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MESSAGE

I am very pleased to note that a National Conference on Materials at Extreme
Conditions (MAX 2025) is being organized at Indira Gandhi centre for Atomic
Research, Kalpakkam, Tamil Nadu during 27-29 March 2025.

Materials exposed to extreme temperatures, pressures, radiation, and
corrosive environments demand innovative research to ensure safety, reliability, and
efficiency. The role of innovative materials in advancing energy security and national
technological progress cannot be overstated. Through insightful discussions and
collaborations fostered by this conference, I am confident that we will witness
significant contributions that shape the future of materials science and its
applications in high-performance domains.

I commend the organizers for bringing together esteemed experts and young
researchers, providing them with an excellent forum to present their findings and
foster collaborations. I extend my best wishes for a highly productive and successful
conference.
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MESSAGE

I am pleased that the National Conference on Materials at Extreme
Conditions (MAX 2025) is being held from March 27-29, 2025, at our Centre i.e.
Indira Gandhi Centre for Atomic Research, Kalpakkam. This conference provides a
crucial platform to discuss the latest advancements in materials science, with a
special emphasis on understanding and utilizing materials under extreme
conditions such as high pressure, extreme temperatures, strong magnetic fields,
and radiation. These materials play a vital role in nuclear energy and advanced

manufacturing, making research in this area more important.

The conference will feature a diverse range of presentations covering
advanced structural materials, high-entropy alloys, radiation-resistant materials,
novel composites, superconductors, pressure-temperature phase diagrams,
transition mechanisms and advanced characterization techniques. The exchange
of knowledge and ideas will undoubtedly contribute to the ongoing pursuit of

resilient and high-performance materials for next-generation applications.

I extend my best wishes for academically enriching discussions and a

successful conference. To all outstation participants, I hope you have a pleasant

\

(C.G. Karhadkar)

stay on campus and enjoy the serene surroundings.
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Dr. (Prof.) Sandip Dhara, FRSC, FinstP, SMOptica
Director, Materials Science Group

Sr. Professor, Homi Bhabha National Institute
Indira Gandhi Centre for Atomic Research,
Kalpakkam 603 102,Tamil Nadu, INDIA

Government of India

Message

It gives us immense pleasure to extend a warm welcome to all delegates of National
Conference on Materials at Extreme Conditions (MAX-2025). At Materials Science
Group, IGCAR, we pursue basic research in front line areas of Materials Studies at
Extreme Conditions. The research areas include studies on radiation induced defects
and their influence on physical properties, structural and electronic phase transitions
at high pressures and low temperatures, as well as theoretical studies. At center level,
Materials and Metallurgy Group with whom we complement our materials research,
study structural materials at high temperature and also for post-irradiation
characterization. Hence, it is very apt that the conference devoted to Materials Studies

at Extreme Conditions is being held in this centre.

I am particularly happy that it is the first national conference on studying
material at extreme conditions is being held at our Centre. The conference theme,
being specialized, has drawn the attention of expert professionals from National

Institutes, Premier Academic Institutes and Universities.

I wish that all participants, especially the students, will appreciate the essence
of this field and benefit from the scientific deliberations during the conference, leading

to inter-institutional collaborations.

With my best wishes and personal regards,

With best regards,

i
(SANDIP DHARA)
Chairman, Organization Committee, MAX-2025



<t. srerdrer T , AT ATRETA-H i <

By it TTHTY Sy 3
SEIT, ST 32T i artnwx:netoﬁa 102 aﬁam%m ke
. oA >
Thae Ud i, wifas &, (9fee) g :
@-;ﬁ U@q T - GOVERNMENT OF INDIA
HHT qE DEPARTMENT OF ATOMIC ENERGY
Dr. Awadhesh M ani, Scientific Officer —H INDIRA GANDHI CENTRE FOR ATOMIC RESEARCH

. P KALPAKKAM 603 102, TAMIL NADU, INDIA
Head, Condensed Matter Physics Division, ‘

Professor & Dean,(Academic), Physical
Sciences, Homi Bhabha National I nstitute

MESSAGE

Dear Participants

It is with immense pleasure | welcome you to the National conference on Materias at Extreme
conditions (MAX-2025) being held at Indira Gandhi Centre for Atomic Research, Kalpakkam. |
thank IGCAR management for the valuable support that led to this conference.

This conference aims to bring the expert scientists, academicians and young researchers al
together to exchange knowledge on how various materials behave under high temperatures,
pressures, radiation, and magnetic field. We foster a discussion on enhancement of experimental
techniques and computational models, refining our ability to predict and develop next-generation
materials. | look forward to scintillating technical sessions on materia resilience, quantum
materials, multifunctional materials and much more. | believe, this conference will help

advancing scientific understanding and technological innovations.

We are redly grateful to BRNS, 1IM and MRSI for the financial and al-round support. | thank
al the authors and participants for their contributions and wish the delegates a scientifically

satisfying experience.

,‘,It,_.,}?v((g/,‘ Meaw_

(Awadhesh Mani)
Convener, Organization Committee, MAX-2025
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Program Schedule: MAX-2025

Time

Hall-1 (Sarabhai Auditorium,
Ground Floor Homi Bhabha Building)

Time

Hall-2 (Blue Room, Ground Floor Homi Bhabha
Building)

Day 1 (27 March 2025, Thursday):
Materials at HP, HT, Related Computation

10:00 - 10:30

Inaugural Function

10:30-11:15
(IT-01)

Keynote Address: Prof. Chandrabhas Narayana,
RGCB, Thiruvananthapuram
Finding New Topological Insulators Using Pressure

11:15-11:45

High Tea

Plenary Talk: Dr. R Divakar, IGCAR,

|

11:45-12:30 | Kalpakkam
(T-02) Materials Behaviour under Irradiation at High-
temperatures
12:30-12:50 Dr. Sanjay Kumar N R, IGCAR, Kalpakkam
(ET-1) Polymorphic structural transition in CdygZn;Te
at high pressure
12:50-13:00 Dr. M. Oj Ajeesh ' .
(0-1) Pressure-induced superconducting and magnetic

phases in UTe,

14:00-14:30 Prof. GD Mukherjee, IISER, Kolkata 14:00-14:30 Dr. C David, IGCAR, Kalpakkam
(IT-03) Halide Perovskites at Extreme Condition iIT-07i Studying radiation damage in nuclear materials by using ion
accelerators
Dr. Aditi Ray/BARC, Mumbai Dr. Gurpreet Kaur, IGCAR, Kalpakkam
14:30-15:00 | Dynamic Compression and Phase Change: 14:30-14:50 | Effect of Pressure on Symmetry Breaking Transition in
(IT-04) The Fascinating Realm of Solids Under Extreme (ET-3) Uranium and Uranium Intermetallics
Conditions
Dr. Balmukund Shukla, IGCAR, Kalpakkam M. Muthuganesh
15:00-15:20 | High Pressure Structural Investigation on Uranium 14:50-15:00 | Capsule and sample holder for irradiation of a-tig and tig weld
(ET-2) Oxide Compounds (0-7) Jjoint specimens of wrapper (D9) to foot (SS316LN) of PFBR
fuel sub-assembly in FBTR
Suvashree Mukherjee Argha Dutta
15:20 -15:30 . L . 15:00-15:10 ) .
Pressure induced emission enhancement in vacancy Study of Depth-Dependent Microstructural Changes in
0-2) . : (0-8) .
ordered halide double perovskite Cs,TeClg Oxygen Irradiated Nb-1Zr-0.1C Alloy
15:30-15:40 D1.~. Anand Kumar P ' 15:10-15:20 Dr. Sl.le).’ Sen . o
(0-3) High Pressure XRD studies on Hoy /Euy MnQOs (0-9) Investigations on phase transformation and ion induced
luminescence in Eu doped ZrO,
. Dr. Arpita Aparajita A N . . Dr. Sagar Sen
15'?3:{3'50 Behaviour of molybdenum diphosphide at high 15(%)__11 g) 30 Tailoring Structural, Electronic, and Magnetic Properties of
pressure CoFe,0, Thin Films using Swift Heavy lons Irradiation
15:30-15:40 | Dr. Saurabh Mukherjee
(0-26) Positron maker: Intense positron facility at Dhruva Reactor
16:00-16:15 Coffee/Tea Break 16:00-16:15 Coffee/Tea Break
Dr. Ashok K. Arya, BARC, Mumbai Dr. Vinita Grover Gupta, BARC Mumbai
16:15-16:45 o o . 16:15-16:45 ; o .
(IT-05): Ab-initio Characterl.zatlo'n of ngh Pressure . (IT-08) Unde.rstqndtng radiation response of ceramics for nuclear
Phase Transformations in CaTiSiOs and U,_,Th,SiO, applications
Dr. K Suresh
16:45-17:15 | Dr. Sharat Chandra, IGCAR, Kalpakkam 16:45-16:55 | Indigenous Development of electronics and control
(IT-06): Search for Superhard Carbides using DFT (0-11) instrumentation for lon accelerator based radiation damage
studies and materials research
Dr. Sunil kumar D Dr. Ramcharan Meena
17:15-17:25 | Characterization and fabrication of metal matrix 16:55-17:05 | Structural and microscopic studies of ion-irradiated
(0-5) composites from machinery shop waste metal chips via (0-12) NASICON(Na;Zr,Si,PO,,) ceramics
friction stir processing
Dr. Ramesh Kumar Rishvana Parveen
17.%(5)-16;.35 First Principle Study of Topological Phase in YPdBi 17(2)5_-11:;7) 15 Investigation of radiation tolerance in ceramic composite and
Material non-composite materials
17:15-17:25 Dr. Dipak Kumar Baisnab
(0-14) Design and Development of a High-Heat-Load Target Holder

for the Medical Cyclotron Facility at VECC




Day 2 (28 March 2025, Friday)
(LT, HT, Magnetic Field, Related computation)
Plenary Talk Dr. Awadhesh Mani, IGCAR, Kalpakkam
10:00-10:45 | nvestigation on the evolution of ground states of selected novel
IT-09) systems under high pressure and high magnetic field at low
temperatures
Dr. Edward Prabu, IGCAR, Kalpakkam
10:45-11:05 . S
Quantum transport signatures of Topological insulators (TI) at
(ET-4) .
low temperatures and magnetic fields
Dr. Narender Budhiraja
11:05-11:15 | Unveiling the low-temperature properties of CuO nanosheets:
(0-15) Modulating morphology, and crystallography for enhanced
optoelectronic performance
Prof. A Sundaresan, JNCASR, Bengaluru 11:30-12:00 | Dr. K N Uttam, Univ. of Allahabad, Prayagraj
11:30-12:00 | High-Pressure and High-Temperature Synthesis of aT-12)
IT-10) Quantum Materials
Dr. Mukhtiyar Singh, DTU, Delhi 12:00-12:20 | Dr. Gayathri N Banerjee, VECC, Kolkata
12:00-12:20 | Existence of dual topological phases in Sn-based ternary (ET-7) Tailoring ion irradiation for radiation damage
(ET-5) chalcogenides studies of nuclear structural materials
Dr. Rajesh Arun Joshi 12:20-12.30 | Ran Vijay Kumar
12:20-12:30 | Effect of Annealing on Physicochemical and Optoelectronic (0-21) ;Y-RZIJ’/ f?g???ggp eztgf?;fg{ ]\(;f Neutron
(0-16) Properties of Polyaniline Thin Films rradiate an
12:30-12:40 | Dr. Sanatan Nath
Dr. Reshma P R (0-22) Structural, Optical and Temperature Dependent
12:30-12:40 | Temperature dependence of Fano effect in optical phonon mode of Ionic Conductivity Study of Green Chemical
(0-17) V05 nanoparticles Synthesized Copper Sulphide Nanostructures in
PVA Matrix
14:00-14:30 Prof. A. Thamizhavel, TIFR, Mumbai 14:00-14:30 | Dr. Debdulal Kabiraj, IUAC, New Delhi
-(IT-ll). Anisotropic Magnetotransport and Quantum Hall Effect in Bulk (IT-13) Nano-scale evolution under swift heavy
Semimetallic Single Crystals ion induced thermal spike
Dr. Vinod K /IGCAR, Kalpakkam Dr. Amirthapandian S, IGCAR,
14:30-14:50 | Magnetic/magneto-caloric studies on LasNiMinO based double 14:30-14:50 | alpakkam ,
_ ; First experimental results from In-situ lon
(ET-6) perovskites (ET-8) /
Irradiation and Imaging with SEM (i
SEM) Facility
Dr. Pallati Naresh Abhilash Dwivedi
14:?;)'113:00 Thermal, Anti-bacterial and Structural analysis of bioactive 14:50-15:00 | Jncr ease l'fT Hydr 0..¥tatic Limit of Pressure
(0-18) glassy materials and their applications (0-23) Transmitting Medium Methanol -Ethanol
with Temperature
Dr. Manan Dholakia
S Sureshbabu
15:00-15:10 Experi 11 o Hot Tensile P . Mel 15:00-15:10 | A hybrid MC-MD Approach to study the
(0-19) xperimental Investigation on Hot Tensile Properties of Melt- (0-24) irradiation behavior of Iron Phosphate
in Mode Plasma Arc Welded Inconel 625 Alloy Sheets Glasses
Bidisha Mukherjee Dr. Pardhu Yella
15(3)_-21 3;20 Soft mode induced structural phase transition in Ba,ZnTeOy at 15'1)0-21 55 20| Nanoindentation studies on ordered and
high pressures (0-25) disordered iron aluminides




Day 3 (29 March 2025, Saturday)
(Radiation,Defects &Related computation)

10:00-10:30 Dr. R Govindaraj, IGCAR, Kalpakkam
P Defects studies in reactor structural materials and

(IT-14) Novel oxides using Advanced Nuclear Techniques

10:30-10:50 Dr. Sinu Mathew, M. G. Univ, Kerala
S Focused Helium ion beam tailoring of luminescence in

(ET-09)

hexagonal boron nitride (h-BN)




Invited Talks

SL No. Title Affiliation P;%"'
IT-1. Finding New Topological Insulators Using R?JIV Gandhi Centre for
Biotechnology,
Pressure Thiruvananthapuram 2
Prof. Chandrabhas Narayana p ’
Kerala
IT-2. | Materials Behaviour under Irradiation at High- | Indira Gandhi Centre for
temperatures Atomic Research,
Dr. R Divakar Kalpakkam
IT-3. Halide Perovskites at Extreme Condition Indian .Instltutes of Science 3
. Education and Research,
Prof. G D Mukherjee
Kolkata
IT-4. | Dynamic Compression and Phase Change: 4
The Fascinating Realm of Solids Under Bhabha Atomic Research
Extreme Conditions Centre, Mumbai
Dr. Aditi Ray
IT-5. | Ab-initio Characterization of High Pressure 5
Phase Transformations in CaTiSiOs and Bhabha Atomic Research
U,Th,SiO, Centre, Mumbai
Dr. Ashok K. Arya
IT-6. Search for Superhard Carbides using DFT Indlra' Gandhi Centre for 6
Atomic Research,
Dr. Sharat Chandra
Kalpakkam
IT-7. | Studying radiation damage in nuclear materials | Indira Gandhi Centre for 7
by using ion accelerators Atomic Research,
Dr. C David Kalpakkam
IT-8. | Understanding r.aduimon response of ceramics Bhabha Atomic Research 8
for nuclear applications Centre. Mumbai
Dr. Vinita Grover Gupta ’
IT-9. | Investigation on the evolution of ground states Indira Gandhi Centre for 9
of selected novel systems under high pressure !
. . Atomic Research,
and high magnetic field at low temperatures Kalpakkam
Dr. Awadhesh Mani P
IT-10. | High-Pressure and High-Temperature Jawaharlal Nehru Centre for 10
Synthesis of Quantum Materials Advanced Scientific
Prof. A Sundaresan Research, Bengaluru
IT-11. Anlsot'roplc Magne"totransport' and Quantum Hall Tata Institute of Fundamental 11
Effect in Bulk Semimetallic Single Crystals Research. Mumbai
Prof. A. Thamizhavel ’
IT-12. Dr. K N Uttam Unlversn'ty. of Allahabad,
Prayagraj
IT-13. | Nano-scale evolution under swift heavy ion Inter University 12
induced thermal spike Accelerator Centre, New
Dr. Debdulal Kabiraj Delhi
IT-14. | Defects studies in reactor structural materials 13

and Novel oxides using Advanced Nuclear
Techniques
Dr. R Govindaraj

Indira Gandhi Centre for
Atomic Research,
Kalpakkam




Expert Talks

SL No. Title Affiliation P;%"'

Polymorphic structural transition in Cdy9Zng;Te | Indira Gandhi Centre for

ET-1. | at high pressure Atomic Research, 15
Dr. Sanjay Kumar N R Kalpakkam
High Pressure Structural Investigation on Indira Gandhi Centre for

ET-2. | Uranium Oxide Compounds Atomic Research, 16
Dr. Balmukund Shukla Kalpakkam
Effect. (.)f P?essure on Symmetry 'Breakmg Indira Gandhi Centre for
Transition in Uranium and Uranium .

ET-3. . Atomic Research, 17
Intermetallics Kalpakkam
Dr. Gurpreet Kaur P
Quantum transport signatures of Topological . .
insulators (TI) at low temperatures and magnetic Indlra. Gandhi Centre for

ET-4. . Atomic Research, 18
fields Kalpakkam
Dr. Edward Prabu P
Existence of dual .topological phases in Sn-based Delhi Technological

ET-5. | ternary chalcogenides Universitv. Delhi 19
Dr. Mukhtiyar Singh v
Magnetic/magneto-caloric studies on La,NiMnOg Indira Gandhi Centre for

ET-6. | based double perovskites Atomic Research, 20
Dr. Vinod K Kalpakkam
Tailoring ion irradiation for radiation damage .

. . Variable Energy

ET-7. | studies of nuclear structural materials Cvelotron Centre. Kolkata 21
Dr. Gayathri N Banerjee Y ’
First experimental results from In-situ Ion . .
Irradiation and Imaging with SEM (i* SEM) Indlra. Gandhi Centre for

ET-8. - Atomic Research, 22
Facility Kalpakkam
Dr. Amirthapandian S P
Focused Helium ion beam tailoring of .

ET-9. | luminescence in hexagonal boron nitride (h-BN) Mahatma Gandhi 23

Dr. Sinu Mathew

University, Kerala




List of Oral Presentations

SL Title/ Authors Affiliation of the Page.
No. presenter No.
O-1. | Pressure-induced superconducting and magnetic phases in | Indian Institute of
UTe, Technology Palakkad,
India 25
M. O. Ajeesh, J. D. Thompson, E. D. Bauer, F. Ronning,
S. M. Thomas, and P. F. S. Rosa
0-2. | Pressure induced emission enhancement in vacancy ordered | Indian Institute of
halide double perovskite Cs,TeClg Science Education and
Research Kolkata, 26
Suvashree Mukherjee, DebabrataSamanta, and Goutam West Bengal
Dev Mukherjee
0-3. | High Pressure XRD studies on Hog4EuysMnO; Indira Gandhi Centre
for Atomic Research, 27
P Anand Kumar, R. M. Sarguna, V. Srihari and N R Kalpakkam
Sanjay Kumar
0O-4. | Behaviour of molybdenum diphosphide at high pressure Indira Gandhi Centre
for Atomic Research,
Arpita Aparajita A N, G. Shwetha, N. R. Sanjay Kumar, | Kalpakkam 28
V. Srihari, Awadhesh Mani
0-5. | Characterization and fabrication of metal matrix National Institute of
composites from machinery shop waste metal chips via Technology Silchar,
friction stir processing Assam, 29
Krishnalal M S, Sunilkumar D
0-6. | First Principle Study of Topological Phase in YPdBi Guru Jambheshwar
Material University of Science 30
Sanjeev, Mukhtiyar Singh and Ramesh Kumar & Technology, Hisar
0O-7. | Capsule and sample holder for irradiation of a-tig and tig Indira Gandhi Centre
weld joint specimens of wrapper (D9) to foot (SS316LN) for Atomic Research,
of pfbr fuel sub-assembly in FBTR Kalpakkam
M. Muthuganesh, P. Vasantharaja, Ashish Kolhatkar, 31
Rajesh Saxena, Ran Vijay Kumar, M. S. Rao, P. K.
Chaurasia, V. Karthik, S. Joseph Winston and M.
Vasudevan
0-8. | Study of Depth-Dependent Microstructural Changes in Variable Energy
Oxygen Irradiated Nb-1Zr-0.1C Alloy Cyclotron Centre,
Kolkata 32
Argha Dutta, N. Gayathri, P. Mukherjee, P. Karmakar, V.
Naik
0-9. | Investigations on phase transformation and ion induced Indira Gandhi Centre
luminescence in Eu doped ZrO, for Atomic Research,
Kalpakkam 33
Sujoy Sen, Vikas Singh Gahlot, S.K. Srivastava,
P.Jegadeesan, B. Sundaravel, S. Amirthapandian
0-10. | Tailoring Structural, Electronic, and Magnetic Properties of | Maharaja Bhoj Govt.
CoFe,0,4 Thin Films Using Swift Heavy lons Irradiation P.G. College Dhar, 34

Madhya Pradesh




Sagar Sen, Ambrish Dwivedi, Yksh Gupta, Sourav
Chowdhury, Jayjit Kumar Dey, Moritz Hoesch, Sanjay
Kumar Upadhyay, Keval Gadani, Anil Gome, V.R. Reddy,
Ratnesh Gupta

O-11. | Indigenous Development of electronics and control Indira Gandhi Centre
instrumentation for Ion accelerator based radiation damage | for Atomic Research,
studies and materials research Kalpakkam 36
K. Suresh, J.Navas, R.Govindaraj, C.David, S.K.Dhara,
0O-12. | Structural and microscopic studies of ion-irradiated Inter-University
NASICON (Na;3Zr,Si,PO,,) ceramics Accelerator Center,
. 37
New Delhi
Ramcharan Meena, Rajendra Singh Dhaka
0-13. | Investigation of radiation tolerance in ceramic composite University of
and non-composite materials Petroleum and Energy
Studies (UPES), 38
Rishvana Parveen, Parswajit Kalita, Rakesh Shukla, Dehradun
Vinita Grover, Sanjay Kedia, D.K. Avasthi
0-14. | Design and Development of a High-Heat-Load Target Indira Gandhi Centre
Holder for the Medical Cyclotron Facility at for Atomic Research,
VECC Kalpakkam
39
Dipak Kumar Baisnab, Binoy Kumar Maji,
B. Sundaravel, C. David, P. Lijukrishnan, Indranil Banerjee
and Vinod V, N. Gayathri and Paramita Mukherjee
0O-15. | Unveiling the low-temperature properties of CuO Satish Chander
nanosheets: Modulating morphology, and crystallography Dhawan Government
for enhanced optoelectronic performance College, Ludhiana, 40
Punjab
Narender Budhiraja, Krishna Begari, Rakesh K. Sonker
0-16. | Effect of Annealing on Physicochemical and Toshniwal Arts,
Optoelectronic Properties of Polyaniline Thin Films Commerce and
Science College, 41
Karan K. Rathod, Jayesh R. Pawar, Munjaji E. Dudhmal, Sengaon Dist. Hingoli,
Rajesh A. Joshi Maharashtra
0-17. | Temperature dependence of Fano effect in optical phonon Indira Gandhi Centre
mode of V,0s5 nanoparticles for Atomic Research,
42
Kalpakkam
Reshma P R, Arun K Prasad, Sandip Dhara
0O-18. | Thermal, Anti-bacterial and Structural analysis of bioactive | Osmania University,
glassy materials and their applications Hyderabad, Telangana
44
Pallati Naresh, D.Sreenivasu, K. Siva Kumar, Aravind
Seema, Gangadhar Thalari, Sanjeev Kumar
0-19. | Experimental Investigation on Hot Tensile Properties of Annamalai University,
Melt-in Mode Plasma Arc Welded Inconel 625 Alloy Annamalai Nagar,
Sheets Chidambaram 45
S Sureshbabu, S Rajakumar
0-20. | Soft mode induced structural phase transition in Indian Institute of
Ba,ZnTeOg at high pressures Science Education and
Research Kolkata, 46
Bidisha Mukherjee, MrinmaySahu, Asish Kumar Mishra, | West Bengal

Goutam Dev Mukherjee




0-21.

X-Ray Absorption Spectroscopy of Neutron Irradiated SS
316L and SS316LN

Indira Gandhi Centre
for Atomic Research,

Kalpakkam 47
Ran Vijay Kumar, K. Ashish, V. Karthik, R. Divakar
0-22. | Structural, Optical and Temperature Dependent lonic B. H.College, Howly,
Conductivity Study of Green Chemical Synthesized Copper | Gauhati University
Sulphide Nanostructures in PVA Matrix 48
Sanatan Kr. Nath, P. K. Kalita
0-23. | Increase in Hydrostatic Limit of Pressure Transmitting Bhabha Atomic
Medium Methanol -Ethanol with Temperature Research Centre,
Mumbai 49
Abhilash Dwivedi, Rahul Kaiwart, T. Balaganapathi and
Himanshu Kumar Poswal
0-24. | A hybrid MC-MD Approach to study the irradiation Indira Gandhi Centre
behavior of Iron Phosphate Glasses for Atomic Research, 50
HBNI, Kalpakkam
Manan Dholakia, Shakti Singh and Sharat Chandra
0-25. | Nanoindentation studies on ordered and disordered iron Mahatma Gandhi
aluminides Institute of
Technology, Gandipet, 51
Pardhu Yella, Javed S. Ibrahim, Shivkumar Khaple, Hyderabad
M.J.N.V. Prasad, M. Phani Raj
0-26. | Positron maker: Intense positron facility at Dhruva Reactor | Bhabha Atomic
Research Center,
S. Mukherjee, D. Dutta, H. Chatterjee, M. Deyv, S. Trombay, Mumbai 52

Shrotriya, M. Pande, J. Kumar, T. Singh, P. K. Pujari, K.
Sudarshan




List of Poster Presentations

Title/Authors Affiliation of the Page
Sl. No. .
presenting author No.
Pressure and temperature-induced electron-phonon and | Indian Institute of
spin-phonon coupling in Cr; ¢4 Tey Science Education and
P-1 Research Kolkata, 54
Asish Kumar Mishra, Bidisha Mukherjee, S. Nadia
Thirupathaiah, Goutam Dev Mukherjee
Exploring the Pressure-Dependent Structural Transitions | Bharathidasan
of RE;TM,Sn,; (RE=Sr, Ca and La; TM=Rh) University,
CompoundsThrough Synchrotron X-Ray Diffraction Tiruchirappalli,
P-2. . 55
TamilNadu
Muthukumaran Sundaramoorthy,
Arumugam Sonachalam, Boby Joseph
Unusual pressure-volume behaviour of Hf-Nb-Ta-Ti-V | Bhabha Atomic
high entropy alloy Research Centre,
P-3. Mumbai 56
Nirmal Sharma, K. K. Pandey, H. K. Poswal, Nilabja
K. Sarkar and Nandini Garg
Effect of plastic straining on bcc-hep phase transition on | Bhabha Atomic
p4 | Pure iron: an in situ study Research Centre, 57
’ HBNI, Mumbai
Suraj Kumar, K. K. Pandey, Valery 1. Levitas
Spinel to perovskite transition in the Earth’s lower Indian Institute of
mantle: Implication in Slab Dynamics Science Education and
P-5. 58
Research Kolkata,
Rabindranath Mondal, Swastika Chatterjee Nadia
Structural stability and compressibility behaviour of Indira Gandhi Centre
CeTe, under pressure for Atomic Research,
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Finding New Topological Insulators Using Pressure

Prof. Chandrabhas Narayana
JINCASR, Bangalore & RGCB, Thiruvanthapuram
Email: cbhas@jncasr.ac.in & cbhas@rgcb.res.in

The talk will highlight the new topological quantum phase transitions in binary and
ternary chalcogenides and high z materials under pressures. These include the presence of
Strong/Weak Topological Insulators, Topological Crystaline Insulators, Electronic
Topological Transition materials etc. Pressure tunes the volume of a material and in turn
provides an ideal simulation of chemical pressure, hence these would lead to newer materials
under ambient pressures. To detect these under pressure in presence of a hydrostatic liquid,
we have used Raman spectroscopy and x-ray diffraction under pressure and supported by
theoretical calculations to elucidate the electronic transitions instead off the Angle Resolved
Photo Emission Spectroscopy (ARPES) commonly used as ARPES is not possible to do
under pressure. These materials find applications in spintronic as well as thermoelectric

applications.



Halide Perovskites at Extreme Conditions

Prof. Goutam Dev Mukherjee
IISER Kolkata

Email: goutamdev@jiiserkol.ac.in

It is well known that hydrostatic compression reduces the inter-atomic distances
resulting in distortions in the structural units of a lattice, which induces interesting changes in
the physical properties including novel phase transitions. Sometimes these structural
distortions are beneficial for enhancements of certain physical properties. In recent times the
exploration of energy-harvesting materials for photovoltaic and optoelectronic applications
has inspired intense research interest in the scientific community. In this search, halide-
Perovskites have shown excellent photovoltaic properties. In this talk I shall take examples
of a few lead-free model halide Perovskites and double Perovskites and show that structural

distortions enhance the photoluminescence (PL) in these systems.



Dynamic Compression and Phase Change:

The Fascinating Realm of Solids Under Extreme Conditions

Dr. Aditi Ray
BARC, Mumbai

Email: aray@barc.gov.in

The behavior of solids under extreme dynamic conditions offers an interesting
glimpse into the complex world of phase transformations in response to rapid change in
temperature and pressure. This talk aims to explore how shock loading, or dynamic
compression, alters the structure of solids, inducing new phases not observed under ambient
conditions. Highlighting the limitations of shock waves, the lecture will also discuss the
advantages of isentropic compression for studying structural phase transitions in solids. From
the formation of new crystalline structures to the onset of amorphization and melting, these
phase transitions are not only intriguing from physics point of view, but also crucial for
understanding material performance under extreme thermodynamic conditions as
encountered in many high energy density systems. Using insights of molecular dynamics
simulations and recent experimental results, the talk will delve into unveiling the intricate
relationship between dynamic stress, strain rate and phase transformation dynamics.
Emphasizing the importance of studying dynamic compression induced phase transitions, the
talk will revolve around introducing various high energy density systems, including
hypervelocity impacts, direct irradiation of ultra short laser pulse and extreme thermal
radiations, all of which are integral to advancing material design and progress in

contemporary research.



Ab-initio Characterization of High Pressure Phase

Transformations in CaTiSiO5 and U;_,Th,SiO,

Dr. Ashok Kumar Arya
Formerly with BARC, Mumbai
Email: ashokarya@gmail.com

The most significant components of the Earth’s crust and mantle are silicates.
Mineralogists and crystallographers have long been interested in conducting systematic
studies on these minerals. The behavior of silicates under high pressures (HP) and high
temperatures (HT) has received particular interest, since it is crucial to our comprehension of
crystalline materials in deep-earth geospheres. This talk will focus on Ab-initio
Characterization of high pressure phase transformations in two important silicate materials,
viz., titanite-based CaTiSiOs and zircon based U;4ThsSiO4, In terms of their topological,

mechanical, dynamical and thermodynamic features.



Search for Superhard Carbides using DFT

Dr. Sharat Chandra
IGCAR, Kalpakkam

Email: sharat@igcar.gov.in

Transition metal (TM) carbides and nitrides have many industrial applications due to
their high hardness, high melting point, excellent thermal conductivity, good wear and
corrosion resistance. The exploration of novel phases of TM carbides and nitrides is an
alternative route in the quest for super hard materials as compared to systems formed with
low atomic number elements like cubic boron nitride. The essence of this approach is to have
maximum valence electron charge density, basically contributed by the TM, and forming a p—
d hybridized covalent bond between C and TM respectively. This talk will focus on a review
of the density functional theoretic approaches for understanding the properties of superhard

materials, taking transition metal carbides as the case study.



Studying radiation damage in nuclear materials

by using ion accelerators

Dr. C. David
IGCAR, Kalpakkam
david@igcar.gov.in

The power of ion accelerators in the investigation of radiation damage is attributed to
their ability to assess fundamental processes, achieved through exceptional management of
experimental parameters.The third stage of Indian nuclear power programmefocuses on
advancing the Indian molten salt breeder reactor (IMSBR) as a means to utilize thorium.One
of the major obstacles in the development of molten salt reactors (MSRs) is the corrosion of
primary and structural materials that come into contact with molten salts such as FLiNaK.
Applying a nickel coating to the inner surfaces of primary structural components has emerged
as a method to enhance resistance to corrosion. These nickel coatings in MSRs will also be
subjected to fission neutrons and fission fragments, which can lead to alterations in texture,
changes in surface morphology, and the formation of voids. This presentation covers the
findings from our recent research that provides new perspectives on irradiation-induced

texture changes, as well as void nucleation and growth in nanocrystalline nickel.



Understanding radiation response of ceramics

for nuclear applications

Dr. Vinita Grover Gupta
Chemistry Division, BARC, Mumbai

Email: vinita@barc.gov.in

Understanding irradiation behaviour of materials is important for designing superior
radiation stable materials for applications in industries such as space and nuclear. The
radiation tolerance depends on radiation characteristics, intrinsic properties of material and
external conditions such as irradiation temperature. The materials-specific factors that control
the radiation response include composition, crystal structure, particle size, morphology,
presence of defects/disorder, nature of boding etc. Our group has been involved in research
on radiation response of ceramics such fluorites, pyrochlores, garnets by employing different
ion beams of both high energy (to mimic fission fragments) and low energy (to simulate
alpha recoils). The structures which are either open (fluorites) or have the scope of
absorbing/mitigating the damage by virtue of defect creation and undergoing phase transition
(borderline pyrochlores) exhibit enhanced radiation stability. Enhancing disorder at local
crystal level imparts superior radiation tolerance, exemplified using Nd,Zr,0;. Increase in
average bond ionicity improves radiation tolerance as well. The effect of particle size,
morphology on ceria and stabilized zirconia (YSZ) has been investigated and the results in
both high and low energy regime have been compared. Detailed radiation response of garnet,
Y;Al501, has been compared with fluorite-type structure, and significant guidelines for
ceramics to exhibit radiation tolerance have been established. The talk shall discuss the effect
of radiation energy and crystal structure, microstructure and bonding characteristics of a

materials on its response towards radiation with relevant examples.



Investigation on evolution of ground states of selected novel
systems under high pressure and high magnetic field

at low temperatures

Prof. Awadhesh Mani
Head CMPD, MSG, IGCAR, Kalpakkam

Email: mani@igcar.gov.in

Condensed matter systems are adorned with varieties fascinating ground states. The
thermodynamic parameters such as external pressure (P), temperature (T), and magnetic field
(H) have profound effect on the evolution/transformation/modification of the ground state
properties of these systems. In this talk, I will present our studies on a few selected grounds
(such as FeAs-based superconductors, Bi,Ses-based 3-D topological insulators (TI) and d-
electron based Kondo insulators (KI)) subjected under high pressure & high magnetic field at
low temperatures. The FeAs-system, namely, BaFe;As,, exhibits pressure/chemical
substitution induced superconductivity which emerges at the cost of spin density wave.
Intersecting quantum phenomena and pressure induced superconductivity in Bi,Ses

topological insulators will also be discussed.



High-Pressure and High-Temperature Synthesis of

Quantum Materials

Prof. A. Sundaresan
JNCASR, Bangalore

Email: sundaresan@jncasr.ac.in

High-pressure and high-temperature (HPHT) synthesis is a powerful tool for
discovering novel materials by stabilizing exotic phases that do not form under ambient
conditions. This method is crucial in realizing strongly correlated electron systems,
topological phases, and unconventional superconductors, providing a deeper understanding of
emergent quantum phenomena. Moreover, HPHT synthesis develops next-generation
electronic, spintronic, and quantum information technologies. In this talk, I will illustrate the
effectiveness of HPHT techniques in uncovering new phases and their unique properties

through select examples.
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Anisotropic Magnetotransport and Quantum Hall Effect in

Bulk Semimetallic Single Crystals

Prof. A. Thamizhavel
Chairperson, Condensed Matter Physics & Materials Science, TIFR, Mumbai
Email: thamizh@tifr.res.in

[n the quest for new matenal sysiems, we have identified two interesting systems viz.,
CaCuSb and CaCuyAs, both exhibiting a bhexagonal and rhombohedral crystal
structure respectively. One of the unique features of this crystal structure is that it
possesses Cu-Sband Cu-As conduction layers, respectively. Both these compounds
exhibit highly anisotropic magnetotransport properties thus establishing the quasi-2D
character. The angular dependence of magnetoconductivity and Shubnikov-de Haas
(SdH) also confirmed the 20 nature of the charge camers. High field transport
measurements measured up to 45 T revealed quantized Hall plateaus in the 1/p,,, vs.
I/B plot.
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Nano-scale evolution under swift heavy ion induced

thermal spike

Dr. Debdulal Kabiraj
IUAC, New Delhi
Email: d.kabiraj@gmail.com

While travelling through a material energetic ions lose energy by nuclear (Sn) and electronic
(Se) energy loss. Swift heavy ions (SHI) lose their energy predominantly through Se where
inelastic interactions with electrons takes place on femtosecond time scales. The high density
of energy transfer to the electrons along the ion path leads to local states of intense electronic
excitation. Through electron-phonon coupling, the excited electrons transfer their energy to
atoms, which are rapidly heated, resulting in thermal spike. Beyond a material-dependent
threshold, a collective atomic movement is possible leading to an ion track that is a few
nanometers in diameter and tens of micrometers in length. The ultra-fast thermal spike within
this narrow region creates an extreme condition within a time scale of pico- to nanosecond.
Here we present how nanoscale voids are formed within individual tracks in amorphous Ge
and their size and shape evolve in subsequent ion impacts. And size and shape change of

alloy nano-particles embedded in the silica matrix.
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A few highlights on some Defects studies in Reactor stuctural materials
and Novel oxides using Advanced Nuclear Techniques

Prof. R. Govindaraj
Defects and Damage Studies Division, Materials Science Group
Homi Bhabha National Institute , Kalpakkam - 603102
(govind@jigcar.gov.in)

Asbstract

In addition to positron annihilation spectroscopy (PAS) , which has been established as a
powerful tool to study open volume defects from monovacancy onwards up to voids , other
nuclear techniques such as time differential perturbed angular correlation (TDPAC) and
Mossbauer spectroscopy have also been extensively being utilized in Defects and Damage
studies division of Materials Science Group for the last decades. These techniques have
been employed for in depth studies of defects, defects-solute interactions in reactor
structural materials and for also comprehending defects associated phenomenon in a number
of novel condensed matter systems. In this talk some of the recent representative results on
defects studies in Indian RAFM steel obtained using PAS [1,2 ] will be highlighted in
addition to the discussion on the representative results on the nucleation and growth of
helium bubbles in Zr and Ni obtained using TDPAC and PAS [3,4]. Importance of defects
in affecting magnetic and hence spin polarization properties in Heusler compounds would be
elucidated based on MS results [5,6] . Atomic scale understanding of negative thermal
expansion in zirconium tungstate [7,8] and correlation between charge , spin, orbital
ordering in Lag;Srg3MnO; would also be highlighted based on the results of TDPAC
studies [9,10,11].
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Polymorphic structural transition in Cdj¢Zn,;Te at high pressure

N. R. Sanjay Kumar
Materials Science Group, Indira Gandhi Centre for Atomic Research, A CI of Homi Bhabha
National Institute, Kalpakkam, 603 102, Tamil Nadu, India
sanju(@igcar.gov.in

Abstract: CdyyZnyTe (CZT) has gained a lot of traction with its application in the field of
radiation detectors. In this study, CZT has been investigated using in-situ X-ray
diffraction(XRD) at high pressures up to 22 GPa, and both high pressure and high
temperature (HP HT) up to 5 GPa and 400 °C. CZT adopts zincblende phase at ambient
condition. We have observed the previously unreported cinnabar type phase in CZT at high
pressure. Cinnabar type phase nucleated at 1.8 GPa because of the motion of Te atoms in the
ab-plane of zinc blende CZT and coexisted with the parent phase. The onset of transition to
rocksalt phase took place at 4.7 GPa with successive atomic displacement along a and ¢
direction of the cinnabar type unit cell. The parent phase disappeared at 6.3 GPa, but cinnabar
type phase as a distorted form of rocksalt phase coexisted with the rocksalt phase due to the
comparable energy for both the structures. The mechanism of transitions to cinnabar type and
rocksalt phase is of quasi-reconstructive nature. Further, the rocksalt phase underwent a
displacive transition to an orthorhombic (Cmcm) phase at 10.7 GPa which is accompanied by
expansion along one axis and compression along the other two axes. In the reverse pressure
cycle, the transitions were reversible and sluggish in nature. In the in-sifu high pressure and
high temperature XRD studies, distinct structural hysteresis was observed and the transition
to rocksalt phase was irreversible. At ambient pressure, the zinc blende structure remained
stable up to 400°C. The thermal expansion coefficient of the zinc blende phase and the high
pressure rocksalt phase were estimated to be 23(1) x 10°%°C and 10.2(1) x 10°%°C
respectively.
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Reference: Structural evolution of zinc doped cadmium telluride at high pressure and high

temperature, A. N. Arpita Aparagjita, Balmukund Shukla, P Vijayakumar, N R Sanjay Kumar, S
Ganesamoorthy, V. Srihari and N V Chandra Shekar, Physica Scripta 99 (2024) 105939
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High Pressure Structural Investigation on Uranium Oxide Compounds
Balmukund Shukla”, N R Sanjay Kumar
"Materials Science Group, Indira Gandhi Centre for Atomic Research, HBNI,
Kalpakkam, 603102, Tamil Nadu, India
“bshukla@jigcar.gov.in

Abstract

Ce-doped UO; is an important material in nuclear research because the structural properties
of Ce are similar to those of Pu. This makes Ce-doped UO; a valuable surrogate for studying
the behavior of Pu-doped UO,, which is relevant in nuclear fuel applications and waste
management. Cerium doped UO, samples U;CesO;, (x=0.2, 0.4, 0.6, 0.8) were synthesized
using sol-gel method. U, CecO, retains fluorite UO, structure with decreasing lattice
parameter as Ce content is increased. The decrease in lattice parameter is due to the larger
presence of tetravalent Ce cation than trivalent cations. In-situ high pressure x-ray diffraction
studies were carried out to find out effect of doping Ce and study their compressibility
behavior. These compounds remain in fluorite structure at least up to 25 GPa, beyond which
phase transition to orthorhombic structure is seen. The ambient pressure bulk modulii for x =
(0.2, 0.4, 0.8) in U;_4Ce,O, are 216 (6) GPa, 225 (9) GPa, and 247 (8) GPa, respectively that
indicates consistent increase in the bulk modulus of the material when Ce content is
increased. The behavior of bulk modulus with Ce doping follows lattice parameter i.e.

smaller lattice shows lesser compressibility.
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Topic Code: Computational Materials Science in Extreme Conditions
Effect of Pressure on Symmetry Breaking Transition in Uranium and

Uranium Intermetallics
Gurpreet Kaur™”
"Materials Modeling Section, Defects and Damage Studies Division, MSG, IGCAR, Kalpakkam
"HBNI, Anushaktinagar, Mumbai
Email: gurpreet@igcar.gov.in

Uranium compounds show a variety of interesting properties from a quantum theoretical
point of view. The 5f electrons are on the verge of delocalization and thus the electron
correlations play an important role in deciding the properties of these compounds ranging
from Mott insulating behaviour, valence fluctuation, magnetism to heavy fermions [1]. When
localized, they give rise to the Mott insulating behaviour or the magnetic behaviour and when
delocalized, they lead to heavy fermions and charge and spin density waves. In uranium
intermetallics the behaviour of 5f electrons is affected by bonding with atoms of other
elements. Under an applied external pressure the bonding changes, which can lead to change
in the nature of 5/ electrons. Our density functional theory calculations have verified and
predicted the existence of symmetry breaking transitions in o-Uranium, U,Ti and U,Mo
which is observed as phonon instabilities [2,3]. This transition leads to dimerization of the U
atoms, leading to doubling of the unit cell in one direction. For a-U it is along the a-axis, for
U,Ti along the c-axis and for U,Mo along the h-axis. At ambient pressures the transition is
known to occur at low temperatures. These instabilities are linked to the Fermi surface
topology. It is found increasing the pressure leads to changes in the Fermi surface
suppressing the symmetry breaking transition. There is also a correlation between the
symmetry breaking and U-U bond length in these systems. In the direction of symmetry
breaking, the U-U bond distances are 2.79 A, 2.80 A and 2.78 A for o-U, U,Ti and U;Mo
respectively. For o-U & U,Ti, the prediction has been verified by experiments [4] and for
U;Mo future experiments may confirm these findings. The relationship between the U-U
bond length & the dimerization of U atoms is summarized in table.

U-U (A) U-U A)
Compd. (Original) (Distorted) Facts
a-U 2.79 261,3.13 CDW kpown from
experiments [2]
U,Ti 2.80 258, 3.18 CDW Yerlﬁed by
experiments [4]
U,Mo 2.78 2.70,2.99,2.67 No data available at
low temperatures

Table 1: Summary of the symmetry breaking in a-U, U,Ti and U,Mo.

References

1. A.J. Arko, J.J. Joyce, and L. Havela, “5f-Electron Phenomena in the metallic state” in
‘The Chemistry of the Actinide and Transactinide Elements’ (Springer, 2011), chapter 21,
2307-2379.

2. R. Qiu, H. Lu, B. Ao, T. Tang and P. Chen, Modelling Simul. Mat Sci. Eng. 24 (2016)
055011.

3. Gurpreet Kaur, S. Mathi Jaya and B.K. Panigrahi, J. Alloys and Compds. 730 (2018) 36.
C.R. Stevens, A. Hermann, A. Huxley and D. Wermeille, Phys. Rev. B 109 (2024)
125116

17



Quantum transport signatures of Topological insulators (TT) at low temperatures and

magnetic fields

E.P Amaladassl’z, Shivani Sonil’z, Akhilesh Kumarl’z, P.Aneesl’z, Jegadeesan P! .
Kishore K. Madapul’z, Ramanathaswamy Pandian'?, S. Amirthapandianl’z, Awadhesh
Mani'?

'Material Science Group, Indira Gandhi Centre For Atomic Research, Kalpakkam, 603102
’Homi Bhabha National Institute, Training School Complex, Anushaktinagar, Mumbai,
400094

Abstract

Three-dimensional (3D) topological insulators (TI) are a novel class of materials that host
highly mobile and spin-polarized Dirac fermions in the two-dimensional (2D) conducting
Dirac surface states (SS). Here in this talk, I will be presenting how the magnetotransport
signatures, namely i) the Subnikov-de Haas (SdH) oscillation observed at low temperatures
and high magnetic fields and ii) the Weak antilocalization (WAL) effect observed at low
temperature and weak magnetic field are used to probe the Dirac states. The first part will
discuss the effect of ion irradiation on TI single crystals. Bi; 9Sbg ;Se; single crystals were
irrated with 140 KeV proton beam at different fluences. Lifshitz-Kosovich (LK) analysis of
the Subnikov-de Haas (SdH) oscillationreveals SS characteristics with a Berry phase factor of

~0.6. The oscillation frequency systematically drops from 156 T for the pristine sample to
136 T for the irradiated sample. According to the Onsager relation, this shift in frequency
shows the downward shift of Fermi energy toward the DP. Studies using Raman and TEM
demonstrate irradiating induced compressive strain in the system.To corroborate the effect of
the strain on the 2D Dirac states, we calculated the surface band structure using Wannier
Hamiltonian formalism. A systematic upward shifting of Dirac states upon biaxial
compressive strain is observed in line with the experimental findings. The second part will
address the effect of charge compensation in TI thin films due to the phase-segregated Sb,Se;
phase. Here, the weak antilocalization (WAL) quantum phenomenon, analyzed using the
Hikami-Larkin—Nagaoka equation, is used as aprobe for the SS. The sample with a higher
phase fraction of segregated Sb,Sesexhibits better surface characteristics due to the
compensation of Se-vacancies-induced excess electrons with the p-type Sb,Sesimpurity

phase.
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Pressure Induced Topological Phase Transitions in Sn-based Ternary
Chalcogenides

Dr. Mukhtiyar Singh
DTU, New Delhi
Email: mukhtiyarsingh@dtu.ac.in

It is quite intriguing to investigate the transition from a topological insulator (TI)
phase to topological crystalline insulator (TCI) phase in a material as th

advantage over the former in controlled device applications. Here, we demonstrated
the existence of dual topological phase in ternary chalcogenide PhSnX, (X =S, Se, Te)
using first principles calculations and the green function approach. This family have a
topologically trivial ground state with direct band gaps 0.338 eV, 0.183 eV and 0.235
eV far PbSnS,, PbSnSe, and PbSnTe,, respectively. Under the affect of the applied
hydrostatic pressure of 5 GPa, 2.5 GPa and 3.5 GPa these materials show a
topological phase transition to the topelogical insulator. A further rise in pressure to
5.5 GPa, 3 GPa, and 4 GPa induces another band inversion at the /-point, rendering
these materials topologically trivial again due to an even number of band inversions
in the bulk band structure but the presence of a mirror symmetry around (101)
plane provides symmetry protection to these Dirac cones existing along (121)
surface which confirms the TCI phase in these materials.

19



Magnetic/magneto-caloric studies on La,NiMnOg based double perovskites
Dr. Vinod K

Low Temperature Studies Section, Condensed Matter Physics Division, Materials Science
Group, IGCAR, Kalpakkam-603102, Tamil Nadu, India
email: vinod@igcar.gov.in

Abstract: The talk will present the magnetic/magneto-caloric studies on La;NiMnOg based
double perovskites. An introduction to the magneto-caloric effect (MCE) will be given first.
The La;NiMnOg double perovskites were introduced, followed by the detailed discussion of
the magnetic/magneto-caloric studies on the system. The results of Cu substitution at the Ni

site in the form of La,Ni;Cu,MnQg series will be discussed in detail.
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Tailoring ion irradiation for radiation damage studies of
nuclear structural materials

Dr. Gayathri N Banerjee
VECC, Kolkata

Email: gayathri@vecc.gov.in

Ion irradiation studies have proven to be an effective method for replicating neutron-
induced damage in nuclear reactors. By precisely controlling factors such as dose, dose rate,
and temperature, researchers can simulate the degradation experienced by core structural
materials in reactor environments.

In this talk, we will present the facilities available at the Variable Energy Cyclotron
Centre (VECC), and how we have employed a range of light and heavy ion beams over the
past few decades to explore the structure-property relationships of key candidate alloys for
core component application. Recent experimental results along with atomic scale support
from MD and DFT calculation will be presented.
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First experimental results from In-situ Ion Irradiation and Imaging with SEM (i* SEM) Facility

S. Amirthapandianl’z*, P. Jegadeesanl, Vikas Singh Gahlot'?, S. Chinnathambi',
"Materials Science Group, Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam, 603102
’Homi Bhabha National Insitute, Indira Gandhi Centre for Atomic Research, Kalpakkam, 603102
* Email: pandian@igcar.gov.in, pandiancmp@gmail.com

Abstract:We have recently established a new in-situ ion irradiation and imaging with field emission scanning
electron microscope (i*-FESEM) facility at Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam,
the first of its kind in India and third of its kind in the world. This facility is established by integrating a high
resolution FESEM (Model: Carl Zeiss CrossBeam 340) with the 10° beamline of 1.7 MV tandetron accelerator.
Many steps were taken to effectively isolate mechanical vibrations from the beamlines to the FESEM. This in-
situ setup makes it possible to monitor the evolution of individual features or structures with submicron
dimensions as a function of ion fluence. We have demonstrated this by tracking the displacement of individual
gold nanoparticles decorating the FIB pattern which was irradiated with 2MeV Si* ions. It allows us to track the
displacement of individual gold particles in addition to examining the average displacement of particles overall,

which would be nearly impossible in a typical ex situ experiment.

1. INTRODUCTION
Scanning Electron Microscopy (SEM) is the perfect
tool for characterizing the surface modifications in
materials. So an in-situ ion irradiation and SEM
imaging facility would be an appropriate facility to
study irradiation induced phenomena such as
precipitate dissolution/growth, blistering of bubbles,
irradiation induced grain growth, modification of
nanostructures or islands on the surfaces, morphology
of the thin film under ion irradiation and mechanical
properties of nano pillars.There are two such in-situ
ion irradiation and SEM imaging facilities in the
world, one at materials science beamline (M-branch)
of the universal linear accelerator (UNILAC) at
Gesellschaft fir  Schwerionenforschung  (GSI),
Darmstadt[1] and another at the Sandia National
Laboratory where the SEM was coupled with a 6 MV
Tandem accelerator[2]. In the present work, we
discuss about the developmental work and the
preliminary results obtained from this facility.
2. EXPERIMENTAL SET-UP

FIB-FESEM

Fig.1. The photograph of the i*-FESEM facility

A standard FESEM (model: cross beam 340, Carl
Zeiss make, resolution: 1.5nm@15kV) was installed in
a vibration free platform (sand filled aluminium box).
The height of the SEM was adjusted to match the
beamline height and alignment of the beamline was
completed. The SEM was connected with beamline
via ion beam - SEM interface(refer Fig.1), which
consists of pumping system, and aperture cum

Faraday cup. Pneumatically operated aperture cum
Faraday cup was fabricated and installed in the
beamline. The Faraday cup (with aperture of 4mm and
secondary electron suppressor) was installed to
measure beam current during experiments.
3. RESULTS AND DISCUSSION

Figure 2 shows the sequence of SEM images of the
Au clusters decorating FIB patterns in Si substrate
under 2 MeV Si" ion irradiation. The Au

nanoparticles were displaced under ion irradiation
from their original site by approximately 400nm in the
beam direction and it is caused by thermal stress
by ion

induced irradiation.

ionsfem?

4.3 fem? Bx10' jons/
Fig.1. Sequence of SEM images of the evolution of
Au clusters decorating FIB patterns in Si substrate
under 2 MeV Si" ion irradiation.
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Focused Helium ion beam tailoring of luminescence in hexagonal boron
nitride (h-BN)

Dr. Sinu Mathew
S. B. College, Mahatma Gandhi University, Kerala

Email: sinumathew@sbcollege.ac.in

+ keV He' irradiation induced strong room temperature visible luminescence due to
mid-gap states of h-BN

* The ion energy and fluence dependence is investigated

* Comparison with keV neon, argon ion irradiation

* Single step direct patterning of luminescence centers of h-BN is demonstrated.
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Pressure-induced super conducting and magnetic phasesin UTe,

M. O. Ajeesh*, J. D. Thompson, E. D. Bauer, F. Ronning, S. M. Thomas, and P. F. S. Rosa
Los Alamos National Laboratory, Los Alamos, NM 87545, USA
(* presently at Indian Institute of Technology Palakkad, I ndia, ajeesh@iitpkd.ac.in)

Abstract: UTe, has recently attracted enormous attention as a spin-triplet superconductor candidate, promising
the readlization of topological superconductivity in bulk materials. Severa intriguing properties have been
observed in UTe,, such as multiple pressure-induced superconducting and magnetic phases as well as re-entrant
superconductivity under applied magnetic field. Importantly, the superconducting properties of UTe, at ambient
conditions crucially depend on the sample quality, arguably due to the presence of uranium vacancies. Here, we
investigate UTe, samples of different qualities using electrical transport, magnetic, and thermodynamic
measurements under hydrostatic pressure to investigate the intrinsic properties. Our results reveal that the
pressure-induced superconducting and magnetic phases also crucially depend on the sample quality.

1. INTRODUCTION

Unconventional superconductor UTe, has been
heavily investigated recently as a candidate for spin-
triplet pairing, especially in realizing topologica
superconductivity in a bulk material. Several
intriguing properties have been observed in UTe,,
such as multiple pressure-induced superconducting
and magnetic phases as well as re-entrant
superconductivity under applied magnetic field [1].
The superconducting (SC) properties of UTe, a
ambient conditions crucially depend on the details of
crystal growth. For instance, both the SC transition
temperature (Tc) and the residua specific heat
coefficient vary significantly among crystals grown in
different conditions despite having very similar
structural properties [2-4]. Samples grown via the
chemical vapor transport (CVT) technique exhibit
systematic changes in Tc as a function of the growth
temperatures, and  superconductivity  abruptly
disappears for samples grown beyond certain upper
and lower growth-temperature limits [3]. Presence of
uranium vacancies has been attributed to the lower
Tc/absence of SCin low-quality samples[4]. Here, we
investigated CVT-grown UTe, samples of high (Tc
around 1.9 K) and low (no bulk SC) quality under
pressure to understand the sample dependence of the
pressure-induced SC and magnetic phases.

2. EXPERIMENTAL DETAILS

Single crystals of UTe, were grown using the CVT
method [3]. Electrical resistivity (standard four probe
method), heat capacity (ac calorimetry technique) and
ac magnetic susceptibility measurements under
hydrostatic pressure were performed in a single setup
using a piston-clamp pressure cell with Daphne 7373
oil as the pressure medium. Pressure-dependent
measurements at low temperatures were carried out in
an adiabatic demagnetization refrigerator.

2. RSULTSAND DISCUSSION
Our measurements on the high-quality UTe, sample
yielded a temperature-pressure phase diagram similar
to that reported on earlier samples [5]. Importantly,
our ac magnetic susceptibility data show diamagnetic
behavior at both the pressure induced SC, and SC;
phases. Additionally we observe features in the ac
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Fig. 1 Pressure-temperature phase diagram of UTe,

susceptibility corresponding to the pressure-induced
magnetic phase transitions, providing further
confirmation of their magnetic nature.

The low-quality UTe, single crystal that we chose
does not undergo a bulk SC transition, but shows
filamentary superconductivity with a Tc of 1 K at
ambient pressure. Remarkably, resistivity
measurements reveal that the evolution of the
filamentary SC state under pressure resembles the
behavior observed in previous reports on bulk SC
samples. However, ac calorimetry data do not show
evidence for either bulk superconductivity or
magnetism in the low-quality sample for pressures up
to 1.6 GPa. These results suggest that the pressure-
induced SC phases, as well as the magnetic phases are
susceptible to uranium vacancies. Our results
highlight the role of inhomogeneity in CVT-grown
UTe, samples and serve as a cautionary tale when
probing electrical resistivity alone to investigate
superconductivity in such materials [6].
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Pressure induced emission enhancement in vacancy ordered halide double perovskite Cs:TeClg
Suvashree Mukherjee, Debabrata Samanta, and Goutam Dev Mukherjee”
National Centre for High Pressure Studies, Department of Physical Sciences, Indian Institute of Science
Education and Research Kolkata
“Email: goutamdev@iiserkol.ac.in

Abstract: The effect of pressure on the enhancement of photoluminescence (PL) intensity, optical bandgap and
structural evolution of a vacancy ordered double halide perovskite Cs2TeCls is investigated systematically up to
30.0 GPa. A significant increase in photoluminescence intensity and a rapid decrease in optical band gap are
observed, which are related to the octahedral distortion and structural transition.

1. INTRODUCTION

Cs2TeCls, a member of the lead-free vacancy ordered
halide double perovskite, is a stable compound at
ambient conditions and might be a potential candidate
in nonlinear optoelectronics. However, the indirect
nature of its optical band gap with a large value (=2.54
eV) affects its performance as a photovoltaic material
[1]. Because of the soft lattice of halide double
perovskites, the application of external pressure could
greatly impact the crystal structure of the material,
allowing tuning of the optical band gap and improve its
performance as a photovoltaic material.

2. EXPERIMENTAL SECTION

Crystalline powders of Cs:TeCls are prepared by

acid precipitation method [2]. To generate the high
pressure, we have used piston-cylinder type diamond
anvil cell (DAC). Laser sources of 532 nm and 488 nm
are used for Raman and PL spectra measurements
respectively. XRD measurements are carried out at the
P02.2 beamline at PETRA III, Germany with a
wavelength 0.2907 A.

3. RESULT AND DISCUSSION
3.1. Pressure dependent PL. measurements
The Cs2TeCls exhibits a broad emission band at 599 nm
with a full-width half maximum (FWHM) of 123 nm
accompanied by a large Stokes shift 0.8 eV at ambient
conditions, which correspond to the self-trapped
excitonic (STE) emission [1]. The PL intensity
increases with pressure up to 1.2 GPa followed by a
continuous decrease up to 16.2 GPa, above which it
vanishes. The PL intensity at 1.2 GPa pressure is almost
6 times that at ambient pressure.
3.2. Pressure dependent optical bandgap
measurements
The optical bandgap of Cs2TeCls is found to be 2.51(4)
eV in ambient condition. The band gap initially reduces
under compression up to 2.9 GPa, above which it
increases with pressure up to 4.8 GPa followed by
a continuous reduction up to 32.0 GPa.
3.3. Pressure dependent XRD measurements
The crystal structure of Cs2TeCls is cubic (Fm-3m) in
ambient conditions. The sample undergoes cubic to
monoclinic (P21/n) structural transition at around 1.0
GPa. The distortion of TeCls octahedra causes increase
in the PL intensity. The monoclinic phase persists up to
2.6 Gpa. Interestingly, the sample regains the cubic
(Fm-3m) structure at around 3.4 GPa and no other
structural change is observed up to 30.0 Gpa. An iso-
structural transition is observed at around 14.1 GPa
with a slight decrease in compressibility. The Te-Cl

bond length plays a crucial role in the variation of
optical bandgap under pressure.
3.4. Pressure dependent Raman spectra
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measurements
The Cs2TeCls shows four Raman active modes P1 (T2g),
P2 (T2g), P5 (Eg) and Ps (Aig) at 47.2, 137.3, 242.6 and
286.0 cm™!, respectively at ambient conditions. A new
Raman mode Ps at is observed at 119.0 cm! in the
pressure range 0.1 GPa to 2.5 GPa, which is associated
with the cubic to monoclinic structural transition, as
suggested by the XRD analysis. The data are
compatible with the pressure dependent XRD
measurements.
4. CONCLUSION
Cs2TeCls undergoes a structural transition from cubic
Fm-3m to monoclinic P2i/n at around 1.0 GPa. A
significant increase in photoluminescence intensity and
a rapid decrease in optical band gap are observed,
which are related to the octahedral distortion and
structural transition.
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Topic Code: High-Pressure Materials Science

High Pressure XRD studies on Ho.4Euo.sMnQOs

P Anand Kumar!'*, R. M. sarguna!, V. Srihari? and N R Sanjay Kumar!
'Indira Gandhi Centre for Atomic Research, A CI of Homi Bhabha National Institute, Kalpakkam
2High Pressure & Synchrotron Radiation Physics Division, Bhabha Atomic Research Centre, Mumbai

Email: (*ak_police@igcar.gov.in)

Abstract: EuMnOs; was doped with Holmium (40 atom% of RE) adopting an orthorhombic structure (SG:
Pnma) with composition Hoo4Eu0sMnOs. High pressure XRD studies on Hoo.4EuosMnOs were carried out up to
30 GPa at BL-11 beamline of Indus-2, RRCAT. The orthorhombic structure was found to be stable up to the
highest pressure studied. The bulk modulus obtained from the HPXRD experiments is 170+18 GPa. The volume

of the MnQOs octahedra decreases with pressure.

The octahedra gets distorted with increasing pressure and

quadratic elongation increases from 1.01 to 1.20 at the highest pressure. The Mn-O bonds oriented along the c-
axis slightly increase. However, in the ab plane, two types of Mn-O bonds behave differently. One of the bonds

contracts while another one expands.

1. INTRODUCTION

The rare-earth manganites, RMnOs; (R = La-Lu),
host a wide range of novel structural and physical
properties that are highly dependent on the choice
of R [1]. At ambient conditions the compounds with
larger rare-carth cations (R= La-Dy) adopt the
orthorhombic GdFeOs; perovskite — structure  type
( 0 —RMnO:s, space group Pnma, No. 62), whereas for
the smaller R cations (R= Ho-Lu, Y, In, Sc) the
system crystallizes in a hexagonal structure
(A —RMnOs, space group P63/mme, No. 185). While
both polymorphs exhibit multiferroic behavior with
the coexistence of antiferromagnetism and improper
ferroelectricity.

2. EXPERIMENTAL TECHNIQUES

Mao-Bell type diamond anvil cell (DAC) was used
to collect HPXRD data in angle dispersive X-ray
mode. A mixture of methanol, ethanol, and water
(MEW) in the volume ratio of 16:3:1 was used as a
pressure transmitting medium (PTM). Along with the
sample and PTM, Ag powder was loaded for in-situ
measurement of pressure seen by the sample. High
pressure XRD patterns were collected in BL-11
beamline of the INDUS-2 synchrotron facility. The X-
ray wavelength of A= 0.552 A was selected from
synchrotron radiation for X-ray diffraction. The two-
dimensional X-ray diffraction images obtained from
the mar345 image plate detector were integrated using
the FIT2D [2] program.

3. RESULTS AND DISCUSSION
The unit cell volume of EuMnOs reduces from
232.05 A® to 231.65 A® up on Holmium substitution
of 0.4. High pressure XRD patterns of Hoo.4EuosMnOs
up to the pressure of ~30 GPa are displayed as a
stacked plot in Error! Reference source not

found.. 1. Ag is used for estimating pressure inside
DAC and 20,,, reflection of Ag is indicated in the
multiplot. The XRD fingerprint remains the same with
pressure, indicating that the orthorhombic structure of

Hoo.4Eu0.sMnOs remains stable up to the highest
pressure studied. The P-V data obtained from HPXRD
data is fitted with 2" order Birch-Murnaghan EOS
which yields a bulk modulus of 208+7 GPa, whereas
the undoped EuMnOs has a bulk modulus of 185 GPa.
Quadratic elongation quantifies the amount of
distortion in the octahedra of MnQOs. The Quadratic
elongation changes from 1.01 at amb to 1.20 at the
highest pressure. This indicates that with pressure the
distortion of octahedra increases resulting in a
significant change in the multiferroic property.
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Fig.1. HPXRD patterns collected at various pressures.
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Topic Code: 01-High Pressure Material Science

Behaviour of molybdenum diphosphide at high pressure

Arpita Aparajita A. N ', G. Shwetha?, N. R. Sanjay Kumar', V. Srihari’, Awadhesh Mani'
! Indira Gandhi Centre for Atomic Research, Kalpakkam, Tamil Nadu, a CI of HBNI, India
2 Department of physics, Anurag University, Hyderabad, Telangana, India
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Abstract: Molybdenum diphosphide which is a recently identified Weyl semimetal is structurally stable up to
55 GPa. The previously predicted decomposition at high pressure was not observed. The changes observed in
the band structure and slope change in axial ratio c¢/a at ~36 GPa suggest that the predicted instability could be
because of electronic transition instead of structural transition. Lattice compressibility was observed to be
anisotropic. The least compressibility of unit cell along b axis is contributed by two covalent P-P bonds along
this direction as compared to one bond along ¢ and no covalent bond along a direction. Presence of close packed
polyhedra along a axis and one covalent bond along c axis resulted in comparable incompressibility along them.

1. INTRODUCTION
Molybdenum phosphides exhibit diverse
stoichiometries, structures and computed to exist in
various stable and metastable phases at high pressure.
Among them, particularly, MoP: is identified to host
long-awaited Weyl quasiparticles as the low-energy
excitation near the Fermi energy and Weyl cones are
observed below the Fermi level using angle resolved
photo electron spectroscopy [1]. It is being widely
explored for its photo and electrocatalytic effect as
well as exotic magneto-transport properties [2-4]. A
recent computational study predicts a decomposition
of MoP> to MozP3 + P at 38 GPa [5]. In this study, our
objective is to investigate the effect of high pressure
on the structure and electronic properties of MoPa.

2. METHODOLOGY
MoP2 was synthesized by the reaction between MoOs
and stabilised red P, taken in atomic weight ratio of
2:7, at 800°C for 8 hour.High pressure X-ray
diffraction experiments were performed up to 55 GPa
using Mao-Bell type diamond anvil cell at the
synchrotron facility at BL-11, Indus-2, RRCAT, India
with A = 0.6668 A. Elastic constants and band
structures were computed at high pressures using the
density functional theory method as implemented in
the CASTEP code. For structure optimization, a
12x4x18 k-point grid and an energy cut-off of 520eV
with the GGA functional were utilized.

3. RESULTS AND DISCUSSION

The synthesized sample was phase pure. The crystal
structure was obtained as orthorhombic with space
group Cmc2;, a=3.1459(4) A, b=11.1842(3) A,
c=4.9846(1) A. Mo and two types of P atoms
designated as P1 and P2 are at Wyckoff positions 4a
with coordinates (0, 0.093, 0), (0, 0.297, 0.809) and
(0, 0.428, 0.115) respectively. The structure was
found to be stable up to 55 GPa and the predicted
decomposition was not observed [5]. To substantiate
further, the elastic constants were computed up to 60
GPa. The constants satisfied Born’s criteria implying
mechanical stability of the orthorhombic structure.
Anisotropic lattice compressibility is compatible with
the bond alignment, bond nature and the polyhedral
arrangement in the unit cell. The bulk modulus Bo and
was estimated to be 179.2(5.7) GPa. Interestingly, a
slope change in axial ratio c/a (Fig. 1) was observed at

~36 GPa. To understand the origin, the band
structures at various at ambient and 36 GPa were
examined. They are presented in Fig. 2. At ambient
pressure, the conduction and valence band cross the
Fermi level at I' and Y points. At 36 GPa, the
conduction band is pushed below the Fermi level, and
the gap between two valence bands close at the I'
point. Other prominent changes were also seen in both
conduction and valence bands between Y and I as
shown with red circles in Fig. 2.
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Fig. 2. Band structure of MoP; at ambient and 36 GPa.
4. SUMMARY
Structure of MoP: is stable up to 55 GPa. Predicted
instability or decomposition might be having
electronic origin and not of structural origin.
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Abstract: This study investigates the fabrication of metal matrix composites by integrating mild steel (MS) and
cast iron (CI) powders into a Nylon 66 matrix using friction stir processing (FSP). Mild steel and cast iron
machining chips from lath machine shop were ball-milled into fine powders and embedded in the Nylon 66
plate. To achieve uniform dispersion, small punch holes were created in the Nylon 66 specimen prior to FSP.
The hardness properties of the base material (BM) and the metal powder-incorporated composites were
evaluated using Shore-D hardness and found the significant enhancement. This research highlights the potential
of repurposing industrial waste to enhance the mechanical properties of composite materials.

1. INTRODUCTION

Metal matrix composites (MMCs) are advanced
materials that consist of a metal matrix and
reinforcing phases, such as ceramic particles or fibers.
These materials are widely used in industries like
aerospace, automotive, and defense due to their
superior strength, wear resistance, and lightweight
properties [1]. Traditionally, MMCs are fabricated
using expensive and complex processes; however,
waste metal chips from machining operations provide
a low-cost, sustainable alternative. The increasing
generation of metal chips from manufacturing
processes presents both a challenge and an
opportunity for the recycling industry [2]. This
research explores the potential of using waste metal
chips from a machinery shop to fabricate MMCs using
FSP. By using this innovative technique, metal chips
are integrated into a base metal, creating composite
materials with enhanced mechanical properties. The
study investigates the characterization and fabrication
of these composites, focusing on their microstructure,
hardness, tensile strength, and wear resistance.

2. EXPERIMENTAL

In this study, machining chips of mild steel and cast
iron were collected, finely ground using ball milling,
and incorporated into a Nylon 66 matrix to create a
composite material [Fig. 1]. To ensure uniform
dispersion of the metallic powders within the matrix,
multiple small punch holes, each with a diameter of
1.98 mm, were introduced into the Nylon 66 specimen
before applying Friction Stir Processing (FSP). The
FSP was conducted using process parameters of 350
rpm for tool rotation speed and 30 mm/min for
traverse speed. The processed metal matrix

composites (MMCs) were then analyzed using optical
testing

microscopy  and  hardness
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Fig.1. Experimental setup

2. RESULT AND DISCUSSION

The FSP-processed specimen was found to be free of
defects and basin shaped MMCs. Shore-D hardness
testing revealed that the cast iron-reinforced Nylon 66
composite exhibited a hardness value of 70, while the
mild steel-reinforced Nylon 66 composite had a
hardness value of 68. In contrast, the base Nylon 66
showed a hardness value of 63 [Fig. 2]. The variation
in hardness can be attributed to the distinct
mechanical properties of the metal powders
incorporated into the Nylon 66 matrix. Cast iron, with
its higher carbon content and brittleness, typically
exhibits greater hardness compared to mild steel [2],
which is more ductile due to its lower carbon content.
The addition of these metal reinforcements enhances
the overall hardness of the composite, as the hard
metal particles resist deformation. Furthermore, the
finer dispersion of the metal powders, achieved
through FSP, further contributes to the improved
hardness of the composite. Additional
characterizations, including X-ray Diffraction (XRD),
wear, and corrosion tests, are currently in progress in
our laboratory.
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Fig.2(a) Macrograph (b) Hardness plot
3. CONCLUSION The study demonstrates that
incorporating mild steel and cast iron into Nylon 66
via FSP enhances hardness, highlighting the potential
of recycling industrial waste for improved composites.
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Abstract
The topological phase tuning in Half-Heusler alloys could be hosted from trivial to non-trivial
states and vice-versa, either with a small variation in the lattice parameter or by introducing the
spin-orbit coupling. First principles simulations of the electronic bulk band structure of the
YPdBi material exhibit the topologically non-trivial semimetal state without and with spin-
orbit coupling at equilibrium lattice constant due to the single band-inversion at I'-point. We
observed the topological phase tuning from a non-trivial to a trivial state due to the second
band-inversion at ['-point, after applying the hydrostatic pressure of ~4 GPa. The semimetallic
nature of these compounds is protected by the cubic symmetry of the crystal. Thus, by breaking
cubic symmetry of the crystal with the application of uniaxial strain along the c-axis and biaxial
strain in the ab-plane, we have noticed the topological phase transition from a non-trivial
semimetal state to a topological insulator. The importance of half-Heusler compounds lies in

their usage as a promising candidate in nanoelectronic applications.

Keywords: Semimetal, DFT, Spin-Orbit Coupling, Pressure, Strain, Topological Insulator.
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CAPSULE AND SAMPLE HOLDER FOR IRRADIATION OF A-TIG AND TIG WELD JOINT
SPECIMENS OF WRAPPER (D9) TO FOOT (SS316LN) OF PFBR FUEL SUB-ASSEMBLY IN
FBTR
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igsitrl;:(cifa'ltion of sub size tensile and microscopy specimens made from weld location of wrapper (D9) to foot
(SS316LN) of PFBR fuel sub-assembly (FSA) is currently in-progress in FBTR. Samples from both A-TIG
(Activated Tungsten Inert Gas) and TIG (Tungsten Inert Gas) weld joints are chosen for irradiation. It has been
found that A-TIG welding in stainless steel provides reduced residual stresses, distortion and significant reduction
in manufacturing time and cost, therefore, it is planned to be utilized in the manufacturing of future FBR Sub-
Assemblies (SA). In order to deploy A-TIG welding in mass production of PFBR SAs, an irradiation experiment
to generate baseline irradiation performance data to determine the effects of fast neutron irradiation at low fluence
(~ 2 dpa) on the tensile properties of weld and compare the results of both A-TIG &TIG welded joints has been
initiated. Along with A-TIG specimens, TIG specimens are also included in the irradiation capsules as a reference,
for which already wide range of data are available in the literature. Miniature tensile and microscopy specimens
were prepared from qualified welds (A-TIG & TIG methods) made between D9 wrapper to SS316LN foot part of
Fuel Sub-Assembly (FSA) are loaded in different partitions of an irradiation capsule. Special containers which
can be remotely opened were made for holding microscopy specimens and loaded in the capsule partitions. The
specimens were suitably labeled with laser markings and notches for easy identification in hot cells post
irradiation. Assembled capsule was locked in a carrier steel sub-assembly of bore diameter: 22 mm. Carrier steel
sub-assembly is loaded in the 5th ring of FBTR core, to irradiate the specimens and to achieve displacement
damage in the range of 1.3 to 4.7dpa at the temperature of around 380-400 °C. After irradiation, carrier steel sub-
assembly will be discharged to hot cell of Radio-Metallurgy Laboratory, PIED/MMG. Post irradiation
examination (PIE) of the weld specimens will be carried out to determine the tensile properties & changes in
microstructure. Additionally, to study the effect of nitrogen content on mechanical properties and microstructural
changes of SS316LN irradiated to low neutron doses, disc specimens of four different nitrogen contents viz.: 0.07,
0.12, 0.14 and 0.22 wt% are also included in the same irradiation capsule for the irradiation in FBTR core and for
the post irradiation examinations. This paper discusses in detail about the scope of irradiation, design of irradiation
capsule and specimen holders, challenges in manufacturing the specimens, irradiation parameters, present status

etc.
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Abstract: Niobium-based alloys, such as Nb-1Zr-0.1C, are promising for high-temperature nuclear reactors. This
study examines the depth-wise microstructural variations in heavy ion irradiated Nb-1Zr-0.1C alloy. X-ray
diffraction line profile analysis revealed variation in microstructural parameters as a function of ion penetration
depth as well asirradiation dose. Electron backscatter diffraction showed an increase in geometrically necessary
didlocations after irradiation by the formation of low-angle boundaries and saturates at highest dose. All these
findings provide insights into the irradiation-induced microstructural evolution of Nb aloys.

1. INTRODUCTION

Niobium (Nb) and its alloys are promising candidates
for structural materials in compact high-temperature
nuclear reactors due to their excellent properties,
including high-temperature  strength,  corrosion
resistance against various coolants, and favourable
thermal properties [1]. However, assessing radiation
damage is crucia before using these materias in
reactor environments. Radiation damage by ions are
generally in-homogeneous in nature. Here approach
has been made to understand the variation in
microstructure depth-wisein anon-destructive manner.

2. EXPERIMENTAL

Inthisstudy, Nb-1Zr-0.1C aloy wasirradiated with 1.6
MeV O° ions from Radioactive lon Beam Facility,
VECC at room temperature upto three different doses.
The ion penetration depth was calculated to be 1.3 pum,
with a maximum displacement per atom (dpa) of 7.7,
as determined by SRIM-2013 for the highest dose [2].
X-ray diffraction (XRD) line profile analysis was
employed to characterize the irradiated samples. The
damage profile, in terms of dpa, was found to be
inhomogeneous along the ion penetration depth (Fig.
1). To elucidate this profile, XRD data were collected
at three different incidence angles (o = 2.5°, 5.0° and
7.0°), dlowing for the determination of various
microstructural parameters, such as domain size and
microstrain, along the ion penetration depth.
Additionally, electron backscatter diffraction (EBSD)
analysis was performed on the both the as-received and
selected irradiated Nb-12r-0.1C alloys.

3. RESULTSAND DISCUSSION

XRD analysisindicated areduction in domain size and
an increase in microstrain after irradiation compared to
the as-received samplein al three-incident angles. The
large coherent domain present in as-received sample
breaks down to smaller coherent regions by the
irradiation induced defects. In the highest irradiated
sample, domain size increased while microstrain
decreased with depth, suggesting defect annihilation,
possibly due to interactions between dense cascades
during heavy ion irradiation. The kernel average
misorientation (KAM) distribution calculated from
EBSD revedled a shift in peak maxima towards lower

misorientation angles after irradiation, indicating the
formation of low-angle boundaries. The density of
geometrically necessary dislocations (GNDs) showed
an increase after irradiation (Table 1). However, it
tends to saturate at highest dose. The formation of
irradiation-induced clusters or loops, which introduce
small misorientation within the matrix, likely
contributes to the observed rise in GND density.
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Fig.1. a) Displacement per atom (dpa) for as afunction
of ion penetration depth and b) XRD data collected
from different depth by varying incident angles of
XRD.

Table 1. GND density calculated from EBSD as a
function of irradiation dose

Sample GND density (m?)
As-received 5.08E14

1.0E16 2.74E15

7.0E16 2.84E15

4. CONCLUSION

The XRD and EBSD analysis collectively shows defect
annihilation at higher dose leading to saturation of
dislocation density. This study indicates that Nb-1Zr-
0.1C aloy may withstand very high dose as observed
from the anaysis.
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Abstract: Europium (Eu)-doped zirconium dioxide (ZrO-) find its application in ion beam profiling monitor in particle
accelerators. ZrO-, highly radiation resistant material, is doped with 1-5% of Eu to enhance luminescence property
by introducing Eu** emission bands. This doping also induces a phase transformation (monoclinic to a tetragonal
phase) in ZrO-, This phase transformation also influence the *Do—F: electric dipole transition in photoluminescence
(PL) and ionoluminescence (IL) spectra. Our studies show that Eu-doped ZrO: maintains higher IL intensity and
decays slowly even at high ion fluence, demonstrating its suitability for beam profiling applications.

1. INTRODUCTION

Scintillation screen with beam profiling monitors
are important beam diagnostic component in ion
accelerators [1]. These screen materials should be
radiation resistant, cost- effective, mechanically
stable, and minimal out-gassing in vacuum. In this
context, Eu doped ZrO: is most favorable candidate
material, and the present study show the effect of Eu
doping on luminescence intensity, and phase stability
of ZrOx.

2. EXPERIMENTAL TECHNIQUES
The Eu doped ZrO: samples are synthesized via
microwave assisted solvo-thermal method. The
samples were characterized with synchrotron X-ray
diffraction (XRD) with BL12 beamline at INDUS-2,
PL measurements with FLS-980 spectrometer and IL
measurements at 150 kV ion accelerator [2].

3. RESULTS AND DISCUSSION

The synchrotron XRD patterns of undoped and Eu
doped ZrO: reveals that monoclinic to tetragonal
phase transformation and it is evident from XRD
pattern 12.5° to 15.5°(where wavelength of X-ray
2=0.724887A). Up to 2% of Eu doping, we observed
both monoclinic and tetragonal phase, however,
beyond 3% Eu doping, we observed only tetragonal
phase. This stress driven phase transformation is aided
by oxygen vacancies which causes local stress in the
material. Our PL observations shows the change in the
*Do—7F2 electric dipole transition corresponding to
Eu** ion which 1is signature of the phase
transformation.

IL studies were conducted using 100 keV He" ions.
In undoped ZrO:, the decay IL intensity of O-
vacancies (Fig 1(a)) show drastic reduction in the
intensity even at fluence of 4x10'* ions/cm?. However
upon Eu doping of 1 and 2% (Fig 1(b) and 1(c)), Eu**
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emission bands show significant IL intensity, even
after the ion fluence of 4x10'¢ ions/cm?.The present
work demonstrates that Eu doping enhances the IL
property and it suits for ion beam viewing
applications.
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Fig 1. Decay of IL intensity of (a) undoped, (b) 1% Eu
doped and (c) 2% Eu doped ZrOx.
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Abstract: The study investigates the effects of 100 MeV Au’" ion irradiation at fluences of 1x10'* and 6x10%
ions/cm? on the structural, electronic, and magnetic properties of CoFe>Oa thin films. Ion irradiation induces
redistribution of Co*" and Fe*" ions, partial reduction to Co® and Fe*', and increases oxygen vacancies. These
changes disrupt Co**—O—Fe*" superexchange interactions, reducing magnetic order and net magnetization.
Element-specific X-ray magnetic circular dichroism confirms reduced spin and orbital contributions to the

magnetic moment post-irradiation.
1. INTRODUCTION
Bulk CoFe:0s4, an inverse spinel ferrite, is known for its
high coercivity, chemical stability, magneto-crystalline
anisotropy, and magnetostriction, making it ideal for
applications such as catalysis, data storage, drug
delivery, ferrofluids, and magnetic refrigeration [1,2].
In these ferrites, cationic defects can disrupt the
arrangement  within the sublattices, significantly
atering magnetic properties. Swift Heavy lon (SHI)
irradiation is an effective method for engineering thin
films, alowing precise creation of defects, structural
manipulation, and internal strain modification. Studies
on high-energy irradiation reveal that material
composition, cation distribution, crystallite size, and
SHI energy influence the results [3]. However, the
correlation between electronic structure and magnetic
properties in ferrite thin films remains underexplored.
Cation redistribution, a key factor in magnetic
behavior, is known but requires further investigation.
In this work, advanced synchrotron-based techniques
such as X-ray absorption spectroscopy (XAS), X-ray
Magnetic Circular Dichroism (XMCD), and X-ray
Photoel ectron Spectroscopy (XPS) have been utilized
to gain deeper insights into the electronic properties
and oxidation state changes in CoFe2Os thin films.
2. EXPERIMENTAL DETAILS
A polycrystalline CoFe:O4 target was synthesized via
the solid-state reaction method and used for pulsed
laser deposition (PLD) of thin films on a Si substrate.
The films were irradiated with 100 MeV Au’* ions at
room temperature using a 15 UD Tandem Accel erator
a IUAC, New Dehi. Magnetic properties were
analyzed using a 7 Teda SQUID-VSM, and XPS
measurements were performed with an Al-Ka source
after Ar-ion sputtering. XAS and XMCD at Co & Fe
Ls,>-edges and O K-edge were conducted at Petra lll,
DESY, Hamburg, at room temperature in TEY mode
with a0.5T magnetic field..
3. RESULTSAND DISCUSSIONS
Fig. 1(a) shows the magnetic hysteresis curves of
pristine and SHI-modified CoFe2O4 thin films (1x10"
and 6x10% ions/cm?) at room temperature, revealing a
significant decrease in magnetic behavior after ion

irradiation. The figure indicates that saturation
magnetization (M;) decreases from 1.63 uB for the
pristine film to 1.25 uB at a fluence of 6x10' ions/cm?,
while coercivity (Hc) increases with ion fluence.
X-ray photoelectron spectroscopy (XPS) anaysis of
CoFe204 thin films showed that Co?" was the dominant
species in the pristine film. After ion irradiation at
fluences of 1x10% and 6x10% ions/cm?, a reduction in
Co** and Co?* peaks occurred, with the emergence of a
Co® peak. This suggests that ion irradiation reduced
cobalt ions to their metallic state, driven by defect
formation and oxygen vacancies.
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The study investigates ion irradiation effects on
CoFe20s4 thin films using XAS and XMCD. Co L-
edge XAS shows a shift from Co?* to metallic Co,
while Fe L-edge transitions from Fe** to a
Fe*/Fe** mix. O K-edge XAS reveds
hybridization changes, and the Bohr magneton
valuesfrom M-H loopsand XMCD confirm stable
magnetic results.
4. CONCLUSION

Oxygen vacancies and partial reduction of Co and Fe
oxidation states due to SHI are quantified by XPS and
validated by SXAS. Magnetic property changesin CFO
after ion irradiation are explored through macroscopic
(SQUID-VSM) and microscopic  (XMCD)
measurements. The Bohr magneton values from M-H
loops and XMCD sum rules are consistent, confirming
the magnetic results. These findings highlight the
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potential of ion-induced modifications for tailoring the
structural, electronic, and magnetic properties of spinel
ferrite thin films for spintronics applications.
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Abstract: At the Particle Irradiation Facility (PIF) of Indira Gandhi Centre for Atomic Research(IGCAR),
Kalpakkam, three accelerators - the 1.7 MV Tandetron Accelerator, indigenously developed 400 kV Ion
Accelerator and the 150 kV Ion Accelerators, a state of art dual ion irradiation facility and a host of ion
implantation and characterization facilities form the core of active experimental research being pursued on a
variety of nuclear materials pertaining to present and future nuclear reactors. In this paper, we present an over
view of our recent indigenous electronics and instrumentation design and developments done to achieve an
efficient, enhanced and reliable exploitation of the accelerators and associated experimental facilities for conduct

of advanced accelerator based materials research.

1. INTRODUCTION

Reproducing material microstructure and select
property evolution resulting from neutron irradiation
with three to four orders of magnitude reduction in time
and cost, make ion irradiation an ideal candidate for
accelerated irradiation testing of materials for current
and future advanced nuclear reactors [ 1]. At the Particle
Irradiation Facility (PIF) of Indira Gandhi Centre for
Atomic Research (IGCAR), Kalpakkam, three
accelerators - the 1.7 MV Tandetron Accelerator,
indigenously developed 400 kV Ion Accelerator and
the 150 kV Ion Accelerators, a state of art dual ion
irradiation facility and a host of ion implantation and
characterization facilities are used to pursue an active
experimental research on a variety of nuclear materials.
Various indigenous cost-effective electronics and
instrumentation design and developments have been
carried out to operate, maintain the accelerators and
associated experimental facilities, ensure their high
availability and enhance their capabilities for the
materials research[2-3].

2. DESIGN AND DEVELOPMENTAL DETAILS

The important electronics and instrumentation
systems developed include a) control and monitoring
systems for 1.7MV, 400kV accelerators and the dual
ion irradiation facility, b) automated conduct of
single/dual ion irradiations and ion beam analysis
experiments, measurement of indirect ion fluence
measurement for ion irradiations, multichannel ion
beam current cum dose measurement, c) setting up of
automated experimental facilities for precise and fast
in-situ/ex situ characterisation of the samples. Some of
such systems developed are for in-situ measurement of
resistivity, Hall-effect, field emission, high resolution
RBS, deep level transient spectroscopy(DLTS), etc.
The hardware of the systems are centred around COTS
data acquisition cards, microcontroller based
embedded systems, personal computer based
interfaces, discrete logic based circuits, etc. The
softwares developed are based on C/C++,
LabVIEW etc. As a whole, the systems are designed to

be modular, scalable, cost-effective, reconfigurable and
customised.
3. RESULTS AND DISCUSSION

Using the control and monitor systems for the
accelerators, dual ion irradiation facility, a total of
>200 analog signals are controlled and monitored with
a resolution of better than 14 bit resolution at a rate
varying from few Hz to 10s of kHz. Various digital
signals(>150) representing the binary status of the
accelerator systems such as Faraday cup, gate valves,
and safety interlocks are monitored at a rate of 1
millisecond/signal. The ion beam current measurement
systems developed can measure ion beam currents in
the range of few pA to 100s of uA and the dose ranging
from 1e8 to 1el8 ions/sqcm. These measurements can
be done with a resolution of better than 10pA, precision
0f 0.5% and an accuracy of 2%. The ion implantations
can be done in the range from 10K to 1200K with a
precision of better than 0.1 deg C. With automated
high-resolution RBS, an energy resolution better than
1.5keV was achieved[4]. Using the DLTS, electrically
active deep level defects in semiconductors like Si, Ge,
HpGe were studied using [-V,C-V and DLTS
measurements in the temperature range of 20K to
300K. The capacitance transients are acquired over le-
6 sec to few tens of seconds, processed with different
correlation algorithms to obtain various types of
defects, their concentration, activation energy, capture
cross-section. The low cost indigenous developments
enable and facilitated conduct of single/dual ion
radiation damage studies on variety of materials for
fission and fusion reactor applications. These
developments help precise and fast in-situ/ex situ
characterisation of the samples to get their ion
irradiation responses.
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Abstract: NASICON (NasZr2Si2PO12) ceramics are prepared using the solid-state reaction. The bulk samples
are irradiated with Au (100 MeV), Ag (100 MeV), and O (90 MeV) ion beam. The structural analysis using the
XRD shows the full amorphization for the Au-irradiated samples with lesser damage for Ag-irradiated samples.
The crystal structure remains intact for the O-irradiated samples up to the maximum fluence of 5E13 ions/cm?.
A similar type of effect was also found during the microstructural analysis. The obtained experimental results
were explained using the electronic energy loss mechanism.

1. INTRODUCTION

The NASICON samples having the chemical
composition of Nai+ZrSixP3xOn2 (0<x<3) are of
great interest due to their potential application as a
solid-state electrolyte material in Na-ion-based solid-
state batteries. The highest conductivity is observed
for the Na3ZrSi:PO12 (x=2) bulk ceramics [1].
Conductivity and other physical properties explained
in the literature are mainly related to the structural
arrangements. Hence, structural stability must be
checked for all practical applications in different
environments, including irradiation environments.

In this work, the ion-irradiation response of
NasZrSixPO12 was checked using the high-energy
ions of Au, Ag (100 MeV), and O (90 MeV) in the
fluence range of 5E11 to 5E13 ions/cm?. The crystal
structure before and after irradiation was checked
using the GIXRD (glancing angle X-ray diffraction)
and electron diffraction (ED). The microscopic
imaging was performed using a transmission electron
microscope (TEM) in bright field mode.

2. EXPERIMENTAL

The bulk NAICON, which has a chemical
composition of Na3Zr2Si2PO12, was prepared using the
solid-state reaction method. For microstructural
analysis, the colloidal suspension of NASICON is
deposited onto the Cu grids covered with amorphous
carbon of size 200 mesh by drop casting method. The
ion irradiation work is performed at the Inter-
University Accelerator Center (IUAC), New Delhi,
using the 15 UD Pelletron accelerator in the material
science beamline (Phase-1). The electronic (Se) and
nuclear (Sn) energy loss were calculated using the
SRIM-2013 software in full damage cascades mode
[2]. It is found that for selected energies, the dominant
energy loss mechanism is due to electronic excitation.
The calculated electronic (Se) and nuclear energy loss
(Sn) are shown in Table 1.

Table 1. Comparison of electronic (Se) and nuclear
energy loss (Sn) for Au, Ag and O ions in NASICON.

Ion and energy Se Sn Range
(keV/nm) | (keV/nm) (pm)

Au (100 MeV) 16.72 0.315 11.38
Ag (100 MeV) 14.41 0.075 11.93
O (90 MeV) 0.99 0.0005 63.50

3. RESULTS AND DISCUSSION
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Fig.1. (a) Shows the XRD comparison of irradiated
samples at the fluence 5E13 ions/cm? (b) Strain
generated due to ion beam at various fluences.

The XRD analysis shows no additional peak
formation with irradiation, which excludes the
possibility of new phase formation due to irradiation.
The intensity of peaks decreases with the broadening
on increasing the ion fluence. It has been found that
Au and Ag-irradiated samples show the amorphized
type behavior with above 5E12 ions/cm? ion fluence,
while crystal structure remains intact for the O-
irradiation. The Coulomb explosion or thermal spike
models explain the ion beam-induced damage in
NASICON ceramics [3,4]. The strain calculated from
XRD measurements is shown in Figure 1(b), which
shows that the strain generated due to O-ion is nearly
the same for all fluence. In contrast, strain generated
due to Au and Ag irradiation shows an increase in
strain on increasing ion fluence, leading to
amorphization-type behavior on higher fluence. The
XRD analysis shows the swelling-type effect for the
Au and Ag ion irradiation [5].

Microstructural studies were performed on the
irradiated samples using the transmission electron
microscope (TEM). The experimental results confirm
the damage by seeing the track formation along the
ion path for the Au and Ag irradiation. At the same
time, the crystal structure remains intact for O-
irradiation, as confirmed by the electron diffraction.
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Abstract: Materials in extreme environments face challenges from high radiation and temperatures, degrading
their properties and operational lifespan. YSZ, known for radiation tolerance, is limited by low thermal
conductivity. To address this, YSZ-MgO composites, combining YSZ with a higher conductivity material, are
explored to enhance radiation tolerance. GIXRD shows improved tolerance of YSZ-MgO composites under 80
MeV 1%" ion irradiation at room temperature and 700°C. Insights from Raman spectroscopy, EXAFS, and thermal
spike simulations will explain the mechanisms behind the enhanced radiation resistance.

1. INTRODUCTION

Materials used in extreme environments, such as
those encountered in nuclear reactors and space
exploration, must withstand harsh conditions, including
high radiation and extreme temperatures [1]. These
conditions can severely degrade material properties,
limiting their efficiency and in-service lifetime.
Developing materials with enhanced radiation
tolerance is therefore essential for ensuring their
performance and safety in such applications.

Yttria-stabilized zirconia (Y'SZ) is widely recognized
for its excellent radiation tolerance, making it a
promising candidate for nuclear applications [1].
However, its low thermal conductivity poses a
significant limitation, as efficient heat dissipation is
critical for mitigating radiation-induced damage. To
address this drawback, composite materials
incorporating YSZ and MgO, a material with higher
thermal conductivity, offer a promising way for
improving radiation resistance.

This study examines the radiation tolerance of YSZ-
MgO composites under 80 MeV 1 ion irradiation at
room temperature (RT) and 700°C (HT). Initial results
from GIXRD, Raman spectroscopy, EXAFS, and
thermal spike simulations offer insights into the
mechanisms enhancing their radiation tolerance.

2. EXPERIMENTAL DETAILS

2.1. Synthesis

YSZ powder were synthesized via the gel
combustion method. Synthesized YSZ powder was
mixed with preheated commercial MgO powder in 100-
0, 75-25, and 50-50 wt.%, weight ratios. The mixture
was ground, pelletized, and sintered at 1400°C for 36
hours.

2.2. Irradiation and Characterization

The pellets were irradiated by 80 MeV 1% ions at
IUAC, New Delhi. The irradiations were carried out at
both RT and 700 °C (HT) and at the fluence of 1 x 10
ions/cm?. The structural investigation of pristine and
irradiated pellets was conducted using GIXRD, Raman
spectroscopy, and EXAFS.

3. RESULTS AND DISCUSSIONS

Figure 1 shows the GIXRD plots of both pristine and
irradiated samples. The fluorite structure is retained in
all samples after irradiation, indicating their high
crystallographic stability. However, despite retaining
crystallinity, the irradiated samples exhibit peak
broadening, suggesting irradiation-induced damage.
Notably, the change in the FWHM of the (220) peak is
most pronounced in the YSZ followed by YSZ-MgO
(72-25 wt.%) and least pronounced in the YSZ-MgO
(50-50 wt.%). Additionally, samples irradiated at HT
show reduced damage compared to those irradiated at
RT. Similarly, Raman spectroscopy and EXAFS
measurements were performed to further analyse the
structural and local environment changes after
irradiation. Detailed results and analyses will be
presented during the conference.

Bldger)

Figure 1: GIXRD plots of pristine & irradiated samples.

4. CONCLUSION
Composite samples show enhanced radiation
tolerance compared to single-component samples. The
radiation tolerance of the composites increases with the
MgO concentration. Additionally, samples irradiated at
700 °C exhibit less damage than those irradiated at RT.
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Abstract: The Medical Cyclotron Facility (MCF) at VECC, Kolkata, supports radioisotope production and material
science research with a proton beamline operating at currents up to 200 pA and energies up to 30 MeV. Managing the
high thermal load (~1.5 kW/cm?) on target materials necessitated a specialized holder with efficient cooling. Designed
using ANSY S simulations, it features a shower jet cooling system and a stainless stedl plate for optimal heat
dissipation. The assembly ensures vacuum compatibility using knife-edge joints and VITON O-rings. Fabrication is
complete, enabling high-current experiments and advancing research at MCF.

The Medica Cyclotron Facility (MCF) at VECC,
Chakgaria campus, Kolkata, has been established to
produce radioisotopes and support research in material
science and radiochemistry. The facility includes a
specidized beamline with two sub-beamlines
designed to handle proton beams of varying currents
up to 50 pA for low-current applications and up to 200
pA for high-current experiments. The proton beam
energy can reach a maximum of 30 MeV.

A key challengein utilizing the high-current beamline
lies in managing the intense heat generated on the
target material. At full capacity, the proton beam
deposits
approximately 6 kW
of power over an area
of 4 cm (15
kwW/cnp),
necessitating
advanced target
holder capable of
efficient cooling to
prevent material
degradation. To
address this, as a first
step, a target holder
has been . 4
conceptualized  and Lo
designed todisspaté  Fig 1 Target Holder

up to 1.5 kw of Assembly

thermal load

effectively. The design incorporates results from
dynamic heat load simulations performed using
ANSYS software. The target holder features a

an
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trapezoidal outer casing with a front face measuring
105 mm x 75 mm, suitable for holding circular
samples with a 30 mm diameter (see Fig.1.). These
dimensionsaretailored to fit the existing multipurpose
chamber of the beamline. A forced cooling system
employing a shower jet mechanism has been
integrated to provide direct-contact cooling from the
rear of the target. Thermal analysis indicates that
optimal heat transfer can be achieved using a 1 mm
thick stainless steel (SS) plate with a 25 mm cooling
area and a convective heat transfer coefficient of
80,000 W/m2K. Under these conditions, the sample's
front surface exposed to the proton beam maintains a
max. temperature of 373°C, while the rear side stays
a 79°C. Ensuring vacuum compatibility is another
critical aspect of the design. The beam-facing side of
the target operates under a high vacuum (~1 x 107¢
mbar), while the rear side interfaces with a water
cooling system. Effective sealing is achieved through
the use of knife-edge joints combined with VITON O-
ring aong with Aluminium flange, ensuring the
assembly can endure high therma and vacuum
conditions.

The fabrication of the target holder has been
completed, paving the way for enhanced
experimentation capabilities in high-current beamline
research at the MCF.
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Abstract: Copper (II) Oxide (CuO), has garnered significant attention due to its exceptional
electrical conductivity and natural abundance. CuO nanosheets have various applications which
include energy storage, electronics, catalysis, and optics[1]. Its low-temperature synthesis,
characteristics, and associated properties are not well understood, yet. Here, we provide a
thorough analysis of CuO nanosheets synthesized by facile low-temperature solvothermal
methodology. As such obtained nanosheets exhibit high surface area and enhanced catalytic
activity along with tailored optical properties having a significant blue shift in absorption edge.
This low-temperature synthesis approach unlocks new avenues for CuO nanosheets in
electronics and quantum technologies. Furthermore, these nanosheets are investigated for
dielectric properties at extremely low temperatures ranging from 100K to 350K and at broad
frequency windows lying between 20Hz to 1MHz.

Keywords: Electronics, Solvothermal, Nanosheets, Low temperature, Quantum
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Abstract:

The present article describes about synthesis of polyaniline thin films by soft chemical
solution polymerization method at room temperature over glass substrate and effect of air
annealing at 100, 200 and 300°C on the physicochemical and optoelectronic properties
intending to characterize as gas sensing materials. The as deposited and annealed thin films
characterized for compositional, elemental, surface morphology and optical properties. Slight
shift in peaks positions from 1167, 1372, 1506 and 1593 cm™!' and broadening of peak with
increase in intensity obtained from Fourier transform infra red (FTIR) spectra confirm
annealing induced elemental variations, while Raman spectrum represents chemical bond
shifting upon annealing polyaniline thin films. Fatty granular appearing surface morphology
obtained in atomic force microscopy (AFM) found to be coalesces into smaller granular
shapes on post deposition treatments which can also be confirmed from the scanning electron
microscopy (SEM) images. Optical absorbance shows shift of absorbance peaks from ~
420nm and at ~837nm, these peaks can be interpreted as excitation to the polaron band which
observed to be red shifted may be due to material modifications. These updations in the
materials can be correlated to polygonization process i.e. absorbance of energy at the surface
and utilizing in materials modifications.

Key words: Thin films, polymer, polaron, compositional modifications, sensor
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Abstract: The present study reportsthe observation of weakening of Fano resonance effect in the Raman spectrum
of V205 nanoparticles along with the electronic phase transition. The high temperature semiconductor-to-metal
transition observed in the materials induces phonon anharmonicity and a consequent destabilization of the lattice.
The destabilization of the lattice further leadsto the removal of out-of-plane O atom. The phonon anharmonicity
also resultsin a weakening of electron-phonon bound state, which is envisaged in the current study as weakening

of Fano type asymmetry in the Raman mode.

1. INTRODUCTION

Oxides of V metal are well known for the electronic,
structural, and magnetic phase transitions exhibited by
them. Among the vanadium oxides, the most stable
one, V205 shows a temperature dependent
semiconductor to metal transition at ~380°C[1]. This
electronic phase transition is known to be associated
with surface structural changes due to the loss of out-
of-plane O atom. The onset of the phase transition is
observed to occur a 100 to 150°C[1]. In the present
study, we report a weakening of the Fano effect
associated with the surface structural changes and the
consequent electronic phase transition.

2. EXPERIMENTAL DETAILS

The V2 0s nanoparticles are synthesized via a
hydrothermal route employing thermal decomposition
of NH4VOs. The morphology of the synthesized
nanoparticles (NPs) was studied using field emission
scanning electron microscopy (FESEM, Zeiss). The
crystal structure of the nanoparticles was confirmed to
be V205 using X-ray diffraction (XRD, Inel, Equinox
2000). A temperature dependent (THMS600, Linkam
scientific) Raman spectroscopic  study  (InVia,
Renishaw, UK) was carried out using a 532 nm,
Nd:YAG excitation laser.

3. RESULTS AND DISCUSSION

FESEM image of the synthesized np showed
irregularly shaped nanoparticles with an average size of
49 £ 5 nm (inset of fig.1a). The XRD pattern showed
the diffraction peaks corresponding to a-V20s (fig.1a).
Raman spectrum of V,Os NPs collected at room
temperature is shown in Fig.1b. Raman spectra of the
V205 NPs were collected at atemperature range of -175
to 340°C, to understand the temperature dependence of
Fano type asymmetric broadening in the out-of-plane
mode at 994 cmri(inset of Fig.1a). It is observed that
the mode exhibited red shift with the increase in
temperature, aong with a thermally induced
broadening. In addition, it is observed that the
asymmetry in the Raman line shape is stronger at low
temperatures, manifested as the lower value of Fano
factor, q (Fig.1d). It is reported earlier that, at high
temperatures, the optical phonon modes decay into

multiple phonon modes resulting in peak broadening.
This anharmonic effect also results in red shift in
optical phonon modeg[2,3]

In order to understand the onset temperature of phase
transition, change in theratio of in-plane-mode (@ 144
cm?) to out-of-plane (@ 994 cm?) is studied with
temperature (Fig.1c). A considerable change in the
intensity ratio is observed beyond 100°C indicating the
removal of out-of-plane oxygen from the surface
associated with the phase transition. In addition, the
Fano parameter, q, also showed a noticeable increase
above 100°C (Fig.1d), which is an indicative of the
weakening of Fano effect. The observation indicates
that the thermally induced anharmonicity in optical
phonon mode results in the weakening of electron-
phonon bound state. Consequently, Fano asymmetry
also weakens with increasing temperature.
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5. CONCLUSIONS
The present study reports the observation of a
considerable change in the Fano parameter at the onset
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of electronic phase transition. Irrespective of the
increase in the number of free carriers in the material
as a result of the removal out-of-plane O atoms, the
anharmonicity in the optical modes results in a
weakening of electron-phonon bound state, which is
demonstrated in the current study as weakening of Fano
effect.
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Abstract: Newly developed bioactive glasses of chemical composition xAg>0-20Zn0O-10TeO2-(60-x) B203 (0 <
x < 2mol%) were synthesized via conventional melt-quench route. The synthesized glassy materials were
investigated for various applications including antibacterial efficiency. The antibacterial properties of the obtained
glasses examined against two gram negative bacterial strains like Salmonella and Escherichia coli (E. coli) species.
The anti-bacterial zone of inhibitions were shown increasing trends when the doping content (Ag20) increased.
The thermal properties were analysed with TM-DSC measurement. The density (p) of the glasses increased from
3.54 to 3.82 g/cm?> with the addition of Ag>O. The UV-Vis. absorption spectrum of the glass system was recorded
and estimated the cut-off wavelength (Ac), the optical band gap energies (Eopt), the Urbach energy (AE), the
refractive index etc. The cut-off increased whereas bandgap energies were decreased. The AC Conductivity
measurements on the glassy materials revealed that the NBOs playing an important role in the increment of the
ionic conductivity and also causing the enhancement of antibacterial efficiency.

1. INTRODUCTION

The present work deals with the newly developed
bioactive glassy materials containing zinc oxide, boric
acid, tellurium oxide doped with silver oxide. At high
temperatures these materials were synthesized and
thermally stable [1]. Various applications point of view
the investigations were done on the materials and
obtained good results. Especially, the antibacterial
zones of inhibitions were enhanced with the dopant
concentrations.

Fig.1.Trypticase Soy Agar (TSA) plate assay for

2. EXPERIMENTAL bacterial strains E.Coli.and Salmonella bacterial strains
The selected compositions were prepared by melt-
derived method at high temperatures around 4. RESULTS
1250°C.The antibacterial efficiency measured by Agar >  The zone of inhibitions were increased upto 20mm
plate diffusion technique [2-3]. and 21mm with the Ag>O content against E.Coli
and Salmonella.
3. FIGURES AND IMAGES The ac conductivity enhanced upto 102Q'cm!

order for Ag-2 sample.
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Abstract: Melt-in Mode Plasma Arc Welding has garnered special interest and is widely utilized to produce
medium-thickness joints that demand high strength and durability. In this experiment, the hot tensile
characteristics of 2.4 mm thick Inconel 625 butt joints welded using melt-in mode plasma arc welding are
examined. The experiments exhibited increased service temperature from 200 ° C to 600 ° C leads to a reduction
in hot tensile properties such as ultimate tensile strength of 820 MPa to 598 MPa. Elevated temperature fracture
surface and EDS analysis also revealed and the detailed results and discussion are presented in this paper.

1. INTRODUCTION

Melt-in Mode Plasma Arc Welding (MIMPAW) is
one of the welding techniques utilized in the sheet
metal industry for joining sheets with thicknesses
ranging from 1 to 2.4 mm. The austenitic nickel-based
superalloy Inconel 625 is incredibly adaptable and has
good ductility and strength at elevated temperatures.
Typical uses include cryogenic temperature
components for liquid rockets, various hardware,
tooling, and aero-engine hot section components.
Numerous welding techniques, including as gas
tungsten arc welding, plasma arc welding, laser beam
welding, and electron beam welding, can be used to
join Inconel 625. Among these techniques, Melt-in
Mode Plasma Arc Welding has garnered special
interest and is widely utilized to produce medium-
thickness joints that demand high strength and
durability.

2. EXPERIMENTAL METHODOLOGY
Tensile tests were carried out using Instron Universal
Testing Machine (UTM) under the constant crosshead
speed with a nominal strain rate of 1 x 10—3s™!. The
tensile tests were carried out at test temperatures of
RT, 200°,400°, and 600-C. The UTM was equipped
with a three zone resistance heating furnace for high
temperature testing and a computer with data
acquisition system for obtaining digital load
elongation data. The photographs of hot tensile
specimens before and after test are shown in Fig. 1.
2.1. Equations
The hardening capacity (Hc) of a material may be
considered as a ratio of the ultimate tensile strength
(outs), to the yield strength (oy)

Hc =(cuts —6y)/oy=( 6uTs/Oy)-1 coevviiiinininiinan @)

3. FIGURES AND IMAGES

Tensile specimen before and after test
4. TABLES
Table 1. Hot Tensile properties of MIM PAW welded
Inconel 625 butt joints at different test temperatures.

Test 0.2% Ultimate Strain
temperature Yield tensile hardening
0 strength strength capacity
(MPa) (MPa) ‘He’
RT 566 872 0.54
200 697 820 0.17
400 606 732 0.21
600 469 598 0.26
5. REFERENCING

[1]Chowdhury SM, Chen DL, Bhole SD, Cao X,
Powidajko E,Weckman DC, et al. Tensile
properties and  strain-hardeningbehavior of
double-sided arc welded and friction stir
weldedAZ31B magnesium alloy. Mater Sci Eng
A 2010;527:2951-61.

[2] Mecking H, Kocks UF. Kinetics of flow and strain
hardening.Acta Metall Mater 1981;29:1865-75.

[3] Christopher J, Choudhary K, Isaac Samuel E,
Srinivasan VS,Mathew MD. Tensile flow and
work hardening behaviour of9Cr-1Mo ferritic
steel in the frame work of Voce
relationship.Mater Sci Eng A 2011;528:6589-95.

[4] Farabi N, Chen DL, Zhou Y. Microstructure and
mechanicalproperties of laser welded dissimilar
DP600/DP980 dualphase steel joints. Alloys
Compd 2011;509:982-9.

45




Topic Code:

Soft mode induced structural phase transition in Ba;ZnTeQgs at high pressures

Bidisha Mukherjee, Mrinmay Sahu, Asish Kumar Mishra, Goutam Dev Mukherjee*
National Centre for High-Pressure Studies, Department of Physical Sciences, Indian Institute of Science
Education and Research Kolkata, Mohanpur Campus, Mohanpur 741246, Nadia, West Bengal, India.
Email: goutamdev@iiserkol.ac.in

Abstract: We present a thorough investigation of vibrational, and structural properties of perovskite-type
rhombohedral Ba2ZnTeOs (BZTO) under systematic application of pressure. To carry out the analysis, we have
performed pressure-dependent Raman spectroscopic measurements and synchrotron XRD. At ambient conditions,
BZTO has R3m space group, which under pressure undergoes a structural transition to a monoclinic phase with
space group C2/m at around 18~GPa. In-depth Raman analysis reveals softening of a phonon mode Eg (~28cm™)

leads to the structural phase transition.

1. INTRODUCTION

Double perovskite oxides (A2BB'O¢) possess a variety
of desirable physical characteristics due to the different
possible combinations of B and B’ cations. Especially
the compounds BaxM?"Te®" Os (where M** =Co, Ni, Cu,
or Zn) feature a unique layered structure of face-
sharing TeOs and MOg octahedra, connected by corner-
sharing TeOs octahedra. Low temperature induces
lower symmetry in BZTO [1]. On the other hand, the
high-pressure-high-temperature ~ synthesis  process
stabilizes it to the cubic phase [1]. All these facts make
the structural dynamics of BZTO very rich and
interesting to study further.

2. EXPERIMENTAL DETAILS

Single-phase pure BZTO powder was synthesized
using solid-state synthesis method [1]. The phase purity
of the sample was confirmed by XRD and SEM
measurements. High-pressure XRD measurements
were carried out at the PETRA P02.2 beamline with a
wavelength 1=0.2907 A using piston-cylinder type
DAC, Re gasket, neon gas as PTM. For high-pressure
Raman measurements, a steel gasket and 4:1 methanol-
ethanol mixture was used with an excitation
wavelength of 532 nm.

3. RESULTS AND DISCUSSION

3.1. High-pressure Raman

R3m structure has 16 Raman active modes [1] among
them we can detect 15. Peak positions of all the modes
show slope change at ~8GPa with pressure. One of the
E; modes, which is coming due to rotation of TeO6
octahedra and translation of Ba and Zn does not follow
normal linear dependence above 8GPa; instead, it
follows Cochran-type relation [2]. Though the mode
becomes faint after 13 GPa but extrapolating the fitting
we get the critical pressure (Pc) around 18GPa. Also,
the nature of FWHM of all the Raman modes indicates
the structure is becoming distorted in the pressure
region of 8-10 GPa and the structure loses its stability.
3.2. High-pressure XRD

It is difficult to draw any conclusion about the structure
of any system from Raman analysis alone. We
performed detailed XRD measurements as a function
of pressure. Some new Bragg peaks appear at around

20GPa. The new phase can be indexed to a monoclinic
C2/m space group validating our prediction from high
pressure Raman analysis. Also, the trigonality
(calculated using c/a ratio) and bond angle variance,
both related to structural stability, increases
anomalously with pressure above 7.5 GPa indicating
the structure becomes distorted and gradually leads to
the structural transition.

3. CONCLUSION
e Structural instability is developed in the
structure above 7.5GPa.
e The E; mode (~28cm™) induces a structural
transition from R3m phase to C2/m phase
above 18 GPa.
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Fig.1. Pressure evolution of soft mode frequency.
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Abstract: Austenitic stainless steel AISI 316 and its variants are widely used as the structural materials of Fast
Breeder Reactors. The irradiation induced changes of SS 316L and SS 316LN were studied after test irradiations
in Fast Breeder Test Reactor (FBTR) up to 5 dpa (displacement per atom) at 380-400°C. The materials were
characterized through mechanical test, XRD and X-ray Absorption spectroscopy.

1. INTRODUCTION

The synchrotron based X-ray Absorption spectroscopy
(XAS) measurements were performed to study the
influence of alloying elements on irradiation-induced
changes in the local atomic environments around Cr,
Ni, Mo and Fe atoms. XAS comprises of X-ray
Absorption Near Edge Structure (XANES) and
Extended X-ray Absorption Fine Structure (EXAFS).

2. EXPERIMENT

The irradiated specimens (@3mm and 0.5mm thick)
were transported to RRCAT and XAS studies were
carried out at BL 09 of INDUS II in fluorescent mode.
The normalized XAS spectra plotted in K-space and
Fourier transform was performed over a chosen K-
range to get the plot in R-space to extract quantitative
structural parameters for the atoms surrounding the
central atoms such as Coordination number (CN), Bond
length (BL) and Debye-Waller (DW) factors by fit the
data with theoretical model for austenitic stainless
steel.

i ov§80§§§:

A— b

Fig. 1: Model for austenitic stainless steel

3. RESULTS
3.1 Fe K-Edge
Fe K-Edge data shows pronounced short-range
ordering of Fe and N in un-irradiated SS316LN
compare to SS316L. On irradiation, XANES spectrum
of SS316L shifted towards un-irradiated SS316LN but
negligible shift in spectrum of irradiated SS316LN.
Quantitative interpretation also confirms that SS316LN
has stable structure around Fe atoms.
3.2 Ni K-Edge
The spectrum of Ni K-Edge is similar to Fe K-Edge
indicating Ni is strongly influenced by co-existence of
ordered structure of Fe-N. However, quantitative
interpretation indicates that, Ni does not form a direct
bond with Nitrogen in un-irradiated SS316LN. On
irradiation, the physical parameters do not change for
SS316L but 316LN shows significant changes. This

may be due to the local N saturation surrounding
Y(Fe,Ni) phase during irradiation and induce
decomposition, Y'(Fe, Ni, N)— Y’-Fe4N+Ni [1] a short
range ordered structure.

— Ni SS316L

71— Ni SS316LN
Fe SS316L /1

—— Fe SS316LN (
Cr SS316L /

—— Cr SS316LN | /
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Fig. 2: Normalized XAS spectra for Fe, Ni, Cr and Mo
K-Edge
3.3 Cr K-Edge
SS316LN spectrum for Cr and Mo K-edge shows low
energy shift compare to SS316L. On irradiation, the
decrease in CN is common for both the steels,
indicating the accumulation of point defects around the
Cr atom is more than the recombination. There were no
significant change in BL for SS316L but for SS316LN,
the BL decreases by 1% indicating short range ordered
structure around Cr atoms.
3.4 Mo K-Edge
Mo K-edge spectra show a separation of the two broad
peaks above the absorption K-Edge. The separation
may be due to change in stability order, as parent metal
(BCC) < carbide (HCP) < nitride (FCC) [2]. On
irradiation, Mo shows short range ordering of Mo-N in
SS316LN.
4. CONCLUSION
XAS has been employed to study the changes in
chemical environments of neutron irradiated SS316.
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Abstract: Copper sulphide nanoparticles were synthesized by a green chemical route in PVA matrix using
ammonia (aq.) as a complexing agent. Copper acetate monohydrate and thiourea were used as precursors. The
particle sizes as obtained from X-Ray diffraction (XRD) results were found to be in good agreement with those
of high-resolution transmission electron microscopy (HRTEM). The ultraviolet-visible (UV-Vis.) absorption
and photoluminescence (PL) emission spectra exhibited a systematic blue shift of absorption and emission
respectively confirming the quantum confinement effect in the synthesized nanoparticles. The band gap as
estimated from Tauc-plot increased from 3.26eV to 3.92eV with a change in the concentration of the
complexing agent. The fluorescence transmission infra-red (FTIR) spectra exhibited Cu-S stretching peaks
characteristic of CuS. Ionic contributions of the electrolytic ionic CuS solution as measured by a standard
conductivity cell clearly showed the semiconducting behavior of the product material. The synthesized material
may be exploited in the fabrication of an optoelectronic device in the UV-blue region.

1. INTRODUCTION a0
CusS is a good prospective optoelectronic

S2

material that exhibits p-type electrical conductivity
[1]. It is potentially used in solar cells, IR detectors,
optical filters and other low-cost devices owing to its
high absorption coefficient (10%cm-') and narrow band
gap (1.21 eV). In optoelectronics, it can be used as a
light-emitting diode (LED) in the UV-Blue region.

Intensity (a.u)

20 30 40 50 60 70
2. METHODTOLOGY 20(Degree)
2.1. MATERIALS AND METHODS Fig.1. XRD Pattern of Sample S2

Copper acetate monohydrate and Thiourea were used
as precursors for the copper and the sulphur source
respectively. A green material, polyvinyl alcohol
(PVA) acted as a capping agent and ammonia (aq.) as
a complexing agent was used to adjust the pH value of
the bath. An ionic conductivity cell was used to D 5 Williamson-Hall Method
measure ionic conductivity at varying temperature. (nm) 103
2.2. Synthesis and Characterization lin.
Copper Sulphide nanocrystalline thin films are (nm)? | ex o y U
depos.lted on glas§ substrates by a simple chemical DS/ 103 | (MPa) | (GPa) | (Jm?)
route in PVA matrix. W-H %103
The synthesized materials were characterized with
XRD, HRTEM, UV- visible, PL, FTIR and Ionic
conductivity.

3. Result and discussion

The XRD shows peaks of mixture of copper deficient ACKNOWLEDGEMENT

phases such as Cui.96S, CuisS, and CusSs as well as The authors gratefully acknowledge all those
amorphous structure of the composite materials. associated with this work.

Debye-Scherrer (D-S) and Williamson-Hall (W-H) [2]

plot was used to estimate the different micro-structural REFERENCES

parameters of the synthesized materials. The average [1].D. Nath et al, Mater. Chem. Phy.239 (2020) 1-9.
particle size of the materials is in good agreement with  [2]. B. Barman et al, Solid State Sc.109 (2020) 1-7.
those observed from HRTEM images. The UV- PL

measurements show blue-green emission for both the

copper sulphide samples characteristic of covellite

phase of CuS. The materials exhibit temperature

dependent ionic conductivity.

Table 1. The Table summarizes various parameters
calculated in this work.

11/19 | 5.36 494 | 14.12 | 48.83 | 7.29
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Abstract: Methanol-Ethanol (4:1) mixture is the most widely used pressure-transmitting media (PTM) in high-
pressure diamond anvil cell based experiments. The quasi hydrostatic limit of PTM is nearly 10.5 GPa. In the
article, we have investigated the hydrostatic limit of Methanol-Ethanol (4:1) mixture at 100°C, 150°C and 200°C
with ruby fluorescence technique using internally heated diamond anvil cell. Our studies show that hydrostatic
limit of the Methanol-Ethanol mixture can be extend up to 22 GPa by heating the mixture to 200°C.

1. INTRODUCTION

Hydrostatic pressure conditions on the material plays
a crucial role in its high pressure studies.
Inhomogeneous strains due to non-hydrostatic
pressures can change the phase transition pressure or
even can change the phase diagram of the material [1].
Methanol-Ethanol (4:1) mixture is the most frequently
used PTM medium which maintains the hydrostatic
conditions inside the sample chamber of diamond
anvil cell based high pressure experiments. It remains
quasi hydrostatic up to ~ 10.5 GPa [2]. High pressure
viscosity studies on Methanol- Ethanol mixture show
that ~ 10 GPa, there is a sudden increase in viscosity
to a value 10'% pascal-sec [3]. This indicates that the
solidification of Methanol-Ethanol mixture at ~ 10
GPa. Therefore, It is considered that non hydrostatic
stresses have been arises due to solidification of
Methanol-Ethanol mixture above 10.5 GPa at ambient
temperature. In the present studies, we have studied
hydrostatic limits of Methanol-Ethanol mixture up to
200°C.

2. EXPERIMENTAL DETAILS
High pressure ruby fluorescence experiments have
been performed on Jobin Yvon triple-stage T64000
Raman spectrometer in a back-scattering geometry.
Methanol-Ethanol mixture along with six ruby chips
of size ~20 micron have been loaded on pre-indented
tungsten gasket having hole of size ~200 micron.
Pressures in the sample chamber have been measured
by shifting in ruby fluorescence line [4]. For
increasing the temperature of sample, a heater of
tungsten coil is mounted inside the DAC. Three sets
of high pressure experiments have been performed. In
the first experiment, sample chamber containing
methanol: ethanol (4:1) mixture is heated to 100 °C.
Second and third experiments have been performed at
temperature 150 °C and 200 °C respectively.

3. RESULTS AND DISCUSSION
There are three well established methods to measure
the non hydrostatic stresses in the sample chambers.
These are : (a) average width of ruby fluorescence R1
line; (b) average splitting in ruby fluorescence R1 and
R2 lines; (c) the standard deviation of the pressures

determined for the n ruby chips using R1 fluorescence
line [7, 8]. It has been shown by klotz et al. [5] that
the standard deviation of the pressures (O ) is the
more reliable parameter for the detection of pressure
variation in the sample chamber. Standard deviation
of the pressures (O ) at different temperatures are
showing in FIGUREI. For eliminating temperature
induced shift in ruby fluorescence line R1, Datchi
equation [6] has been used.
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Figure 1. Standard deviation of the pressures
measured from six ruby chips (present in the sample
chamber) at different temperatures.

4. CONCLUSION
Our studies show that hydrostatic limit of Methanol-
Ethanol (4:1) PTM can be extend up to 22 GPa by
heating the mixture to 200°C. The achieved
hydrostatic conditions may be crucial for certain high
pressure experiments, where spurious results are
observed due to non hydrostatic conditions.
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Abstract: This study explores radiation damage in iron phosphate glass using a hybrid MC-MD approach.
Random IPG structures are generated and melt-quenched via Molecular Dynamics simulations. It is seen that
the energy dissipation in the cascade remains independent of PKA energy, with minimal defect recombination.

The peak defect count scales linearly with PKA energy, matching NRT predictions.

1. INTRODUCTION

The rising global energy demand has intensified
research on efficient energy production. The nuclear
industry plays a key role but generates high-level
nuclear waste (HLW), requiring robust encapsulation.
Iron phosphate glasses (IPG) are one of the candidate
materials as they are quite durable and understanding
their irradiation characteristics is important. This work
combines potential-free Monte Carlo and classical
MD melt-quench methods to generate realistic
amorphous IPG structures, overcoming limitations of
ab-initio techniques. The next step is modeling
radiation damage in glass via molecular dynamics
(MD), which captures atomic-scale displacement
cascades and defect recombination. Using realistic
interatomic potentials, we analyze irradiation effects
in the generated glass structures.

2. METHODOLOGY

Glass models are generated using a potential-free MC
method [1,2], followed by MD melt-quenching in
LAMMPS with a Buckingham + Coulomb +
Stillinger-Weber potential [3]. The system is melted at
6000 K and quenched to 300 K over 120 ps, forming
amorphous IPG. Radiation damage is simulated in an
80,000-atom cell, equilibrated at 300 K. A PKA (of 2,
4 and 6 keV energies) is introduced along the (100),
(110), and (111) to study displacement cascades.

3. RESULTS AND DISCUSSION

Upon PKA initiation, atomic collisions transfer
energy, causing velocity changes. The velocity
autocorrelation function decays within 0.25 ps,
coinciding with the peak defect number and thermal
spike. PKA energy has minimal impact on the decay
rate, suggesting energy dissipation is independent of
PKA energy. The number of displaced atoms
increases during the ballistic phase, with minimal
defect recombination, highlighting the amorphous
nature of IPG. Oxygen defects are most prevalent,
while Fe?* defects are rare, contrary to prior findings.

The peak defect number increases linearly with PKA
energy, matching NRT predictions.
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Fig.1. Variation of the number of displaced atoms
with cascade simulation time

4. SUMMARY AND CONCLUSIONS

In summary, this work employs a hybrid approach to
model the glass structure of IPG. Radiation damage
studies indicate that point defects produced during the
initial stages of the cascade do not anneal as
effectively as they do in metallic systems, highlighting
the amorphous characteristics of the glasses. Ongoing
research is investigating the effects of different PKA
species, temperature variations, and various IPG
compositions on radiation damage characteristics.
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Abstract: Light weight steels are known for their excellent high-temperature performance and outstanding
oxidation resistance, particularly Fe3Al, have garnered attention in materials science as promising candidates for
lightweight structural materials. Reports were dedicated for finding out the hardness and elastic modulus
through nanoindentation for the alloys Fe7Al, Fe9Al and Fel6Al the strain rate sensitivity was not much
explored. This paper aims to contribute valuable insights into the strain rate sensitivity of the specified alloys
and thus the selection and application of iron aluminides, for future innovation with the light weight steels for

automotive industries.

1. INTRODUCTION

Understanding the behavior of the light weight
steels under stress and high temperature is essential
for optimizing the performance in technological
applications, such as aerospace and automotive
industries[1]. Among the iron aluminides, the ordered
and disordered variants present unique microstructural
characteristics, which directly influence their
mechanical properties such as yield strength and
hardness, which are essential for applications in
aerospace and automotive industries.

This study explores to evaluate the hardness and
elasticity of iron aluminides, through the
nanoindentation techniques to establish a correlation
between microstructure and mechanical behavior with
precise hardness and elastic modulus values, which
are essential for evaluating the ductility and other
mechanical properties.

2. EXPERIMENTAL DETAILS

The nanoindentation was performed on the iron
aluminides Fe7Al, Fe9Al, Fel6Al samples to obtain
the mechanical properties such as hardness, and strain
rate sensitivity. The hardness values are measured
from the load displacement data obtained from the
load-unload cycle of nanoindentation [2]. A dwell
time of 10 sec was maintained at the peak load for
every indentation before unloading. This is done to
minimize the effect of loading history on the
unloading curve. The same peak load and loading rate
conditions were maintained for 9 indents to obtain the
consistency. The current investigation, the peak load
utilized is 8000 pN with different loading rates 80,
160, 450, 800, 2500, 5000 and 7000 uN/s. The strain
rate sensitivity is measured from the flow stress o
(where o is calculated from Tabors relationship) with

the strain rate ¢ in a uniaxial tension by using eqn. (1).
dino

M= Sz D
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3. RESULTS AND DISCUSSION

Typical load displacement curves obtained for
disordered and ordered FeAl samples are shown in
Fig. 1 and it is clearly evident that the indentation
response is uniform for a given test condition. The
hardness was deduced from unloading part of the
curve following the Oliver-Pharr method. This
average hardness data obtained at various loading
rates employed during nanoindentation is presented in
table. (1)
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Fig. 1. (a) Load Vs depth curves of 9 indents for
Fe7Al- 5000 puN/s, (b) SRS calculation.

Table 1. Hardness and elastic modulus of FeAl
samples.
Sample | Hardness Strain rate
(GPa) sensitivity
Fe7Al | 3.307012 -0.018
Fe9Al | 3.688356 -0.0278
Fel6 Al | 5.34829 -0.0168
4. CONCLUSIONS

The increment in hardness with increase in loading
rate for a given test condition and a given sample
suggests that the loading rate response is positive
leading to positive strain rate sensitivity.
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Abstract: The Design of Positron Maker facility- an intense positron beam to be installed in CS3003
beam cavity of Dhruva Research Reactor will be presented. Thermal neutrons from the reactor core
will be intercepted by a thin cadmium sheet where they will undergo '*Cd(n, y)''*Cd reaction. This
nuclear reaction will result in an intense capture gamma flux which will be incident on a suitably
designed tungsten moderator assembly. The intensity of gamma ray incident on the moderator
assembly will be ~0.01 photon per neutron with enough energy to induce electron-positron pair
production. The high energy positrons produced in the moderator assembly will be self-moderated
resulting in an intense flux of slow positron beam. The slow positron beam will be transported outside
the biological shield through a ~3 m long solenoid tube which maintains a uniform axial magnetic
field of ~ 7mT. After exiting the biological shield, the positron beam will be bend through a ~ 2m x
2m x 2m layered neutron and gamma shield which filters out the streaming radiation from the reactor
core. The capture gamma production, transport and subsequent pair production process were
simulated using FLUKA code [1]. Various parameters such as cadmium thickness, design of tungsten
foil-based moderator assembly was optimized. Transport of the slow positrons was simulated using
SIMION [2,3]. Design of outer radiation shielding assembly was carried out using FLUKA.
Considerable effort was devoted to design the tip of the facility such that the maximum temperature
rise could be limited to < 160 °C. Our simulations suggest an intensity of ~7x10® e+/s positrons in a
~20 mm diameter which is comparable to the various other similar facilities operating worldwide [3-
6]. Once installation is complete, the intense positron beam will be used to study defect evolution in
nanosecond time scale via single-shot spectroscopy techniques [7].
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Abstract: We have carried out a detailed high-pressure and low-temperature study using XRD and Raman
spectroscopic measurements. The HP-XRD data shows no structural transition. The Raman data shows anomalies
around 7.8 GPa pressure indicating the possibility of electronic transition. Further low-temperature investigation
reveals that both the Raman peaks show signature of magnetic interaction below Neel temperature.

1. INTRODUCTION
Transition metal chalcogenides have sparked
significant attention because of their application in
spintronics and magnetic storage devices. Crso4Tes
crystalizes in the monoclinic structure. It is a room-
temperature soft ferromagnet with alternating stacks of
Cr-filled and Cr-vacant layers along the ¢ direction [1].

2. EXPERIMENTAL DETAILS

High-quality Single crystals of Cr3.04Tes were grown
using the chemical vapor transport method [2]. High-
pressure XRD measurements were carried out at the
PETRA P02.2 beamline with a wavelength A=0.2910
A. A piston-cylinder type diamond anvil cell (DAC)
was used to perform the high-pressure Raman
measurements with an excitation wavelength of 488
nm. The low-temperature Raman measurements were
carried out using a closed-cycle helium cryostat
coupled with a microraman spectrometer with 532 nm
laser wavelength.

3. RESULTS AND DISCUSSION

3.1. High-pressure Raman

The ambient Raman spectra of Crs 04Tes consist of two
major peaks arising from the in-plane and out-of-plane
vibration of the Te atom. Upon increasing the pressure
the peak centered around 125 cm™ shows red shift and
the peak centered around 142 cm™ shows blueshift. We
have fitted the Raman data with the Fano function as
the Lorentzian function does not fit well. The Fano
coupling parameter indicates the presence of strong
electron-phonon coupling in the system. The Raman
shift of both peaks shows anomaly around 7.8 GPa
pressure as shown in Fig.1. Interestingly, the coupling
strength obtained from fano fitting drops to zero above
7.8 GPa, possibly due to a change in the material’s
electronic structure.

3.2. High-pressure XRD

To investigate the possibility of any structural
transition we have carried out high-pressure
synchrotron XRD up to 30 GPa. The ambient XRD
pattern indexed to monoclinic structure with space
group C 2/m. There is an isostructural transition
happening around 17 GPa. Since no structural

transition is observed around 7.8 GPa, the anomalies
obtained in the Raman data around that pressure can be
attributed to electronic transition.

3.3. Low-Temperature Raman measurement

To understand the effect of magnetic transition on the
lattice vibration of the sample we have carried out low-
temperature Raman measurement from 22 K to room
temperature. The Raman shift of both the peaks show
blue shift upon decreasing temperature up to the Neel
temperature, below that softening of both the peaks
observed. We have fitted three phonon decay scheme
to eliminate the effect of anharmonicity, and it fits well
up to 100 K . The deviation of experimental data below
100 K can be due to the spin-phonon coupling or
electron-phonon coupling or both happening in the
system [3]
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Fig.1. Variation of Raman shift and coupling
strength with pressure for peak 2
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The intermetallic RE3TM4Sn;3 (RE = rare-earth element, TM = transition metal) compounds,
first discovered by Remeika et al., feature a fascinating cage-like structure that underpins their diverse
physical properties, such as superconductivity, charge density wave behaviour, and heavy fermion
effects. These materials crystallize in three distinct phases (I, 11, and III), with the I phase (Yb3;RhsSn;3
type) comprising [Sn;(Sny)i2] icosahedral cages and [TM(Sn,)s] trigonal prisms. Phase II exhibits a
Pesuedo tetragonal structure, while Phase III arises from structural instability or disorder of Phase I,
evidenced by superstructural Bragg reflections and the doubling of the cubic unit cell. Synchrotron
single crystal and powder X-ray diffraction studies on Sr3RhsSn;3, CazRhsSn;3, and LasRh4Sni3 reveal
unique structural properties under ambient and high-pressure conditions. Both SrsRhsSnis and
Ca3RhsSny; crystallize in the Pm3n space group, with lattice parameters of 9.805 A and 9.723 A,
respectively, while LasRhsSni3 adopts a superlattice structure in the /4,32 space group. High-pressure
XRD studies confirm smooth compression of Sr3RhsSn;3 up to 10 GPa, yielding a bulk modulus of 79.6
GPa. The structural properties of CasRhsSn;s, under ambient conditions, closely resemble those of
Sr3;RhsSn;3 at ~7 GPa, suggesting a "chemical pressure" analogy. In La;Rh4Sni3 temperature-dependent
synchrotron XRD reveals a structural transition from the /4,32 phase (III) to the Pm3n phase (I) between
340-350 K, while high-pressure XRD indicates a similar phase transformation above ~ 7.5 GPa,
accompanied by the suppression of superlattice peaks. Raman spectroscopy further confirms the III to
I transition, highlighting the interplay between pressure and structural distortions. This comprehensive
study provides valuable insights into the pressure-induced structural behaviour of RE3TMaiSnis
compounds, advancing the understanding of their intriguing physical phenomena.

High Pressure studies of structural phase transition of La;Rh,Sn;

=~350 K
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=~7.5GPa
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Abstract: High-pressure behavior of Hf-Nb-Ta-Ti-V high entropy alloy (HEA) has been investigated using X-
ray diffraction (XRD) technique employing diamond anvil cell (DAC). Our study shows phase stability of the
ambient bcec phase of Hf-Nb-Ta-Ti-V HEA up to the highest measured pressure of ~ 26.4 GPa, however with
unusual pressure-volume (P-V) relationship between 7 to 11 GPa. This unusual behavior is concomitant with the
reduction of macrostrain broadening, implying it to be an inherent character of the HEA system studied.

1. INTRODUCTION

High-entropy aloys (HEAS) are a class of materials
that have attracted significant attention due to their
unique properties, such as enhanced strength,
corrosion resistance, and thermal stability. Due to
these novel properties;, HEAs are promising
meterials for various industrial applications. The
HEA we studied was synthesized with the nominal
composition of HfooNbo2Ta2Tio2Voo. The alloy
stabilizesin asingle body-centered cubic phase with
|attice parameter of 3.32A at ambient condition [1].
We have investigated the high-pressure behaviour of
this aloy up to ~ 26.4 GPa. Our study shows
ambient phase stability up to the maximum studied
pressure, however with unusual pressure-volume
behaviour.

2. EXPERIMENTAL DETAILS

A few chipsof the HEA sample of size~20 umwere
loaded in DAC aong with Cu and silicone oil as
pressure marker and pressure transmitting medium,
respectively. The sample chamber was prepared by
drilling ~ 200um diameter hole in a pre-indented
tungsten gasket. High-pressure X-ray diffraction
(XRD) measurements were carried out at Extreme
conditions XRD beamline, BL-11 at Indus-2 using
monochromatic X-rays of wavelength 1=0.4861A
[2]. XRD images were recorded a8 MAR345
imaging plate detector in small pressure-steps of ~
0.5 GPa up to ~ 26.4 GPa and subsequent rel ease of
pressurein afew steps, down to ambient conditions.
2D diffraction images were converted to 1D
diffraction patterns using FIT2D software and
subsequently analysed through Rietveld refinement
using GSAS |1 software.

3. DISCUSSION AND RESULT
The ambient bcc phase has been found to be stable
up to the maximum studied pressure, however, the
pressure-volume (P-V) data exhibit unusual
behaviour between 7 to 11 GPa (fig. 1). The P-V
data could not be fitted with single equation of state
(E0S). The experiments were repeated multiple
timesto verify if the unusual behaviour is an artifact
or genuine behaviour of the studied HEA sample.
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We observed similar behaviour in al the
measurements. The observed P-V behaviour can be
described with two EoS. Fig. 1 shows two second
order Birch-Murnaghan fittings to the observed P-V
data in the pressure range of ambient to 7 GPa and
12t0 26.4 GPa.
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Fig.1: Pressure induced variation of unit cell volume.

Estimated bulk modulus are 156.3 GPa and 167.6
GPafor thefirst and second EoSfitting respectively.
We observed significant reduction in macrostrain
broadening of the sample XRD peaks in the unusual
P-V region, implying the unusual behaviour to be
inherent to the sample. Similar unusua P-V
behaviour has been observed in nickelate [3], which
is attributed to some internal structural changes. In
our case different compression behaviour of
different elements and concomitant changes in
microstructure may have resulted in the unusual P-
V  behaviour. A detailed microstructural
investigation on the studied HEA sample will be
quite insightful for describing this observation.
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Abstract: Synchrotron based in situ X-ray diffraction (XRD) study was carried out on pure iron under hydrostatic
as well as under uniaxial compression to investigate the effect of plastic straining on the bcc-hep phase
transformation (PT) in pure iron. The bee-hep PT is found to be reversible in both the cases, however, plastic
straining modifies the pressure-phase fraction hysteresis. Unlike hydrostatic condition, both forward and reverse
PT initiate at nearly same pressure under plastic straining at high pressures. Under uniaxial compression, the bcc-
hep PT isfound to be independent of compression-shear straining path and afunction of accumulated plastic strain

only.

1. INTRODUCTION

Phase transformations (PTs) induced by large plastic
shear deformations under high pressures are critical in
various material systems. Plastic shear can lower the
pressure required for certain PTs, produce new phases
unattainable without shear, and convert reversible
transformations into irreversible ones [1]. These
phenomena open new possibilities for synthesizing
novel or known phases at reduced pressures[2]. High-
pressure torsion in a rotational diamond anvil cell
(RDAC) is an effective method for studying plastic
strain-induced PTs [3]. We have carried out a similar
X-ray diffraction (XRD) study on pure iron to
investigate the effect of plastic straining on the well-
known bcc-hep PT in pure iron. Our study shows
significant role of plastic straining on the bee-hep PT
hysteresis at high pressures.

2. EXPERIMENTAL DETAILS

For hydrostatic compression experiments, small Fe
chips of size ~20 pm were loaded in a symmetric type
DAC with silicone oil as pressure transmitting medium
and Cu as a pressure marker. For uniaxial compression
experiments, a thin foil of iron of thickness ~ 150 pm
was loaded in RDAC. In situ XRD experiments were
performed at 16-BM-D beamline at HPCAT sector at
Advanced Photon Source employing focused
monochromatic X-rays of wavelength 0.3543 A. For
uniaxial compression case, X RD images were recorded
acrossentire culet diameter of RDAC in stepsof 10 um.
2D diffraction images were converted to a 1D
diffraction pattern using FIT2D and subsequently
analysed through Rietveld refinement using GSAS 1
software for obtaining lattice parameters, phase
fractions etc. of both bce and hep phases.

3. RESULTSAND DISCUSSION
The pressure-volume (PV) relationships of bce and hep
Fe under compression in a DAC was obtained using a
third-order Birch-Murnaghan equation of state (E0S)
to determine the bulk modulus and its pressure
derivative, which were found to be 141 GPaand 11 for

bce Fe, and 154 GPs and 5 for hep Fe. The bee-to-hep
PT resulted in an approximate 4.5% decrease in unit
cell volume. Under hydrostatic compression, the PT
begins at ~14 GPa and completes at ~17 GPa, while
under uniaxia loading, it initiates at ~10 GPa and
completes at ~17 GPa. On release, reverse PT initiates
at ~ 8 GPaand 10 GPa under hydrostatic and uniaxial
case, respectively. The PT hysteresis is found to be
significantly modified under plastic straining (Fig. 1).

10

[Hydr ostatic N
I lunloading /-/

Hydrostatlc

f
0.0L~ . / Ioadmg
2 4 6 8 10 12 14 16 18 20

Pressure (GPa)

Fig. 1. Phase fraction hysteresis of hcp phase of iron under
hydrostatic and uniaxial compression.

Under uniaxial compression, the PT initiation pressures
for forward and reverse PT are found to be same at all
radial positions of anvil where the stress conditions are
quite different. This implies that the phase fraction of
daughter phase is independent of the compression-
shear pathway and a function of accumulated plastic
strain only and hence the kinetic equation of plastic
strain induced phase transition [1] is applicable to this
case.
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Abstract: Using first-principles density functional theory combined with quasi-harmonic approximation
(QHA), we have investigated the thermodynamics of the ringwoodite to bridgmanite phase transition, which is
known to be the cause behind the 660 km seismic discontinuity observed. Our calculations indicate that in the
absence of water, the phase boundary has a high negative Clapeyron slope of -3.37 MPa/K and is located at a
pressure of 21.15 GPa at 1873 K. However, previous experimental and theoretical calculations indicate that
ringwoodite may contain a substantial amount of water (~1-2 wt.%) in its crystal structure, which can
significantly impact on the phase transition. To investigate this effect, we analysed two distinct dissociation
reactions at the same water concentration: (1) hydrous ringwoodite transforming into hydrous bridgmanite and
periclase. This reaction yields a phase boundary that occurs at 21.98 GPa and 1800 K, with a high negative
Clapeyron slope of -2.95 MPa/K at 1873 K. and (2) hydrous ringwoodite transforming into bridgmanite,
periclase, and hydrous stishovite. Surprisingly, this reaction places the phase boundary at 23.85 GPa and 1800
K, close to the D660 discontinuity, with a slightly positive Clapeyron slope of +1.57 MPa/K at 1873 K. These
findings indicate that the presence of water can strongly influence the 660 km discontinuity, particularly in the
context of slab subduction dynamics.

1. INTRODUCTION
Olivine[(Mg, Fe)2Si04] is the most dominant mineral 3. PHASE TRANSITION BOUNDARY
in the upper mantle. It undergoes phase transition to

wadsleyite, and further to ringwoodite with increasing 4 a— e
pressure in the Earth’s interior. These high-pressure bt |
phase transitions are known to be responsible for the P

observed seismic discontinuity at the depths of |z | . T
approximately 410 km and 520 km, respectively, ) 5
within the mantle. Seismic tomography studies have ™
further identified a global seismic discontinuity at a - el TT s
depth of ~660 km (~23.6 GPa and 1873 K) [1]. The s = y T )
dissociation of ringwoodite into an assemblage of s eT . .
bridgmanite [(Mg, lg%:) SiOs] and periclase [(Mg, Fe) Fig.1. Phase boundar.ies for .\yet rlngwoodlte.:. The left
0] is widely accepted to be the cause behind the ~660 panel shqw s the static conditions and the Flght P angl
km discontinuity [2]. It is a crucial structural boundary shows dllffer.ent temp.eratu.res. Dotted hne.s: This
in the Earth's interior, as it separates the transition study; so_hd lines: previous literature (1:05: thasov et
zone from the lower mantle. Water is an important al’; 2005b; G13= Ghosh et al., 2013; Muir et al,
volatile material on the Earth's surface and can be 2021).

transported to the deep mantle through hydrous
minerals in subducting slabs. Ringwoodite has been
found to accommodate a significant amount of water
(~1-2 wt.%) in its crystal structure [3], which can play
an important role in Earth’s evolution and dynamics.
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Abstract: The structural stability and compressibility behaviour of CeTez was investigated using diamond anvil
cell up to 25 GPa by high pressure x-ray diffraction experiments. CeTez was synthesized in single phase by non-
isothermal isopiestic method. At ambient, CeTe: crystallizes in a tetragonal (P4/nmm) phase. The sample does
not undergo structural transition and is stable up to the maximum pressure studied. The bulk modulus of the

tetragonal phase is estimated to be 62(1) GPa.
1. INTRODUCTION

CeTez, a member of the RTe> compounds, is well-
known for its charge density wave (CDW) property
with a high transition temperature of Tcow ~ 1000 K
[1]. At ambient, CeTe> generally crystallizes in the
layered CuzSb-type tetragonal structure (space group
P4/nmm). There are two types of Te sites in the
structure: Te(1) and Te(2). Te(l) atoms form planar
square sheets, which are sandwiched along the ¢ axis
by the double layers of Ce-Te(2) slabs. The CDW
phase in CeTe2 coexists with magnetism and
superconductivity (T. = 2.7 K) under pressure [1]. In
order to understand the underlying physics of pressure
induced CDW phase, it is essential to investigate its
crystal structure under pressure systematically. Hence,
the aim of this study is to examine the structural
stability of CeTe> under high pressure.

2. EXPERIMENTAL METHODS

CeTex sample was synthesized by non-isothermal
isopiestic ~ method [2]. [In-situ  high-pressure
experiments were carried out using a Mao-Bell type
diamond anvil cell (DAC) with a culet size of ~ 500
pm. The sample was loaded into the central hole of a
stainless steel (SS) gasket of diameter ~ 200 um. The
SS gasket was preindented to a thickness of ~60 pm.
Silver was used as the pressure calibrant and silicone
oil was used as the pressure transmitting medium. The
HPXRD experiments were performed at BL 12 of
Indus-1I synchrotron source at RRCAT, Indore. A
monochromatic X-ray beam of wavelength A=0.7124
A was used for the experiments. A MAR345 image
plate detector was used to collect diffraction patterns.

3. RESULTS AND DISCUSSIONS

The analysis of ambient XRD data showed that CeTe:
adopts tetragonal structure and belongs to the P4/nmm
space group and the lattice parameters were estimated
to be a = 4.507(4) A and ¢ = 9.065(1) A. The obtained
unit cell volume was V = 184.18(3) A’. Figure 1
shows the XRD patterns of CeTez at various pressures
up to 25 GPa. No new peaks emerged nor the existing
peaks disappeared up to the highest pressure studied
in this work. This suggests that CeTe: is structurally
stable up to 25 GPa. The P-V data (Fig.2) is fitted
with 3" order Birch-Murnaghan equation of state and

the bulk modulus was estimated to be 62(1) GPa. The
pressure derivative of bulk modulus was estimated to
be 5.2(1). The sample was found to be more
compressible along c-axis than along the g-axis (inset
in Fig.2). This kind of anisotropic reduction in lattice
parameters is reported for transition metal
dichalcogenides such as WSe> [3]. The total observed
reduction in volume was around 20%.
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Fig.1. High pressure XRD patterns of CeTe: at various pressures up
to 25 GPa
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Fig.2. Pressure — volume data of CeTez up to 25 GPa and variation
of lattice parameters with pressure in inset.

4. CONCLUSION

In summary, high pressure x-ray diffraction studies
were performed on the CeTe2 powder to investigate
the structural stability and compressibility behaviour.
The lack of emergence or disappearance of peaks in
the XRD patterns indicates no structural transition
occurred in the sample. The bulk modulus of the
tetragonal phase is estimated to be 62(1) GPa.
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Abstract: Rare Earth Zirconates with Pyrochlore and Flourite structures are considered potential host matrices
for trapping long-lived actinides because of their irradiation resistance and high structural stability. The high-
pressure behavior of actinide-loaded zirconates remains largely unexplored, yet understanding it is crucial. High
pressure X-ray diffraction of Gd** and Ce** co-doped lanthanum zirconate (LZ) indicates an exceptional structural
stability of the pyrochlore structure without any phase transition till ~17 GPa. The variations in the micro-strain
along with the deviation in the compressibility above 5 GPa, suggest the possible changes in the micro-structure.

1. INTRODUCTION

Nuclear energy is vital for meeting growing energy
demands and transitioning to carbon-free power
sources, but managing radioactive waste remains a
significant challenge. Used fuel pellets contain residual
fissile materials and fission products, with some
processed for uranium and plutonium, while the
remainder becomes radioactive waste. Borosilicate
glass is commonly used to immobilize high-level
nuclear waste (HLW), but its stability, especially when
exposed to water, is a concern [1]. Ceramic and glass-
ceramic matrices, like pyrochlore and fluorite
compounds, are being studied for their superior
stability and lower leachability. Rare Earth Zirconates
such as LaxZr20O7, are known for their structural
integrity with actinides in their A and B sites, however,
their behavior under high pressure is not known.
Gadolinium (Gd*") and cerium (Ce*") incorporation in
A and B sites simulates a nuclear waste as they are used
as surrogates for Americium (Am*") and thorium (Th*")
ions. Considering this understanding the structural
stability of Gd and Ce doped LZ is believed to shed
light on this potential nuclear waste form [2]

2. EXPERIMENTAL DETAILS

The simulated waste form of (La1.8Gdo.2)(Zr1.8Ceo.2)O7
was synthesised through co-precipitation method,
using the inorganic salts as precursors. The pH was
adjusted to 11 to aid the precipitate formation and the
resultant precipitate were filtered, dried, ground, and
calcined at 1300 °C for 5 hours. High-pressure X-ray
powder diffraction (HPXRPD) studies were conducted
at the Xpress beamline of Elettra synchrotron, Trieste,
using a diamond anvil cell. Methanol-ethanol (4:1) is
used as pressure transmitting medium and pressure was
calibrated via ruby fluorescence. Diffraction data was
recorded using a PILATUS3S-6M detector with an X-
ray wavelength of 0.4956 A. Rietveld method using
GSAS software was employed for data analysis [3].

3. RESULTS AND DISCUSSIONS
HPXRPD data shown in the Fig. 1(a) indicate no
structural phase transition till the highest pressure
studied, thus indicating the large structural stability of

the pyrochlore structure as actinide host matrix for the
nuclear waste removal. With increasing pressure, all
the diffraction peaks shifted to higher 20 angles due to
lattice contraction. The unit cell volume obtained from
the Rietveld refinement indicate uniform compression
with a bulk modulus of 133(4) GPa. However, the PV
curve shown in Fig. 1(b) substantially deviates from the
second order Birch-Murnaghan Equation of State fit
(BM(II)-EoS). The monotonous and progressive
increase in the micro-strain together with the deviations
in the compression behavior above 5 GPa could be an
indication of the microstructural changes occurring in
the material. Further studies are being planned to
explore this behavior.
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Fig.1(a) Synchrotron HPXRPD of

(La1.sGdo2)(Zr1.8Ce02)O7 recorded up to 16.3 GPa
indicating the absence of structural phase transitions.
(b) BM(II)-EoS fit to the pressure volume data and the
variations in the micro-strain with increasing pressure.
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Abstract: We reported the topological phase transition in an experimentally synthesized tetragonal Zintl
compound RbZnsAs via first-principles calculation. This compound has shown the topologically non-trivial
phase under applied hydrostatic pressure and epitaxial strain of 38 GPa and 8%, respectively. The topologica
phase of this material has been verified with bulk band inversion at the I-point and the presence of surface states
along the (001) plane. The Z; topological invariants have calculated with the help of parity analysis at time-
reversal invariant momenta points and the evolution of Wannier charge centers.

1. INTRODUCTION

The topological phase of matter [1-2] is becoming
increasingly popular after the discovery of topological
insulators (Tls). Exploring a topologically trivia
material that can be made topologically non-trivial by
strengthening  spin-orbit  coupling (SOC) using
external pressure and strain [3] is quite interesting.
According to first-principles calculations, the
structural phase transition has led to the topological
phase transition in NaCdsAs; [4]. RbZnsAs; has an
isoelectronic structure similar to NaCdsAss but with a
different space group. We examined, using first-
principles calculations, the topologica phase
characteristics of the ternary Zintl compound
RbZnsAs; under the influence of hydrostatic pressure
and epitaxial strain.

2. RESULTSAND DISCUSSION
The ternary Zintl compound RbZn:As; has a
centrosymmetric  tetragonal  structure  (P4/mmm),
where Rb* cations are embedded between the [ZnaX 3]
polyanions layers. These polyanionic layers contain
tetrahedra ZnAs, and are stacked along the c-axis of
the crystal structure as shown in Figure 1.

Fig.1. The crystal structure of the Zintl compound
RbZnsAss.

The orbital projected electronic band structures of
RbZnsA s without and with the inclusion of SOC have
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shown that this material is topologically trivial with a
direct band gap of 0.681 ev and 0584 eV,
respectively. It has observed that py, py, p-orbitals of
Asand s-orbital of Zn mainly contribute to the ground
state eigenfunctions of this material near the Fermi
energy. Under the applied hydrostatic pressure and
epitaxial strain, the eigenstates of the system and order
of eigenstates with projections py, py and p; -orbitals
of As near the Fermi energy changed. At the pressure
of 38 GPa and epitaxial strain of 8% aong the c-axis,
this material has shown the transition from trivial to
non-trivial phase and an inverted contribution of
orbitals at the 7-point has observed. This non-trivia
phase has aso verified from the presence of a
topological surface state along the (001) plane. The Z>
topological invariants have caculated using the
product of parities of all the occupied bands at time-
reversal invariant momenta (TRIM) points and the
evolution of Wannier charge centers (WCCs) at
ambient and elevated pressure/strain values.
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Abstract: To resolve the ambiguity in the structural phase transition of ThOz, the crystal structure predicted
using the USPEX code based evolutionary algorithm along with GULP code. It is identified that ThO2
transformed from fcc (SG. No. 225) to orthorhombic structure (Pnma S.G. NO. 62) at 20 GPa with a volume

collapse of 8.5 %.

1. INTRODUCTION

Thorium started to use as a nuclear fuel, because of
high natural abundance of thorium in the earth’s crust
and a perception that uranium supplies may become
limited. In liquid metal cooled fast breeder nuclear
reactors (Th, Pu)O2 containing 20-30% PuOz and 70—
80% ThO: is used as fuel. UO, easily oxidizes to
UsOs and UOs. Whereas ThO: is relatively inert and
highly stable not oxidized beyond the stoichiometric
composition and its thermal conductivity is higher
than that of uranium dioxide. In reactor operation
condition the rim of the fuel experiences more damage
due to the temperature difference which induces
pressure difference. Hence the high pressure study of
ThO: carried out and the results are given.

2. COMPUTATIONAL DETAILS

Universal Structure Predictor:Evolutionary
Xtallography (USPEX) code employs an evolutionary
algorithm for structure prediction [2]. USPEX requires
Chemical composition, number of elements their
charge state and pressure. General Utility Lattice
Program (GULP) requires the Buckingham potential
parameters as given equation 1.

Tij
" Cij
V(rj) = Aje " — # (1

USPEX runs synergistically with the GULP code with the
Buckingham potential parameters given in table 1.

Table 1. Buckingham Potential Parameters of ThO,

Interacting A p C
atoms (eV) (A) (eV. A%
Th-Th 8.5215 0.16666 1530.173
Th-0O 1379.866 | 0.398673 49.22
0-0 50259.34 | 0.15285 72.65339

For predicting the ambient structure the input
pressure in the USPEX input file is 1x10* GPa. The
predicted ambient structure matched well with the
reported values. Then further the computation carried
out up to 35 GPa in a step of 1 GPa. It was found that
at 20 GPa ThO: transformed to orthorhombic
structure. The PV data obtained from this computation
is given in figurel. It can be seen that at 20 GPa there
is a volume collapse of 8.5 % which reflected as a
sudden jump in the density vs pressure curve. The P-V
data of both the parent and daughter phases have been
fitted separately using the third order Birch—

Murnaghan equation of state to get the Bulk modulus
values.
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Fig.1The P-V data of ThOz curve showing the phase
transition with the applied pressure.

3. RESULTS AND DISCUSSIONS
The BM EOS fitted graph is shown for both the
phases are shown in figure 2.
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Fig.2 The B-M EOS fitted data for both the (a) Cubic
and (b) Orthorhombic ThOx.

The bulk modulus of ThO: in the ambient cubic
structure closely matches with the experimental as
well as the computational results. The high pressure
orthorhombic phase shows a high bulk modulus of
~261 GPa with a considerable variation with the
reported values.
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Abstract: Lanthanum vanadate (LavOs) is a Mott insulator with a tunable bandgap, suitable for the use of
absorber layer in the solar cells. Our high-pressure studies indicate an unusual phase transition of orthorhombic

centrosymmetric non-polar phase (Pnma) at 7.1GPa.

1. INTRODUCTION

Transition metal oxides (TMOs) with ABOs-type
perovskite structures exhibit tunable bandgaps ranging
from near-infrared to ultraviolet, depending on their
constituent elements. Generaly, LavOs; adopts a
typical distorted orthorhombic structure (Pnma,
nonpolar and centrosymmetric) of rare-earth vanadates.
Notably, LavOs is a Mott insulator with a direct
bandgep of 1.1 eV, the largest in the RVOs (R: rare-
earth elements) series. This gap, formed between the
dxy and dyz/dzx bands, falls within the optimal range
(1-1.5eV) for photovoltaic energy harvesting. External
factors like pressure and temperature can significantly
influence the Coulomb interactions and is expected to
affect the Mott transitions [1,2]. Importantly, pressure
is a versatile tool that can be used to fine tune the
bandgap of these solar cell materias via structural
modifications. Therefore, understanding the pressure-
induced changes are crucia for exploring the photo
voltaic applications of LaV Os.

2. EXPERIMENTAL

LavOs is synthesised via solid state reaction of
lanthanum acetate hydrate [La (CH3CO,)s. xH»0] and
vanadium acetyl acetonate [V(CsH;O2)3]. High-
pressure X-ray powder diffraction (HP-XRPD) studies
were performed at the Xpress beamline of Elettra
Sinchrotrone Trieste, Italy using a membrane diamond
anvil cell (DAC). A wavelength of 0.4957A was used
for the current study. High resolution diffraction data
were collected using a PILATUS3 S 6M detector.
Methanol ethanol mixture (4:1) was used as a pressure-
transmitting medium. Pressure was calibrated from the
ruby fluorescence.

3. RESULTSAND DISCUSSIONS

HP-XRPD data collected for LavOs up to a
maximum pressure of 19.5 GPa is shown in Fig. la.
The diffraction data at ambient pressure could be
indexed to the orthorhombic (Pnma) structure (ICDD
ref: 01-081-2435). This structure remains stable up to
~7.1 GPa, beyond which we see the appearance of new
reflections at several 20 positions (a few are indicated
with diamond symbol in Fig. 1a & 1b, indicating a
structural phase transition). Though the onset of this
transitionisat 7.1 GPa, the high-pressure phase was co-
existing with the parent phase till the highest pressure
was reached in this study, indicating the sluggish nature

of the transition. Our preliminary analysis indicates a
phase transition to polar form, often involving a
symmetry change from Pnma (orthorhombic,
centrosymmetricc, and non-polar) to Pna2;
(orthorhombic, non-centrosymmetric, and polar) [3].
At higher pressures, Lav Os demonstrates the ability of
the perovskite structure to densify through significant
shortening of the La-V bond distances and distortion
of the VOs octahedra, reflecting the structura
flexibility of the perovskite framework and expected to
change its space group symmetry [4]. These changes
are fully reversible upon pressure release.
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Fig.1. 8 HPXRD data of LavOs up to 19.5 GPa indicating
thereversible transition, b) & c) shows new peaks at 7.1GPa.

4. CONCLUASIONS
HP behaviour of orthorhombic LaVOs is studied up
t0 19.5 GPausing the synchrotron HP-XRD. The study
revealed areversible structura phase transition from a
centrosymmetric non-polar phase (Pnma) to a non-
centrosymmetric polar phase Pna2; at 7.1 GPa
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Abstract: We investigated the structural properties of UsSi under hydrostatic pressure (0-100 GPa) using first-
principles calculations based on density functional theory (DFT). A pressure-induced phase trangtion from the
a-UsSi to B-UsSi structure is predicted at approximately 80 GPa. The optimized structural parameters a zero
and high pressures were obtained and analyzed, providing valuable insights into the behavior of UsSi under

extreme conditions.

1. INTRODUCTION
The Fukushima nuclear accident highlighted the
need for enhanced accident-tolerant fuels (ATFS).
Uranium-silicides are proposed as the candidate for
ATFs [1]. UsS has the highest uranium density
among the U-Si compounds, making it an appealing
contender for specialized reactor applications[2].

Utilization of UsS in reactor applications would
require broad research to understand its performance
under extreme reactor conditions such as high
temperature and pressure. Out of different U-Si
phases, USi, USi,, UsSiz, UsSis have been examined at
high-pressure conditions [3] but as of our knowledge,
no experimental or theoretical study in literature for
UsSi under high-pressure.

In this work, we have performed density functional
theory (DFT) calculations to study the structura
properties and phase transition under high pressure (0-
100 GPa).

2.COMPUTATIONAL DETAILS

Dendty Functional Theory (DFT) calculations were
performed using the Vienna ab-initio Simulation
Package (VASP) [4]. The projector augmented wave
(PAW) method was employed to describe the ion-
electron interaction, with the Perdew-Burke-Ernzerhof
(PBE) functional within the generalized gradient
approximation (GGA) for exchange-correlation
potential. A plane wave basis with a 550 eV cutoff
energy was used, and the Brillouin zone was sasmpled
using a Monkhorst-Pack K-point mesh.

3. RESULTSAND DISCUSSION
UsSi exhibits three crystal structures [5]: an
orthorhombic (Fmmm) a-phase bdow 120 K, a
tetragonal (I4/mcm) B-phase at 120 K, and a cubic
(Pm-3m) y-phase above 1050 K.. A third-order Birch-
Murnaghan equation of state was fitted to the volume-
energy curves, establishing a-UsSi as the ground state.
Equilibrium lattice parameters, volume, and energy

for the ground state are presented in Table 1.

To investigate the effect of pressure on UsSi phases,
the structures were fully relaxed under varying
pressures. The lattice parameters and volumes
decrease monotonically with increasing pressure,
attributed to the reduction in interatomic distances.

Table-1. Equilibrium structural parameters of UsSi

Lattice constants (&) | Volume | Energy

a b ¢ (A3 (ev)

0-UsS | 8.4967 5.5115 84966 76.81 -39.867
B-UsS | 6.0070 6.0070 85140 76.80 -39.862
v-UsS | 42553 4.2553 4.2553  77.05 -39.788

To sudy pressure-induced phase transitions in UsSi,
enthalpies of the three phases were calculated using
H = E + PV [6]. The stability of the phases decreases
with increasing pressure. Relative enthapies are
calculated with respect to orthorhombic structure.
Figure 1 shows an intersection between the a-UsSi
and B-UsSi enthalpy curves at 80 GPa, indicating a
phase transition from o to B phase. No prior studies
are available to validate these findings.
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Fig. 1. The variation of relative enthalpy with pressure

for the three structures of UsSi.

4. CONCLUSION
This study examined the optimized lattice
parameters and pressure-induced phase transitions of
UsSi using first-principles calculations, identifying an
a-to-p phase transition at 80 GPa.
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Abstract: We present a Density Functional Theory (DFT) study on the structural properties of the pseudo spin
ladder compound CaCu,O; under ambient and high pressure conditions using VASP code. Structural optimization
is performed using the PBEsol functional. Notably, significant structural changes occur, with the buckled angle
approaching a planar configuration under higher pressure. The mechanical properties of the compound also

Studied.

1. INTRODUCTION

The two leg pseudo spin ladder compound CaCu,0s
has attracted significant interest within the scientific
community due to its structural similarities with the
high pressure phase of well-known two-leg spin ladder
compound SrCu,0O; at 4.3 GPa. Although it resembles
a two-leg ladder structurally, the ladder exhibits a
"buckling” that results in a rung angle of 123° and
stronger leg interactions compared to rungs.

In the present study, we perform DFT calculations
using Vienna ab-initio Simulation Package (VASP)
code [1] to understand the structural properties of the
compound under external pressure. We investigated the
change of bond angle with external pressure and also
computed the Bulk modulus.

2. COMPUTATIONAL MEHOD

The (DFT) aong with plane wave projector
augmented wave (PAW) approach, as incorporated
within the VASP code, are used for the first principle
calculations. Revised PBE for solids (PBEsol)
functional serves as an approximation for exchange
correlation. The energy cut-off for plane waves was
fixed a 500 eV. Brillouin zone integration is done
utilizing agrid size of 3 x 6 x 7 using the Monkhorst—
Pack method for optimizing the orthorhombic
structure. Convergence in self-consistent field (SCF)
calculations was determined by a threshold criterion of
108 eV for total energy change. Atom positions were
relaxed until the force on each atom reached below
0.003 eV/A.

3. RESULT AND DISCUSSION

To examine the effect of external pressure on the
structural parameters of the CaCu,Os; compound,
various pressure values (0-14 GPa) were applied in the
VASP code, and the structura cell was optimized with
respect to atomic positions, cell shape, and cell volume.
The resulting structures were analyzed using VESTA
software. Table 1 shows the lattice parameters that
were calculated using the computational method at the
appropriate pressure values.

Table 1. Lattice parameters at the respective pressure
values

Pressure a b c Rung Leg
(GPa) A | A | A | age angle
(degree) | (degree)
0 9.85 | 411 | 347 124.9 1735
2 997 | 403 | 344 | 1274 173.9
4 9.88 | 402 | 338 | 1277 174.6
6 993 | 398 | 329 | 1316 175.7
8 991 | 396 | 3.23 | 1337 176.4
10 991 | 393|318 | 136.1 176.8
12 994 | 391 | 314 138.5 177.5
14 10.01 | 3.88 | 3.09 | 1418 177.8

The compound exhibits expansion aong a, and
contraction along b and ¢ under pressure. Also the
buckled structure approaches to a planar configuration
under compression. The pressure vs. volume curve
(Fig.1) fitted to the third-order Birch-Murnaghan
equation of state (B-M EOS) [2] yields the bulk
modulus of 57.6 GPaand its pressure derivative as 3.
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Fig.1. Pressure-volume curve fitted with B-M EOS
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Abstract:

The CZTS thin films are widely studied for its potential optoelectronic application
particularly as solar cell materials in combination with the other window materials like CdS
etc. The optoelectronic properties of such heterojunction materials can be tailored/modified
using post deposition techniques like annealing in air, ambient environment. In the present
article CZTS thin films have been synthesized using the cost effective user friendly advanced
chemical ion exchange method at room temperature on pre CdS deposited ITO glass
substrate. These as deposited thin films are provided post deposition annealing treatments at
200, 300 and 400°C and characterized for optoelectronic and physicochemical properties
using X-ray diffraction technique, Raman spectrum analysis, Energy dispersive X-ray
analysis along with surface morphology by scanning electron microscopy (SEM), the optical
study conducted as absorbance mode. The results obtained in XRD have shown structural
modification supported by the data obtained in Raman spectrum confirming annealing
induced variation in composition and surface too as observed from SEM images. The optical
absorbance has shown red shift in the absorbance peak may be inferred to compositional

variations and updations.
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Abstract: Thermal Barrier Coating (TBC) on IC Engine components were developed and manufactured from
the last decade to maintain engine performance and decrease the emission rate. TBC is a ceramic layer coating
provided on high temperature components which acts like a thermal insulation. pure Yttria Stabilized Zirconia
(YSZ) coated on Aluminium alloy (AL 6061) is compared with three different compositions of Aluminium
Oxide (Al:Os) doped with YSZ. The coating is done by Atmospheric Plasma Spray (APS) under the
composition of (25%, 50% & 75%) Al.Os and remaining YSZ. The Properties of the coating material under
different tests for Wear, Bonding strength, SEM and Hardness test were evaluated

1. INTRODUCTION

The most commonly used TBC is Yttria stabilized
Zirconate (YSZ) has its maximum operating
temperatures limited to around 1200 °C. The
efficiency of the IC-Engine increases with the increase
in operating temperature and thus a TBC system needs
to be developed that can operate at higher
temperatures. Also according to studies made, Doped
composites  have better mechanical & thermal
properties compared to un-doped one. So it seems that
doping YSZ with AL:Os can effectively increases the
engine operating temperature and mechanical
properties such as wear resistance. By employing
doped materials the heat transfer rate inside the engine
can be contained. Since only YSZ + ALOs coated
material provide very good heat insulation compared
to only YSZ coatings.

2. MATERIALS AND METHODS
Disk-shaped Aluminium 6061 with the dimension
of 30mm in diameter and 20mm in thickness were
used as the metallic substrate. Initially, the material

was a cylindrical bar of 100mm length and 20mm
thickness.

Figure 1 ceramic Coated Piston

3. EXPERIMENTAL METHODOLOGY
Before the Plasma Arc spraying process, to enhance
the roughness of the sample surface, increase the
mechanical bond between the deposited layer and
substrate and consequently improve coating adhesion,
the substrates have been sandblasted using alumina
abrasive with the size of 125 um at 80 psi air pressure
and 100 mm standoff distance. METCO 3MB plasma
spraying machine with Argon as primary plasma gas
and hydrogen as the secondary gas was used to
deposit the ceramic powders on the substrate.

4. RESULTS AND DISCUSSION
From the above graph the temperature distribution on
the piston crown indicates, with 25% YSZ added with
75% Alumina has higher temperature withstand of
582.79 oC, whereas 75% YSZ added with 25%
alumina has 565.95 oC and for 50% YSZ added with
50% Alumina is 569.06 oC which is all higher when

compared to the uncoated sample values.
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5. CONCLUSION
Results obtained show that 25% YSZ + 75% ALOs
mixing proportion has less heat transfer rate from the
piston crown to the bottom compared to the other
coating composition by Adding Aluminium Oxide.
The average Vickers hardness for the uncoated sample
is 55.90 HV at 4.5 kg is the highest hardness value for
the coated sample with YSZ and Al:Os. So hardness
is improved by using Alumina as a major constituent
to YSZ. This effect on hardness can be attributed to
nanostructured stabilized zirconia powder which was
plasma sprayed onto the aluminum substrate which
increased the hardness.
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DEVELOPMENT OF TITANIUM HONEYCOMB SANDWICH STRUCTURE FOR
THERMAL PROTECTION SYSTEMS IN HYPERSONIC VEHICLES
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Abstract: The thermal protection system (TPS) is an essential structure in hypersonic aircraft skins as it
prevents the hot air from entering vehicles. Sandwich structures are light weight structures with good
mechanical properties can be integrated with TPS for application in hypersonic vehicles. Titanium alloy is used
as the material to withstand the high temperature and also considering the formability in fabrication of
honeycomb structure. The Ti-6Al-4V sheets were formed and brazed to fabricate the entire honeycomb
structure. The fabricated structures were evaluated for their thermal resistance capability and these structures

were good in high temperature applications.

1. INTRODUCTION

Recently there is a need for reusable launch vehicles
which is facing lot of challenges in materials, design
and propulsion. Titanium alloys are light weight and
posses very good mechanical properties. Titanium
sheets can be formed to fabricate the honeycomb
sandwich structure. These structures are to be
evaluated for extreme conditions such as high
temperature environments. The usage of these
materials under such environment has to be evaluated
for their structural integrity. In this study the
fabricated structure is tested for thermal resistance
under high temperatures.

2. MATERIALS AND METHODS
Titanium alloy was used as the material for its good
mechanical properties and very good formability.
Table 1. Chemical Composition of Ti-6Al-4V

Al | V Fe C N H O Ti

6.0 (4.0 |<0.30]|<0.08]<0.05|<0.015]<0.20 |Bal

The 0.5 mm thickness sheets were formed to half
hexagonal structure using hot pressing process. Then
these formed sheets were stacked one over another to
form the hexagonal structure. The sheets were joined
using vacuum brazing with the help of the soldering
paste. The face sheets are also assembled to fabricate
the entire honeycomb sandwich structure.

\

4
{
i

~

Figure 1 Die-set and Honeycomb structure

3. EXPERIMENTAL METHODOLOGY
The fabricated structures were tested for its thermal
resistance. The testing was carried out in a furnace
with One side of the skin is exposed to high
temperature and other side skin temperatures were
measured.

Fig.2. Ti-6Al-4V Honeycomb sandwich structure.

4. RESULTS AND DISCUSSION
The temperature time plot for the titanium
honeycomb sandwich structure is shown in figure 3.

Temperature evolution on top and
900 bottom face sheets
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Figure 3 Temperature evolutions on top and bottom
face sheets
From the figure it is clear the structure can be a good
candidate for thermal resistance.
5. CONCLUSION

Ti-6Al-4V is the good candidate material for
hypersonic aircraft skins due to its high thermal
resistance capability. Further it can be formed to
honeycomb structures to reduce its weight with very
good mechanical properties.
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Abstract: HWGTAW is a modification of the traditional GTAW welding process. In this study, HWGTAW
was used to weld Inconel 617 (Ni-Cr-Co-Mo alloy). Inconel 617 is a nickel-based super alloy that is widely used
in high-temperature applications due to its excellent oxidation resistance, good creep strength, and excellent
mechanical properties. This study focused on multi-pass welding of Inconel 617 pipes with a thickness of 12
mm and an outer diameter of 52.00 mm using HWGTAW. The core wire used in the experiment was
ERNiCrMo-1. The main objective of this investigation is to optimize the HWGTAW parameters for enhancing
the Mechanical properties and Microstructural Analysis bearing capability of Inconel 617 pipe joints for
advanced Ultra supercritical (AUSC) power plants applications. The statistical response surface methodology
(RSM) was utilized for generating strength prediction models (SPM) and validated using analysis of variance
(ANOVA). The results from PSO were compared with RSM and the optimized input welding parameters for the
electrode current, hot wire current and wire feed rate exhibited maximum ultimate tensile strength which was
also confirmed from response and contour plots.

Keywords: Hot-Wire Gas Tungsten Arc Welding, Inconel, Hot Wire TIG Welding, Machine Learning.

1. INTRODUCTION

Inconel 617 (Ni-22Cr—12Co-9Mo) alloy (IN 617)
is one of the candidate structural materials for next
generation high temperature power plants. IN 617 is a e
solidsolution nickel-based superalloy with face- 5 ()
centered-cubic crystal. This superalloy has excellent P
creep strength at elevated temperature above 750 °C

3. FIGURES AND IMAGES

due to the effect of solution strengthening by the GTA Wire
addition of Mo and Co, and also shows superior voopsad zi,‘:g
oxidation resistance at high temperature because of Al source

and Cr additions.

2. EXPERIMENTAL METHODOLOGY

The Inconel 617 was selected for experimental work,
having an outer diameter of 52.27 mm and a thickness
of 12 mm (as shown in Fig. 2). During welding,
ErNiCrCoMo-1 filler metal with a diameter of 0.8 mm
was provided. Samples was fabricated to measure
through thickness weld-induced residual stresses at
180° in and around the weld start/end position of girth
welded pipes. The welding procedure consists of the
use of hot wire gas tungsten arc welding HW-GTAW
processes. The welding was done in a horizontal
rolled (1G) position, using pure argon shielding at a
flow rate of 1 L/min in the case of welding. The HW-

Schematic of the weld joint

GTAW procedure only required 8 passes to finish the . 4. TABLES .
welding. In the case of welding process groove angle Table 1. Welding Process Parameters and their Levels
of 60° has been made with a root gap of 1 mm and (L4) - - -
root height of 1.5 mm. In the HW-GTAW process, the SNO | Welding Hot ' Wire | Wire  Feed
filler metal was preheated to 210 °C using the Current Current Rate
resistance heating method. (amps) (amps) (mm/sec)

1 150 70 1.5

2 150 100 2.0

3 180 70 2.0

4 180 100 1.5
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Table 2. Mechanical Properties of the Weldments

Welding Hot Wire Tensile | Hardness
Current | Wire Feed Strength (HV)
(amps) | Current Rate (Mpa)

(amps) | (mm/sec)

150 70 1.5 580.12 210

150 100 2.0 665.17 230

180 70 2.0 642.42 216

180 100 1.5 764.78 226
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Abstract: In this study, the lightweight Blade-Rings for Aeroengine Application using Ti6Al4V Sheets with
Ti6Al4V Wire Reinforcement were bonded by using a solid state diffusion bonding process. The process
parameters used to fabricate the lightweight Blade-Rings are bonding temperature of 700 C, bonding pressure of
50 MPa, and Holding Time of 60 Minutes. Mechanical and Metallurgical Characterization was carried. The
experimental results showed that the bonded lightweight Blade-Rings have the TSFL of 38 kN, Bonding
strength of 131 MPa, bonding ratio of 88.7 and reduction in thickness of 3.76 %. Bond interface Microstucture,
Fracture surface and EDS analysis also revealed and the detailed results and discussion are presented in this
paper.
1. INTRODUCTION

In this study, the lightweight Blade-Rings for
Aeroengine Application using Ti6Al4V Sheets with
Ti6Al4V Wire Reinforcement were bonded by using a
solid state diffusion bonding process. The process
parameters used to fabricate the lightweight Blade-
Rings are bonding temperature of 7000 C, bonding
pressure of 50 MPa, and Holding Time of 60 Minutes.
Mechanical and Metallurgical Characterization was
carried. The experimental results showed that the
bonded lightweight Blade-Rings have the TSFL of 38
kN, Bonding strength of 131 MPa, bonding ratio of
98.7 and reduction in thickness of 3.76 %. Bond
interface Microstucture, Fracture surface and EDS
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analysis also revealed and the detailed results and & »?XF, 3

discussion are presented in this paper. P o ‘f't Y

2. EXPERIMENTAL METHODOLOGY R S R R R T

Then the specimens to be bonded were placed in the Microstructure of bonded lightweight Blade-Rings
high temperature (capacity 1600°C) diffusion bonding without carbon fibre reinforcement
equipment comprised of a heating chamber under a

vacuum environment with a sophisticated hydraulic 4. TABLES

pressurizing unit. After the completion of the Table 1. Hot Tensile properties of MIM PAW welded
diffusion bonding process, the specimen for Inconel 625 butt joints at different test temperatures.

microstructural examination and mechanical tests (lap | Bonding | Bondi | Holdin | TSF | Bondi | Bondi
shear test and ram tensile test) were extracted from the | temperat ng g time L ng ng
bonded specimen. ure (°C) | pressu | (minut | (kN | streng | ratio
2.1. Equations re es) ) th (%)
the thickness ratio was calculated based on the (MPa) (MPa)
Equation. 700 50 60 38 131 88.7
Bonding ratio (%) = ((X1+X2+X3. ... Xn)1) x100 ... 0
5. REFERENCING
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Ab-initio study of SIC, Ti and V-doped SIC nanotubes for gas sensing application
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Abstract: In response to the unprecedented advancement in the gas sensing technology, we have examined the
effect of some noxious oxide gases such as CO and NO in the vicinity of bare SIC and transition metal such as Ti
and V doped SiC nanotube (NT) using DFT calculations. First, for the structural stability point of view, we
computed cohesive energy for bare SICNT and formation energies for Ti/V SICNT. The negative values of both
energies ascertain the structural stability. The bare SICNT is indirect semiconductor having 2.12 eV bandgap,
while, the presence of Ti and V adatoms reduced this bandgap. Further, for the gas sensing ability and adsorption
tendency of aforementioned NT is validated by parameters such as adsorption energy of gases, charge transfer
and desorption time. Adsorption energies of CO/NO gases on aforementioned systems are -0.33 eV/-0.70 eV,
-1.89 eV/-4.26 eV and -1.28 €V/-5.62 eV, respectively. From the analysis of adsorption energies, revealing that
the effect of adatoms increase the sensitivity of the systems with chemisorption towards noxious gases,
concurrently higher adsorption tendency for NO gas. Furthermore, the desorption times of CO and NO on these
NTsare quitelarge (10° to 10* second), indicating the strong interaction, which allowsthe NT to detect even low
concentrations of CO and NO gases. These interesting results of CO and NO gas sensing study on the bare and
functionalized SICNT, suggesting that these SICNT based sensors can serve as good sensing devices for CO and

NO gases.

72


mailto:pngajjar@gujaratuniversity.ac.in
mailto:nikhilsolanki2708@gmail.com

Topic Code: Computational Materials Science in Extreme Conditions
Exploring thermal effects on dynamic uniaxial compression of single-crystal tungsten using
molecular dynamics
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Abstract: Molecular dynamics simulations are performed to investigate the mechanical response of single-crystal
tungsten (W) under uniaxial compression along [001] crystallographic direction. Study examines the influence of
elevated temperatures on stress-strain behavior, for strain rates relevant to shock compression. Observed reduction
inyield and flow stress with temperature rise is explained from disl ocation-based plasticity mechanism.

1. INTRODUCTION

The growing demand for materials with superior
thermomechanical  properties is driven by
advancements in space exploration, fusion power,
defense, and impact shielding. These applications often
involve dynamic compression at ultrahigh strain rates,
highlighting the need for a deeper understanding of
thermomechanica responses and plastic deformation
under such conditions. W, arefractory metal known for
itsexceptional mechanical strength, high melting point,
and heat resistance, displays unique behavior under
dynamic compression due to its complex
microstructure and interatomic bonding. While
uniaxial compression of W has been extensively
studied for quasi-static and dynamic loading with strain
rates up to 10%/s[1, 2], its performance under ultrahigh
strain rates, particularly in ballistic impact scenarios,
remains largely unexplored. This study focusses on the
thermal softening of single-crystal (sc) W under
uniaxial compression at strain rate of 10%/s.

2. METHODOLOGY

Simulations are conducted using molecular
dynamics code LAMMPS [3], employing EAM
potential of Olsson [4], which has successfully
reproduced experimental shock Hugoniot data. The
simulation box (24 nm x 24 nm x 48 nm along X, Y, z
axis) contains ~1.7 million atoms. Uniaxia
compression is applied aong [001] crystallographic
direction aligning it with z-axis, whilelateral directions
(xandy) areheld at zero pressure using NPT ensemble.
Didlocation extraction algorithm as implemented in
OVITO[5] isused for illustration and quantification of
dislocations.

3. RESULTSAND DISCUSSIONS

The stressstrain  curves for initial sample
temperatures of 300 K, 700 K and 1500 K, presented in
Fig. 1, exhibit a similar trend: stress increases almost
linearly up to a peak value, then drops abruptly at the
onset of plasticity, followed by plastic flow. Significant
reduction in yield stress (~50%) is observed as the
temperature rises from 300 K to 1500 K, with onset of
plasticity shifting to lower strains for higher
temperatures. Atomistic visualization of didocations
(Fig. 2), asignature of plastic deformation at high strain

rate, reveals a dense dislocation network at 300 K,
composed of both screw and edge line segments, which
consistently diminishes with increasing temperature,
demonstrating thermal softening.  Corresponding
dislocation density, shown in Fig. 1 (right axis),
exhibits an order of magnitude decline from 300 K to
700 K, with minimal further reduction at higher
temperatures, indicating that random thermal defects
like vacancies and interstitials do not necessarily
promote dislocation nucleation.
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Fig. 1. Engineering stress-strain curve (solid) and
strain-dependent dislocation density (dashed) of sc-W
at astrain rate of 10%/sfor 300 K, 700 K and 1500 K.
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Fig. 2. Atomistic visualization of dislocation network

for three different temperatures at strain of 0.2.
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Abstract: NiBg, is 2D atomically thin monolayer (ML) with Ni at centre coordinated with six boron atoms to
make hexa-coordination. The calculated value of cohesive energy for the ML indicates its chemical stability while
the ab-initio molecular dynamic (AIMD) simulation suggesting its thermal stability. From the electronic band
structure computation, it can be concluded that ML exhibits metallic behaviour (Zero bandgap material) with
formation of two Dirac cones near high symmetry k-points, showing graphene equivalent carrier mobility. In the
present study, we have explored the optical response of the ML to check various optical properties like reflectance,
transmission, absorption coefficient, real and imaginary dielectric constant etc. Owing to the zero band gap of the
ML, it shows various peaks for reflectance in the wide range of spectrum, however peaks in the UV region are
distinct. In the case of absorption coefficient, which is measure of absorption of electromagnetic radiation in the
material, counter part of the reflectance with inverse behaviour. Hence, the broadband light absorption of ML

allows for the development of high-speed and sensitive photodetectors operating across a wide spectral range.
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Abstract: Bismuth/Antimony Chalcogenides are well-known Thermoelectric materials as well as Topological
insulators. The present article concerns itself with the synthesis, characterization, and analysis of the electronic
and thermal transport properties of Sb2Tes, BiSbTes, and BizTes. Rietveld refinement of x-ray diffraction data
estimates the variation of lattice parameter for a=b from 4.261A to 4.576 A and unit cell volume from 478.67 A3
to 542.01 A3 while going from ShoTes to Bi>Tes. Resistivity vs. temperature measurement between 4K-300K shows
the metallic nature of all three crystals with a Fermi Liquid type behaviour below 50K. Magnetoresistance (MR)
measurement yields nonsaturating linear type behaviour where MR% as high as 140% at 2K and 9Telsa was
obtained for BiSbTe; with a signature of quantum oscillations above 5Tesla. Seebeck Coefficient measurement in
the temperature range 10-240K shows all samples having positive Seebeck Coefficient throughout the temperature
range and rises to a value as high as 250 uVK! for BiTes and BiSbTes, which is higher than the reported room
temperature value for these materials.

1. INTRODUCTION

It's been known that inter-metallic compounds like
BixTes, BiSbTes, and ShaTes exhibit topological
order. They possess gapless and robust surface states [,
which are protected by time-reversal symmetry 3! The
existence of these surface states can prove vital in
gauging the properties of these materials. The observed
transport phenomena are analysed using the Boltzmann
transport theory, Landauer formalism, and Fermi liquid

at 2K, 5K,10K, and 50K temperatures that exhibits
linear non-saturating MR at high field suggestive of the
topological nature of the samples along with Quantum
oscillations for BiSbTes. (%" Thermopower
measurements in the temperature range of 10K-240K
given in Figl(b) show monotonic increase of Seebeck
coefficient with temperature with a value of Seebeck
coefficient of 256,250,80 uVK! at 240K for Bi>Tes,
BiSbTes & SbaTes respectively.

theory. In doing so, we employ a combination of 3. FIGURES AND IMAGES
theoretical modelling and experimental T BizTes = TR =
characterization, enabling us to predict the behaviour at g'2] © BistTes / Z 20| . gisore; o
both low and high-temperature ranges. As we go to the ~ Gu{ * 52™* §ano] ° SP2Tes o
low temperature, phonon scattering reduces g‘ 7 %’150
considerably, helping to cite any contributions to the G 4/ 8 100
transport properties due to the existence of surface &, / E © /‘“
states. . 8 |£&
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2.1. Experimental Work & Material Figurel. (a)Resistivity vs Temperature (b)Seebeck

Characterization coefficient vs Temperature
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BixTes, BiSbTes, and SbaTes were synthesized using
the modified Bridgman method. ! Scanning Electron
Microscopy (SEM) and Energy Dispersive
Spectroscopy (EDS) confirm the desired morphology
and Homogenous Elemental Distribution. Rietveld
analysis of x-ray diffraction (XRD) data affirms the
formation of Rhombohedral crystal structure with
Space Group R-3m.

3. RESULTS AND DISCUSSION
All samples show metallic behavior in their
resistivity in the temperature range of 4K-300K shown
in Figl(a)..Their Resistivity behavior between 4-55K
can be explained using Fermi Liquid theory. [
Magnetoresistance was measured up to a field of 9Tesla
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Abstract:

The second-generation (2G) Yttrium Barium Copper Oxide (YBCO) superconducting tape is preferred for
designing high-temperature superconductor (HTS) magnets due to its superior critical characteristics. However,
the properties of HTS magnets are significantly affected by increasing AC losses. In this study, thin cuts are
introduced to optimise the current injection into HTS tapes, aiming to reduce these losses. A thin-shell model is
employed to analyse the magnetic behaviour and calculate the AC losses in the HTS tape. The proposed models
are validated against the conventional H-formulation and T-A formulation, demonstrating their effectiveness in
accurately estimating AC losses. In addition, analysed the magnetic field distribution and current density for HTS
stacks. The results ensure that the proposed approach enhances the precision of AC loss calculations for HTS
tapes, contributing to the development of a more efficient superconducting magnet system.

Keywords: High-temperature superconductors (HTS), AC losses, Yttrium Barium Copper Oxide (YBCO),
Magnetic formulation
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Abstract: Bulk structural studies using X-ray diffraction (XRD) indicate the presence of A2 type of disordering
in the lattice of Fe2CrAl. Significant deviation from Slater- Pauling rule has been observed. Curie temperature of
the system has been found to be around 240K using bulk magnetic studies. Mossbauer studies with respect to Fe
sites confirm the presence of significant structural as well magnetic disorders in Fe2CrAl.

1. INTRODUCTION

Heusler compounds have potential to exhibit 100%
spin polarization due to half metal ferromagnetism
(HMF) and spin gapless semiconducting (SGS) nature
which make them suitable candidate for spintronic
applications [1]. General formula for full Heusler
ternary compounds is X2YZ where X and Y are
transition metals and Z is the main group element. In
the unit cell of L2 ordered (most desired structure)
Heusler compounds, Z atoms occupy 4a (0,0,0) Y
atoms occupy 4b (!%,'2,%2) and X atoms occupy 8c
(Va,Ya,Vs) Wyckoff sites with space group Fm3m. In
L2 ordered Heusler system, Slater Pauling (SP) rule
predicts the total magnetic moment per formula unit
as My/fu. = (Z+-24) ps/fu where Z: is total no. of
valence e in one f.u. [2]. SP rule is essential condition
for HMF and SGS behaviour in Heusler systems for
their spintronic applications. However, Heusler
systems are susceptible to exhibit multiple types of
lattice disorders such as B2, A2, CuHg:Ti type and
DO0;s affecting their magnetic and spintronic properties.
Hence, understanding of the lattice disordering in such
type of systems is very crucial for tailoring magnetic
as well as spintronic properties. Heusler compound
Fe2CrAl also has been predicted to HMF assuming
L2 structure by Galanakis et al However, it does not
follow SP rule with Curie temperature (Tc) ~240K but
magnetisation does not become zero even up to 300K
which indicate the possibility of ferromagnetic (FM)
clusters in Fe2CrAl [3]. These FM cluster can lead to
local FM fluctuations in the matrix at atomic level
Therefore, insight about these kinds of magnetic
disorders can be obtained using local probes which are
sensitive to both, structural as well magnetic
properties at atomic level. Hence, Mdssbauer
spectroscopy (MS), being very sensitive tool to local
structural and magnetic environment have been
utilised to investigate structural and magnetic
ordering/ disordering at atomic level in Fe.CrAl
Heusler system.

2. EXPERIMENTAL DETAILS

Fe:CrAl Heusler compound has been
prepared using arc melting. Angle dispersive XRD
beamline -11 (BL-11) at Indus-2, synchrotron source,
RRCAT) India in transmission mode has been utilised
for bulk structural studies with wavelength (&)

0.4952A. Bulk magnetic studies have been carried out

using vibrating sample magnetometer (VSM).
3. RESULTS AND DISCUSSIONS
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Fig.1 :.XRD pattern, variation of Magnetic moment
with respect to magnetic field & temperature and
Massbauer spectrum of Fe2CrAl at room temperature.

The Rietveld-refined XRD pattern of Fe.CrAl, shown
in Fig. 1, indicates the absence of (111) and (200)
peaks, confirming dominant A2-type disorder in the
system. The lattice parameter is determined to be 5.81
A. The magnetic moment per formula unit (My/f.u.)
for Fe:CrAl is found to be 1.75 ppfu., deviating
significantly from 1 ps/f.u. as predicted by the Slater-
Pauling (SP) rule. The Curie temperature of the
system is approximately 240 K, but magnetization
remains nonzero even at 300 K. Mdossbauer studies
further confirm structural and magnetic disorder at
room temperature, with evidence of ferromagnetic
clusters in the sample.
Hence, it is concluded that FeoCrAl Heusler system
exhibit the A2 type of lattice disordering which in turn
results the significant deviation from SP rule as well
as formation of ferromagnetic cluster beyond its Te.
REFERENCES
[1]. X.L. Wang, Phys. Rev. Lett., (2008), 100, 1-4.
[2]. I Galanakis et al PRB (2002) 66, 174429
[3]. M.Zhang et al Journal of Magnetism and
Magnetic Materials (2004) 283, 409—414.
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Abstract: Wereport thetransition of transport phenomenafrom a classical behaviour characterized by a parabolic
magnetoresistance (« B?) to quantum behaviour characterized by weak antilocalization (WAL) in Sb-doped Bi,
Se; thin films grown using pulsed laser deposition (PLD) at different substrate temperature. The classical B2
dependence of resistance arises from dominant bulk carrier contributions, while the WAL signature is attributed
to strong spin-orbit coupling inherent to the topological surface states of Sb-doped Bi.Ses. The substrate
temperature during deposition significantly influences the film's structural and el ectronic properties, impacting
the interplay between bulk and surface transport mechanisms. At higher substrate temperatures, improved
crystallinity and reduced defect density enhance surface state coherence, promoting quantum interference effects
responsible for WAL. Conversaly, lower substrate temperatures lead to increased disorder, resulting in stronger
bulk carrier scattering and classical behaviour.

1. INTRODUCTION and localization, resulting in insulating behaviour.

Whereasfilms deposited at higher temperatures, ket>1,

Topological insulators (Tls) are characterized by
insulating bulk states and topologically protected
surface states, making them idea candidates for
spintronics and quantum computing[1,2]. Bi»Ses is
particularly notable for its well-defined bandgap and
robust surface states. Here we have studied the role of
substrate temperature on the eectronic properties of
Sb-doped Bi,Se; thin films.

2. RESULT AND DISCUSSION

Films were deposited on a Si/SiO: substrate using PLD
at substrate temperatures of 200°C, 250°C, 300°C, and
350°C. GI-XRD confirmed the rhombohedral phase of
Bi>Ses, along with peaks corresponding to Sb.Ses.
Scanning electron microscopy analysis in Fig.1 (a-d)
reveals higher grain density for samples prepared at
lower substrate temperatures of 200°C and 250°C,
whereas the grain densty drasticaly reduces for
samples prepared at 300°C and 350°C. Temperature
dependence of resistance is shown in Fig.1 (e-h) dso
depicts a trandtion from insulating to metallic
behaviour as the substrate temperature increases. The
caculated carrier density deduced from Hall data
ranged from 1.41x10"° cm™ to 1.62x10%° cm™.
Magnetoresistance data displayed a transition from
classical behaviour to WAL behaviour asthe substrate
temperature increases Fig.1 (i). The Hikami Larkin
Nagaoka analysis yielded (o) of 6 and 5, with phase
coherence lengths (L) ranging from 50 nm to 160 nm.
These features can be explained using the | offe-Regel
criterion deduced using Eq. 1. For films prepared at
lower temperatures, ket<1, indicating strong scattering

signifying reduced disorder and delocalized electronic
states, leading to metallic behaviour.

#(3n2)"?

Kgl, = gapoa T Eq.1
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4. CONCLUSION

The study highlights the critical role of substrate
temperature in Sb-doped BizSes films grown via PLD.
Higher temperatures enhance crystallinity, reduce grain
boundary scattering, and drive aninsulating-to-metallic
trangition. Hall measurements confirm n-type carriers,
while magnetoresistance analysis revealed a transition
from classical quadratic behaviour to WAL.
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Abstract: The effect of Cu substitution at the Ni site on the magnetic behaviour of double perovskite
HooMnNiOs has been investigated. Room temperature XRD results show a systematic increase in the
monoclinic lattice parameters implying that Cu substitutes into the lattice. The paramagnetic (PM) to
ferromagnetic (FM) transition temperature (Tc), the Curie-Weiss temperature (Oc) and the effective magnetic
moment (etr) exhibit a systematic decrease with increase in Cu content.

1. INTRODUCTION

Double perovskites A2BB'Os received renewed
interest due to their interesting structural, electronic,
magnetic and multi-ferroic behaviour [1]. The
presence of multiple transition metal cations, different
valencies and also their order/disorder can give rise to
intriguing  structural, electronic and magnetic
properties. RoNiMnOs (R = La, Pr, Nd, Sm, Gd, Tb,
Dy, Y, and Ho) is one of the interesting series of
compounds in which the ordering of cations exhibits
ferromagnetic ground state due to super-exchange
interaction between the Ni*?2 and Mn'* ions. By
changing the radius of rare-earth R*%ion, the transition
temperature (Tc) can be systematically changed viz.,
from 270 K for Lax2MnNiOs to 80 K for Ho2MnNiOs
[2]. We have investigated Cu substituted HooMnNiOs
in order to explore the effect of ionic radius, and
change in spin state of B’ cation on the magnetic
transition.

2. EXPERIMENTAL METHODS
Poly-crystals of HooMnNiixCuxOs were prepared by
solid state reaction method. Structural characterization
was carried out by X-ray diffraction using STOE
(Germany) diffractometer employing Cu Ko radiation.
The magnetization measurements were performed
using commercial Quantum Design make SQUID
vibrating sample magnetometer.

3. RESULTS AND DISCUSSION
XRD analysis of the samples indicates that the
crystallographic ~ structure is  consistent  with
monoclinic structure with space group P2i/n for all
compositions (x). It is observed that the lattice
parameters a, b and ¢ systematically increase with
increase X whereas the monoclinic angle 3 is found to
be nearly constant. The increase in lattice parameters
is expected as the ionic radius of Cu*? ion (0.73 A) is
greater than the Ni*? ion (0.69 A) in the octahedral
coordination. Magnetization measurements indicate a
ferromagnetic (FM) to paramagnetic transition (Tc)
that systematically shifts to lower temperatures with
increase in x as shown in the inset of Figure la. The
Curie-Weiss (CW) analysis in the PM region (see
Figure 1b) indicates reduction of CW temperature ®c

and effective magnetic moment st With increase of
Cu content. The observed non-linear behavior of y!
for temperatures below 125 K, and larger values of
observed st than the theoretically calculated values
manifest the short-range magnetic interactions in the
PM region. The increase in the lattice parameters with
increase in Cu content and the smaller moment of
Cu'? ion as compared to Ni*? ion reduce the strength
of super exchange interaction which may be
responsible for the reduction in Tc in these systems.
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Fig.1. (a) Normalized magnetization (b) y tvs T for
different x of Ho2MnNiixCuxOs systems. The insets
exhibit variation of Tc and petr as a function of
composition.
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Abstract: In the present work, the role of Argon annealing in inducing superconductivity in the bulk
Ndi.85Ce0.15Cu04+5 (NCCO) system is studied. Additionally, thin films of superconducting NCCO were prepared
by pulsed laser deposition method, followed by ex-situ annealing in argon atmosphere. Structural and electrical
characterizations were performed on the films. Resistivity measurements demonstrated superconducting

behaviour in the argon annealed thin film.

1. INTRODUCTION

In the electron doped superconductor Ndz-xCexCuQass,
superconductivity is observed within a specific range
of cerium doping of 0.14 < x < 0.18. The compound is
reported to exhibit the largest superconducting critical
temperature (Tc = 24 K) for x ~ 0.15[1]. The study of
thin films of NCCO is often constrained by challenges
in sample preparation, particularly with respect to the
critical levels of Ce content and oxygen vacancies
needed to induce superconductivity in this system.
The present work aims to explore the role of Argon
annealing in inducing superconductivity in the NCCO
system; both in bulk and thin films.

2. EXPERIMENTAL

Bulk NCCO samples were synthesized via the solid-
state reaction method, followed by Argon annealing.
Thin films were prepared by pulsed laser deposition
on (100)-oriented SrTiOs substrates and are subjected
to different annealing procedures [2]. The samples
were characterized using X-ray diffraction (XRD) and
Raman spectroscopy. Temperature (7) dependence of
resistance (R) measurements were performed using a
dipstick, in the temperature range 4.2 K to 300 K.

3. RESULT AND DISCUSSION

The R vs. T data for the bulk NCCO before and
after Argon annealing is shown in figure 1(a). The
figure clearly indicates the necessity of Ar annealing
in inducing superconductivity in the system. The bulk
NCCO system before Ar annealing exhibits
semiconducting nature in the entire temperature range
studied. After Ar annealing the NCCO exhibits
superconductivity, with the superconducting transition
temperature around 25 K (7conset).

For bulk NCCO, the XRD measurements indicates
tetragonal T' structure (space group 14/mmm), with
lattice parameters @ = b = 3.945 A and ¢ = 12.082 A.
No significant change in the lattice parameters was
observed before and after Ar annealing of the NCCO
bulk. However, a noticeable difference is observed in
the Raman spectra (excited by a 532 nm laser) before
and after annealing, as shown in fig. 1(b). The peak at
582 cm’!, likely associated with the vibration of O and
Cu in the CuO: planes, sharpens after Ar annealing.

This may be indicating that the reduction process
causes the localized electrons near the Nd/Ce sites to
transfer to the CuOx planes, thereby converting them
into free electrons [3], which has to be corroborated
by other experiments.
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Fig. 2: R vs. T data for NCCO thin film.

The thin films (R vs. T data shown in Fig 2)
exhibited a superconducting transition temperature of
17 K after vacuum annealing at 750°C and protect Ar
annealing [2].

4. CONCLUSION

As prepared bulk NCCO exhibits semiconducting
and becomes superconducting only after a specific
reducing annealing process. By following an
annealing method, superconducting thin films of
NCCO system also prepared.
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Superconducting radiofrequency (SCRF) technology is critical for developing high-energy
particle linear accelerators. Department of Atomic Energy (DAE) is working on development of
superconducting radiofrequency (SCRF) technology for high energy particle linear accelerators
which includes development of SCRF cavities. Majority of SCRF cavities used in accelerator
applications are made out of high purity bulk Niobium (Nb) sheets. These SCRF cavities
operating at extremely low temperature (~2K) have significantly high-quality factor (>10'°) and
operates at high accelerating gradients (>20 MV/m). The low availability of high RRR rare-earth
Nb material, precise cavity fabrication techniques, advanced cavity processing procedures and
cryogenic testing eventually end up in making delicate and costly component of accelerator. Any
degradation in material due to gaseous infusion (in ppm level) or impregnation of impurity (in um
size) degrades the specified performance of the SCRF cavity at cryogenic temperature. In order
to qualify the stringent functional and technical requirement specifications of these cavities, it
requires to maintain the purity of the Niobium and its surface throughout the cavity fabrication
and processing procedures.

Residual Resistivity Ratio (RRR) evaluation is a widely used and practical technique for
comprehensively assessing Nb quality at various fabrication stages. RRR is an indicator of the
purity of material and its thermal conductivity at cryogenic temperature. The significance of RRR
evaluation in assuring exceptional SCRF cavity performance is presented and discussed in this
paper. By optimizing the RRR evaluation process along with processing, we can ensure
consistent production of high-purity Nb SCRF cavities, ultimately contributing to the
advancement of SCRF technology for next-generation accelerators. This paper details the RRR
evaluation setup, noteworthy test results, and plans for further development.
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Abstract: Thin films of cobalt ferrite (CoFe.O4) were deposited on Si substrates using pulsed laser deposition at
various substrate temperatures. Structural analyses via XRD and AFM revealed that higher deposition
temperatures improve crystallinity and increase average grain size. XPS and XAS studies indicate significant
temperature-driven variations in cation distribution between octahedral and tetrahedral sites. Magnetic
measurements using SQUID-VSM and XMCD confirm that films deposited at higher temperatures exhibit
enhanced magnetic moments, aligning well with predictions from the Néel superlattice model. These results
highlight the pivotal role of substrate temperature in tailoring the magnetic properties of CoFe2O4 thin films.

1. INTRODUCTION

Bulk CoFe:0Os, an inverse spinel ferrite, is widely
recognized for its exceptional properties, such as high
coercivity, chemical stability, magneto-crystalline
anisotropy, and magnetostriction. These attributes
make it highly suitable for applications including
catalysis, data storage, drug delivery, ferrofluids, and
magnetic refrigeration [1,2].

The magnetic properties of CoFe.O. thin films,
including saturation magnetization (Ms), coercivity
(Hc), magnetic easy axis, and anisotropy constant, are
significantly influenced by growth conditions such as
growth temperature, oxygen pressure, substrate type,
laser fluence, and laser wavelength [3]. In this context,
understanding the relationship between crystalline
growth and magnetic properties in CoFe2O4 thin films,
particularly with variations in substrate temperature, is
essential for optimizing the overall magnetic moment.
This study compares the structural and magnetic
properties of CoFe:04 films deposited at three different
substrate temperatures—room temperature, 400°C, and
600°C—on Si (1 0 0) substrates [4].

A robust method is required to investigate the
magnetic and cationic structure of cobalt ferrite thin
films. X-ray Magnetic Circular Dichroism (XMCD) at
the cation La,3 edges provides such a tool. In this work,
along with XPS, XMCD analysis was also performed
on cobalt ferrite thin films at the Fe and Co L»,s edges
to investigate their magnetic structure and cationic
distribution

2. EXPERIMENTAL
Cobalt ferrite powder (99.9%) was sintered at 500°C
for 2 hours and 1100°C for 12 hours to prepare the
target. Thin films were deposited using Nd:YAG PLD
(A = 355 nm) at substrate temperatures: SO (room
temperature), S1 (400°C), and S2 (600°C). GIXRD and
XRR were conducted with a D8 Bruker diffractometer,
AFM with Bruker’s Bioscope Resolve, and
magnetization measurements using a 7-tesla SQUID-

VSM. XPS was performed at RRCAT Indore, while
XAS and XMCD were carried out at PETRA III DESY.
3. RESULTS AND DISCUSSION
The XRD patterns confirm the presence of cobalt
ferrite with a cubic spinel structure. The peaks at 35.5°
and 43.2° correspond to the (311) and (400) reflections
of cobalt ferrite. The intensity of the (311) diffraction
peak increases with substrate temperature, suggesting
an increase in atomic grain size. XRR measurements
indicate that the substrate roughness and film thickness
increase with substrate temperature while the surface
roughness decreases with increasing substrate
temperature. SQUID-VSM measurements show that
the magnetic moment increases with substrate
temperature, with values of 1.40 pg, 2.05 ps, and 2.80
us for SO, S1, and S2 thin films, respectively. XPS
measurements reveal the cation distribution in cobalt
ferrite thin films. In the SO sample, Co** ions are mainly
located in tetrahedral sites, while Fe*" ions are more
evenly distributed between octahedral and tetrahedral
sites. In the S2 sample, Co*" ions are more evenly
distributed between octahedral and tetrahedral sites,
while Fe** ions are predominantly found in octahedral

Photon energy (eV) Photon energy (eV)

Fig.1. XAS and XMCD of S0 and S2 cobalt ferrite thin
films.

sites. The magnetic moment was theoretically
calculated using Neel's theory:
Meai= MOcta(X) - MTetra(X) (1)
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Where Mocta and Mretra represent the saturation
magnetization of the octahedral and tetrahedral sites.
Using this relation, the total magnetic moments for SO
and S2 were calculated as 1.3 pB and 2.33 uB,
respectively. The VSM measurements for both samples
closely match the theoretical values predicted by the
Neel superlattice model. The increase in Co?" ions in
octahedral sites and the redistribution of Fe’* from
tetrahedral to octahedral sites enhance the magnetic
properties. Fig 1 shows XAS and XMCD
measurements show a similar distribution of cobalt
ferrite in octahedral and tetrahedral sites, and the
magnetic moment was calculated using the sum rule,
which comes out 2.71 us and 1.50 us for S2 and SO thin
films, respectively.

4. CONCLUSION
In conclusion, CoFe20s thin films grown via PLD at
varied substrate temperatures display distinct structural
and magnetic characteristics. XRD and AFM analyses
confirm that higher substrate temperatures enhance
crystallinity and increase average grain size. XPS and
XAS investigations reveal temperature-dependent
shifts in the distribution of Co?* and Fe*" ions. Magnetic
measurements show that the S2 sample exhibits a
higher magnetic moment compared to the SO sample.
Overall, substrate temperature is a critical parameter
for tailoring the films' structural and magnetic
properties.
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Abstract: The low temperature magnetic properties of La2CrMnOs and La:ZnMnOs double perovskites were
studied. The results revealed that the nature of B site ion influences the magnetic property of these systems. Cr
atoms at the B site promote strong ferromagnetic ordering, while Zn at the B site breaks the long-range magnetic

ordering, resulting in paramagnetic La2ZnMnOe.

1. INTRODUCTION

Double perovskites exhibit multiferroic properties
and have applications in spintronics. Numerous
studies have reported on their magnetic, structural,
and dielectric properties. Jasnamol ef al. [1] reported
that La>CrMnOQs exhibits ferromagnetic properties and
spin-glass behavior above the Curie temperature (7c)
along with Griffith’s phase-like characteristics.
Yoshimatsu [2] demonstrated ferrimagnetic behaviour
in La2CrMnOQg. Similarly, Dexin Yang [3] investigated
the magnetic exchange interactions in La:CrMnOe,
providing evidence of ferrimagnetic behaviour. In this
study, we investigate the magnetic properties of
LaxCrMnOs as well as the LaxZnMnOs double
perovskites.

2. EXPERIMENTAL
The LaxCrMnOs and LaxZnMnQOs samples were
prepared in bulk polycrystalline form, using the solid-
state reaction method. The magnetic ground state in
these samples was studied in detail.

3. RESULTS AND DISCUSSIONS

The iso-field magnetization measurement
performed at a magnetic field (H) of 1000 Oe for the
LaxCrMnOs sample is shown in figure 1. The
magnetization (M) as a function of temperature (7) for
both zero field cooled (ZFC) and field cooled (FC)
conditions show a clear ferromagnetic transition. The
first derivative of M with respect to T (dM/dT)
indicates the ferromagnetic transition temperature
(Curie temperature, 7c) around 122 K. Another weak

magnetic transition is also observed around 59 K.
The upper inset in figure 1 shows the 1/y vs. T plot
(x is the magnetic susceptibility) along with Curie-
Weiss fit, performed over the temperature range 200-
300 K. From this fit, the Curie-Weiss temperature (®c
) and the effective paramagnetic moment (Lefr) were
determined. The lower inset in figure 1 displays the
isothermal M vs. H data measured at 4 K. The
saturation magnetization (usat) is calculated from the
M vs. H data. These results are summarized in table 1.
The La;ZnMnOQOs system shows (data not shown)
simple paramagnetic behavior, without any magnetic
phase transitions, in the temperature range studied (4-
300 K). This results support the idea of complete
breaking of B-B’ site magnetic exchange interactions

by the introduction of a non-magnetic ion (Zn) at the
B site.
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Fig.1. ZFC and FC M vs. T data for H = 1000 Oe. The

upper inset shows //y vs. T data along with the Curie-

Weiss fit. Lower inset displays isothermal M vs. H

data for T=4K.

Table 1. Magnetic properties of the samples.

u #/S;t ) #:}C? ﬂg??or Ocw
Sample BlJ" (ug) | (up) (K)
La>CrMnOs 2.6 5.24 6.24 151.2
LaxZnMnOs | - 447 3.87 43.8
4. SUMMARY
The magnetic ground states of the double

perovskite oxide systems La2CrMnOg and La2ZnMnOs
have been evaluated. The La>CrMnQOs system exhibits
ferromagnetic behaviour with 7c¢ around 122 K, while
the LaxZnMnOs remains paramagnetic in the
temperature range of 4 K to 300 K.
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Abstract: This study investigates the phase stability and microstructural evolution of Gd** and
Ce* co-doped La:Zr.-yO; at high temperatures. It aims to provide a comprehensive
understanding of the impact of high-temperature exposure on the structural integrity of the
material, offering key insights into the thermal stability and behavior of these doped zirconates

under extreme conditions.

1. INTRODUCTION

The growing demand for advanced ceramic materials
from aerospace and nuclear industries, that can
withstand extreme environmental conditions has driven
the exploration of zirconate pyrochlores (A2Zr07) due
to their exceptional thermal stability, low thermal
conductivity, resistance to chemical corrosion and
irradiation stability [1]. For aerospace applications,
these materials are candidate for critical high
temperature applications such as thermal barrier
coatings (TBCs) in jet engines. In nuclear applications,
rare earth zirconates are a potential host matrix for
providing a stable and durable solution for the long-
term containment and safe disposal of high level
radioactive wastes. Among the family of rare earth
zirconates, lanthanum zirconate (La:Zr0O7) (LZ) is one
of the most potential candidates for these critical
applications and widely studied. Towards further
improving their mechanical properties, the A and B site
co-doped variants of LZ has shown potential and the co
doped LZ also act as a simulated nuclear waste. Under
this context, understanding the structural stability of
this material is of paramount importance [2-3].
Considering this, the current study examines the effects
of Gd** and Ce*" co-doping on the material's
microstructure and phase evolution at elevated
temperatures using X-ray diffraction studies and local
structure analysis through Raman spectroscopy.

2. SYNTHESIS AND MICROSTRUCTURAL
ANALYSIS
Gd* and Ce*' co-doped samples with chemistry
Lai.sGdo.2Zr1.8Ceo.207 (LZC) and
Lao.2Gd1.8Zr1.8Ce0.207 (GZC) were synthesized via
chemical co-precipitation method and calcined from
700°C — 1300°C. X-Ray diffraction and Raman
spectroscopic techniques are employed to study their
phase and structural evolution. An ordered pyrochlore
structure is observed in LZC at high temperatures as
shown in Fig. 1(a) and (b) whereas defect fluorite is
observed in GZC sample. Further microstructural
studies through electron microscopy, thermal property
assessments and ion irradiation studies are in progress
which is necessary to qualify this material for its
intended nuclear and thermal applications. The critical

insights from our extensive investigation will be
discussed in detail during the conference.
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Figla. XRD patterns for LZC sample calcined from
700°C to 1300°C.
Figlb. Enlarged view of superlattice reflections of LZC
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Abstract

Mn-doped MoO3/SiO, composites were synthesized using a modified wet-chemical approach, altering
the pH with NH3. XRD confirmed an orthorhombic phase (ICDD 029-0569), with Mn doping reducing crystallite
size (38-47 nm to 31-36 nm). Raman analysis revealed lattice strain and structural defects due to Mn
incorporation. The catalyst exhibited enhanced photocatalytic degradation of Crystal Violet dye via improved
charge separation and reactive oxygen species (ROS) generation, demonstrating its potential for wastewater

remediation.
1. INTRODUCTION

MoOs-based composites are promising for wastewater
treatment due to their stability, broad bandgap (2.69—
3.6 eV), and ability to absorb visible and UV light (Liu
et al., 2014). MoOs-coated micro/nano SiO, functions
as an efficient n-type semiconductor and is widely used
in sensors, batteries, supercapacitors, solar cells, and
photocatalysis (Chidambararaj et al 2013). Crystal
Violet, a synthetic triphenylmethane dye with amino-
substituted phenyl rings, exhibits high chemical
resistance and strong coloration (Radia et al., 2024). Its
complex molecular structure makes removal from
water systems difficult, contributing to environmental
pollution and inhibiting biological degradation, thereby
harming ecosystems.
2. EXPERIMENTAL METHODS
Core SiO, was synthesized following Tamta et al.
(2023). Mn-doped M00O3/SiO, was prepared using Mo
precursor, NaOH, and HNO3, with pH adjustment via
NH3, modifying Huang et al. (2013) protocol.

3. RESULTS AND DISCUSSION
3.1. Microstructural analyses

XRD analysis (Fig 1) confirmed the
orthorhombic MoOj3 phase (ICDD 029-0569, space
group Pbnm) for both undoped and Mn-doped
MoO3/Si0,. The absence of an amorphous SiO, peak
suggests complete shell formation or a non-interactive
layered structure. Mn?* incorporation caused peak
shifts and reduced crystallite size (38—47 nm to 31-36
nm). Increased texture coefficient favored
photocatalytic activity. Raman spectroscopy revealed
characteristic MoO3; bands at 670, 822, and 1000 cm™,
with the 670 cm™ band confirming the symmetric
stretching of triply coordinated oxygen bridges. Mn
doping induced peak broadening, indicating lattice
strain, bond length fluctuations, and structural defects.
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Fig.1 XRD and Raman spectra of bare and Mn doped
MoOs3/Si02
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Higher lattice strain and bond length fluctuations are
indicated by the intensity changes and peak shifts (820
to 823 c¢cm'). The Raman peaks in this region are
greatly broadened by Mn doping confirming the severe
lattice disorder.
3.2. Dye degradation analysis on Crystal violet
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Fig 2 Dye degradation analysis against CV dye

Dye molecules adsorb onto the catalyst via
electrostatic and van der Waals forces, aided by the
high surface area of SiO,. Light excites electrons from
the valence to conduction band, generating superoxide
and hydroxyl radicals that degrade dyes into non-toxic
byproducts. Mn doping enhances charge separation and
reactive oxygen species (ROS)

Conclusion
Mn-doped MoO3/SiO, composites were
successfully synthesized, with XRD confirming an
orthorhombic phase and Raman analysis revealing
structural distortions due to Mn incorporation. The
reduced crystallite size and increased texture
coefficient enhanced photocatalytic performance. Mn
doping improved charge separation and ROS
generation, leading to efficient Crystal Violet dye
degradation. These findings highlight the potential of
Mn-doped MoO3/SiO;, as a promising photocatalyst for
wastewater treatment applications.
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Abstract

In this work, athorough investigation was conducted to devel op plasma el ectrol ytic oxidation (PEQO) coatings on
pre-anodized AA2024-Al dloy. The coatings were developed at various concentrations of TiO2 dispersed in a
water-based dectrolyte containing sodium slicate, sodium phosphate dodecahydrate, and potassium hydroxide.
The am was to determine the effect of TiO2 incorporation on energy consumption, coating growth, surface
morphology, photocatalytic behavior, and long-term corrosion resistance properties. The pre-anodization time
was controlled to develop a (20.0+1.6) um-thick anodic film. Compared to PEO devel oped without pre-anodic
precursors, a reduction of ~66% in energy consumption (KW.h.m2.um-1) was observed. The addition of TiO2
nanoparticles (Degusa-P25) into the base el ectrol yte resulted in reductions of ~68%, 64%, and 51% for the PEO
coatingsdeveloped at 2, 5, and 10 g/L. TiO2 concentrations, respectively. The photocatal ytic activity of TiO2 was
investigated by photodegrading phenol under simulated sunlight conditions, where higher TiO2 concentrations
led to improved phenol photodegradation efficiency. The effectiveness of TiO2 concentration on the corrosion
resistance properties of PEO coatings was observed, with nearly one order of magnitude higher impedance
magnitude (after 336 h) than the PEO layer without TiO2.
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Abstract: In fast breeder reactors, the integrity of fuel clad tubes is essential for reactor safety and performance.
This investigation focuses on the potential for ballooning in the end plug welds of these tubes, considered weak
points due to the welding process. Ballooning typically initiates in the weakest regions under high temperature
and pressure. Through detailed experiments, the clad tube was observed to balloon and burst at 1070°C, away
from the weld, indicating initiation in a more ductile region. Additional tests on tubes with multiple weld repairs
showed similar results, highlighting that ballooning occurs away from the brittle weld region. These findings
provide valuable insights into material behavior under extreme conditions, crucial for enhancing the safety and

reliability of fast breeder reactors.

1. INTRODUCTION
The integrity of fuel clad tubes in fast breeder reactors
is crucial for reactor safety. Ballooning, which can
severely compromise these tubes under high
temperature and pressure, is a significant issue. Welds,
especially at end plugs, are potential weak points due
to brittleness from welding and the solid end plug’s
restriction on bulging. This study investigates whether
ballooning occurs at these welds, where brittleness,
weak links, and constraints to bulge coexist. Insights
from this study on material behavior under extreme
conditions aim to enhance the safety and reliability of
fast breeder reactors.
2. EXPERIMENTAL FRAMEWORK

2.1. Test Facility

The Rupture And Ballooning In Tubes (RABITS)
facility in SML is used to test fuel clad tubes at various
temperatures and heating rates [1].
2.2. Calibration of the Furnace

A calibration test was conducted using a dummy
sample with temperature sensors placed along its
height, and the distribution with time was recorded as
shown in Fig.1.

Temperature profile along height of the furnace
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Fig.1. Temperature profile along height of furnace

The highest temperature was observed just below
the top of the furnace due to natural convection currents
and design. This profile closely matches that of PFBR
fuel pins, ensuring representative conditions.

2.3. Specimen Positioning and Testing

The specimen (with 0 repaired weld) was positioned
in the highest temperature zone (Fig. 2a), pressurized
to 100 bars, and heated to 1100°C. It ballooned and

burst at 1070°C, after 35 minutes, away from the weld
(Fig. 2b), indicating initiation in a ductile region. A
similar test with three repairs in the end plug weld
showed the tube ballooning and rupturing away from
the weld, (Fig. 2c), at a similar burst temperature and
time. Previous creep tests revealed crack initiation near
the weld in multiple repaired pins [2]. This suggests
that ballooning involves higher ductility, making the
brittle weld region unfavorable for ballooning.

Fig.2. a) Specimen position b) Zero repaired
ballooned pin ¢) Three repaired ballooned pin

3. CONCLUSION

This study provides key insights into ballooning in fuel
clad tubes at the end plug welds, which are potential
weak points due to welding brittleness. Experimental
results showed that the clad tube ballooned and burst at
1070°C, away from the weld, indicating initiation of
ballooning in a ductile region. Additional tests on tubes
with multiple weld repairs also showed that ballooning
occurred away from the weld, reaffirming the findings.
Understanding ballooning conditions is crucial for
reactor safety and reliability.
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Abstract: Carbon fiber reinforced silicon carbide (C+-SiCr) composites offer promising solutions as a structural
material for aerospace applications due to their ability to withstand extremely high temperature. In the present
study, non-crimped fabrics (NCFs) were employed for the fabrication of Ci-SiCn composites having multi-
directional (1D, 2D, 3D, 4D) fiber architecture through LSl method. The composites were initially characterized
for density and microstructure evolution. Additionally, x-ray micro computed tomography (Xu-CT) was
performed to assess the volume fraction of porosity, residual silicon, carbon and formed silicon carbide. Fiber
orientation’s effect on mechanical properties was evaluated through tensile, compression, and flexural tests.

1. INTRODUCTION

Multidirectional carbon-fiber reinforced silicon carbide
matrix composites (Ci-SiC) are ideal for aerospace
componentslikejet vanes and thrusters. Liquid-silicon-
infiltration (LSI) is preferred over chemical vapor
deposition and polymer impregnation for producing
thicker, high-performance parts. This study explores
the tailoring of various mechanical properties (tensile,
compressive, and flexural) by selecting appropriate
fiber architectures, specifically uni-directiona (1D),
multi-directiona (2D,3D, 4D) non-crimped continuous
carbon fiber preforms, for the production of Cs-SiCm
composites via the liquid silicon infiltration (LSI)
technique. It focuses on the microstructure and phase
evolution of the composites and investigates the impact
of fiber architecture on their mechanical properties. A
high carbon content (V¢ = 36%) is chosen for the fiber
preforms to ensure the structural integrity of the
composite after the LS| process.

2. EXPERIMENTAL PROCEDURE

2.1. Materialsand Fabrication

T-300 3k carbon fiber tows were used to create non-
crimped preforms with various fiber orientations (1D,
2D, 3D, 4D). The preforms were densified with coal-
tar pitch, siliconized with silicon metal, and rigidized at
200-300°C. Carbonization and graphitization were
performed a 900-1000°C and 2500-2600°C,
respectively. Further densification included vacuum
impregnation with coal-tar pitch and SIC durry,
followed by HIPIC at 700-800°C. C-C components
were impregnated with molten silicon at 1650°C to
form C-SiC, then machined for characterization.[1].

2.2. Composition Deter mination
The composition of the dliconized blocks was
determined by acid digestion method [2].

2.2. Microstructure characterization and phase
evolution

Microstructural morphologies were analysed using
high-resolution X-ray micro-CT, optical microscopy,
and SEM. Phase identification of Ci-SiCy, composites

was done by XRD with Ni-filtered CuKo radiation
(A=1.5406 A) in the 20 range of 10-80° and a step size
of 0.0065°.

3. FIGURESAND IMAGES

: ('b)

Fig.1. (@) Optical and Schematic images (b) X-ray
diffraction profile captured from the longitudinal
surfaces of 1D, 2D, 3D and 4D C:-SiCr composites.

4, TABLES
Table 1. The Table summarizes the volume fraction of
each phasein the C-SiC compositeswas analysed using
XuCT.

C-SiC Matrix Fiber Free Pore
composites (Vol%) (Vol%) Silicon (Vol %)
(Vol%)

1D 56.51 37.15 115 5.19

20 55.73 37.04 2.76 445

3D 56.82 37.26 168 425

ap 58.02 37.81 0.32 3.84
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Abstract

The Zinc Oxide (ZnO) thin films were deposited onto the glass substrates by a
successive ionic layer adsorption and reaction method, which is based on the alternate
dipping of substrate in a zinc nitrate solution complexes with NH4OH and distilled water
heated at 75 °C. The time duration for which a substrate is dipped in the distilled water, plays
an important role and it has been shown in this work that the time period for which a
substrate is dipped in distilled water, which we referred as rinsing period, affects significantly
on the structural and optical properties. One of the samples is not annealed and others are
annealed at 100, 200, 300 and 400 °C. These samples are used to investigate the effect of
annealing and aging on the properties of ZnO. Nano crystalline diamond like ZnO thin film is
characterized by different characterization techniques such as X-ray diffraction (XRD),
Atomic Force Microscopy (AFM), Raman spectrometer, Scanning Electron Microscopy

(SEM) with Energy Dispersive X-Ray Analysis (EDAX) and optical absorption.

Keywords

ZnO thin film, SILAR, Annealing, XRD, AFM, SEM, EDAX, Raman Spectroscopy.
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Abstract: GeTe intensively studied in recent years as promising p-type semiconducting lead-free mid
temperature range thermoelectric (TE) material. It also displays a second-order phase transition nature (700 K)
from high-temperature cubic (Fm-3m) to a low temperature rhombohedral (or hexagonal) structure R3m. The
reduction of total thermal conductivity (3Wm™K™) was achieved for Gey gsM go 0sBioos T € materials.

1. INTRODUCTION

Thermoelectric materials are efficient for the
bidirectional conversion of waste heat into electric
energy and propitious remedies for the global energy
problem [1]. GeTe, as p-type semiconductor, has been
diligently studied in recent years as a promising
lead-free mid temperature range thermoelectric
meaterial. In this field, materials need to possess high
value of dimensionless thermoelectric figure of merit,

S%oT
=

Where, k; = K +K., o electrical conductivity,
S Seebeck coefficient, K, total thermal conductivity,
K. lattice therma conductivity, K, electronic thermal
conductivity and T absolute temperature. Significant
improvement in the ZT value has been achieved with
the reduction of K via phonon scattering because of
complex nano structuring, [2] point defects
(substitutional, interstitial and vacancy), mesoscale
grain boundaries, second phase nanoprecipitation and
intrinsic bond anharmonicity [3].
2. EXPERIMENTAL MATERIALSAND
METHODS

In this present research work, purity of Ge shots
(99.999%), Te powder (99.999%), Mg Granulas
(99.99%) and Bi powder (99.999%) are taken in
stochiometric amount and loaded to vacuum sealing in
guartz tube with 10-5 Torr than annealed at 1173K
for 18h, than obtained ingots are grinded. The fine
powder allows the process of spark plasma sintering
on 723 K for 5 min.

3. RESULTSAND DISCUSSION

The structural property andyzed by X-ray
diffraction it shows the rhombohedral structure and
calculated the variation of rhombohedral angle. The
strain and mass fluctuation calculated by modified
Debye-Callaway model equations. The Hall Effect
measurements confirmed the p-type nature of carrier
concentration and determined the conductivity as well
as resistivity also mobility, the carrier concentrations
are optimized in the range of high Seebeck
coefficients. The thermal conductivity was measured

using the relation k = dCpD, where D is the thermal
diffusivity measured by laser flash technique, d
density of the pellet and Cr is the heat capacity.
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Fig.1. Thermalconductivity of Mg and Bi co-doped
GeTe materials.
4. CONCLUSION

We report low therma conductivity (K)
achieved by tuning the carrier concentration and
complex nanostructure successfully modul ated
through co-doping of Bi and Mg in GeTe
compounds via large differences in strain and
mass fluctuations and structural angle. The bi-
functional nature of TE materials makes it
possible to also achieve thermoelectric cooling
for devices or persona thermal management.
These kinds of materials could play a crucia role
in development of future thermoel ectric devices.
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Abstract: Thin films of NiFe.Os were deposited on Si substrates using pulsed laser deposition and subsequently
annealed under vacuum at different temperatures. XPS analysis revealed a temperature-driven reduction of Ni*
to Ni?" and the emergence of Fe?*, indicating cation redistribution influenced by oxygen vacancies. XMCD
measurements confirmed these changes, showing increased Ni*? intensity and decreased Fe*' contribution.
Structural and electronic modifications induced by annealing significantly impact the material’s magnetic
properties. These findings demonstrate the crucial role of vacuum annealing in tuning the el ectronic and magnetic
characteristics of NiFe:Oa4 thin films for spintronic applications.

1. INTRODUCTION
Nickel ferrite (NiFe:0O4) is a soft magnetic material
with anormal spinel structure, known for its excellent
chemical stability, moderate saturation magnetization,
and low coercivity [1.2]. These properties make
NiFe:O4 thin films highly desirable for various
technological applications, including spintronics,
microwave devices, and magnetic sensors. The
magnetic and structural properties of NiFe2Os thin
films are strongly influenced by fabrication parameters
such as deposition technique, annealing conditions, and
environmental factors like oxygen partial pressure [3].

Vacuum annealing isacrucia post-deposition
treatment that can significantly modify the cation
distribution, strain relaxation, and defect concentration
in ferrite thin films, ultimately affecting their magnetic
properties. By altering the oxygen content and
promoting cation redistribution between tetrahedral
and octahedral sites, vacuum annealing can tune key
parameters such as saturation magnetization (M),
coercivity (Hc), and magnetocrystalline anisotropy [4].
Degpite extensive studies on bulk and thin-film ferrites,
the impact of vacuum annealing on the structural and
magnetic characteristics of NiFe2Oa thin films remains
an area of active research.

This study investigates the effect of vacuum
annealing on the structural and magnetic properties of
NiFe:Os thin films. By employing X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), and
vibrating sample magnetometry (VSM), we analyzethe
changes in crystallinity, oxidation state, and magnetic
behavior induced by vacuum annealing. Understanding
these effects is essential for optimizing NiFe2Oa thin
films for advanced technological applications.

2. EXPERIMENTAL

NiFe:04 thin films were deposited using pulsed laser
deposition (PLD) a the PLD lab, School of
Instrumentation, DAVV, Indore. A NiFe.O. target was
ablated using aNd:Y AG laser with awavelength (1) of
355 nm under a deposition pressure of ~2 x 107 mbar.

Thefilmswere deposited on Si (100) substratesat room
temperature under high vacuum (107¢ mbar).
To study the effect of vacuum annealing, the deposited
films were annealed at different temperatures. S1
(room temperature), S2 (300°C), and S3 (400°C).

3. RESULTS AND DISCUSSION
The XRD patterns confirm the presence of cobalt
ferrite with a cubic spinel structure. The peaks at 35.5°
correspond to the (311) reflections of Nickel Ferrite.
The intensity of the (311) diffraction peak increases
with annealing temperature suggesting an increase in
atomic grain size. As a function of annealing
temperature, the film thickness and surface roughness
decrease, while substrate roughness slightly increases.
SQUID-VSM measurements indicate that increasing
temperature  induces  perpendicular  magnetic
anisotropy (PMA) in the NFO film and increases its
saturation magnetic moment. XPS measurements
reveal the cation distribution in NiFe2O4 thin films.
With increasing annealing temperature, Ni**
concentration increases while Ni*" decreases,
indicating a reduction of Ni** to Ni**, likely due to
changes in oxygen vacancy concentration or cation
redistribution. After annealing, Fe*" emerges and
increases, suggesting a partial reduction of Fe3* to Fe?".
Additionally, Fe*" ions from octahedral sites migrate
toward tetrahedral sites, further confirming cation
redistribution within the sping structure. These
changes in oxidation states and site occupancy
significantly influence the electronic and magnetic
properties of the annealed films.
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Fig.1. XMCD of pristine and annealed nickel ferrite
thin films.
4. CONCLUSION
Vacuum annealing of NiFe:Os thin films induces
significant cationic and electronic modifications. The
reduction of Ni** to Ni** and the emergence of Fe*
indicate cation redistribution influenced by oxygen
vacancies. XMCD analysis confirms these changes,
showing increased Ni and decreased Fe*' intensity.
These alterations play a crucial role in tuning the
magnetic and electronic properties of NiFe:O4 films,
making them promising for spintronic applications.
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Abstract: Radiation-resistant glass development is crucial for possible uses in optics, displays, and nuclear or
space conditions. With a Gamma Chamber 5000, Co-60 Gamma Irradiator (Atomic Energy Regulatory (AERB),
India), the y-ray resistance of Gd**-doped Borophosphate glass is examined in this work under 10kGy gamma
irradiation. The melt-quench method was used to create the Gd**-doped Borophosphate glass [40B203 - 39P20s -
5A10; - 10ZnO - 5KF2 and 1Gd203 (wt%)], and its properties were investigated both before to and following
gamma irradiation. The effects of 10kGy of y-radiation on the glass were examined using XRD, SEM, optical
absorption, FTIR, photoluminescence, CIE-1931 color chromaticity, ESR, Phy-x analysis for gamma ray

shielding and Thermoluminescence (TL).

1. INTRODUCTION

The creation of irradiation materials has significantly
aided the advancement of nuclear technology over the
past several decades. Consequently, applying
radiation-resistant materials and comprehending their
basic idea is crucial. The purpose of radiation-resistant
glass is to attenuate, reflect, and absorb ionizing and
non-ionizing radiation [1]. Transparency is preserved
while optimum protection is achieved by the
optimization of composition and thickness. Common
materials include glass, which provides resistance to
thermal shock, and lead glass, which is renowned for
its great density and efficiency in preventing ionizing
radiation [2]. In the glass network, ionizing radiation
can produce a variety of flaws, including extrinsic
faults brought on by radiation exposure and intrinsic
defects created during preparation [3]. These flaws may
change the glass's optical characteristics and have
practical uses in lighting or sensing applications. Glass
that is resistant to radiation is essential for protecting
against radiation exposure, but it also has drawbacks in
terms of defect generation when exposed to radiation.
Research is still being done to improve these materials'
performance in demanding environments [4].

2. MATERIAL AND METHODS

The melt-quenching process, a popular glass-making
method, was used to create the Gd**-doped
Borophosphate glass. The initial elements that need to
be collected are 40B203 - 39P20s - SALO; - 10ZnO -
5KF2 and 1Gd20s. In a mortar and pestle, thoroughly
mix these ingredients to create a uniform consistency.
Heat-treat the furnace after placing the mixed powders
in an alumina crucible. Heat the furnace gradually to
the mixture's melting point, which is 1100°C, to ensure
that the glass is fully melted and uniform. After that,
leave it there for an hour or two. To guarantee
homogeneity and get rid of bubbles, swirl the molten
glass liquid using a glass stirring rod. To create the
appropriate forms, carefully pour the molten glass into
hot molds. Then, let the glass cool slightly inside the

molds. To remove internal tensions, move the molded
glass to an annealing furnace and anneal it by lowering
the temperature progressively from the molding
temperature to room temperature. Glass samples were
exposed to 10 kGy of gamma radiation for 13 hours to
examine them and both the before and after gamma-ray
glass images shown in figure 1.

2.2. CHARACTERIZATION STUDIES

The measurements for the samples obtained during the
Gd**-doped Borophosphate glass research are as
follows. The Bruker D2 XRD diffractometer, FTIR by
ATR-IR. The optical absorption by V-670 double UV-
VIS-NIR  Spectrophotometer. Emission by JY
Fluorolog-3-11 PL Spectrofluorometer. The CIE 1931
Color Calculator tool was used to get the CIE x, and y
coordinates, CCT, and Purity values. TL reader
(Nucleonix TL research reader (Type: TL 10091)) was
used. The JES200 ESR spectrometer was used to
examine electron spin resonance (ESR) spectroscopy.

A @B

®-4

Fig.1. The Gd**-doped Borophosphate glass before and
after 10kGy Gamma irradiation.
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Abstract: Antimony thin filmsare grown using molecular beam epitaxy (MBE) method at 245 °C. The evolution
of morphology of these films under 2 MeV Al* ionirradiation is studied using In-situ ion irradiation and imaging
with field emission scanning electron microscope (i4- FESEM) facility. Our results shows that the facets of square
pyramidal antimony nanocrystals changes significantly compared to triangular-structured antimony nanocrystals
under ion irradiation. This observation is discussed in the light of basic ion-solid interactions.

1. INTRODUCTION

The bandgap of bulk antimony is 0.15 eV whereas
the band gap of antimonene (monolayer of antimony)
1.55eV and it is tunable [1]. lon irradiation causes
damage which results in change in the properties like
energy band gap, transmittance, reflectance and
refractive index of the antimony thin film. The
morphological evolution of antimony nanocrystals
under ion irradiation is studied with i4-FESEM.

2. EXPERIMENTAL

The cleaned c-plane sapphire substrates are annealed
at 1200 °C for 5hrs under an oxygen atmosphere. Prior
to deposition of film, the substrate was heated up to
250°C for 20 minutes in UHV (2x10°mbar)
conditions. The Sb(500A)/c-Al,O3 was deposited with
the substrate temperature of 245 °C and the deposition
rate is 0.25A/s. The morphological evolution of
antimony thin films for various ion fluences (ranging
from 2.24 x10%* ions/cn? to 4.08 x10%ions/cm?) of
2MeV Al*ionirradiation is studied using i — FESEM
facility [2].

3. RESULTSAND DISCUSSION

Figure 1(a) shows the SEM image of the as-prepared
Sb(500A)/c-Al03 thin film. It shows square pyramids
and triangular nanocrystals of antimony. Figure 1(b)
shows the SEM image of the 2 MeV Al* ion irradiated
sample with aion fluence of 4.08 x10%ions/cn?. The
diagonal length of square pyramids (marked in Fig 1(a)
and 1(b)) are measured using image] software and the
diagonal length as a function of ion fluence is shownin
Figure 1(c). It is observed that, with the increaseinion
fluence, the diagonal length of square pyramids are
decreasing whereas triangular structures remain
unaffected. The electronic energy loss of 2 MeV Al*
ions in Sb is 1.69 keV/nm and sputtering yield is
0.35 atomg/ion, which are estimated from stopping
ranges of ionsin matter (SRIM-2013 software) [3]. The
deposited energy density (ion fluence x electronic
stopping power) is 689 keV/nm3in the film which can
raise the temperature and cause desorption of
antimony. Sputtering also will give raise to material
loss. These processes can give raise to the shrinking of
the antimony square pyramids, thereby the reductionin
diagonal length was observed. Preferential sputtering
of square pyramids compared to triangular islands is

attributed the facet orientation dependent sputtering
yield.
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Fig.l. SEM images of Sb(500A)/c-Al,Os thin film
(a) beforeirradiation and (b) after ion irradiation with
fluence of 4.08 x10'° iong’cn? and (c) the graph
diagonal length versus various ion fluencies on square
pyramids marked 1,2,3 and 4 in SEM images.
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Abstract:

This study investigates the impact of gold ion irradiation on the stability of two organic materials, PM6 and
PTB7-Th. The materials were spin-coated at various speeds and subsequently irradiated with 70 keV gold (Au)
ions at a fluence of 1 x 10" ions per cm? To assess the changes in material properties, a range of characterization
techniques were employed, including photoluminescence, Raman spectroscopy, UV-visible spectroscopy, X-ray
photoelectron spectroscopy (XPS), atomic force microscopy (AFM), and scanning probe microscopy (SPM). The
Gibbs free energy was used to evaluate the materials' stability under irradiation, with the goal of identifying which
material demonstrates greater durability for use in organic solar cells, particularly in space missions where
exposure to cosmic radiation is a concern.

1. INTRODUCTION )] ] I,

Gold ions have the ability to enhance the strength and | Rtk THAL ] e SINTE
stability of materials by directing the flow of electrons fw 3 SN | e

or ions, especially under radiation exposure. This
interaction increases the material's resistance to cosmic Sl | ] e i _Jf
radiation, making it ideal for space applications. - N
Perovskite solar cells, modified with cations like
europium (Eu*) and dysprosium (Dy?*"), offer
improved radiation resistance but contain toxic lead

(Pb), posing significant environmental risks. The lead
could corrode spacecraft and accumulate in space,
creating long-term pollution.[1-2].

2. MAJOR SECTIONS

2.1 EXPERIMENTAL WORK

PM6 and PTB7-Th (5 mg each) were dissolved in 2.5
mL chlorobenzene and sonicated. Thin films were spin-
coated onto glass substrates at varying speeds (600-
3000 rpm) using an NXG-ml spin coater. The films
were irradiated with Au ions at a fluence of 1 x 10
ions/cm? and 70 KeV using an ion implanter. Material
properties were characterized using
photoluminescence, Raman spectroscopy, UV-visible
spectroscopy, XPS, AFM, and SPM.

2.2. Equations

AG = AH —TAS @)

The above equation is used to find out stability of
organic thin films

3. FIGURES AND IMAGES

by ™
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Fluorine

4. TABLES
Table 1. The Table summarizes the roughness of PM6
and PTB7-Th thin films.

spinning | PM6(roughness) | PTB7-Th(roughness)

speed

600 rpm | 8.88 nm 2.182 nm

800rpm | 11.71 nm 4.711 nm

1500 rpm | 16.17 nm 3.712nm

3000 rpm | 28.42 nm 2.158 nm
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Abstract

The polyaniline - copper oxide (PANI- CuO) nano composite was synthesized by grinding technique and the
samples were irradiated using gamma ray source of Co®. The polymer composites have been subjected to gamma
radiation from 4 to 20 kGy dosages. The structural, vibrational, optical and morphological characteristics of every
materials have been determined by X-ray diffraction (XRD), Fourier Transform Infrared (FTIR) spectroscopy,
Ultra Violet spectroscopy (UV), Photoluminescence spectroscopy (PL), Scanning electron microscopy (SEM) and
EDAX analysis. Cyclic voltammetry (CV) has been used to access application of the prepared and irradiated
samples. The 20 kGy irradiated PANI- CuO sample had a maximum specific capacitance and energy storage
capacity than pure one, measuring 184.19 F/g and 23.02Wh/Kg respectively. According to the results, irradiation
composites may be appropriate for the use as super capacitive electrode materials.

Keywords: CuO, PANI, Composites, Irradiation, Capacitance, Energy storage
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Abstract: We report the formation of porous nanostructures on crystalline Ge by low energy Ga" ion implantation
using focused ion beam microscopy. The morphology of the nanostructures formed was characterized by scanning
electron microscopy. The Raman spectra of the nanostructured Ge showed a broad peak associated with the
amorphous Ge. The origin of decomposition of the structure upon ion irradiation can be correlated to the vacancy
clustering and/or micro-explosions occurring beneath the surface.

1. INTRODUCTION
Nanostructured semiconductors like Si, Ge are
preferred largely because of its compatibility with
complementary metal oxides (CMOS). Unlike Si, Ge
has not been widely used due to factors, including low
bandgap, low absorption in visible region and high
optical loss in infrared region. However, the
nanostructured Ge owing to its several advantages such
as high surface area, high theoretical specific
capacitance, has potential applications including
photodetectors, chemical sensors and energy storage
[1-2]. The nanostructured morphology can be prepared
by various methods such as physical/chemical vapor

deposition, electrochemical cycling and ion
implantation.
Generally, the nanostructuring of Ge by ion

implantation occurs via two major steps. When an ion
beam of relatively high mass, is incident on the surface
of the crystalline Ge (c-Ge), an amorphous layer of Ge,
(a-Ge) is formed when a critical dose is used. When the
dose is further increased, after the critical dose (~ 10"
ions/cm?), the amorphous layer collapses (or
decomposes), exhibiting voids and porosity. An
interconnected network of nanograsses or nanowalls
will be formed for higher doses [3]. The
nanostructuring, or often termed as nanotexturing,
depends on the energy of the incident ion, mass of the
ions, fluence and angle of incidence. In this work, we
study the effect of fluence of the Ga* ion on the surface
modification of Ge for the normal incidence of Ga ion
beam on Ge.

2. EXPERIMENTAL METHODS

A polished and cleaned single crystal Ge wafer with
(111) orientation and thickness of 0.5 mm was
irradiated with Ga ions using a focused ion beam
microscopy. Beam energy of 30 keV was used and
fluence was varied from 10'° to 10'® ions/cm?. The
distribution of Ga ions in the Ge subsurface was
estimated using SRIM 2013 software. The morphology
of the nanostructured Ge, was analyzed using scanning
electron microscopy (SEM, Model - Supra 55 by Carl
Zeiss, Germany). The structural property was analyzed
using a 532 nm excitation source, Raman spectrometer
(Renishaw) in a backscattered geometry.

3. RESULTS AND DISCUSSION

SEM images of the nanostructured Ge are shown in
Fig. 1. Fig. 1a shows the pristine or unmodified c-Ge
consisting of smooth surface and Fig. 1b and 1c shows
the modified or nanostructured Ge after ion irradiation
at fluence of 10" ions/cm? and 10'® ions/cm?
respectively. A less dense porous nanostructure is
obtained for the fluence of 10" ions/cm? and while
increasing the fluence to 10'¢ ions/cm?, the porous
surface collapses to form an interconnected network of
nanowalls. Figure 2 shows the Raman spectra for
samples irradiated with different fluences. The absence
of sharp intense peak at 301 cm’!, indicates the
amorphous  structure  formed. The  structural

decomposition upon the ion irradiation is correlated to
micro-explosions

the vacancy clustering and/or
occurring beneath the surface [3].
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Fig.2. Raman spectra of pristine and irradiated Ge.

4. CONCLUSION
The influence of implantation parameters of low energy
Ga ion on the surface modification of Ge was
investigated. The change in the structural and
morphology was confirmed with Raman spectra and
scanning electron micrographs.
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Abstract: Shape Memory Alloys (SMAs) are metallic materials capable of reverting to a predefined shape upon
temperature variation due to reversible phase transformations. This paper examines their properties, behaviour
under extreme conditions, and potential applications in the future FBR, particularly focusing on passive damper
opening for the Safety Grade Decay Heater Removal (SGDHR) system.

1. INTRODUCTION

Shape Memory Alloys (SMAs) are metallic materials
capable of returning to a predefined shape after heating.
This behaviour results from a transition from a low-
temperature martensite phase to a high-temperature
austenite phase, a process known as the Thermal Shape
Memory Effect (SME). This characteristics introduces
shape memory effect on material against temperature.
Another key property of these alloys is superelasticity,
or pseudoelasticity, allowing them to endure significant
deformation without permanent change and snap back
to their original shape. The stress-strain behaviour of
typical SMA is shown in Fig.1.
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Fig.1. Stress-Strain-Temperature diagram of SMA [1]

2. LITERATURE REVIEW

Since their discovery in the 1960s, extensive research
has been conducted on SMAs, focusing on
understanding phase transformation mechanisms,
optimizing alloy compositions, and improving
mechanical properties. Recent advancements include
high-temperature SMAs for extreme environments and
new alloy systems to enhance performance (2, 3].

3. EXTREME CONDITION PROPERTIES
3.1 Types of SMAs and Temperature Limits
e Nickel-Titanium (Ni-Ti) Alloys (Nitinol): Operate

within  -200°C  to 110°C; preferred for
biocompatibility and mechanical properties.
o Copper-Based Alloys (Cu-AI-Ni, Cu-Zn-Al):

Function up to around 200°C; suitable for
moderate temperature stability.
o p-Titanium Alloys: Suitable up to 600°C; ideal for

extreme environments like aerospace and
industrial applications.
3.2 Thermo-Mechanical Behavior
SMAs exhibit thermal shape recovery and

superelasticity under extreme conditions.

3.3 Cryogenic Behavior

Enhanced damping properties at low temperatures
make SMAs ideal for cryogenic applications.
3.4 Corrosion Resistance

Ni-Ti alloys offer good corrosion resistance;
additional coatings or alloying elements (e.g., Cr, Pd)
may be required in aggressive environments.

4. POTENTIAL APPLICATIONS FOR FUTURE
FBR

SMAs, especially p-Titanium alloys, can be utilized
in the future FBR as a temperature-sensitive actuator
mechanism for the damper opening for the Safety
Grade Decay Heat Removal (SGDHR) piping system
(Fig.2). Their high-temperature stability and reliable
actuation properties make them ideal for this function
under extreme conditions. Current studies are focusing
on the design of passive damper openings shown in
Fig.2. Additionally, SMAs have potential applications
in electrical safety switches and smart valves.

xxxxx
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Fig.2. SGDHR showing AHX dampers in PFBR.
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5. CONCLUSION
SMAs possess unique properties that make them ideal
for extreme conditions and various applications.
Ongoing research aims to optimize these materials for
passive damper opening for the SGDHR piping system.
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Abstract: The instrument and control (I&C) system is critical in maintaining the safety, efficiency, and
reliability of a nuclear power plant. The harsh radiation environment impacts the performance of the 1&C
system. The present study investigates the reliability of an AT89CS51RD2 microcontroller under radiation
(gamma and proton) exposure in real-time. Custom circuits were designed to expose the microcontroller to
varying doses of gamma radiation from a %°Co source and proton irradiation. The results indicated that the
device could operate without failure and performance degradation up to a total absorbed dose of approximately
0.6 kGy for gamma radiation and 1.5 kGy for proton irradiation, indicating its potential robustness in radiation

environments.

1. INTRODUCTION

The 1&C system of prototype fast breeder reactor
(PFBR) utilizes remote terminal units (RTUs) for real-
time monitoring and control of safety functions. In
present work, the 8051 microcontroller, which is used
in RTU boards, is subjected to radiation testing to
validate its performance and functional integrity. The
microcontroller is exposed to gamma and proton
irradiation, and its performance is analyzed.

2. METHODS

Custom PCBs were designed for the microcontroller
testing, including circuitry for biasing during
irradiation and in-situ measurements. The PCB
consists of a MAX232 to establish a link for serial
communication with a personnel computer (PC).
LEDs are connected to the microcontroller, to test its
functionality by switching them on and off.

The gamma irradiation experiments were conducted
using a GC-5000 self-shielded gamma irradiation
chamber, with a °Co radiation source and a measured
dose rate of 1.94 kGy/h.

For proton irradiation, 25 MeV proton beam from
15 UD pelletron accelerator at the Inter-University
Accelerator Centre (IUAC), New Delhi, was used.
The PCB with device under test (DUT) was mounted
on the adjustable sample holder in the irradiation
chamber, with connections vie BNC cables and
vacuum feed-throughs. The proton flux was
6x10° p/cm?s. The cumulative total dose equivalent
of proton fluence in rad (100 rad =1 Gy) is given by
dose (rad)=1.6x10x¢xLET [1], where ¢ and LET are
ion fluence and linear energy transfer.

3. RESULTS
The performance of the DUT was observed by
analyzing the memory array of the DUT written with a
specific program to flash the LEDs and transmit the

output data to the PC. The experiment is ended when
the output data stopped displaying on the PC. It was
observed that gamma radiation degrades device
functionality beyond 0.6 kGy, causing permanent
failure where the DUT cannot be reprogrammed due
to total ionizing dose effects.

For each DUT, the maximum dose at which the
device failure was observed, is given in Fig.1. In both
experiments, bit flips were observed in the memory
array and LED blinking and serial data transmission
was affected. The pin output voltage decreased and
device input current increased with higher absorbed
doses. It was found that the proton dose beyond which
the device will fail is twice as high as compared to

gamma irradiation. During gamma irradiation,
ionization is the dominant damage process, while
proton irradiation causes both ionization and
displacement damage.
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Fig. 1 Total dose received by DUTs during gamma
irradiation (A1-AS5) and proton irradiation (C1-C3)
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Abstract: Multicomponent alloys with near- equiatomic composition exhibit remarkable properties, which
makes them potential candidates for nuclear structural materials. In this present work, the radiation response of a
quaternary FeCrMnNi alloy is explored. Defect evolution of implantation- induced defects in He plus Ni ion-
implanted FeCrMnNi has been studied using depth-resolved positron beam as a function of annealing
temperature. The growth of He bubbles is observed from the Doppler S-parameter beyond 823 K.

1. INTRODUCTION

Medium and High Entropy Alloys are the area of
great interest due to their unique material properties.
Equiatomic or near-equiatomic composition of the
alloys results in enhanced properties that make them
tunable for different functional applications [I, 2].
Improved radiation resistance of HEAs with adequate
mechanical properties makes them potential candidates
for nuclear structural applications [2]. Variable Low
Energy Positron Beam technique is a sensitive tool that
can be used to study implantation-induced vacancy-like
defects in materials [3]. Doppler S-parameter based
Positron beam measurements were carried out on the
alloy to study the microstructural evolution of
implantation-induced defects in the alloy.

2. EXPERIMENTAL DETAILS

A near-equiatomic Fe27CrisMna7Nizs alloy was
prepared by the arc melting technique, followed by
homogenization at 1373 K for 6 hrs. XRD
measurements were carried out to find the phases
formed in the prepared sample. The homogenized
sample was then 18% cold worked. He" ion
implantation (130 keV, 1X10'® ions/cm?, 5630 appm)
followed by Ni* ion implantation (1.5 MeV, 5x10'6
ions/cm?, 100 dpa) was performed on the cold-worked
samples at room temperature. Depth-resolved Doppler
broadening measurements with varying positron beam
energies (Ep) were carried out on cold-worked
implanted samples post-annealed at different
temperatures.

3. RESULTS AND DISCUSSION

3.1. Material Characterization

The XRD pattern of the homogenized sample reveals
an FCC structure with a lattice parameter of 3.59 A.
The calculated criteria for the formation of solid
solution show FCC phase, which matches with the
XRD results.

3.2. PAS Results
S vs. Ep curves of the implanted samples post-
annealed at different temperatures were obtained. Fig.

1 shows the S parameter (averaged between 8 and 18
keV, corresponding to a range of depth between 138
and 506 nm) as a function of annealing temperature.
The S parameter value of 0.555 for the room
temperature implanted sample corresponds to the
presence of implantation-induced vacancy-like defects.
At 723 K, there is a decrease in S-parameter attributed
to the formation of He-vacancy complex. Further
increase in annealing temperature leads to an increase
in the S-parameter corresponding to the formation and
growth of He bubbles due to He plus Ni ion
implantation. A detailed analysis of defect
microstructure will be presented.
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Fig.1. S parameter (averaged) as a function of

annealing temperature for sequential He and Ni ion

implanted samples.
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Abstract: Ion beam-induced luminescence (IBIL) spectra of B-Ga.Os wafer under irradiation by a 100 keV Helium
ions beam were analyzed as a function of the dose in order to understand the kinematics of quenching of photoemission
and possible formation of photoluminescence of luminescence defects. The results indicate that the intensity decreases
with increasing fluence due to the formation of defects, which serve as non-radiative recombination centres competing

with radiative processes.

1. Introduction

Gallium oxide (B-Ga:0s3), well known for its
unique optical and electrical properties as a
semiconductor with a wide band gap (4.5-5.3 eV), has
shown a constantly growing interest as a promising
material in different fields of power electronics,
optoelectronics, and photonics in recent years.
Moreover, f-Ga20s demonstrates significant promise
in photocatalysis, gas sensors, ultraviolet (UV)
photodetectors. [1]

The performance of these devices depends heavily
on the quality of the material, and defects in the crystal
structure. These defects include vacancies, interstitials,
and substitutions, which can introduce localized
energy states within the band gap and directly
influence the material's optical and electronic
properties.

Furthermore, understanding the interaction of
radiation with this material is important to assess its
potential for electronics used in radiation
environments or even as a radiation detector. In this
context, ion beam analysis techniques with depth and
lateral resolution and the potential to modify the
intrinsic properties by creating different types of
defects are especially suitable for studying/optimizing
these electronic devices. IBIL is an effective and direct
technique during in situ ion irradiation, specifically
used to investigate the optical properties and the
dynamic changes of defects.

2. Experimental Setup

Single-crystal (-201) oriented B-Ga.Os; wafers
were irradiated with 100 keV He' ions, and IBIL
spectra were recorded during irradiation at various ion
fluences reaching up to 5E16 ions/cm? as shown in
Fig.l performed at IGCAR, Kalpakkam [2]. We
studied the intensity evolution across different
emission wavelengths within a broad spectral range
from UV to visible light. The projected range of 100
keV He ions in B-Ga20s is ~ 420 nm with electronics
energy loss 26.54 eV/A and nuclear energy loss 0.49
eV/A as calculated using SRIM (Stopping and Range
of lons in Matter) software).
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3. Results and Discussion
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Fig.1. Evolution of the IBIL spectra with increasing

fluences, upon irradiation with 100 keV He* ions

As fluence increases, the accumulation of
beam-induced defects leads to a reduction in
luminescence intensity. These defects do not change
the capture probability of recombination centres but
inhibit radiative emission by either enhancing non-
radiative pathways or obstructing the formation of
radiative states. Consequently, the proportion of
luminescence events decreases with higher doses due
to these competing non-radiative recombination
centres. [3,4]
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Abstract: Proton irradiation experiments were carried out on D9 and 20% cold work D9 samples to see the
effect of microstructural changes on proton irradiation. The line profile analysis using W-H method were done

before and after the irradiation.

1. INTRODUCTION

Austenitic stainless steel like D9 alloy has been
chosen for clad and wrapper tubes for the initial core
of PFBR as a structural material in view of their good
high temperature mechanical properties, oxidation
resistance, excellent compatibility with liquid sodium
and also its satisfactory behaviour established in
reactors based on the accumulated international
experience. The irradiation damage studies on D9 by
the high intensity proton beams from material science
beamline at Medical Cyclotron Facility provide a
useful tool for simulating the bulk damage induced by
fast neutrons in a reactor. In this aspect, an irradiation
experiments were planned on D9 and 20% cold work
D9 samples to see the effect of microstructural
changes on proton irradiation.

2. EXPERIMENTAL

3 nos. of each set of D9 and D9-20% CW samples
has been prepared. The XRD and hardness
measurements of D9 and D9-20CW D9 were done
by wusing Bruker made D8 Advance X-ray
Diffractometer, Germany. Finally, the proton
irradiation experiments were carried out at 3
different doses of 1E17, 5E17 and 1E18 p/cm? at 16
MeV proton beam energy which was reduced to 5
MeV by using Al-degrader and 10 pA current at
MCF, Kolkata.
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Fig. 1: Schematic of irradiation sample assembly

3. RESULTS AND DISCUSSIONS
Fig. 2 shows the XRD patterns of unirradiated
sample of pristine D9 and 20 CW-D9. XRD LPA on
D9 and 20 CW-D9 were carried out by W-H method
to determine the domain size and lattice strain in the
material. Using the Scherer and Wilson equations, we

can express integral breadth in terms of volume
weighted domain size (Dv) and the microstrain (€)
following equation

(B cos 8/ 1) =0.9/Dv + 2 €((2 sin 0)/ \)

Where, A is the wavelength of X-ray and is the exact
Bragg angle of diffraction. From the ordinate intercept
and slope of the plot of (B cos 6/ &) vs. (2 sin 6)/A), the
volume-weighted domain size and microstrain can be
determined respectively.
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Fig. 2. XRD Patterns of D9 and 20CW-D9 samples

D9 20CW-D9
26 B cos |2 sin 20 B cos |2 sin
0/ A 0/ A 0/ A 0/ A
51.0888 | 1.4193 | 0.4821 | 51.0832 | 1.6304 | 0.4820
59.7252 | 2.9452 | 0.5567 | 59.7285 | 3.3603 | 0.5567
89.4946 | 2.5464 | 0.7870 | 89.5136 | 2.7000 | 0.7872
111.3207 | 3.4980 | 0.9231 | 111.3575 | 4.4505 | 0.9233

Table 3: Domain Size and microstrain of pristine D9
and 20CW D9 samples.
The irradiation of D9 and 20 CW-D9 samples were
irradiated at 3 different doses and sample are in hot
store and the irradiated sample LPA will be carried
out shortly.
5. CONCLUSIONS

The XRDLPA studies shows cold work D9 samples
have more strain and lower domain size compare to
pure D9 sample.
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Abstract: Additive manufacturing (AM) is progressively investigated for nuclear reactor components due to its
ability to produce intricate geometries, minimize material waste, and enable quick prototyping and repair
operations. Amongst other AM processes, Selective Laser Melting is remarkably versatile, capable of
fabricating intricate components without needing exorbitant fixtures, tooling, or other auxiliary equipment. This
study experimentally investigates the effect of 3 MeV xenon ion irradiation on the micromechanical and
microstructure of 15-5PH stainless steel fabricated by SLM. The findings are pertinent given the aloys
applications in producing components subjected to irradiation and extreme operationa conditions, which are
essential in evaluating the efficacy of additive manufacturing for fabricating complex nuclear components.

1. INTRODUCTION

Selective Laser Melting (SLM), also known as Laser
Powder Bed Fusion (LPBF), is an AM technique in
which a thin layer of metal powder is applied on a
build plate, and a focused laser beam is scanned along
the powder bed using a specific scan route in an inert
gas environment. Due to the laser's intense heat flux,
the material melts in a regulated amount where the
laser beam is directed, then undergoes rapid
solidification once the laser beam moves away. The
laser scan approach determines the patterns of these
solidified tracks, and merging these individual tracks
within aplane resultsin athin metal layer. These steps
are repeated layer by layer until the entire part is built.
Precipitation hardening (PH) stainless steels have
grown increasingly popular because of their superior
mechanical and corrosion properties at extreme
conditions. These properties can be further improved
by undergoing aging heat treatment. 15-5 PH stainless
steel is martensitic/austenitic and extensively utilized
in aerospace, nuclear, chemical, and other engineering
applications. 15-5 PH steel’s high strength and
hardness make it difficult to machine traditionally, but
its good weldability makesit ideal for being fabricated
by SLM.

Sagar et al. [1-3] investigated the effect of various
heat treatments on SLM 15-5PH steel and its
corresponding effect on fatigue, wear and corrosion.
The findings indicate that aging heat treatment (H900)
produces fine spherical e-Cu-rich precipitates that
increase yield strength, hardness, and corrosion
resistance. However, it also makes the specimens
brittle, which increases wear rate and decreases
impact energy.Materials used in the harsh conditions
of nuclear reactor require a standard level of physical
stability, especialy at extreme temperature, corrosion
and radiation environments. Zheng et a. [4]
investigated the effect of ion irradiation on 13-8 PH
steel. Uddin et al. [5] reported the effect of 1 MeV
proton irradiation on 17-4 PH steel fabricated by
LPBF. Average grain size were noted to become
dightly finer due to irradiation. Additionally, it

impacts the yield strength, increases the maximum
shear strength, and hardens the alloy in terms of nano
hardness. Lutfun et al. [6] investigated the effect of
build orientation and Hot isostatic pressing on LPBF
17-4 PH steel under ion irradiation.
Therefore, the current study aims to ascertain how
highly energetic heavy ion irradiation affects 15-5 PH
stainless fabricated by SLM. Some as-build specimens
underwent H900 aging heat treatment as post-
processing. 3 MeV Xe ion irradiation was carried on
specimens of both vertical (along build direction) and
horizontal orientation of both as-build and H900
condition.
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Abstract: Irradiation studies were carried out for silicon rubber in order to evaluate its suitability for
reprocessing plant applications. The test specimens (for hardness, tensile properties and compression set) were
prepared from the silicon rubber compound and were irradiated. Degradation of mechanical properties were
observed on irradiation. Radiation resistance of silicon compound was evaluated to be 4 x 10* Gy.

1. INTRODUCTION

In fast reactor reprocessing, the components used in
the reprocessing plants are exposed to the radiation
environment, hence it is necessary that these
components must be fabricated from radiation
resistant materials. Hence to evaluate suitability of
silicon rubber for gasket and O-ring application in
radiation atmosphere a study was carried out.

2. EXPERIMENT

Compound of silicon rubber for O-ring and gasket
application was prepared. Test specimens (tensile as
per ASTM D412, hardness as per ASTM D2240 and
compression set as per ASTM D395) were fabricated
from the silicon compound and were irradiated to
doses of 10, 100 and 1000 kGy in ambient condition
(with Co®® as the source, supplied by Board of
Radiation and Isotope Technology, Mumbai, India).
The irradiated and unirradiated samples were tested
for tensile, hardness and compression set properties.

3. RESULTS AND DISCUSSION

Plot of tensile strength and elongation at break with
radiation dose is shown in fig.l and fig. 2
respectively. On irradiation tensile strength and
elongation at break of silicon compound was found to
decrease. This is due to degradation occirung by
irradiation. From elongation at break values at various
doses, radiation resistance of silicon compound was
evaluated to be 4 x 10* Gy (criteria as per IEC 544).
Hardness was found to increase with radiation which
is due to chain scission. Fig. 3 shows plot of hardness
with radiation dose.
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Fig.1 Plot of tensile strength of silicon compound with
radiation dose

Variation of compression set of the silicon compound
with radiation is shown in table. 1. It can be seen that
there is not much variation in the compression set.
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Fig. 2 Plot of elongation at break of silicon compound
with radiation dose
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Fig.3 Plot of hardness of silicon compound with
radiation dose

Table. 1 Compression set of silicon compound at
various radiation dose

S.No | Dose (kGy) | Compression set (%)
1 0 4.34
2. 10 4.49
3. 100 4.33
4 1000 4.60
4. CONCLUSION

Mechanical properties of silicon rubber was found
to degrade on irradiation. Radiation tolerance of the
silicon compound was evaluated to be 4 x 10* Gy.
Hence, the silicon compound can be used for gasket
and O-ring application in plant up to radiation dose of
4 x 10*Gy.
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Abstract: Bismuth vanadate (BiVOas)/epoxy resin nanocomposites were identified as suitable substitute for lead
based radiation blocking agents. Filler particles were prepared via precipitation method followed by apron
preparation by drop-casting method using epoxy resin. Material and size confirmation were done by XRD,
Raman and HRTEM . X-ray attenuation properties of the composite was analysed and the results are accounted.

It was unveiled that the filler particles significantly enhanced the shielding properties of the composite and it is

on par with the Pb based composites.

1. INTRODUCTION
The higher reliance on X-rays raises the risk of
overexposure, which can cause severe and irreversible
health damage to practitioners [1,3]. Therefore,
developing advanced X-ray shielding materials with
ensured safety while remaining practical and
comfortable is the crucial for protecting those who are
frequently exposed to X-ray radiation. Traditional
shielding materials like lead and concrete favour their
high attenuation coefficients and cost-effectiveness
but are hindered by their weight, lack of flexibility,
and limited structural adaptability, making them
unsuitable for protective garments. Bimetallic oxides
are identified as an alternate system for replacing the
toxic Pb based materials for radiation protections
measures . Herein we report the Bi and V based novel
bimetallic oxide system with appreciable stability over
wide range of tube voltage against X-ray exposures.
2. EXPERIMENTAL METHODS

Bismuth nitrate (BiNO3.5H20) and ammonium meta
vanadate (NH4VOs) are used as the precursor to
prepare the BiVOs by co precipitation method
followed with modification in the protocol reported by

[1].

3. RESULTS AND DISCUSSION

3.1. Microstructural analyses

XRD analysis (Fig. 1) confirms that the synthesized
BiVO, system follows monoclinic ordering, with
diffraction intensities indicating multifaceted growth.
The predominant peak at 28.9° was used to determine
crystallite size and microstructural properties, aligning
well. Peak broadening suggests defect-induced lattice
strain and dislocation densities. Crystallite size,
calculated using the Scherrer formula, was found to be
12 nm, consistent with HRTEM analysis. Micrographs
reveal particle aggregation due to Ostwald ripening,
with distinct particle boundaries confirming complete
formation [3]. Selected area electron diffraction
(SAED) patterns further validate the crystalline
nature. Raman spectroscopy identified vibrational and
rotational bands at 213, 324, 366, 610, and 811 cm™,
confirming BiVO, formation. The 213 cm™ band
represents rotational and translational modes of
VO,*7, while the 324 and 366 cm™ bands correspond

to VO,*™ tetrahedral deformations. Bi-O symmetric
bending modes were observed at 610 cm™, supporting
BiVO,

successful ~ synthesis  of

——awo,
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the [2].
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Fig 2 Raman spectrum & X-ray attenuation study of
BiVOs4 system with different thickness

Nanomaterials enhance particle-radiation
interactions, improving attenuation. The superior
shielding performance of BiVO, nanoparticles is
attributed to reduced crystallite size and increased
texture coefficient, as confirmed by XRD. Figure 2
shows the correlation between tube voltage and X-ray
exposure for different apron thicknesses. Among
tested samples, the 3.2 mm thick apron containing
BiVO, nanoparticles exhibited the lowest X-ray
exposure, demonstrating its effectiveness in radiation
shielding applications.

4. CONCLUSION

BiVO, nanoparticles were successfully synthesized
using a modified co-precipitation method, with XRD
confirming monoclinic ordering and a crystallite size
of 12 nm. Raman spectroscopy validated the structural
integrity, = while = X-ray  attenuation  studies
demonstrated enhanced radiation shielding. The 3.2
mm thick BiVO,-based apron exhibited the highest
shielding efficiency, proving its effectiveness.
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Abstract: Iron phosphate glasses are promising candidate materials for immobilization of high level nuclear
waste. Self diffusion is a characteristic property that constrains the practical applicability of the glass. Thus it is

important to study the self diffusion of glass elements. In the current study iron phosphate glasses are modeled
using classical molecular dynamics by performing melt quench simulations on Fes3(P207)2 crystal structure.
Modeled glasses are validated by computing properties such as density, radial distribution function and void
fraction. Effect of a broad range of temperature on self diffusion coefficient of all the elements of the modeled

glass is studied.

1. INTRODUCTION

One of the efficient ways of storing the radioactive
nuclear waste is through the process of vitrification
where the highly radioactive substances are
immobilized within the glass matrix. Conventionally
borosilicate glasses are being used for this purpose.
However, iron phosphate glasses (IPG) are emerging
as better suitable candidate for the storage of heavy
metal waste than borosilicate glasses. As the
migration of glass elements is one of the factors that
may limit its potential usefulness towards waste
immobilization, it is important to study the diffusive
nature of elements of the glass matrix. Thus in this
study we focus on modeling IPG of composition
60P205—40Fe203 mol% and computing the self
diffusion coefficient of each species of elements
through the mean square displacements (MSD) which
are recorded during the simulation.

2. COMPUTATIONAL DETAILS
The classical molecular dynamics simulations were
carried out using LAMMPS. Initial structure was
2x2x1 super cell of orthorhombic crystal structure of
Fes3(P207)2 from materials project database [1]. This

crystal contains 336 atoms (16 FeIH, 32 FeHH, 64 P,
and 224 O) and has the same composition as that of
IPG. Interatomic potential used consists of the
Buckingham potential along with Coulomb potential,
and for the three body terms, Stillinger Weber
potential is used with parameterizations as given in
[2]. The melt quench scheme followed was same as

that of Deng et al [3] with a quench rate of 5x 1012
K’s.

3. RESULTS AND DISCUSSION

The snapshot of final glass structure is shown in
Fig. 1. The optimized structure has a density of 3.2
g/cc. It has a cohesive energy of -19.7 eV. From the
RDF plot given in the Fig. 2, the bond length for P-O,
Fe-O, and O-O are found to be as 1.6 A, 1.8 A and 2.6
A respectively which match well with other
theoretical models [4]. The void fraction of the glass
structure was calculated using MOF explorer which

was found to be 0.202 which also agrees well with
experimental value which is 0.207. The self diffusion
calculations are ongoing and the data analysis will be
presented during the conference.

Rl o ¢ =
Fig.1. Snapshot of final glass structure
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Fig. 2. Plot of radial distribution function.
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Abstract: In this work, we have investigated the mechanical properties of FeCrMnNi High Entropy Alloy
(HEA) using first-principles density functional theory (DFT) based calculations and Molecular Dynamics (MD)
simulations. For DFT calculation HEA is modelled using a special quasi-random structure (SQS). The vacancy
formation energies for different sites are studied. The calculated formation enthalpy is -1.56 eV which shows

that the modelled FeCrMnN!i is stable.

1. INTRODUCTION

High Entropy Alloy (HEA) is defined as consisting of
five or more principle elements, without any minor
elements [1]. The elements included must obey the
Hume-Rothery rule. HEAs enhance the material
property compared to the conventional alloys. HEAs
exhibit good wear resistance, high-temperature
stability and high corrosion resistance. Most HEAs
form single phase structures such as face-centred
cubic (FCC), body-centred cubic (BCC) and
hexagonal closed packed (HCP) structure (HCP).
CoNiFeCrMn and CoNiFeCr HEAs are well-studied,
but for nuclear reactor applications, Co is less
preferable due to its high induced radioactivity [2].
Therefore we have removed Co from the
CoNiFeCrMn alloy and worked with FeCrMnNi
instead. We have used equiatomic FeCrMnNi alloy,
which forms a single-phase FCC structure [3].

2. METHODOLOGY

To construct the FeCrMnNi HEA, we used Alloy
Theoretic Automated Toolkit (ATAT) to generate the
SQS for a 2x2x2 fcc supercell with an equal
composition of atoms in the alloy. Calculations were
carried out using the Vienna ab initio Simulation
Package (VASP) with the Perdew-Burke-Ernzerhof
(PBE) generalized gradient approximation. Projector
augmented wave (PAW) potentials were employed,
with an energy cutoff of 500 eV and a 5x5x5 k-points
grid in the Monkhorst-Pack scheme. The relaxation
was performed until the forces acting on the atoms
converged to 102 eV/A. For classical molecular
dynamics (CMD), we have constructed a 15x15x15
fcc supercell containing 13,500 atoms arranged
randomly and simulations are done in LAMMPS
using FeCrMnNi interatomic potential [4].

3. RESULT AND DISCUSSION
The calculated lattice parameters using DFT are
3.525A, 3.513 A,3.496 A. The calculated mechanical
properties such as bulk modulus (B), shear modulus
(G), Young’s modulus (Y) and Poisson’s ratio (v) are
calculated through CMD and DFT for HEA and the
results are compared with fcc-Fe as given in the table.

B (GPa) G (GPa) v
CMD 195.84 95.56 0.29
DFT 248.87 94.64 0.33
FCC-Fe [6] 253.90 168.13 0.23

The vacancy formation energy (Ey) of all sites in the
supercell are calculated using formula:

Ef = Edef - Eperf Tt Uy (1)

Eaer , Epery are the total energy of defected supercell
and perfect supercell resp., wv is the chemical
potential of element x; (Fe, Cr, Ni, Mn). Ey for
different sites is plotted in Figure 1. Average vacancy
formation for all types of atoms is lower than the
vacancy formation energy in fcc Fe for almost all the
sites.
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Fig.1. The vacancy formation energy of Fe, Cr, Mn
and Ni atoms in FeCrMnNi HEA compared with e [5].
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Abstract: Atomic displacements created within collision cascades can drive the atoms in a precipitate into the
surrounding matrix through recoil processes, thus contributing to the dissolution of the precipitates. The
dissolution of precipitates in P91 steel under 3 MeV Fe' ion irradiation is investigated using the in-situ ion
irradiation and imaging with field emission scanning electron microscope (i*-FESEM) facility. As ion fluence
increases, the precipitates are either dissolve into the matrix or form core-shell precipitates. This observation is
discussed in the light of basic ion-solid interaction in materials.

1. INTRODUCTION

P91 ferritic steel is one of the candidate material
proposed for structural materials in nuclear reactors due
to less void swelling, however it the embrittlement due
to irradiation induced hardening is the problem[1].
Here we have studied the dissolution of precipitates in
the P91 steel upto 50 dpa using our newly established
i*-FESEM facility[2].

2. EXPERIMENTAL

The P91 steel was prepared for irradiation by
subjected to normalizing at 1040 °C for 1 hr followed
by tempering at 760 °C for 2.5 hrs. The sample was
prepared using standard metallographic preparation up
to a surface finish of 1 pm. Etching was carried out
using Villela’s reagent. The Ma23Cs precipitates were
observed along the grain boundaries in the steel. The
sample was examined with in-situ SEM where 3MeV
Fe' ion irradiation at 45° and SEM imaging were
carried out sequentially using the i FESEM facility [2].
The ion irradiation was carried out at 45° with respect
to the ion beam. The evolution of the precipitates in P91
steel was studied for various ion fluences, ranging from
2.78x10" ions/cm? to 1.39x10'7 ions/cm?.

3. RESULTS AND DISCUSSION

Figure 1(a) shows the SEM image of P91 steel,
where the M23Cs precipitates decorate in both grain
boundaries and grains. The same M23Cs precipitates
were observed after ion irradiation(ion fluence
1.39x10"7 ions/cm?) and shown in Fig.1(b). SEM
images were also recorded at various intermediate ion
fluences (images not shown). At low ion fluences, i.e.,
upto 1.08x10' ions/cm?, there was no significant
change in the morphology of the precipitates, but as the
ion fluence reached 8.49x10' ions/cm?, the facets of
the precipitates began to level out and become spherical
in shape. When the ion fluence was increased further,
small precipitates dissolved completely in the matrix as
marked by circle 2 (in Fig 1). Almost all particle have
developed a core-shell structure and the shell is visible
in the top of the precipitates (marked as 1 and 3 in
Fig.1). The shell is found to protrude along the ion

beam direction,
precipitates.

Nelson, Hudson and Mazey(NHM) [3] model
explains the competition between recoil dissolution and
temperature dependent diffusion. The diffusion process
enhances the growth of precipitate while recoil mixing
increases the dissolution of precipitates. In the present
experiments, the irradiation was carried out at room
temperature, the thermal diffusion is significantly low.
Hence the dissolution of precipitates and recoil mixed
shell structures in the precipitates are observed.

as evident in top-side of the

Pristine ‘

3Ml]
: F
Fig.1. SEM images of P91 steel sample before (a) and
after ion irradiation (ion fluence: 1.39 x10'7ions/cm?)
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Abstract:

Microstructural characterization using Electron microscopy (EM) plays a vital role in the Post Irradiation
Examination (PIE) of fast reactor fuels and structural materials. The challenges include high levels of radioactivity
(o,B,y), limited volumes of homogenous materials, remote specimen preparation and handling, customisation of
analytical equipment etc. The EM characterization of irradiated Mark I Mixed Carbide (Mk I MC) fuel and SS316
clad of Fast Breeder Test Reactor (FBTR) is presented here.

1. INTRODUCTION

The in-reactor performance of fuel & clad materials is
closely related to the microstructure & microchemical
changes caused due to neutron irradiation and depends
on reactor operating parameters such as neutron flux,
linear heat rating (LHR), burnup/dpa and their
gradients etc.

PIE has been carried out on Mk-I MC fuel sub-
assembly of FBTR irradiated to 105 GWd/t burn-up
(BU) at a LHR of 400 W/cm & sodium inlet
temperature of 380°C. To study the structure property
correlation of fuel & clad, microstructural &
microchemical characterisation was carried out.

2. MICROSTRUCTURAL EXAMINATION
Transverse sections with different combination of
temperature and burnup/dpa extracted from the
irradiated fuel pin were metallographically prepared
inside the hot cell. A dedicated customised facility
housing a Scanning Electron Microscope (SEM) with a
glove box interface and accessories was used for
examination of carbide fuel. Sample transfer from hot
cell to SEM was carried out using shielded cask and
alpha tight double door transfer systems. Samples from
defueled clad tubes were thinned to electron
transparency by a specialised procedure involving hot
cell and fume hoods for examination in Transmission
Electron Microscope (TEM).

2.1. Fuel (70%PuC-30%UC)

The microstructure of fuel pin cross section indicated
complete closure of fuel clad gap (Fig.1) with dense
region at fuel periphery and a relatively porous region
at the center. WDS spot scan along radial direction
revealed Cs peaks towards fuel periphery.

2.2. Clad (20% CW SS316)

TEM analysis (Fig.2) of clad material indicated
formation of irradiation induced defects, network of
dislocations, precipitation, dislocation loops and
stacking faults. The volume fraction of voids in clad
quantified using image analysis is found

Fig. 1(a) Micrograph of fuel-clad transverse section
with overlay of Pu & Cs radial distribution. Porosities
at (b) periphery & (c) central regions of fuel.

(a) y '..bi o &

irradiation induced defects (a) 62 dpa, 462°C and (b) 64
dpa, 528°C

to be ~10%. The void size and number density found to
increase with temperatures and dpa respectively.

3. CONCLUSION

Microstructural examination of fuel using SEM
indicated that fuel can accommodate further swelling
due to availability of pores. However, higher void
volumes & defects in SS316 cladding and the
associated loss in ductility of cladding are the major life
limiting factors influencing the extension of fuel burn-
up beyond 105 GWd/t.
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Abstract: Effect of neutron irradiation on cyclic deformation behavior of SS 316 disc samples are evaluated,
under asymmetrical load cycling, using small punch fatigue (SPF) test. The test response shows a continuous
shift in load — displacement loops as a result of inelastic displacement accumulation, similar to uniaxial
ratcheting. Increase in displacement damage result in decrease in fatigue life. The study also discusses the effect
of various test parameters such as mean load, load amplitude, specimen thickness on fatigue response of neutron

irradiated SS 316.

1. INTRODUCTION

Structural components of fast breeder reactor are
subjected to complex thermo — mechanical cycling
and asymmetrical load cycling due to frequent startup,
shut downs and load variations. In addition,
microstructural changes due to neutron irradiation
further degrades the material’s performance under
such complex loading. Hence periodic assessment of
irradiation induced changes in material’s cyclic
behavior is of paramount importance to ensure
integrity of reactor components. However, fatigue
property evaluation requires large specimens, difficult
to accommodate in sufficient numbers in available
reactor space for neutron irradiation. This motivates
the miniaturization of test specimens such as small
disc specimen. Due to small volume, large numbers of
disc specimen (¢ 8 mm and 0.5 mm thick) can be fit in
reactor space or even can be extracted from tested
conventional samples. Disc samples are recognized
for determining tensile, creep and ductile-to-brittle
transition temperatures of irradiated materials through
small punch (SP) test [1]. Nevertheless, in authors’
knowledge, SP test for cyclic behavior analysis of
irradiated material is so for not reported. Hence, this
work is motivated from the authors’ recent study, in
which a novel correlation between SPF and uniaxial
ratcheting was presented for SS 316LN and P91 steels
[2]. The present study explores the effect of different
factors such as mean load, load amplitude, specimen
thickness, and the impact of irradiation damage (0,
2.45,4.93 and 6.75 dpa), on the cyclic response of SS
316.

2. RESULTS

Pre-fabricated disc specimens of archive AISI 316
SS grid plate material were irradiated in FBTR to a
neutron does range of 2.45 dpa to 6.75 dpa. These
specimens were tested, under different cyclic load
conditions with positive load ratio (R>0). The test
outcomes and analysis results are discussed in the
following sections.

2.1. Effect of Load Parameters

Increase in load amplitude has an adverse effect on
fatigue life, whereas increase in mean load imposes an
additional hardening in the materials leading to
increase in fatigue life.

2.2 Effect of Neutron Irradiation

The SPF load conditions were systematically
selected, through numerical simulation, to ensure
identical stress conditions for each dpa. Increase in
displacement damage exhibited detrimental effect on
SP fatigue life. To comprehend this behavior, total
displacement  range and  hysteresis  energy
accumulation rate (HEAR) at mid fatigue life was
studied (Fig. 1). The ratcheting behavior is a
combined effect of cyclic (due to load amplitude) and
monotonic (due to mean load) deformation [2]. Here,
total displacement range and HEAR represents the
effect of load amplitude and mean load respectively.
HEAR shows an increasing trend with increase in
irradiation damage. On the other hand, no such trend
was observed for total displacement range. This shows
that the prime reason behind the material failure is
ductility exhaustion.

- m- Fatigue Life i
- m- Hysteresis Energy Accumulation Rate|
®- Displacement Range
n

Fatigue Life (Cycles)

@00 -

403 87n

nmdi;Ix:n Damage (dpa)
Fig.1. The effect of irradiation damage on fatigue life,
HEAR and displacement range.
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Stainless steel (SS) coatings/claddings over aluminium alloys (AA) substrates have been
practiced through friction surfacing, thermal and cold gas spraying, laser coating, and diffusion
bonding. In this work, 304-grade SS is reverse-cladded to an LM25 AA through die-casting
using a surface-prepared sheet insert. The clad-substrate interface was characterized
micrographically and compositionally through optical and electronic microscopic techniques.
Micrographs revealed that reverse cladding was achieved successfully by forming an
intermetallic zone (IMZ). The IMZ contains four intermetallic layers (IMLs) of varying
thickness with 6.42+2.04 um near the central region. Electron probe microanalysis
showed Fes(Al, Si), Fe3(Si, Al), Fe (Al, Si), and Fe3Al;sSi are the associated phases with four
IMLs from the SS to AA side, respectively.

The present work explores the development of bimetallic materials designed for extreme
environmental conditions through reverse cladding. Combining the superior corrosion
resistance of cladded material with the low-cost and high-toughness base metals, the resulting
composite achieves enhanced durability and performance. Reverse cladding ensures optimal
bonding, improved thermal stability, and resistance to mechanical wear, making it suitable for
applications in aggressive industrial environments. The process involves controlled material
deposition, ensuring precise microstructural integrity and metallurgical compatibility. This
innovative approach offers a cost-effective and sustainable solution for infrastructure, marine,
and energy sector applications in harsh conditions.
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Fig. 1: Micrographs of cladding interface near-edge and central regions — a-b) optical

micrographs, c-d) TEM bright field and high-angle annular dark field images of the SS/IMLs
interface, respectively.
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Development of an experimental setup for low-temperature ion irradiations
S. Chinnathambi

A multifunctional ion-irradiation system capable of irradiation at low temperatures
and defect recovery studies has been developed at the 1.7 MV tandetron beamline. This setup
comprises (a) beam-defining slits, (b) a locally designed water-cooled Faraday cup for
measuring beam flux, and (c) a low-temperature sample holder for conducting irradiations at
10K. The sample holder utilizes a closed-cycle refrigerator (CCR) to maintain temperature
stability at £0.5K. The system's tilt table design allows for quick sample exchanges. The

presentation will highlight all the indigenous advancements included in the system.
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