sulfide compound, emerges as a
prime candidate due to its exceptional attributes: a high absorption coefficient, a direct band gap
spanning 1.5 eV to 1.85 eV?, abundant and non-toxic source materials, and easily scalable
industrial fabrication processes 2.

To enhance the optical absorption capacity of a semiconductor, doping is utilized to introduce an
intermediary electronic level, creating an intermediate bandgap material. In intermediate band
photovoltaic technology, an energy level is inserted between the valence and conduction bands.
Theoretically 3, this intermediate band enables an electron to transition from the valence band to
the conduction band via the absorption of two photons with energies lower than the band gap,
thereby increasing the photoelectric current and, subsequently, improving efficiency.

In this study, we employ density of states and optical properties simulations, utilizing density
functional theory (DFT) 4, to investigate the feasibility of introducing an intermediate band level
into cuprous sulfide (Cu2S) through aluminum (Al) doping. We also analyze the impact of this
dopant on various physical properties of Cu2S, including structural arrangement, electronic
structure, and optical characteristics. The insights gleaned from our findings can offer valuable
guidance to researchers engaged in fabricating high-performance absorption layers for
photovoltaic solar cells.

(1) M. Deng, S. Huang, Q. Zhang, D. Li, Y. Luo, Q. Shen, T. Toyoda, Q. Meng, Chem. Lett. 39
(2010) 1168-1170.

(2) W.-Y. Kim, B.M. Palve, H.M. Pathan, O.-S.Joo, Materials Chemistry and Physics 131 (2011) 525-
528.

(3) A. Luque, A. Marti, C. Stanley, Nature Photon 6 (2012) 146-152.

(4) W. Kohn, L.J. Sham, Physical Review 137 (1965) A1697-A1705.
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Abstract:

Laves-phase intermetallic compounds have attracted great attention due to their excellent
physicochemical properties, which make them potential candidates for many technological
applications, such as superconductors and hydrogen storage materials. In this work, the
structural, elastic, electronic, and associated dynamic and thermodynamic properties of the
HfW; intermetallic Lave phase were investigated using first-principles calculations. The metallic
conductivity is observed for the compound. The analysis of the bonding characteristicsof this
compound reveals the presence of mixed covalent, ionic, and basic bonds. The estimated elastic
constants were used to determine the Debye temperature of HfW2. The melting temperatures
were computed and show good agreement with experimental values. The thermal conductivity
of this compound was also predicted. Our findings provide valuable insights into the properties
of Laves phase intermetallic compounds.
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Abstract:

The primary objective of this study is to examine how various exchange-correlation functional impact the
electronic structures of low temperature silver chalcogenide compound B-Ag.Se with space group P2i2121
(N° 19).! We have employed the (GGA, GGA+U, GGA+U-mBJ) fonctionals to calculate the exchange-
correlation energy.? The band structure and density of states are determined through the utilization of the
full potential linearized augmented plane wave (FP-LAPW) method, which is implemented in the WIEN2K
code.® The calculation of the electronic structures indicate that, our compound exhibits a semiconductor
behavior with an indirect band gap of 0.92 eV from GGA+U-mBJ calculation. This value agrees well with
the experimental finding.

(1) N. Jaziri, A. Boughamoura, J. Miiller, B. Mezghani, F. Tounsi, M. Ismail, Enrgy. Rep, 6, 2020, 264-
287.
(2) G.A.Wiegers, Am. Mineral, 56, 1971, 1882-1888.

(3) P.Blaha, K. Schwarz, P. Sorantin, S.K. Trickey, Comput. Phys. Commun, 59, 1990, 339.
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Abstract :

The Large Hadron Collider (LHC), located at CERN, Geneva, produces accelerated proton
collisions with an energy of 3.5 TeV. In 2012, the LHC project achieved a remarkable success with
the discovery of the Higgs boson. However, the project is not yet finished, and aims to go even
further in the search for new physics and high-precision measurements. The plan is to increase
the beam's instantaneous luminosity to 7.5x1034 cm-2 s-1 to move into the high- luminosity
phase (HL-LHC). This means that the internal trajectograph will not be able to cope with such an
increase in stacking and radiation rate. In order to maintain the same performance of the ATLAS
inner detector, the current tracker will be replaced by a new one entirely made of silicon, called
Inner Tracker (ITK), based on the insertion of silicon pixel sensor layers. Silicon detectors are the
only type of detectors capable of being efficient and surviving the harsh conditions expected for
HL-LHC. In this work, we present a comparative study using TCAD Silvaco tools of n-on-p planar
pixel sensors, before and after irradiation.
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Abstract :

An ab-initio calculation was performed using the linearized augmented plane wave method (FP-LAPW),
within the framework of density functional theory (DFT), with the generalized gradient approximation GGA
to calculate the structural, electronic and magnetic properties of quaternary Heusler CrCoLaZ alloys (Z=Ga,
Si) which are of technological interest in the field of spintronics research. Calculations show that CrColLaZ
(Z=Ga, Si) compounds having characteristics of ferromagnetic half-metal with a gap of 0.6 eV. Using the
guasi-harmonic Debye model, the variations of lattice parameter, thermal expansion coefficient, heat
capacities and Debye temperature with pressures covering the 0-20 GPa interval and temperatures ranging
from 0 to 1200 K were also investigated and in-depth discussed. The results of our simulation have been
interpreted and compared to the theoretical results available.
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Abstract :

The orthorhombic structure of the double-half Heusler compound ScNbNi,Sn, was examined by first-
principles calculations employing the full-potential linearized augmented plane wave method (FP-
LAPW) . These calculations were based on density functional theory (DFT) 22, The utilization of the
generalized gradient approximation (GGA) “ is employed for the treatment of the exchange-correlation
potential, while the EV-GGA ° is utilized to enhance the band gap in order to evaluate the structural,

electrical, and optical features.

This study presents an analysis of the computations for our compound indicating that the GGA
approximation with the nonmagnetic state yields the lowest energy. Therefore, it can be inferred that the
GGA approximation is the most suitable for accurately describing the structural features. The band
structures obtained by computation exhibit semiconductor behavior, characterized by an indirect bandgap
of 0.47 eV, as determined through the use of the EV-GGA approximation. In addition, an examination
was conducted on the optical characteristics, including the dielectric function, optical conductivity, and

refractive index.

(1) O. K. Andersen, Phys. Rev. ,(1975),B 1 2, 3060 .

(2) P. Hohenberg, W. Kohn, Phys. Rev. ,(1964),B 136,

864 .(3) W. Kohn, L. Sham, Phys. Rev. ,(1965),A 140,

1133.

(3) F.Tran and P. Blaha, phys. Rev. (2009),Lett 102, 226401 .

(4)E. Engel, S.H. Vosko, Phys. Rev. B 47 (1993), 13164
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Abstract :

We used the full-potential linearized augmented-plane wave (FP-LAPW) approach within the density
functional theory (DFT) as included in the WIEN2k program to explore the electronic structure,
magnetic, and mechanical features of the ternary full-Heusler compounds Pd.MnZ (Z = Al, Si).
Forthe exchange-correlation functional, the generalized gradient approximation (GGA) is employed.
The equilibrium lattice constants and spin magnetic moments are in close agreement with the
experimental measurements and theoretical calculations. The band structures and density of states
(DOS) of the studied alloys show a ferromagnetic metallic behavior. Furthermore, based on
mechanical stability conditions, our predicted elastic constants show that the Pd.MnSi Heusler alloy
is mechanically stable in an L2;-type structure, anisotropic, and ductile, whereas Pd:MnAl is not.
Finally, we hope that our findings will serve as a foundation for future research.

(1) M. Wakeel, G. Murtaza, H. Ullah, S. Khan, A. Laref, Z. Ameer, S.A. Khan, Phys. B:
Condens.,608, 2021, 412716.

(2) F. Aguilera-Granja, R.H. Aguilera-del-Toro, J.L. Moran-Lopez, Mater. Res. Express., 6,
2019, 106118.

(3) M. Wu, Y. Han, A. Bouhemadou, Z. Cheng, R. Khenata, M. Kuang, X. Wang, T. Yang, H.
Yuan, X. Wang, IUCrJ Materials/Computation, 6, 2019, 218-225.

(4) O. Miroshkina, M. Zagrebin, V. Sokolovskiy, V. Buchelnikov, EPJ Web of Conferences, 185,
2018, 05007.
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Abstract :

Using ab-initio calculations, we have studied the structural, mechanical, electronic and
thermoelectric properties of the new double half-Heusler alloys'?, Ti,PdFeSb, and Ti,PdRuSb,

Our calculations predict stable non-magnetic semiconducting phases with indirect band gaps
of 0.9eV for Ti,PdFeSb, and 0.7eV for Ti.,PdRuSb;. The calculated formation energies and elastic
constants suggest that both alloys are thermodynamically as well as mechanically stable. By
analyzing the optical properties (dielectric function, optical conductivity, refractive index,
absorption index and reflectance), our calculations suggest that both materials have high
absorption coefficient and optical conductivity in the UV as well as visible region. The collected
results suggest that both compounds would be potential candidates for for the manufacture
of

photovoltaic devices.

1). G. Ugur, A. K. Kushwaha, M. Giiler, Z. Charifi, Ugur, E. Giler, and H. Baaziz, Mater Sci
SemicondProcess 123, 105531 (2021).

2). Y. Rached, M. Caid, M. Merabet, S. Benalia, H. Rached, L. Djoudi, M. Mokhtari, and D.Rached,
Int JQuantum Chem 122, 26875 (2022).
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THERMOELECTRIC PROPERTIES OF ZINTAL COMPOUNDS
BY AB INITIO CALCULATIONS
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Abstract :

The investigation focuses on the examination of the physical properties of Ca;—xYhbxZn,Sh, (x = 0,
0.25, 0.5, 0.75, 1) Zintl compounds taking into consideration their electronic structure. The
transport properties can be significantly changed by varying the composition x. the transport
characteristics can undergo substantial modifications. The materials being investigated exhibit
greater metallic properties as the value of x increases, while demonstrating semiconductor behavior
when x lowers. It has been discovered. The compound CaZn,Sh, has a significantly greater
magnitude (S =241 pV/K at T = 700 K) and the Seebeck coefficient decreases as x increases. The
calculated figure of merit factor of YbzZn2Sh2 is found to below, this is explained by the fact
that its structure is very compact and its bandgap is small which lead to high electrical and thermal
conductivity due to high carrier concentration (n = 1.25 x10%° cm™ at T = 300 K). On other hand a
narrow-gap (0.46 eV for CaZn,Shy), provides a balance between a high Seebeck coefficient and
low electronic thermal conductivity, with a slight increase in the carrier concentration when the
temperature increases (3.87x 10'° cm™ at 600 K). As a consequence, CaZnzSb, compound is
predicted to have good performance for thermoelectric applications. The electrical (o) and the
thermal (K)conductivity for CazZn,Sh, compound in both directions (along x and z-axes) are
calculated. It is obtained that (oxx) is 120% of (o) at high-temperature, whereas S;; Seebeck
coefficient was higher than Sxx especially at T = 300 K (Sz; = 246 uV/K, Sxx = 213 uV/K). The

large value of S;; showed that the transport is dominated by zz-axis.
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UTILIZING GENETIC ALGORITHMS TO
DETERMINE OPTIMAL HYDROGEN POSITIONS
IN CUBIC CU.S FORENHANCED SOLAR CELL
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Abstract :

In the quest of cutting-edge and economically feasible materials to enhance solar cell
technology, Copper sulfide (Cu.S) emerges as a prominent frontrunner, driven by its
highly advantageous optical and electronic characteristics coupled with its abundance *~
3, Given the ever-increasing global appetite for sustainable energy resources, the
imperative for such materials has attained unparalleled significance. Cu,S unequivocally
manifests an exceptional capacity for proficiently harnessing solar radiation and effecting
its conversion into electrical energy, thus establishing itself as a cornerstone in expediting
the transition toward environmentally conscientious and sustainable energy solutions.
During the intricate fabrication process of Cu2S, hydrogen is naturally incorporated into
its crystal lattice. This seemingly spontaneous integration of hydrogen introduces an
element of complexity and intrigue, as it significantly alters the material's characteristics
4 The interactions between hydrogen atoms and the Cu,S lattice hold the key to unlocking
enhanced solar cell performance. However, understanding and manipulating these
interactions remain elusive and challenging within the realm of experimental settings.

In response to this challenge, our article introduces a novel and sophisticated approach.
We combine the power of genetic algorithms > with the precision of Density Functional
Theory (DFT) calculations © to identify the optimal positions for hydrogen incorporation
within the cubicCu2S structure. Our research will guide experimentalists seeking to delve
into the profound effects of hydrogen on Cu2S properties, particularly in the context of
solar cell applications.

(1) Jiang, K.; Chen, Z.; Meng, X. CuS and Cu > S as Cathode Materials for Lithium Batteries: A Review.
ChemElectroChem 2019, 6 (11), 2825-2840. https://doi.org/10.1002/celc.201900066.

(2) Pan, C.; Niu, S.; Ding, Y.; Dong, L.; Yu, R.; Liu, Y.; Zhu, G.; Wang, Z. L. Enhanced Cu »
S/ICdS Coaxial Nanowire Solar Cells by Piezo-Phototronic Effect. Nano Lett. 2012, 12 (6),
3302-3307. https://doi.org/10.1021/n13014082.

(3) Radich, E. J.; Dwyer, R.; Kamat, P. V. Cu ; S Reduced Graphene Oxide Composite for High- Efficiency

Quantum Dot Solar Cells. J. Phys. Chem. Lett. 2011, 2 (19), 2453-2460.
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NUMERICAL SIMULATION AND EXPERIMENTAL
VALIDATION OF DUCTILEDAMAGE MODEL AND
APPLICATION TO DEEP DRAWING PROCESS

S. Laboubi® ™ O. Boussaid?
! Laboratory of Metal Materials Forming, Badji Mokhtar University, BP.12,23000 Annaba, Algeria

2 Laboratory of Research on Industrial Risks, Control and Safety, Badji Mokhtar University, BP.12,23000
Annaba,Algeria

* Corresponding author: salah.laboubi07@gmail.com

Keywords: Ductile damage, Numerical simulation, Ductile fracture, Deep drawing process.

Abstract :

The present work discusses the ability of Lemaitre ductile damage model to predict the thinning and
fracture of DCO4 sheet metal during the deep drawing process. In this model, the elastoplastic
constitutiveequations considering isotropic and anisotropic plasticity coupled with isotropic damage
have beendeveloped and implemented in the Abaqus Explicit code using the VUMAT subroutine,
knowing that the elastoplastic and damage parameters of the used material have been identified by
experimental tests. In order to verify the accuracy of this model, several numerical simulation
scenarios have been performed, and their results are compared with the experimental results. These
comparisons show a good correlation between the experimental and simulation results and good
agreement with the empirical observations. Thus, the used model is valid to predict the elastoplastic-
damage behaviour of the sheet metals during the forming process and can well localise the thinning
and fracture.

(1) L. M. Kachanov, inzvestiia akademii Bauk SSR., 8 ,1958,26-31

(2) J. Lemaitre, J, Eng, Mater, Technol,1,1985,83-89

(3) S. Laboubi, O. Boussaid, M. ZAAF, W. Ghennai, International Journal of Advanced
ManufacturingTechnology, 126,2023,2283-2294
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INVESTIGATING THE PHYSICAL PROPERTIES OF RbXFs
(X =Rh, Os, Ir, V) COMPOUNDS
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Abstract :

The structural, elastic and phonon properties of RbXF; (X = Rh, Os, Ir, V) compounds were explored
by performing first-principles calculations within the generalized gradient approximation (GGA).
Spin-polarized band structure calculations for the RbXF; (X = Rh, Os, Ir, V) compounds have been
investigated. The results for the electronic band structure and density of states agree with existing
literature data?. Likewise, the optimized lattice parameters and elastic constants display
reasonableresults compared to previous works'2. Optical properties were also calculated along [100]
polarization under energies up to 50 eV. From the results of the optical response, it is found that these
compounds show high optical absorption in the broad range of 5 eV to 30 eV.

(1) H. M. Huang, Z. Y. Jiang, J. T. Yang, Y. C. Xiong, Z. D. He, Z. W. Zhu and A. Laref,
ChineseJournal of Physics, 58, 2019, 132-136.

(2) U. A. Khan, M. R. Sarker, N. U. Khan, S. Khan, J. Y. Al-Humaidi, V. Tirth, M.S. Refat, A.
Zaman, A.Algahtani, A. M. Alsuhaibani, F. Ullah, Journal of Saudi Chemical Society, 27(3), 2023,
101627.
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ELASTIC AND OPTICAL PROPERTIES OF InGeCls, InSnCl3
AND InPbCls COMPOUNDS
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* 8. Ugur: suleugur@gazi.edu.tr

Keywords : Perovskite compounds, elastic constants, optical properties, density of states.

Abstract:

This work reports the structural, elastic, electronic and optical properties of InGeCls, InSnCl; and
InPbClsperovskite compounds determined by the first-principles method. The generalized gradient
approximation(GGA) of Perdew-Burke-Ernzehrof (PBE) was used for all calculations. The elastic
constants were predicted using the static finite strain method. Using the obtained elastic constants Cij,
the bulk modulus (B), Young's modulus (E), shear modulus (G), Poisson's ratio (v) and Pugh's ratio
(B/G) of InGeCls, InSnCls and InPbCl; were calculated. Electronic band structures and density of
states calculations show that all these compounds possess a semiconducting nature. The estimated
lattice parameters and band gap values match the previous studies2. Finally, the optical properties of

the titled compounds were also analyzed in detail.

(1) S. Khan, N. Mehmood, R. Ahmad, A. Kalsoom and K. Hameed, Materials Science in
SemiconductorProcessing, 150, 2022, 106973.

(2) S. Idrissi, S. Ziti, H. Labrim and L. Bahmad, Materials Science in Semiconductor Processing, 122,
2021, 105484.
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STRUCTURAL, ELECTRONIC, MAGNETIC AND
THERMODYNAMIC PROPERTIES OF VSIRH2: A DFT
STUDY

S. Makhlouf®, M. Labidi, A. Amara
Department of Physics, LEREC Laboratory, Badji Mokhtar University, Annaba, Algeria

* Corresponding author: sabir.makhlouf@gmail.com
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Abstract :

This study investigates the Structural, Electronic, Magnetic and Thermodynamic properties of full-
Heusler alloy VSiRh3, Our research employs DFT method integrated into the Wien2k code. The
results obtained show the ferromagnetic stability for VsiRh3 and constant of lattice is found to be
6.04 A, usingPBE-GGA method based on DFT for the optimization. SCF calculation and modified
Becke and Johnson (mBJ), represented by BS and DOS, revealed the metallicity of VSiRh3. We used
the Gibbs2 code to delve into the thermodynamic properties of VSiRh3. The valence wave functions
were expanded up to

Lmax=14 partial waves. We set RyKmax 10 8, Gmax to 14 a. u-1, and utilized a dense (14 X 14 x 14)
k-point mesh. The total energy convergence was set to a high precision of 10-¢ Ry. We obtined the
totalspin magnetic which is 3.28 mB. Moreover, debye temperature, constant-volume heat capacity
and entropy are calculated from 0 to 500 K.
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STRUCTURAL, ELASTIC AND ELECTRONIC
PROPERTIESOF DOUBLE PEROVSKITE Ba:NalOsAN AB
INITIO CALCULATIONS
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Keywords :
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Abstract :

Structural, elastic and electronic properties for BazNalOg compounds in cubic structure were studied
usingdensity functional theory and Wien2k code. For the generalized gradient approximation (GGA)
of exchange correlational functional as parameterized by Perdew Burke and Erenzerhof (PBE) beside
employing modified Becke- Johnson (mBJ) approximations were used. Various quantities, such as
equilibrium lattice constants, bulk modulus and band structures are presented, and this values agree
well with the available literature results.The BazNalOs possesses a direct bandgap, according to the

electrical structural studies.
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Abstract:

The subject of this work concerns the study of the structural, electronic and thermodynamic properties
of the perovskite oxide MoScOs.using the full potential linearized augmented plane wave method (FP-
LAPW) in the frame of density functional theory (DFT) which is implemented in the wien2k code?.
The exchange-correlation effects are treated with the GGA? with the mbj approximation. The results
obtained showed that the studied compound MoScQs is stable in the ferromagnetic (spin polarized).for
electronic properties; our results indicated that the studied compound has a semi-metallic
(semiconducting and metallic in the minority and majority spins respectively. We completed this work
by studying thethermodynamic properties through variation in heat capacity, the compressibility
coefficient at different pressure using the Debye quasi-harmonic model®

(1)P. Blaha, K. Schwarz, G. Madsen, D. Kvasnicka, J. Luitz, Wien2k, (2001).
(2) Perdew J p,Ruzsinszky A, Csonka G.1, VYDROV O.A, SCUSERIA G.E,
CONSTANTIN L.A,ZHOU X, BURKE K, phys.Rev.Lett,100(2008), 136406.

(3) M.A. Blanco, E. Francisco, V. Luana, Comput. Phys. Commun. 158 (2004) .
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STUDY OF PHYSICAL PROPERTIES BASED ON SP-DFT
THEORY FOR CO-DOPED MGO WITH Eu-Tm.,
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Abstract:

This work analyzes how adding europium and transition metals (Cu, Ag, and Au) at a 12.5%

concentration to magnesium oxide (MgO) affects it’s structural, magnetic, and optoelectronic
properties. The full potential linearized augmented plane wave (FP-LAPW) method, based on spin-
polarized density functional theory (SP-DFT), is used to derive results. The produced dilute magnetic
oxides (DMO) are stable in the ferromagnetic phase when Eu and TM (Cu, Ag, and Au) impurities
are co-doped into the non-magnetic semiconductor MgO. This theoretical work paves the path for
the creation of a high magnetic moment DMO suited for spintronic and UV devices using TM and
rare earth as dopants.

O)lg °Eu
°0 Q@ X

X =Cu, Ag and Au

(1) Schwarz, K. & Blaha, P. Computational Materials Science 28, (2003) 259-273.

(2)  Tayeb Halais Wissem, et al. "Exploration of structural stability, electronic, and magnetic
properties of silver doped MgO at low concentration using the modified Becke and Johnson approach
for spintronic applications.” The European Physical Journal B 96, (2023)

(3) Haas, P., Tran, F., Blaha, P., Schwarz, K. & Laskowski, R. Physical Review B - Condensed
Matter and Materials Physics 80, (2009) 195109.

4 P. Blaha, K. Schwarz, F. Tran, R. Laskowski, G.K.H. Madsen, L.D. Marks, J. Chem. Phys.
152, (2020). 074101.
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Abstract :

Electric power generators, motors, and transformers are just a few examples where magnetic
materials find an application in modern technology.

The ordered FeNi phase (tetrataenite) is recently considered as a promising candidate for the rare-
earth free permanent magnets applications, To investigate the electronic and magneticproperties
of FeNi structures, a computational approach based on the full potential linearized augmented plane
wave (FPLAPW) method was employed which is based on density functional theory (DFT) These
calculations were performed using the WIEN2k software package .

Structural properties obtained as the lattice parameter are in good agreement with the
experimental results available and Other theoretical studies. From the electronic band structure
along with total and projected DOS, we conclude that FeNi shows metallic nature with a significant
contribution of 3d-Fe and 3d-Ni states to the total electronic density of states. In addition, studies
on the Thermodynamic properties of FeNi alloys indicate that The volumetric thermal expansion
coefficient is an important parameter to measure the thermal stability of the alloy.

FeNi alloy always has the smallest volumetric thermal expansion coefficient at the same
temperature and pressure, indicating that this alloy has the best thermal stability. shows the Debye
temperature versus temperature at different pressures of FeNi alloys.where the FeNi alloy has a
high Debye temperature at high temperature, indicating that this alloy has the highest melting point
at normal pressure.

(1) Pandya, N. Y., Mevada, A. D., & Gajjar, P. N. (2016). Lattice dynamical and thermodynamic properties
of FeNi3, FeNi and Fe3Ni invar materials. Computational Materials Science, 123, 287- 295.
2 Mishin, Y., Mehl, M. J., & Papaconstantopoulos, D. A. (2005). Phase stability in the Fe—Ni system:
Investigation by first-principles calculations and atomistic simulations. Acta materialia, 53(15), 4029-4041.
3 Pandya, N. Y., Mevada, A. D., & Gajjar, P. N. (2016). Structural, Vibrational and Electronic
properties of FeNi. Materials Today: Proceedings, 3(9), 3012-3017.
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Abstract:

Excellent mechanical properties make carbon steel (A60) an essential material which is used in
various fields, including maritime and petroleum sectors A60 steels are easily corroded in acidic
environments, mainly in hydrochloric acid used for industrial pickling, acid scaling, cleaning and
acidification of oil wells. The annual cost of losses could be estimated at several billion dollars. Although
many solutions such as coatings and deposits were proposed to prevent metals from corroding, the use of
corrosion inhibitors remains among the best and most effective means  Corrosion inhibitors are
distinguished by their high adhesion capacity on metal surfaces. The rate of corrosion is immediately
reduced when the inhibitor is added since it quickly prevents corrosion .

The choice of inhibitors to be studied must be made according to three essential criteria, namely,
its richness in antioxidants, its abundance in nature and its cost. The inhibitors used in this work are extracts
of Ginger and Turmeric plants.

Characterization methods such as gravimetric technique (mass loss) and electrochemical technique
(potentiodynamic polarization) were used to measure corrosion rates.

For the Gravimetric Technique, it determines the mass loss. Measurements of mass loss (m) in a
surface sample (S) during a time of immersion (t) in a corrosive solution at constant temperature.

The aggressive medium is hydrochloric acid 1,5 M solution to which various concentrations of
ginger and turmeric powder are added as inhibitors.

The current-voltage curves confirm the indications given by the evolution of the corrosion
potential as a function of time and those of the lost mass; estimate the corrosion rate and the influence of
the inhibitor on each of the anodic and cathodic elementary reactions of the working electrode. This method
determines accurately the electrochemical parameters of a metal in contact with an electrolyte, namely:
current density (icor), COrrosion potential (Ec.), Tafel slopes (B, andp ) and polarization resistance (R»).

The obtained results have direct implications on the development of corrosion-resistant materials and on
the design of protection solutions. This research may allow a better understanding of the complex
interactions between materials and their corrosive environment, and may help to innovate in corrosion
prevention and improve material durability.
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Abstract: Contents in major elements (gold, silver, copper) could be checked, even in ancient
times (by touchstones for example), many other elements are present in ancient gold coins at
low contents. They come from: The gold ore (type of ore, provenance) / Gold recycling /

Alloying of gold with silver and copper (which contain their own impurities)

The contents in major, minor and trace element may inform us on the coins production and on

the questions of gold provenance “stocks” of gold used. So we wonder what the method is
used to determine the quality of the minted alloy: proportion of precious metals such as gold?
And how can we analyze gold coins and what are they used for?

- How purified is gold? What is the standard of purity?
- How was gold debased? Could debasement remain more or less hidden (colour, weight,

volume)?

- Were different series of gold coins struck from the same gold stock? Was a series of coins
melted down to strike a new series of coins?

Detection of gold alloy through Elemental analysis, Isotopic analysis and Metallography;
There are historical stages in which gold was not purified to a large extent, being limited to
recycling of used gold, especially with the decline of sources of raw gold in nature.

Due to the expansion of the old empire, limited sources of raw gold, and the lack of sufficient

mints to mint gold coins, other elements were added to the raw gold alloy in order to fill the
shortage, particularly with regard to the payment of salaries, nobles and military leaders.

In later periods the emphasis was on gold and silver alloys in varying proportions of up to

70%.

From the archaeo-numismatics study, we will be able to know about coins analysis:

e Elemental analysis
Qualitative / Semi-
guantitative / Quantitative/
Destructive / Non-
destructive/

e Isotopic analysis
Mostly the determination of the ratios
between the 4 stable isotopes of lead.
For provenance studies: comparison of
samples of the same type or with
geological data (ores).

e Metallography

Destructive: ~ study  of
polished Cross-sections,
Information  about  the

micro-structure of the alloy.
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In all cases, Analysis are not carried out for themselves, A clear historical/archaeological question needs
to be defined prior to the analysis for determining which method would be adapted, its cost and
availability, if it is invasive/destructive or not, The interpretation should rely on the analytical results.

Through our research, we found that; Determination of the alloy quality of the minted alloy (proportion

of the precious metals, at least gold)

Byzantine gold coins 491 to 1180 lead for tracing the additions of silver metal to gold® :

(1) Morrisson, C. et al. L’or monnayé¢ I. Purification et altérations de Rome a Byzance. (Ed. du CNRS,

1985).

Lead is a usual impurity of silver metal obtained with cupellation
(0.1-1 % Pb in silver)

W (2) (3)

unalloyed Gold-silver Addition of silver
" {purified) gold alloy without lead then silver and copper
% Cu 1.000 (unrefined native gold) to gold
0 ¢ 5%<Ag<30% 30%<Ag<73%
) 1 (‘;)
00t
3 4
80 g
00 " 1,000
U (1) 2)
40 ! 0 y szl .
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