Deanship of Graduate Studies
Al-Quds University

Synthesis, Magnetic Properties, and Crystal Structures of
Magnetocaloric Materials in the System (Mns;Ge3),(MnFe4Sis);_4

Kinan Khaled Jameel Al-Namourah

M.Sc. Thesis

Jerusalem — Palestine
1440/ 2019



Synthesis, Magnetic Properties, and Crystal Structures of
Magnetocaloric Materials in the System (Mns;Ge3),(MnFe4Sis);_4

Kinan Khaled Jameel Al-Namourah
Physics Department, Al-Quds University, Palestine

Supervisor

Prof. Salman M. Salman
Physics Department, Al-Quds University, Palestine

Co-Supervisors

PD Dr. Karen Friese

Julich Centre for Neutron Science-2, Forschungszentrum Julich, Germany
Dr. Jorg Voigt

Julich Centre for Neutron Science-2, Forschungszentrum Jilich, Germany

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree
of Master of Science in Physics, Faculty of Graduate Studies, at Al-Quds
University

Jerusalem — Palestine
1440/ 2019



Al-Quds University

Deanship of Graduate Studies

Physics Program / Physics Department

Thesis Approval

Synthesis, magnetic properties and crystal structures of magnetocaloric
materials in the system (Mns;Ges),(MnFe,Si3);_

Prepared by: Kinan Khaled Jameel Al-Namourah
Registration No.: 21612584

Supervisors:

Prof. Salman M. Salman, Physics Department, Al-Quds University, Palestine
PD Dr. Karen Friese, Julich Centre for Neutron Science-2, FZJ, Germany
Dr. Jorg Voigt, Julich Centre for Neutron Science-2, FZJ, Germany

Master thesis submitted and accepted, Date: 15/05/2019
The names and signatures of the examining committee members:

Head of Committee: Prof. Salman M. Salman Signature: .= .M & b—
Internal Examiner: Prof. Musa Abu Tair Signature: /.,.\.,.{;;z;__

External Examiner: Prof. Mustafa Abu Safa Signature: ........ . %

Jerusalem - Palestine
1440/ 2019



Dedication

| lovingly dedicate this thesis to my great parents for their endless love, support and
encouragement. To my sisters Reem and Sujoud. To my brothers Tammam and Qassam.

To my nieces Raheeq and Rawasy.

Kinan Khaled Jameel Al-Namourah



Declaration

I, Kinan Khaled Al-Namourah, declare that this thesis “Synthesis, magnetic properties and
crystal structures of magnetocaloric materials in the system (MnsGes),(MnFe,Siz);_”
and the work presented in it are my own and have been generated by me as the result of
my own original research and that they have not been submitted earlier elsewhere.

I confirm that this work was done under the supervision of Prof. Salman M. Salman from

the Physics Department, Al-Quds University, Palestine, and PD Dr. Karen Friese from the
Julich Centre for Neutron Science-2 (JCNS-2), Forschungszentrum Jilich, Germany*.

Kinan Khaled Jameel Al-Namourah

Jerusalem — Palestine
1440/ 2019

*This project is part of a collaborative effort under the framework collaboration between FZ-Jiilich
Research Centre, Germany, and Alquds University, Palestine, and coordinated by Karen Friese,
Julich Centre for Neutron Science JCNS-2 and Salman M. Salman from the institute of Physics
and Director of Alquds Jilich Cooperation Program at Alquds University. The research is partially
funded through a grant by the German ministry of Education for the project “Spin-Lattice
Coupling in Magnetocaloric Materials” No. PALGER2015-34-011.

#) JOLICH

FORSCHUNGSZENTRUM




Acknowledgments

First of all, I wish to express my gratitude to the Almighty Allah for providing me the chance
to make this thesis possible.

It is a pleasure to express my thanks and gratitude to everyone who supports, encourages and
wishes the best for me.

| would like to thank my supervisor from Al-Quds University Prof. Salman M. Salman for his
guidance during my university studies and providing the chance to conduct the practical part
of this thesis within the framework collaboration between Al-Quds University and Research
Centre Julich.

Special thanks to my supervisors from Research Centre Julich PD Dr. Karen Friese for her
guidance, advices and improvement of my skills in writing; and Dr. Jorg Voigt for his
assistance and the valuable discussions of the magnetization part which lead me to a better
understanding. | extend my gratitude to Prof. Thomas Brickel for giving me the opportunity
to perform the work in his institute.

Thanks to Jorg Persson for his help in preparing the samples. | would also like to express my
deepest gratitude to the JCNS group for their kind support throughout my thesis work. They
helped me to perform the measurements, and they were always helpful whenever | faced any
problem, in particular | would like to thank Markus Herrmann for his help. | would also like
to thank Dr. VVolker Nischwitz from ZEA-3 for performing the chemical analysis.

Special appreciation for RWTH University to make the PW1050 diffractometer (MOPS)
available to perform X-ray diffraction on my samples. | especially thank Marlies Reher for
her help to do that.

Finally, my grateful thanks go to my parents, sisters and brothers for standing with me,
providing the support when needed and calling Almighty Allah in their prayers to give me the
highest level of success. Thanks to my extended family and my friends for their best wishes.
Many thanks to anyone who taught me anything.

This thesis was supported through the project MagCal, co-financed by the Federal Ministry
for Education and Research (BMBF, Germany) and the Palestinian Ministry of Education.

Kinan Khaled Jameel Al-Namourah



Abstract

The polycrystalline samples of several compositions in the system (MnsGes)y(MnFe,Siz);_x
with x = (0.2, 0.4, 0.6, 0.8) were prepared using cold crucible induction melting. Chemical
analysis was performed using iCAP 7600 ICP-OES, in order to make sure that the synthesized
compounds have the correct stoichiometry, and to confirm that the synthesize process was
going well.

The crystal structures of these magnetocaloric compounds were investigated by performing
X- ray powder diffraction using two types of diffractometers. Using the LeBail and Rietveld
refinement, two main phases were detected in all samples. The volumes of the unit cell of the
samples decrease with decreasing x parameter in the two phases. However, an unusually large
value was observed at x = 0.2 for one of the phases. The polycrystalline samples x = 0.8 and
0.6 have a preferred orientation in the direction [0 0 1].

The magnetic properties of the compounds in the system (MngGes)y(MnFe,Siz);_x were
investigated using a PPMS. Mass magnetization measurement as a function of temperature
(isofield magnetization measurements) and magnetic field (isothermal magnetization
measurements) were performed. The transition temperatures for all samples were different
under field cooling compared to field warming. All samples showed a thermal hysteresis. The
transitions were observed at temperatures slightly above the room temperature. The maximum
transition was for the x = 0.6 composition at around 331 K for field cooling and around 337 K
for field warming. From effective paramagnetic moment values, we conclude that we did not
inter the Curie-Weiss regime.
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