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From the Vice Chancellor’s Desk

It gives me great pleasure to present the academic report of Homi
Bhabha National Institute (HBNI) for the year 2021-22. In this
academic year we offered 42 academic programmes and have around
3660 students of whom nearly 2000 are doctoral students, spread over
eleven campuses across the country. In the present academic year
(August 1,2021-July 31, 2022), HBNI has awarded 252 PhD, 70 MD,
26 MCh, 26 DM and 169 MSc degrees in different disciplines and till
July 31, 2022, total degrees awarded include 2133 PhD, 628 MD, and
219 MCh, 194 DM and 1161 M.Sc. degrees.

I am happy to share that in the National Institute Ranking Framework (NIRF), 2022 exercise
by the Ministry of Human Resource and Development, HBNI secured 11th rank in Research
Institution Category, 17th rank In University Category and 33rd rank in the Overall category.
All these recognitions are the testaments of the dedication, commitment and excellence in the
academic activities exhibited by HBNI as a whole.

During the academic year 2021-22, HBNI continued to pursue the mission of organizing
special webinars and online courses for its faculty and students, exploiting the recent learning
from the conduct of online programs, forced upon us by the pandemic. As part of the
celebration of Azadi ka Amrit Mahaotsav, several high-value webinars were organized with
pioneers such as Dr. Chidambaram, Dr. Kakodkar, Dr. V. S. Ramamurthy, Shri Surendra
Sharma and Prof. R. B. Grover. The online courses conducted included, course on Advanced
Materials Chemistry. Emerging Trends in Biophysics, Research Methodology and a unique
advanced course on Corrosion Degradation in Light Water Reactors organized in association
with INSTN France. HBNI also started the Sarabhai Management Program for senior
executives of DAE organizations, in which management courses were offered through a
Memorandum of Understanding between the Indian Institute of Management, Ahmedabad and
HBNI. The syllabus of these courses was carefully designed jointly by [IM and HBNI, to meet
the objectives of DAE.

HBNI took several initiatives for the implementation of the National Education Policy 2020.
One of the important initiatives taken with respect to the implementation of the Policy 2020
was the establishment of the HBNI-Industry Linkage Centre (HILC), created with the aim to
facilitate the skill development of our students through their internship in various industrial
establishments.

(1)
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To commemorate the International Year of Basic Sciences for Sustainable Development, HBNI
brought together, in a discussion meeting, faculty from across all its CIs/OCC to provide an
overview of the research programs and research infrastructure available in their respective
institutions. The meeting witnessed very enthusiastic participation from the faculty and it is
planned to conduct discipline-specific meetings on various topics at different constituent
institutions of HBNI. In fact, one such meeting on “Condensed Matter Physics™ was held at
SINP, Kolkata during June 23-24, 2022. This augurs well for the growth of unique academic
programs and active collaborations in the constituent units.

Since its inception in 2005, HBNI has been taking great efforts to promote multidisciplinary as
well as interdisciplinary education and research through its CIs/OCC. The output of such
efforts is visible through the summary of some of the theses included in this report. I am happy
to note that HBNI students and faculties have continued to make a mark nationally and
internationally through their high-quality research and publications, which have been
recognized by their peers and the Academic Societies in the form of several awards and
fellowships conferred on our faculties and students.

| take this opportunity to extend my gratitude to Shri K. N. Vyas, Chairman, Council of
Management. HBNI for his valuable support and guidance in all endeavors of HBNI. Thanks
are due to Prof. P. R. Vasudeva Rao. for his enormous contributions to taking HBNI activities
to newer heights. My sincere thanks to Prof. R. B. Grover, Emeritus Professor, HBNI. who has
provided valuable advice and guidance to the HBNI team on several important matters. Thanks,
are also due to the members of the Council of Management. Academic Council and the
Planning and Monitoring Board of HBNI for their immense contributions. | would also like to
place on record my thanks to the members of the Board of Studies, Deans (Academic). Deans
(Student Affairs). nodal officers at Cls/OCC of HBNI. and faculties and colleagues of HBNI
for their dedicated efforts and contributions in making HBNI an Institute of great repute
nationally and internationally.

HBNI has great potential to become one of the favored destinations for the youth of this country
who want to engage in challenging research problems in frontier areas of science and
technology and | am certain that with the constant efforts and dedication of faculty and using
the excellent infrastructure at its various CIs/OCC., this will be fulfilled and HBNI will attain a
greater height in its academic and research performance in years to come.

(P. D. Naik)

(i)
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Academic Programmes of the Institute

The Hbmi Bhabha National Institute (BN) brings together the academic and research
programmes conducted by the following eleven premier institutions of DAE, as its
Constituentinstitutions (Cls)/ Off Campus Centre (OCC)

Bhabha Atomic Research Centre (BARC), Mumbai

Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam
Raja Ramanna Centre for Advanced Technology (RRCAT), Indore
Variable Energy Cyclotron Centre (VECC)ateolk

Saha Institute of Nuclear Physics (SINP), Kolkata

Institute for Plasma Research (IPR), Gandhinagar

Institute of Physics (loP), Bhubaneswar

HarishChandra Research Institute (HRI), Allahabad

Institute of Mathematical Sciences (IMSc), Chennai

10. TataMemorial Centre (TMC), Mumbai

11. National Institute of Science Education and Research (NISER), Bhubaneswar

© © N o s DR

The HBNI offers a range of acadepricgrammesn ChemicalsiencesEngineeringiences,
Medical &Health scienced,ife sciencesiMathematicalsciences andPhysicalsiences. It also

has a program in Applied Systems Analysis. All institutions, except NISER, conduct
progranmes at postgraduate levelNISER admits Higher Secondary passed students for its
five years Integated M.Scprogram.

x  Disciplines in which HBNI Offers Ph.D

V Applied System Analysis
Chemical Sciences
Computer Science
Computational Biology
Earth & Planetary Science
Engineering Sciences
Humanities & Social Sciences
Life Sciences
MathematicalSciences
Medical & Health Sciences
Physical Sciences

< <K <K<K KKK KKK KK KL

Theoretical Computer Science
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Most of the Ph.Dprogrammesare multidisciplinary in nature having guides andgudes
from different branches of science and engineering.

x  Disciplines in which HBNI Offelntegrated Ph.D.
V Applied System Analysis

V Computational Biology
Engineering Sciences

<

x  M.Tech.in Engineering Sciencesnsistsof one year of course work and one year of
project work. The course work is offered attak campuses of BARC Training School
and IPR Training School. Project work is offered at BARC, IGCAR, RRCAT, VECC, IPR and
units of DAE. Those who are not able tague or are not interested in pursuing a
project/research work have the option to get a post graduate diploma in lieu of
M.Tech.BARC training school also off@isst graduate diplomén Life Sciences after
one year of course work

x M.Sc. (Enggprogramemphasize®sn researctproject workextending uptoone and a
half yeas after one yeaof course workThis program is offered at BARC, IGCAR, VECC,
RRCAT and IPR.

x Integrated M.Sc of five-year duration in PhysicalSciences ChemicalSciences
Mathematics and.ife Sciencess offered at NISER. M.Sn.Physical Science$ two-
yearduration is offered at HRM.Sc. in Medical & Radiological Physicéwaif-year
duration is offered at NISER.

Super Specialty Courses in Medical & Hedlitiences offered at TM&re listed below:

x Doctor of Medicine (DM.) in Medical Oncology, Pediatric Oncology,
Gastroenterology, Critical Care, Oncopathology and Interventional Radiology

x Master of Chirurgiae (MCh)in Surgical Oncology, Gynecological Oncology, Plastic
Surgery & Reconstructive Surgery, Head & Neck Oncology

Two years Certified Fellowship Programmes in Medical & Health Sciences offered at TMC
are listed below

PostMD fellowship program isffered with specialization in Orthopedic Oncology, Breast
Oncology, Thoracic Oncology, Uro Oncology, Interventional Oncology, Surgical Pathology,
Haemato Pathology, Dental & Prosthetic Surgery, Preventive Oncology, Infectious Diseases &
HIV Medicine, Gastintestinal Oncology, Pulmonary Oncology, Molecular Haemato
Oncology, Oral Oncology with Reconstructive Surger
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Post Graduate Courses in Medical & Health Sciences at iRelGde

x MD (Pathology, Anesthesia, Radi@agnosis, Radiation Oncology, Microbiology,
Nuclear Medicine, Palliative Medicine, InmuHematology & Transfusion Medicine
and in Nuclear Medicine)

x  M.Sc. (ursing, M.Sc. Clinical researghM.Sc (PublicHealth in Epidemiologygnd
M.Sc (Ocupational Therapy in Oncologyjogrammesare offered atTMC.

x M.Sc. (Nuclear Medicine and Molecular Imaging Technologyffered at TMC &
Radiation Medicine Centre of BARC.

x M.Sc. (Hospital Radiophamayis offered at Radiation Medicine Centre of BARC.
Post Graduate Courses in Medical & Health Sciences at BWRC:

x  M.D. (Nuclear Medicine)

x M.Sc. (Nuclear Medicine anillolecular Imaging Technology)

PG Diploma at TMC:

x Fusion Imaging TechnologP@FIT)

PG Diploma Courses at BARC:

x Diploma in Radiological Physics (DipRP)
x Diploma in Medical Radio Isotope Techniques (DMRIT)
x Diploma in Nuclear Science arithgineering (DipNSE)

Management of HBNI

TheCouncil of Managementhaired by Secretary, DAd&theapex bodyfor the management

of HBNI.Academic Councithaired byVice Chancellor, HBianages the academic issues

and functionson the advice of theéBoard of Studiesvhich has been constituted for each
major discipline and has representatives from all Cls and OCC as well as experts from other
reputed Indianinstitutes.To manage the affairs of the HB&Hch CI has one or moeans
Academic Standing Committee of Dearshaired by VC, HBMdhdcomprising oDean HBN|
Associate Deans at HB®eans (Academidjom all the institutions, ensures harmony in the
processes. Cls have also established a roastework of admissioby Standing Academic
Committee

3|Page
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The Council of Management is theorime body for the management of the Institute.

Council of Management (CoM)
(As on August 1, 202)

Shri KN. Vyas, Secretary DAE & Chairman, AEC Chairman
Prof. PR.Vasudeva Ra Vice Chancellor Member
Shri Talleen Kumar, Member (Finance), AEC Member
Prof. AK.Mohanty, Director, BARC Member
Prof.B. VenkatramanDirector, IGCAR Member
Prof. RA. Badwe, Director, TMC Member
Prof. Sudha&r Panda, Director, NISER Member
Prof. Surendra Prasad, Former Chairma $8 Member

Former Director, [IT Delhi

Prof. Mustansir Barma, Professor Emeritus, TIFR Centre Member
For InterDiscipinary Sciences, Hyderabad

Shi S.S. Sandhu, IAS, Additional Secretary, Department of Higher Member
Education, MHRD, New Delhi

Prof. PD.Naik, Dean, HBNI Member
Prof. P. C. SelviiRegistrar, HBNI Secretary

4|Page




Academic Report 2021-2022

Academic Council
(As on August 1, 202)

Prof. PR. Vasudeva Rao, Vice Chancellor Chairperson
Prof. A. K. Mohanty, Director, BARC Member
Prof. B. VenkatramarDirector, IGCAR Member
Prof. RA. Badwe, Director, TMC Member
Prof. Sudhakar Panda, Director, NISER Member
Prof. SM. Yusuf, Director, |IoP Member
ShriS. V. NakheDirector, RRCAT Member
Dr. Sumit Som, Director, VECC Member
Prof. Shashank Chaturvedi, Director, IPR Member
Prof. Gautam Bhattacharyya, Director, SINP Member
Prof. Pinaki Majumda Director, HRI Member
Prof. V. Arvind/Prof. V. Ravindran, Director, IMSc Member
Prof. Indranil Manna, IIT Kharagpur Member
Prof. Kannan N. lyer, [IT Bombay Member
Prof. ED. Jemmis, IISc, Bangalore Member
Prof. Shishir Deshpande, Director, ITIER Member
Prof. PK. Pujari/Prof. Vivekanand Kain, BARC Member
Prof. PD. Naik, Dean, HBNI Member
Prof. R. B. Grover, Convenor, BoS (Applied Systems Analysis) Member
Prof. SM. Yusuf, Convenor, BoS (Physical Sciences) Member
Prof. A. P. Tiwari, Convenor, BoS (Engineering Sciences) Member
Prof. Prasanna Venkatrama@pnvenor, BoS (Life Sciences) Member
Prof. Meena Mahajan, Convenor, BoS (Mathematical Sciences) Member
Prof. SD. Banavali, Convenor, BoS (Medical & Health Sciences) Member
Prof. S. Kannan, Convenor, BoS (Chemical Sciences) Member

Prof. Bedangadas Mohanty, Converi®oS (Integrated Masters Programme) Member
Prof. P. C. SelviRegistrar, HBNI Secretary
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Advisory Committee

Advisory Committee

Secretary, DAE and Chairman, AE Chairman
Vice ChancellotHBNI Member
Director, BARC Member
Director, IGCAR Member
Director, RRCAT Member
Director, VECC Member
Director, IPR Member
Director, SINP Member
Director, TMC Member
Director, IMSc Member
Director, TIFR Member
Director, NISER Member
Director, HRI Member
Director, IOP Member
Dean, HBNI Member-Secretary

Officers of the Institute
(As on August 1, 2022)

Academic Administrative

Prof. PR. Vasudevi Vice Chancellor Dr.P. C. Selvin Registrar

Rao

Prof. BK. Dutta Institute Chair Professor | Smt. Bharati Suwarna | Administrative
Officerlll

Prof. BS. Tomar | Institute Chair Professor | Smt. Nee&a Rathod Assistant Registra

Prof. DK. Maity Associate Dean Shri Shailash Jakhotia| Finance Officer

Prof. AK. Dureja | Associate Dean

Prof.B. K. Nayak | Associate Dean

Prof. H. Pal Associate Dean

Prof. Sunil Ghosh | Associate Dean
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Board of Studies of HBNI
(As on August 1, 2®

BoS (Chemical Sciences)

9.

Dr. J. P. Agarwal, TMC

Prof. S. Kannan, BARConvener

10. Dr. Suyash Kulkarni, TMC

Prof. A. K. Tyagi, BARCoConvener

Balancing Members:

Prof. A. Dutta, I;Bombay

1.

Dr. Rajesh Kinhikar, TMC

Prof. A. Srinivasan, NISER

. Prof. A. K. Dureja, HBNI

Prof. D. K. Maity, HBNI

BoS (Life Sciences)

Prof. N. Sivaraman, IGCAR

Prof. P. K. Mohapatra, BARC

Prof. H.S. Biswal, NISER

© 0N ORA IW NI X

Prof. Deepa Khushalani, TIFR

10 Prof. Avinash Kumbhar, SPPU

Balancing Members:

Prof. K. S. Bindra, RRCAT

Prof. S. Santoshkumar, BARC

BoS (Engineering Sciences)

Prof. A. P. Tiwari, BARZDOnvener

Prof.V. KainBARECo-Convener

Prof. Archana Sharma, BARC

Prof.V. G. Gaikar, ICT

Prof. J. Chattopadhyay, BARC

Prof. C. P. Paul, RRCAT

Prof.Paramita Mukherjee, VECC

OO N IRWIN =X N

Prof. S. K. Pathak, IPR

10 Prof.R. DivakalGCAR

Balancing Members:

. Prof. Jane Alam, VECC

. Prof. A. K. Dureja, HBNI

. Prof. A. K. Nayak, BARC

BoS (Medical & Health Sciences)

. Prof. S. D. Banavali, TMConvener

. Prof. Sandeep Basu, RNOG-Convener

1
2
3
x
1
2
3

. Prof. Sudeefisupta, Director ACTREC

TMC

Dr. Nithya Gogte, KEM Hospital,
Mumbai

Dr. Ashutoshnath Agarwal, PGIMER,
Chandigarh

Dr. Manisha Pawar, TMH

~

Prof. Siddhartha Laskar, TMC

2
X
1

. Prof. Prasanna Venataraman,

Dy. Director, ACTREConvener

n

Prof.Partha Sahgr. Professor,
SINPR CoConvener

Prof. Praful Singru, SBS, NISER

Prof. Rahul Siddharthan, IMSc

Prof. Rajiv Sarin, ACTREC

Prof. Harapriya Mohaptra, NISER

Prof. S. Santoshkumar, BARC

Prof. S. Gautam, BARC

© 00 N 01~ W

Prof.Hema RajarapBARC

10 Prof. Sharmila Bapat, NCCS, Pune

Balancing Members:

1. Prof. D. K. Maity, HBNI

Prof.SunilGhosh, HBNI

BoS (Mathematical Sciences)

Prof. Meena Mahajan, IMS&onvener

N XN

Prof. D. Surya Ramana, HRI
CoConvener

Prof. Anish Ghosh, TIFR, Mumbai

Prof. Mahuya Datta, ISI, Kolkata

Prof. Jugal K. Verma, IIT Bombay

Prof. B. Sury, ISI, Bengaluru

Prof. K. N. Raghavan, IMSc

QO Ne oA W

Prof. K. V. Subrahmanyam, CGMI
Chennai

9.

Prof. Brundaban Sahu, NISER

Balancing Members:

Prof. Sudhir Jain, BARC

Prof.B. K. NaygkHBNI

BoS (Physical Sciences)

Prof. SM. Yusuf, BARConvener

Prof. Jane Alam, VE@©-Convener

Dr. Ajay Puri, TMC

WIN P XN

Prof. Anushuman Maharana, HRI
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Prof. Sandip Kumar Dhara, IGCAR

BoS (Integrated Masters Programme

Prof. D. Indumathi, IMSc

Prof. Shikha Varma, loP

Prof. Bedangadas Mohanty, NISER
Convener

Prof. Sudip Sengupta, IPR

Prof. B. Mohanty, NISER

Prof. Pranay Swain, NISERG
Convener

©|00 N 01 A

Prof. K. S. Bindra, RRCAT

10 Prof. Kumar Sankar Gupta, SINP

Chair, School of Life Sciences, NISE
(ExOfficio)

Balancing Members:

Prof. Saibal Basu, HBNI

Chair, School of Chemical Sciences,
NISER (EXfficio)

Prof. AK Tyagi, BARC

BoS (Applied Systems Analysis)

Chair, School of Mathematics, NISER
(ExOfficio)

Prof. R. B. Grover, HBNbnvener

N XN

Prof. Pranay Swain, NISER
CoConvener

Chair, School of Physi&tiences,
NISER (ERfficio)

Prof. Karuna Jain, IIT Bombay

Chair, School of Undergraduate Stud
Committee, NISER @®ficio)

Prof. G. Ravikumar, BARC

8.

Prof. Anirban Basu, HRI

Prof. Surinder Jaswal, TISS

9.

Prof. B. R. Sekhar, loP

Prof. S. Kannan, BARC

10. Prof. Sujit Roy, [IT Bhubaneswar

N o ok W

Prof. B Raja Shekhar, Pviace
Chancellor, University of Hyderabad

Balancing Members:

1.

Prof. B. S. Tomar, HBNI

Balancing Members:

2.

Prof. Meena Mahajan

1. Prof. A. K. Dureja, Associate Dean, H

3.

Prof. Partha Saha
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Dears Academic at Constituent Institutions (Cls)/G8ampus Centre (OCC)
(As on August 1, 2

Name of the Dean

S. No.| Name of the CI/Ofcampus centre Discipline :
Academic
Life Sciences Prof.HemaRajaram
Chemicabciences Prof. Tapan Kuma
Ghanty
Physical &lathematical _
: Prof. Dinesh Udupa
Bhatha Atomic Research Centre Sclences
1. Engineering  Science prof.  Raghavendrd
Streaml Tewari
Engineering Sciencq prof. S
Streamil Mukhopadhyay
Health Sciences Prof. SandipBasu
Chemical Sciences .CV.S.B.
IndiraGandhi Centre for Atomic . . Prof. CV.S.B. Rao :
2. Physical Sciences Prof. Awadesh Mani
Research . . . :
Engineering Sciences | Prof. Anish Kumar
3 Raja Ramanna Centre for All Disciplines Prof. Arup B .
" | Advanced Technology P rol. Arup Banerjee
Physical Sciences i
4. | Variable Energy Cyclotron Centre ysiea’ : Prof. Pamlk_? bas
Engineering Sciences | Prof.Sarbajit Pal
Chemical & Life Sciencg Prof.ParthaSaha
.| Saha Institute of Nuclear Physics . ,
5 Y Physical Sciences Prof. Prakast
Mathews
6. | Institute for Plasma Research All Discipline Prof. SudipSengupta
7. | Institute of Physics Physical Sciences Prof. Pankaj Agrawal
Mathematical Sciences | Prof. Vijay Kodiyalam
8. | Institute of Mathematical Science Physical Sciences Prof.S Vemparala
Life Sciences Prof. Sitabhra Sinha
9. | HarishChandra Research Institut| All Discipline Prof.Prasenjit Sen
10. | Tata Memorial Centre All Discipline Prof. Shripad Banava
National Institute of Scienc L .
11 All Disciplines Prof.Pranay Swain

Education and Research
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List of FacultyMembers
(As on August 1, 2022)

HBNI

Prof. P. R. Vasudeva Rao

Prof. Prakash Dattatray Naik

Prof. Ravi Bhushan Grover

Prof. Jyeshtharaj Bhalchandra Jost

Prof. Bijon Kumar Dutta

Prof. B. S. Tomar

Prof. Haridas Pal

Prof. Sunil Kumar Ghosh

1
2
3
4
5.
6
7
8
9

Prof. Dilip K. Maity

10.

Prof. Adarsh Kumar Dureja

11. Prof. Basanta Kumar Nayak

BARC

x Chemical Sciences

12. Prof. A. K. Mohanty

13. Prof. A. K. Tyagi

14. Prof. Alok Kumar Ray

15. Prof. Arya Ashok Kumar
16. Prof. Awadhesh Kumar

17. Prof. Chetan Prakashushik
18. Prof. Lalit Varshney

19. Prof. Pradeep Kumar Pujari
20. Prof. Prasanta Kumar Mohapatra
21. Prof. S. Kannan

22. Prof. Sharmila Banerjee
23. Prof. Tapan Kumar Ghanty
24. Prof. A. K. Tripathi

25. Prof. A. L. Rufus

26. Prof. A. C. Bhasikuttan

27. Prof. A. C. Sahayam

28. Prof. Ashok Kumar Pandey
29. Prof. Chiranjib Majumder
30. Prof. Ghasi Ram Dey

31. Prof. Hari Prasad Upadhyaya
32. Prof. FA. Hassan

33. Prof. Hirendra Nath Ghosh
34. Prof. K. Dash

35. Prof. Niharendu Choudhury
36. Prof. Patra Chandra Nath
37. Prof. R. Mishra

38. Prof. Raghunath Acharya
39. Prof. Rajesh V. Pai

40. Prof. Rakesh Kumar Singhal
41. Prof. S. K. Jha

42. Prof. S. N. Achary

43. Prof. Sangita D Kumar

44.  Prof. Sanjiv Kumar

45.  Prof. Soumyakanti Adhikari
46. Prof. Sreenivas T.

47. Prof. Subir Kumar Ghosh
48.  Prof. Sudarsan V.

49. Prof. Sukhendu Nath

50. Prof. Suresh C. Parida

51. Prof. Tusar Bandyopadhyay
52. Prof. Y K Bhardwaj

53. Dr. A Jahur Mondal

54. Dr. Adya Prasad Mishra
55. Dr. Ajay K. Singh

56. Dr. Anshu Singhal

57. Dr. Anupkumar B.

58. Dr. Aparna Banerjee

59. Dr. Aruna Korde

60. Dr. Arunasis Bhattacharyya
61. Dr. Ashis Kumar Satpati
62. Dr. Asim Kumar Ghosh
63. Dr. Dayamoy Banerjee

64. Dr. Dhandeep Dutta

65. Dr. Dhurva Kumar Singh
66. Dr. Dimple Dutta

67. Dr. Drishty Satpati

68. Dr. Faby Sunny

69. Dr. Hemant Shivram Sodaye
70. Dr. Jayshree Ramkumar
71. Dr. Jyotirmayee Mohanty
72.  Dr. Kallola Kumar Swain
73. Dr. Kedarnath G.

74. Dr. Kumar Abhinav Dubey
75. Dr. M. C. Rath

76. Dr. M. S. Murali

77. Dr. Madhava B Mallia
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78. Dr. Madhumita Goswami 122. DrAtindra Banerjee

79. Dr. Mainak Roy 123. Dr. Balaji Prasad Mandal
80. DrManidipa Basu 124. Dr. Beena G. Singh

81. Dr. Manoj Kumbhakar 125. Dr. Brindaban Modak

82. Dr. Mrinal R. Pai 126. Dr. Chhavi Agarwal

83. Dr. Musharaf Ali S. K. 127. Dr. Dibakar Goswami

84. Dr. N. N. Meeravli 128. Dr. Gunjan Verma

85. Dr. Naina Raje 129. Dr. J. Selvakumar

86. Dr. Nandita Maiti 130. DrJayashree Biswal

87. Dr. Neetika Rawat 131. Dr. Jyoti Prakash

88. Dr. P. Ramanjaneyulu 132. Dr. K. C. Barick

89. Dr. P. Mathi 133. Dr. K. R. S. Chandrakumar
90. Dr. Pradeep Kumar 134. Dr. Kaustava Bhattacharyya
91. Dr. Pramod Sharma 135. Dr. Mahesh Sundararajan
92. Dr. R. Ganguly 136. Dr. Malaya Kumar Nayak
93. Dr. Rahul Tripathi 137. Dr. Manjulata Saha

94. Dr. Ritu M Srivastava 138. Dr. Manoj Mohapatra

95. Dr. S. Jayakumar 139. Dr. Manoj Kumar Sharma
96. Dr. Salil Varma 140. Dr. Mhejabeen Sayed

97. Dr. Sandeep Nigam 141. Dr. Mohini Gurelia

98. Dr. Sandip Dey 142. Dr. Nilotoal Barooah

99. Dr. Sanjukta A Kumar 143. Dr. N. R. Singh

100. Dr. Sharmishtha Dutta Choudhury 144. Dr. Pankaj Kumar Patro
101. Dr. Shilpa N Sawant 145.  Dr. Prabhat Kumar Singh
102. Dr. Suchandra Chatterjee 146. DrPrasad Padmakar Phadnis
103. Dr. Suchismita Mishra 147. Dr. Priya Maheshwari

104. Dr. Sudarshan Kathi 148. Dr. Raghunath Chowdhury
105. Dr. Sumit Kumar 149. Dr. Ritesh Ruhela

106. Dr. Suparna Sodaye 150. Dr. Rubel Chakravarty
107. Dr. Tapas Das 151. Dr. Ruma Gupta

108. Dr. Tirumalesh Keesari 152. Dr. Sajeev Y.

109. Dr. Usha Pandey 153. Dr. Sandeep Kumar Sharma
110. Dr. Vandana Pulhani 154. Dr. Sangita Denka

111. Dr. Vinita Grover Gupta 155. Dr. Sanhita Chaudhury
112. Dr. Virendra Kumar 156. Dr. Sanjay Kumar

113. Dr. Aishwarya SoumitrarKa 157. Dr. Santosh Kumar Gupta
114. Dr. Ajish Kumar K. S. 158. Dr. Saurav Kumar Guin
115. Dr. Amit Kunwar 159. Dr. Seemita Banerjee

116. Dr. Ankita Rao 160. Dr. Seraj Ahmad Ansari
117. Dr. Apurav Guleria 161. Dr. Sipra Choudhury

118. Dr. Arijit Sengupta 162. Dr. Soumyaditya Mula
119. Dr. Arnab Sarkar 163. Dr. Srinivasu Kancharlapalli
120. Dr. Arup Kumar Pathak 164. Dr. Sumana Sengupta
121. Dr. Atanu Barik 165. Dr. Surajit Panja
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x Engineering Sciences 209. Prof. Yogita Parulekar
166. Prof. Akhilanand Pati Tiwari 210. Dr. Abhijeet Mohan Vaidya
167. Prof. Anup KumaBhattacharjee 211.  Dr. Anil Kumar Tiwari
168. Prof. Archana Sharma 212. Dr. Anindya Chakravarty
169. Prof. Arun Kumar Nayak 213. Dr. Arijit Laik

170. Prof. Deb Mukhopadhyay 214. Dr. Betty C. A.

171. Prof. Gopal Joshi 215. Dr. C. B. Basak

172. Prof. Gopalakrishnan Sugilal 216. Dr. Chiradeep C Gupta
173. Prof. Jayanta Chattaopadhyay 217. Dr. Debanik Roy

174. Prof. N K. Maheshwari 218. Dr. Gaurav Bhutani

175. Prof. Prabhakar Warde 219. Dr. Imran Ali Khan

176. Prof. Raghvendra Tewari 220. Dr. K. KSingh

177. Prof. Ram Nivas Singh 221. Dr. Kamal Barma

178. Prof. Siddaratha Mukhopadhyay 222. Dr. Kinshuk Dasgupta
179. Prof. Soumitra Kar 223. Dr. Maha Nand Jha

180. Prof. Vivekanand Kain 224. Dr. Noble Jacob

181. Prof. A. Vinod Kumar 225. Dr. Onkar Suresh Gokhale
182. Prof. Alok Awasthi 226. Dr. Pranesh Sengupta
183. Prof. Amit Sinha 227. Dr. Praveen Kumar

184. Prof. Aniruddha Biswas 228. Dr. R Karthikeyan

185. Prof. Anita Vinay Topkar 229. Dr. Ranjan Kumar

186. Prof. Biswaranjan Dikshit 230. Dr. Rishi Verma

187. Prof. D. Mandal 231. Dr. Sangita Pal

188. Prof. D. C. Kar 232. Dr. Sanjib Majumdar

189. Prof. Deep Prakash 233. Dr. Sudipta Chakraborty
190. Prof. Dinesh Kumar Chandraker 234. Dr. Suman Neogy

191. Prof. Gopika Vinod 235. Dr. Suneel Kumar Gupta
192. Prof. Joydipta Banerjee 236. Dr. Surender Kumar Sharma
193. Prof. Jung Bahadur Singh 237. Dr. T.Sree Rama Chandkdurthy
194. Prof. Kapilesh Bhargava 238. Dr. Vishwanadh Bathula
195. Prof. Kulwant Singh x Life Sciences

196. Porf. M. K. Samal 239. Prof. V. P. Venugopalan
197. Prof. Namita Maiti 240. Prof. B. N. Pandey

198. Prof. R. K. Bajpai 241. Prof. Birajalaxmi Das

199. Prof. Rajeev Kapoor 242. Prof. Briijja Sankar Patro
200. Prof. S. K. Satpati 243. Prof. Hari S. Misra

201. Prof. S. R. Shimijith 244. Prof.Hema Rajaram

202. Prof. Samiran Sengupta 245. Prof. Prasun Kumar Mukherjee
203. ProfSujay Bhattacharya 246. Prof. Sandur Santosh Kumar
204. Prof. Sulekhdlukhopadhyay 247. Prof. Sanjay. Jambhulkar
205. Prof. Supratik Roychowdhury 248. Prof. Satyendra Gautam
206. Prof. Tarasankar Mahata 249. Prof. Savita Kulkarni

207. Prof. Tessy Vincent 250. Prof. TR Ganapathi

208. Prof. V. H. Patankar 251. Prof. Toleti SubbRao
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252. Prof. Y. V. Nancharaiah 296. Dr. Rahul Checkar

253. Dr. Ajay Saini 297. Dr. S. T. Mehetre

254. Dr. Anand D Ballal 298. Dr. Sachin Nandkumar Hajare
255. Dr. Anand M Badigannavar 299. Dr. Shraddha Singh

256. Dr. Anu Ghosh 300. Dr. Sonia Chadha

257. Dr. Archana Mukherjee 301. Dr.Subhash Chandra Bihani
258. Dr. Archana Joshi Saha 302. Dr. Sudhir Kumar Gupta
259. Dr. B. K. Das 303. Dr. Sumit Gupta

260. Dr. Bhakti Basu 304. Dr. Suvendu Mondal

261. Dr. Bhavani SShankar 305. Dr. Swathi Kota

262. Dr. Deepak Sharma 306. Dr. Sweetie R Kanatt

263. Dr. Gagan Deep Gupta 307. Dr. Vandan Nagar

264. Dr. JSouframanien 308. Dr. Yogndra Singh Rajpurohit
265. Dr. Joy G. Manjaya x Medical &Health Sciences

266. Dr. Mahesh Subramanian 309. Prof. A. J. Khandekar

267. Dr. Nagesh Bhat 310. Prof. Anita Gadgil

268. Dr. R Shashidhar 311. Prof. Gaurav Malhotra

269. Dr. Rajani Kant Chittela 312. Prof. R. V. Jadhav

270. Dr. Rajesh Kumar 313. Dr. Rahul Vithalrao Parghane
271. Dr. Ramesh Hire 314. Prof. Sandip Basu

272. Dr. Rath Devashish 315. Dr. Ashwini Kalshetty

273. Dr. Ravindra D Makde 316. Dr. JG. Kalbhande

274. Dr. S. N. Jamdar 317. Dr. Priyanka Verma

275. Dr. S. P. Chawla 318. Dr. Satish Mishra

276. Dr. Sheetal Uppal 319. Dr. Sunil Dutta Sharma

277. Dr. Sudhir Singh 320. Dr. Sunita Nitin Sonavane
278. Dr. Vishwas M Kulkarni 321. Dr. Sushmita Rath

279. Dr. Amit Das 322. Dr.Yogesh K. Shejul

280. Dr. Amit Kumar 323. Dr.Basant L. Malpani

281. Dr. Archana NRai x PhysicalSciences

282. Dr. Aruna Jyothi Kora 324. Prof. Dinesh Kumar Aswal
283. Dr. Ashish Kumar Srivastava 325. Prof. Kannan Umasankari
284. Dr. Avik Chakraborty 326. Prof. S. M. Yusuf

285. Dr.Bhaskar Sanyal 327. Prof. Srinivas Krishnagopal
286. Dr. Bibhuti Bhusan Mishra 328. Prof. Vinay Bhaskar Chandratre
287. Dr. Celin Acharya 329. Prof. A. K. Debnath

288. Dr. Dharmendra Kumar Maurya 330. Prof. A. K. Gupta

289. Dr. Himanshi N Mishra 331. Prof. Abhas Kumar Mitra
290. Dr. Hiren Joshi 332. Prof. Aditi Ray

291. Dr. Jitendra Kumar 333. Prof. Alka B. Garg

292. Dr. Manisha Banerjee 334. Prof. Amitabh Das

293. Dr.Murali M S Balla 335. Prof. Aniruddha Kumar
294. Dr. P Sriyutha Murthy 336. Prof. Anurag Gupta

295. Dr. Rachna Agarwal 337. Prof. Aradhana Shrivastava
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338. Prof. B. K. Sapra 382. Dr. Bhushan Dhabekar
339. Prof. B. N. Rajasekhar 383. Dr. Bidyut Jyoti Roy

340. Prof. Bency V. John 384. Dr. Biplab Ghosh

341. Prof. D. M. Gaitonde 385. Dr. Brahmananda Chakraborty
342. Prof. Debabrata Biswas 386. Dr. C. D. Sijoy

343. Prof. Debasis Sen 387.  DrChitra Murli

344. Prof. Dibyendu Bhattacharyya 388. Dr.D. R. Mishra

345. Prof. Dinesh Venkatesh Udupa 389. Dr. Debarati Bhattacharya
346. Prof. Dipanwitdutta 390. Dr. G. Sridhar

347. Prof. Divakar K Rao 391. Dr. Himanshu Kumar Poswal
348. Prof. J. Padma Nilaya 392. Dr. Jayanta Mondal

349. Prof. K. K. Yadav 393. Dr. Keka R. Chakraborty
350. Prof. Keshaw D. Joshi 394. Dr. Kripamay Mahata

351. Prof. Lalit Mohan Pant 395. Dr. Manoj Kumavarrier
352  Prof. Lavanya M. Ramaniah 396. Dr. Mayank Shukla

353. Prof. M. V. Suryanarayana 397.  Dr. Munish Kumar

354. ProfMala N Rao 398. Dr. Paritosh Modak

355.  Prof. Mukesh Kumar 399. Dr. Partha Sarathi Sarkar
356. Prof. Mukund Shrinivas Kulkarni 400. Dr. Prakash Chandra Rout
357. Prof. N. Padma 401. Dr. Pratap Baburao Wagh
358. Prof. Nandini Garg 402. Dr. Priyamvada M. Dighe
359. Prof. P U Sastry 403. Dr. Raghwendra Kumar
360. Prof. Prashant Shukla 404. Dr. Rajeev Kumar

361. Prof. Ranjan Mittal 405. Dr. Ramesh Chandra Das
362. Prof. Rekha Rao 406. Dr. Renju George Thomas
363. Prof. S G Nakhate 407.  Dr. Rohit Shukla

364. Prof. Satyaranjan Santra 408. Dr. S. Anand

365. Prof. Shambhu Nath Jha 409. Dr. Sanjay Kumar Sahu
366. Prof. Srikumar Ghorui 410. Dr. Sanjay V. Thakare
367. Prof. Subhankur Mitra 411. DrSantanu Bera

368. Prof. Sudhir Ranjan Jain 412. Dr. Shashwati Sen Yeram
369. Prof. T Palani Selvam 413. Dr. Soumen Bhattacharyya
370. Prof. V. Aswal 414. Dr. Subir Bhattacharyya
371. Dr. A. K. Rajarajan 415. Dr. Sukanta Karmakar
372. Dr. Ajay Singh 416. Dr. Surendra Singh

373. Dr. Ajay Kumar Mishra 417. Dr. Swapan Das

374. Dr. Amitava Roy 418. Dr. Swarupananda Pradhan
375.  Dr. Anil Kumar Chauhan 419. Dr. TJayasekharan

376. Dr. Aparna Shastri 420. Dr.V Jha

377. Dr. Arup Biswas 421. Dr. Venkata Ramana Ikkurthi
378. Dr. Asavari Santosh Dhavale 422. Dr. Vinod Singh Rawat
379. Dr. Asawari D Rath 423.  Dr. Vir Krishen Dhar

380. Dr. Ashok Kumar Bakshi 424. Dr. Yogesh Kashyap

381. Dr. Ashok Kumar Verma 425. Dr. Amit Kumar
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426. Dr. Amit Verma 467. Prof. K. A. Venkatesan

427. Dr. Amit P Srivastava 468. Prof. NSivaraman

428. Dr. Anil Jain 469. Prof. R. V. Subbarao

429. Dr. Anup Kumar Bera 470. Prof. R. Kumar

430. Dr. Apu Sarkar 471. Prof. Rajesh Ganesan

431. Dr. B. Sunder Sahayanathan 472. Prof. V. Jayaraman

432. Dr. Babita Tiwari 473. Dr. C. V. S. Brahmmananda Rao

433. Dr. C. L. Prajapat 474. Dr. Durairaj Onraju

434. Dr. Debjani Karmakar 475. Dr. K. Sundararajan

435. Dr. Goutam Dev Mukherjee 476. Dr. K. Gnanasekar

436. Dr. FKumawat 477. Dr. Puspalata Rajesh

437. Dr. Himal Bhatt 478. Dr. Sublime Ningshen

438. Dr. Jitendra Bahadur 479. Dr. A. Sree Rama Murthy

439. Dr. Kiran R. M. 480. Dr. Arindam Das

440. Dr. Krishna Kumar Singh 481. Dr. Ashish Jain

441. Dr. Manmeet Kaur 482. Dr. B. Anandkumar

442. Dr. Mayanak Kumar Gupta 483. Dr. Chowdari Jagadeeswara Rao

443. Dr. Mohit Tyagi 484. DrHrudananda Jena

444, Dr. Niranjan Suryakdamgir 485. Dr. N. Ramanathan

445.  Dr. Nishant Chaudhary 486. Dr. Pavan Kumar Narayanam

446. Dr. Pramod Bhatt 487. Dr. R. Kumaresan

447.  Dr. Purushottam Jha 488. Dr. R Venkata Krishnan

448. Dr. Rajib Kar 489. Dr. Satendra Kumar

449. Dr. Ranita Basu x Engineering Sciences

450. Dr. Rosaline Mishra 490. Prof. Arun Kumar Bhaduri

451. Dr. S. P. Tripathy 491. Prof. B. P. Rao

452. Dr. Sanjay Kumar Mishra 492. Prof. A. John Arul

453. DrShankar Prasad Koiry 493. Prof. Aniruddha Moitra

454,  Dr. Shiv Govind Singh 494.  Prof. Anish Kumar

455.  Dr. Shivanand Chaurasia 495. Prof. M. Vasudevan

456. Dr. Shovit Bhattacharya 496. Prof. V. Karthik

457. Dr. Somsundar Mukhopadhyay 497. Dr. A. Nagesha

458. Dr. Sugam Kumar 498. Dr. A. Jasmin Sudha

459. Dr. Sunit Kedia 499. Dr. C. Sudha

460. Dr. V. V. Parkar 500. Dr. ChittRanjan Das

461. DrVeerendra Kumar Sharma 501. Dr. Mahadevan S.

462. Dr. Vibha Saxena 502. Dr. P Mangarjuna Rao

463. Dr. Vinayak Mishra 503. Dr. R. Mythili

464. Dr. Yogesh K Gupta 504. Dr. V. S Srinivasan

IGCAR 505. Dr. Vani Shankar

x Chemical Sciences 506. Dr. A. Ravi Shankar

465. Prof. A. Suresh 507. Dr. David Vijayanand V

466. Prof. K. Ananthasivan 508. Dr. DiptimayeBamantaray
509. Dr. G. V. Prasad Reddy
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552. Dr. Syamalarao Polaki
x Physical Sciences 553. Dr. Vinod K.
510. Prof. G. Amarendra RRCAT
511. Prof. Ramachandran Divakar x Chemical Sciences
512. Prof. Awadhesh Mani 554. Dr. Dipankar Nanda
513. Prof. John Philip x Engineering Sciences
514. Prof. K. Devan 555. Prof. Christ Prakash Paul
515. Prof. Nsubramanian 556. Dr. Prabhat Kumar Gupta
516. Prof. N. V. Chandra Shekar 557. Dr. Rahul Shukla
517. Prof. R. Govindaraj x Life Sciences
518. Prof. R. Rajaraman 558. Prof. Alok Dube
519. Prof. Sandip Kumar Dhara x Physical Sciences
520. Prof. T. R. Ravindran 559. Prof. Kushvinder Singh Bindra
521. Dr. Arup Dasgupta 560. Prof. Alka A Ingale
522. Dr. B. Sundaravel 561. Prof. Anand Moorti
523. Dr. G/enkata Srinivas 562. Prof. Aparna Chakrabarti
524. Dr. G. Mangamma 563. Prof. Arup Banerjee
525. Dr. Nithya Ravindran 564. Prof. J. A. Chakera
526. Dr. Parthasarathi Gangopadhyay 565. Prof. Mohammed Hussein Modi
527. Dr. R. Krishnan 566. Prof. Mukesh Joshi
528. Dr. R. Ramaseshan 567. Prof. Om Prakash
529. Dr. R. Venkatesan 568. Prof. Sanjay Kumar Rai
530. Dr. S. Amirthapandian 569. Prof. Satya Ravtishra
531. Dr. S. Ganesamty 570. Prof. Shovan K Majumder
532.  Dr. S. Tripura Sundari 571. Prof. Sudhir Kumar Dixit
533. Dr. Sharat Chandra 572. Prof. Tapas Ganguli
534. Dr. Tom Mathews 573. Prof. Tarun Kumar Sharma
535. Dr. V. Sivasubramanian 574. Prof. Vinit Kumar
536. Dr. V. Subramanian 575. Dr. Arvind Kumar Srivastava
537.  Dr. Amit Kumar 576. Dr. Avnish K Sharma
538. Dr. Anees P. 577. Dr. Brahmidand Upadhyaya
539. Dr. Arun K. Prasad 578. Dr. Chandrachur Mukherjee
540. Dr. BariBaran Labhiri 579. Dr. Gurvinderjit Singh
541. Dr. Dipak Kumar Baisnab 580. Dr. Haranath Ghosh
542. Dr. Edward Prabu Amaladass 581. Dr. Indranil Bhaumik
543. Dr. K. Ganesan 582. Dr. J. Jayabalan
544. Dr. K. Prabhakar 583. Dr. Manoj Kumar Tiwari
545. Dr. N. R. Sanjay Kumar 584. Dr. Manoranjan Prasad Singh
546. Dr. O. Annalakshmi 585. Dr. Maulindu Kumar Chattopadhyal
547. Dr. Rajendra Ganpat Joshi 586. Dr. P K Mukhopadhyay
548. DrRamanathaswamy Pandian 587. Dr. Pankaj Misra
549.  Dr. Ravi Chinnappan 588. Dr. Rajeev Bhatt
550. Dr. S. Abhaya 589. Dr. Raktim Dasgupta
551. Dr. S. C. Vanithakumari 590. Dr. Shreyashkar Dev Singh
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591. Dr. Srinibas Satapathy 632. Dr. Kaushik Banerjee

592. Dr. Sunil Verma 633. Dr. Nisith Kumar Das

593. Dr. Surya Mohan Gupta 634. Dr. Sanyal Dirtha

594.  Dr. Vibhuti Bhushan Tiwari 635. Dr. Sarmishtha Bhattacharyya
595.  Dr. Vijay Kumar Dixit 636. Dr. Siddhartha Dechoudhury
596. Dr. Yogesh Verma 637. Dr. Tumpa Bhattacharjee
597. Dr. Archana Sagdeo 638. DrVaishali Naik

598. Dr. Arun Kumar Rai 639. Dr. Ajay Kumar Himanshu
599. Dr. C. Kamal 640. Dr. Anand Kumar Dubey
600. Dr. Chandra Pal Singh 641. Dr. Animesh Goswami
601. DrHimanshu Singhal 642. Dr. Arindam Kumar Sikdar
602. Dr. L S Sharath Chandra 643. Dr. Ayan Ray

603. Dr. Maheswar Nayak 644. Dr. Debasis Bhowmick
604. Dr. Manoj Kumar Singh 645. Dr. Deepak Pandit

605. Dr. Parasmani Rajput 646. Dr. Parth&ratim Bhaduri
606. Dr. Pooja Gupta 647. Dr. Prasanta Karmakar
607. Dr. Salahuddin Khan 648. Dr. Pratap Roy

608. Dr. Sanyasi Rao Bobbili 649. Dr. Rupa Chatterjee

609. DrShailesh Kumar Khamari 650. Dr. Sadhukhan Jhilam

610. Dr. Shankar Lal 651. Dr. Samir Kundu

611. Dr. Shilpa Tripathi 652. Dr. Shashi C Srivastava
612. Dr. Soma Banik 653. Dr. Supriya Mukhopadhyay
613. Dr. Suparna Pal 654. Dr. Swagata Mallik

614. Dr. T Sathyanarayana Annam 655. Dr. Tapan Kumar Rana
615. Dr. Uday Chakravarty 656. Dr. Tilak Kumar Ghosh
616. Dr. Vishnu Kumar Sharma 657. Dr. Zubayer Ahammed
VECC HRI

x Engineering Sciences

x Mathematical Sciences

617. Prof. P. Y. Nabhiraj

618. Prof. Paramita Mukherjee

619. Prof. Sarbajit Pal

620. Dr. Sandip Pal

621. Dr. Tapatee Kundu Roy

x Physical Sciences

622. Prof. Jane Alam

623. Prof. AruBandyopadhyay

624. Prof. Chandana Bhattacharaya

625. Prof. Parnika Das

626. Prof. Rashid Md. Haroon

658. Prof. Kalyan Chakraborty
659. Prof. Manoj kumar

660. Prof. P. K. Ratnakumar
661. Prof. Punita Batra

662. Prof. R. Thangadurai

663. Prof. Surya D. Ramana
664. Dr. N. Raghavendra

665. Dr. Aprameyo Pal

666. Dr. Gyan Prakash

667. Dr. Hemangi Madhusudan Shah
668. Dr. Umeshkumar V. Dubey

627. Prof. Sourav Sarkar

x Physical Sciences

628. Prof. Subhasis Chattopadhyay

629. Dr. Gargi Chaudhri

630. Dr. Gayathri N. Banerjee

631. Dr. Gopal Mukherjee

669. Prof. Pinaki Majumdar
670. Prof. Aditi Sen De

671. Prof. Arun Kumar Pati
672. Prof. Asesh Krishna Datta
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673. Prof. Dileep Prabhakar Jatkar 710. Prof. Rajesh R.
g;g Em: Ef?sﬁngt Sen 711. Prof. Satyavani Vemparala
. Prof. Ujiwal Sen o

712. Prof. Sibasish Ghosh
676. Dr. Anirban Basu ‘ I brl1 nh
677. Dr. Anshuman Maharana 713. Prof. Sitabhra Sinha
678. Dr. Santosh Kumar Rai 714. Dr. Gopalakrishn&harihari
679. Dr. T.P. Pareek 715. Dr. Manjari Bagchi
680. Dr. Tapas kumar Das 716. Dr. Mukul S. Laad
681. Dr. Tathagata Ghosh 717. Dr. Partha Mukhopadhyay
le_(f: soi 718. Dr. Pinaki Chaudhuri
x Life Sciences . o
682. Prof. Gautam I. Menon 719. Dr. Ronojoy Athkarl
683. Dr. Rahul Siddharthan 720. Dr. Sa.natan Digal
684. Dr.Areejit Samal 721. Dr. Sujay K. Ashok
685. Dr. Sandeep Choubey 722. Dr.V.S. Nemani
X Mathematical Sciences 723. Dr. Ajit Coimbatore Balram
686. Prof. K. N. Raghavan 724. Dr. Chandrashekar C. M.
687. Prof. Amritanshu Pragad 725. Dr. Dhiraj Kumar Hazra
688. Prof. C. R. Subramanian

726. Dr. Ganesh Ramchadran
689. Prof. Jaya N. lyer T

; 727. Dr. Roji Pius

690. Prof. Meena Bhaskar Mahajan

728. Dr. Sayantan Sharma
691. Prof.Saket Saurabh IOP

692. Prof. Sankaran Viswanath

693. Prof. Sanoli Gun

x Physical Sciences

694. Prof. Srinivas Kotyada

695. Prof. Venkatesh Raman

696. Prof. Vijay Kodiyalam

697. Dr. Anilesh Mohari

698. Dr. Anirban Mukhopadhyay

699. Dr. Prahy Chatterjee

700. Dr. Vikram Sharma

701. Dr. Anup Biswanath Dixit

702. Dr. Indrava Roy

703. Dr. Prakash Saivsan

704. Dr. S. Sundar

705. Dr. Sushmita Gupta

706. Dr. Sushmita Venugopal

x Physical Sciences

707. Prof. Indumathi D.

708. Prof. Nita Sinha

709. Prof. Raghib Hassan Syed

729. Prof. Karuna Kar Nanda
730. Prof. B K Panigrahi

731. Prof. Biju Raja Sekhar

732. Prof. Pankaj Agrawal

733. Prof. Parlapalli Venkata Satyam
734. Prof. Pradip Kumar Sahu
735. Prof. Shikha Varma

736. Prof. Som Tapobrata

737. Prof.Sudipta Mukheriji

738. Prof. Suresh Kumar Patra
739. Dr. Sanjib Kumar Agarwalla
740. Dr. Arijit Saha

741. Dr. Aruna Kumar Nayak
742. Dr. Debasish Chaudhuri
743. Dr. Debottam Das

744. Dr. Dinesh Topwal

745. Dr.Goutam Tripathy
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746. Dr. Kirtiman Ghosh 780. Dr. Lalit Mohan Awasthi

747. Dr. Manimala Mitra 781.  Dr. Mrityunjaykundu

748. Dr. Samal Debakanta 782.  Dr. Mukesh Ranjan

749. Dr. Saptarshi Mandal 783.  Dr. Nirmal Kumar Bisai

750. Dr. Satyaprakash Sahoo 784. Dr. Rajendra Kumar Bhattacharyal
751. Dr. Shamik Banerjee 785.  Dr. Raju Daniel

IPR 786. Dr. Saikia Bipul

x Chemical Sciences

787. Dr. Samir Khirwadkar

752.

Prof. SudhiKumar Nema

788. Dr. Sanjeev Kumar Sharma

x Engineering Sciences

789. DrSanjeev Kumar Varshney

753.  Prof. Shashank Chaturvedi 790. Dr. Shantanu Kumar Karkari
754.  Prof. Surya kumar Pathak 791  Dr. Ziauddh Khan

755.  Prof. Paritosh Chaudhuri 792. Dr. C. Balasubramanian
756.  Prof. Vipulkumar L. Tanna 793. Dr. Devendra Sharma

757.  Dr. Alphonsa Joseph 794. Dr. Gourab Bansal

758.  Dr. Nirav |. Jamnapara 795.  Dr. Jinto Thomas

759. Dr. Rash Kumar 796. Dr. Kishore Kanti Mishra
760. Dr. Suryakant B. Gutpa 797.  Dr. N\Ramasubramanian

x Physical Sciences

798.  Dr. Pintu Bandyopadhyay

761.  Prof. Abhijit Sen 799. Dr. Ramkrishna Rane
762.  Prof. Shishir P. Deshpande 800. Dr. Ravi G.

763.  Prof. Mahendrajit Singh 801. Dr. Sarveshwar Sharma
764. Prof. Mainak Bandopadhyay 802. Dr. Sejal Shah

765.  Prof. Prabal Kumar Chattapadhya 803. Dr. Shishir Purohit

766. Prof. Pramod Kumar Sharma 804. Dr. Smruti R. Mohanty
767. Prof. Subrata Pradhan 805. Dr. Subhash P. V.

768.  Prof. Subroto Mukherjee NISER

769. Prof. Sudip Sengupta x Applied Systems Analysis
770.  Prof. Vinay Kumar 806. Dr. Amarendra Das

771. Dr. Anitha V. P. 807. Dr. Amarjeet Nayak

772.  Dr. Asim Kumar Chattopadhyay 808. Dr. Debashis Pattanaik
773. Dr. Debasis Chandra 809. Dr. Joe Varghese Yeldho
774. Dr. Ganesh Rajaraman 810. Dr. Pranaya Kumar Swain
775. Dr. Hem Chandra Joshi 811. Dr. Rooplekha Khuntia
776.  Dr. Hiteshkumar B Pandya x Chemical Sciences

777.  Dr. Indranil Bandyopadhyay 812. Prof. Alagar Srinivasan
778.  Dr. Jana Mukti Ranjan 813. Dr. Bhargava B. L.

779. Dr. Joydeep Ghosh 814. Dr. Chandra Shekhar Purohit
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815. Dr. Chidambaram Gunanathan

x Mathematical Sciences

816. Dr. Himansu Sekhar Biswal 851 Dr. Anil Kumar Karn

817. Dr. Jogendra Nath Behera 852. Dr. Binod kumar Sahoo
818. Dr. Moloy Sarkar 853. Dr. Brundaban Sahu

819. Dr. Nagendra Kumar Sharma 854. Dr. Anisur Rahaman Molla
820. Dr. Nembenna Sharanappa 855. Dr. Anupam Pal Chowdhary
821. Dr. P. C. Ravikumar 856. Dr. Arita Banik

822. Dr. Prasenijit Mal 857. Dr. Deepak Kumar Dalai
823. Dr. Sanjib Kar 858. Dr. Chitrabhanu Chaudhury
824. Dr. Saravanan Peruncheralathan 859. Dr. Dinesh Kumar Keshari
825. Dr. Subhadip Ghosh 860. Dr. Kamal Lochan Patra
826. Dr. Sudip Barman 861. Dr. Kaushik Majumder
827. Dr. Upakarasamy Lourderaj 862. Dr. Krishanu Dan

828. Dr.Venkatasubbaiah Krishnan 863. Dr. Manas Ranjan Sahoo
829. Dr. Arindam Ghosh 864. Dr. Manoj Mishra

830. Dr. Bidraha Bagh 865. Dr. Meher Jaban

831. Dr. Bishnu Prasad Biswal 866. Dr. Nabin Kumar Jana
832. Dr. Dipak Samanta 867. Dr. Panchugopal Bikram

x Engineering Sciences 868. Dr. Ramesh Manna

833. Dr. Anup Kumar Bhattacharya 869. Dr. Rishiraj Bhattacharyya
834. Dr. Sabyasachi Karati 870. Dr. Ritwik Mukherjee

x Life Sciences 871. Dr. Roy Sutanu

835. Dr. Chandan Goswami 872. Dr. Sanjay Parui

836. Dr. Debasmita Pankaj Alone 873. Dr. Senthil Kumar K.

837. Dr. Harapriya Mohapatra 874. Dr. Subhankar Mishra

838. Dr. K. Chandrasekhar Panigrahi

x Physical Sciences

839. Dr. Manjusha Dixit 875. Prof. Sudhakar Panda

840. Dr. Palok Aich 876. Prof. Bedangadas Mohanty
841. Dr. Pankaj Vidyadhar Alone 877. Dr. Ashok Kumar Mohapatra
842. Dr. Praful S. Singru 878. Dr. Colin Benjamin

843. Dr. Subhasis Chattopadhyay 879. Dr. Prasanijit Samal

844. Dr. Anirudhha Datta Roy 880. Dr. Pratap Kumar Sahoo
845. Dr. K. Venkatsai Badireenath 881. Dr. Ritwik Das

846. Dr. Mohammed Saleem 882. Dr. Sanjay Kumar Swain
847. Dr. Renjith Mathew 883. Dr. Subhankar Bedanta
848. Dr. Rudresh Acharya 884. Dr. A.V. Anil Kumar

849. Dr. Srinivasan Ramanujam 885. Dr. Abdur Rahman

850. Dr. Tirumala Kumar Chowdary 886. Dr. Ajaya Kumar Nayak
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887. Dr. Amaresh Kumar Jaiswal 925  Dr. Subhendu Roy
888. Dr. Anamitra Mukherjee ;2Zhy§0afl SSCIenciesS -
: . Prof. Satyajit Saha
889. Dr. Ashis Kumar Nad .
heth d>'/ 927. Prof. Abhik Basu
890. Dr. Chethan N. Gow |gere 928 Prof. Ambar Ghosal
891. Dr. Guneshwar Thangjam 929, Prof. Bijay Kumar Agrawal
892. Dr. Jaya Khanna 930. Prof. Bireswar Basu Mallick
893. Dr. Jayesh M Goyal 931 Prof. Chandan Mazumder
894. Dr. Joydeep Bhattacharjee 932  Prof. Debasish Majumdar
895. Dr. Kartikeswar Senapati ggi Izm:' Pzrveqd[r)a Singh
. rof. Indranil Das
896. Dr. K_USh Saha 935.  Prof. KumaBankar Gupta
897. Dr. thc_)n Majumdar 936.  Prof. Mustafa Munshi Golam
898. Dr. Najmal Haque 937.  Prof. Mylavarapu Sita Janki
899. Dr. Nishikanta Khandai 938  Prof. Nikhil Chakrabarti
900. Dr. Prathikrit Bhattacharya 939. Prof. P. M. G. Namissan
901. Dr. Prolay Kumar Mal 940. Prof. Pradip Kumar Roy
902. Dr. Sayantani Bhattacharyya 941 Prof. Prakagh Mathews
903. Dr. Subhasish Basak 942  Prof. Satyajilazra
- Dr. Subhasish basa 943 Prof. Sukalyan Chattaopadhyay
904. Dr. Sumedha 944,  Prof. Supratik Mukhopadhyay
905. Dr. Tuhin Ghosh 945, Prof. Tapas Kuamr Chini
906. Dr. V. Ravi Chandra 946.  Prof. Ushasi Datta
907. Dr. Victor Roy 947. Dr. Amit Ghosh
908. Dr. Yogesh Kumar Srivastava 948 _ Dr. Anjali Mukherjee
SINP 949.  Dr. Arunava Mukherjee
. - 950. DrChandi Charan Dey
x Chemical Sciences .
- 951  Dr. Chinmay Basu
909. Dr. Dulal Senapati ,
952  Dr. Krishnakumar S. R. Menon
910. Dr. Montu K. Hazra -
. . 953  Dr. Maitreyee Nandy
911 Dr. Padmaja Prasad Mishra .
. : 954. Dr. Manoj K. Sharan
x LifeSciences 955 Dr N Maiumd
912  Dr. Debashis Mukhopadhyay r. Tayana Viajumcar
- 956. Dr. Satyaban Bhunia
913  Dr. Gautam Garai -
957. Dr. Satyaki Bhattacharya
914 Dr. Partha Saha -
- 958  DrSubir Sarkar
915 Dr. Rahul Banerjee
. 959,  Dr. Suchandra Dutta
916. Dr. Sampa Biswas -
, 960. Dr. Supratic Chakraborty
917. Dr. Udayaditya Sen
- 961 Dr. Arnab Kundu
918  Dr. Chandrima Das .
962  Dr. Arti Garg
919, Dr. H. Raghuraman - —
- 963 Dr. Biswajit Karmakar
920. DrKaushik Sengupta - :
; - 964. Dr. Biswarup Satpati
921  Dr. Oishee Chakrabarti - -
965 Dr. Debasish Banerjee
922  Dr. Sangram Bagh -
- 966. Dr. Debasish Das
923 Dr. Soumen Kanti Manna 967  Dr. Kalpataru Pradh
924.  Dr. Subhabrata Majumder : . ralpatartl Fradhan
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968  Dr. Mala Das 1009. Prof. Anant Gokarn

969. Dr. M. K. Mukhopadhyay 1010. Prof. Anant Ramaswamy

970. Dr. Pratik Majumdar 1011. Prof. Anuja Dhananjay Deshmukh
971  Dr. Sankar De 1012. Prof. Aparna Sanjaghatterjee
972 Dr. Tinku Sinha Sarkar 1013. Prof. Archi Ramesh Agrawal

973. Dr. Sayantani Bhattacharyya 1014. Prof. Ashwin Luis Desouza

974. Dr. Subhasish Basak 1015. Prof. Ashwini Narsingrao Budrukka
975. Dr. Sumedha 1016. Prof. Atul Prabhakar Kulkarni
976. Dr. Tuhin Ghosh 1017. Prof. Avanish Parmesh Saklani
977. Dr. V. Ravi Chandra 1018. Prof. Bharat Rekhi

978. Dr. Victor Roy 1019. Prof.Bhausaheb Pandurang Bagal
979. Dr. Yogesh Kumar Srivastava 1020. Prof. Conjeevaram S. Parmesh
T™MC 1021. Prof. Deepa Ravindranathan Nair
x Life Sciences 1022. Prof. Devendra Arvind Chaukar
980. Prof. Arvind D Ingle 1023. Prof. Dushyant Jaiswal

981. Prof. Sorab Nariman Dalal 1024. Prof. Gagan Prakash

982. Dr. Abhijt De 1025. Prof. Gaurav Narula

983. Dr. Amit Dutta 1026. Prof.Gauravi Ashish Mishra

984. Dr. Ashok Varma 1027. Prof. George Karimundackal

985. Dr. Chilakapati Murali Krishna 1028. Prof. Girish Chinnaswamy

986. Dr. Joyti Anand Kode 1029. Prof. Goda Jayant Sastri

987. Dr. Kakoli Bose 1030. Prof. Gouri Himalaya Pantvaidya
988. Dr. Manoj Balkrishna Mahimkar 1031. Prof. Gulia Ashish

989. Dr. Pritha Ray 1032. Prof. Gulia Seema

990. Dr. Rukmini Balkrishna Govekar 1033. Prof. Hasmukfantilal Jain

991. Dr. Sanjay Gupta 1034. Prof. Jai Prakash Agarwal

992. Dr. Tanuja Rajendra Teni 1035. Dr. Jaya Ghosh

993. Dr. Venkatraman Prasanna 1036. Dr. Jayita Kedar Deodhar

994. Dr. Vikram Suryaprakash Gota 1037. Dr. Jeson Rajan Doctor

995. Dr. Dibyendu Bhattacharyya 1038. Prof. Jigeeshu Vasishtha Divatia
996. Dr. Khizer Hasan Syed 1039. Prof. Jyoti Bajpai

997. Dr. Nandini Verma 1040. Prof. Kedar Kamalakar Deodhar
998. Dr. Rohaayant Khadilkar 1041. Prof. Madhavi Gopalkrishna

999. Dr. Sanjeev Waghmare

Shetmahajan

1000.

Dr. Sejal Patwardhan

1042.

Prof. Mahendra Pal

1001.

Dr. Sharath Chandra Arandkar

1043.

Prof. Mahesh Goel

1002.

Dr. Shilpee Dutt

1044.

Prof. Malini Premkumar Joshi

1003.

Dr. Sonam Mehrotra

1045.

Prof. Manish Suresh Bhandare

x Medical & Health Sciences

1046.

Prof. Manisha Nandkumar Pawar

1004.

Prof. Rajendra Achyut Badwe

1047.

Prof. ManjuSengar

1005.

Prof.Ajay Puri

1048.

Prof. Maya Prasad

1006.

Prof. Aliasgar V Moiyadi

1049.

Prof. Mukta Ravindra Ramdwar

1007.

Prof. Asmita Maheswarri

1050.

Prof. Munita Meenu Bal

1008.

Prof. Amol Trymbakrao Kothekar

1051.

Prof. Murthy Vedang
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1052. Prof. Navin Khattry 1096. Prof. Shripad Dinanath Banavali
1053. Prof. Nayana Shekar Amin 1097. Prof. Siddhartha Sankar Laskar
1054. Prof. Neha Mittal 1098. Prof. Sneha Shah

1055. Prof. Nehal Risfithanna 1099. Prof. Sohan Lal Solanki

1056. Prof. Nikhil Vijay Patkar 1100. Prof. Sridhar Epari

1057. Prof. Nilendu CPurandare 1101. Prof. Subhash Chotelal Yadav
1058. Prof. Nilesh Pandurang Sable 1102. Prof. Sudeep Gupta

1059. Prof. Nita Sukumar Nair 1103. Prof. Sudhir Vasudevan Nair R.
1060. Prof. Nitin Sudhakar Shetty 1104. Prof. Sumeet Guijral

1061. Prof. Pankaj Chaturvedi 1105. Prof. Sumitr&Ganesh Bakshi
1062. Prof. Papagudi Gubramania 1106. Prof. Sunil Bhagwant Rajadhyaksh
1063. Prof. Poonam K. Panjwani 1107. Prof. Supriya Jayant Sastri
1064. Prof. Prabhash Kumar 1108. Prof. Suyash Sureshchandra
1065. Prof. Prachi Sunil Patil Kulkarni

1066. Prof. Prakash Shetty 1109. Prof. Swapnil Yeshwant Parab
1067. Prof. Prashant Ramesh Tembhare 1110. Prof. Tabassum Abdulwahid
1068. Prof. Prashant Ramesh Tembhare Wadasadawala

1069. Prof. Prathamesh Pai Srinivas 1111. Prof. Tanuja Manjanath Shet
1070. Prof. Priti Dhansukhbhai Desai 1112. Prof. Tejpal Gupta

1071. Prof. Priya Ranganathan 1113. Prof. Vandana Agarwal

1072. Prof. Raghu Sudarshan Thota 1114. Prof. Vani Parmar

1073. Prof. Rajesh Ashok Kinhikar 1115. Prof. Vanita Maria Noronha
1074. Prof. Rajesh Prabhakar Dikshit 1116. Prof. Venkatesh Rangarajan
1075. Prof. Rajiv Kumar 1117. Prof. Vijay Maruti Patil

1076. Prof. Reena Zarir Engineer 1118. Prof. Vijaya Prakash Patil
1077. Prof. Reshma Ambulkar 1119. Prof. Vikas Sureshchand Ostwal
1078. Prof. Sabita Shambhulal Jiwnani 1120. Prof. Vikram Anil Chaudhari
1079. Prof. Sachin Punatar 1121. Prof. Vinay Kant Shankhdhar
1080. Prof. Sajid Shafiqgue Quresh 1122. Prof. Vivek Gajanan Bhat
1081. Prof. Sandeep Vivek Gurav 1123. Prof. Anita D'Souza

1082. Prof. Sangeeta Bhikaji Desai 1124. Dr. Abhishek Chatterjee

1083. Prof. Sanjay Biswas 1125. Dr. Aekta Shah

1084. Prof. Santosh Menon 1126. Dr. Amrita Guha

1085. Prof. Sarbani Ghosh Laskar 1127. Dr. Anjana S Wajekar

1086. Prof. Sarin Rajiv 1128. Dr. Anuprita Dilip Daddi

1087. Prof. Shaesta Abdulaziz Mehta 1129. Dr. Asawari Jingonda Patil
1088. Prof. Shailesh Vinayak Shrikhande 1130. Dr. Badira Cheriyalinkal Parambil
1089. Prof. Shalaka Prakash Joshi 1131. Dr. Bhakti Dushyant Trivedi
1090. Prof. Sharmila Anil Pimple 1132. Dr. Bindiya GauraSalunke
1091. Prof. Shashank Ojha 1133. Dr. Chetan Anil Dhamne

1092. Prof. Sheela Prashant Sawant 1134. Dr. Janu Amit Kumar

1093. Prof. Sheila Nainan Myatra 1135. Dr. Kinjalka Ghosh

1094. Prof. Shilpushp Jagannath Bhosalé 1136. Dr. Kunal B Gala

1095. Prof. Shraddha Patkar 1137. Dr. Lingaraj Nayak
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1138. Dr. Madhavi Dattatraya Desai 1156. Dr. AtanuBhattacharjee

1139. Dr. Naveen Mummudi 1157. Dr. Avinash Rameshrao Pagdhung
1140. Dr. Palak Bhavesh Popat 1158. Dr. Dhanlaxmi L. Shetty

1141. Dr. Poonam Joshi 1159. Dr. Gaurav Vijay Salunke

1142. Dr. Prabhat Bhargava 1160. Dr. Gauri Raman Gangakhedkar
1143. Dr. Rahul Krishnatry 1161. Dr. Gauri Rohan Deshpande
1144. Dr. Richa Vaish 1162. Dr. Jifmi Jose Manjali

1145. Dr. Shiva Kumar Thiagarajan 1163. Dr. KathaNikhil Rabade

1146. Dr. Sudivya Prashast Sharma 1164. Dr. Nivedita Chakrabarty

1147. Dr. Sumathi S Hiregoudar 1165. Dr. Omshree Shetty

1148. Dr. Swapnil Rane 1166. Dr. Parthiban K Velayutham
1149. Dr. Vasundhara Patil 1167. Dr. Pratik Chandrani

1150. Dr. Vikas Kumar Singh 1168. Dr. Ritu Raj Upreti

1151. Dr. Akanksha Chichra 1169. Dr. Sangeeta Kakoti

1152. Dr. Amit Kumar Jayant Choudhari 1170. Dr. Shrikant C Raut

1153. Dr. Anisha A Navkudkar 1171. Dr.Shwetabh Sinha

1154. Dr. Aparna Katdare 1172. Dr. Sujata Lall

1155. Dr. Ashwini D Rane
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HBNIlat a Glance

During the last academic yeakygustl, 2021-July31, 2022), HBNI has awarde2b2 Ph.D degrees.
The total number of Ph.Odegrees awarded by HBNI till July 31, 2@fands at2133 HBNI also
awarded54 M. Tech, 156 M.SclIntegrated M.Scin varioussciencedisciplines122 post graduate &
super specialty medical degrees with specializations in Oncologyl@pdst graduate diplomam
Fusion Imaging Technolod®@@FIT) during this perio838students have been admitted to different
academigrogrammeduring 202-22, out of which354 students are for Ph.[program.

Year wise Ph.D results declared
300
250 218 225 231
200
150 115
100 87
54
50 % o9 32 l
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*The datafrom 200708 to 201920 is for the period Aprill of precedingyear to March31 of the ending year.
The data for 2021 is for the period Aprill, 2020 to July 31, 202Dark blue area (194) gives the data from
April 1, 2020 to March 31, 2021, light blue area (76) gives the data from April 1, 2021 to July 31,2621

data for 202122 is for the period August 1, 2021 to July, 2022

Discipline wise distribution of total(2133) Ph.D results
declared till July 2022

4

m Applied System Analysis
m Chemical Sciences

m Engineering Sciences

m Life Sciences

m Mathematical Sciences

m Medical & Health Sciences

Physical Sciences
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Year wise M.Tech results declared
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*The data from 208-09 to 201920 is for the period April 1 ofhe preceding year to March 31 of the ending year.
The data for 2021 is for the period April 1, 2020 to July 31, 2021. Dark blue area (22) gives the data from
April 1, 2020 to March 31, 2021ight blue area (8) gives the data from April 1, 2021 to July 31, 202ke
data for 202122 is for the period August 1, 2021 to July 31, 2022.

Year wiseMD/DM/MCh results declared
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*The data from 201611 to 201920 is for the period April 1 of preceding year March 31 of the ending year.
The data for 2021 is for the period April 1, 2020 to July 31, 2021. The data for 2021s for the period
August 1, 2021 to July 31, 2022.
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Programmewise Admission Details during 2622
5 (Total = 838)

m Ph.D. + Integrated Ph.D

® M.Tech + PG Diploma

m Dip RP

B M.Sc. Physics

m Integrated M.Sc

u M.Sc. (Nursing)

® M.Sc (Nuclear Medicine and Molecular Imaging Technold

m M.Sc.(Public Health and Epidemiology)
M.Sc. Clinical Research

m M.Sc.(Hospital Radiopharmacy)

B M.Sc.(Occupational Therapy in Oncology)
Certified fellowship

Number of students admitted to the different academjarogrammes of Cls/OCC during August 1,
2021 ¢July 31, 202

Academic Programme BAR({ IGCAR RRCAT VEC( SINRIPR TMGCloP|IMSc| HRI| NISEFR Total
Ph.D. + IntegratedPh.D 118 4 18 15 | 19 (15| 21 |12| 31 | 17| 84 354
M.Tech + PG Diploma 119 20 XO| XOXD | 8 XDXPKD XPX D 147
MD XO| Xb| XP| X XX XX XD XE XP| O
Dip RP 25 X X X X XOXDXPXD X DX D 25
DM/MCh XO| Xd| XO| X XPX] XHPX ¢ XD Xd XP| O
M.Sc. Physics XO| Xd| XO| X XPX] XHEXJ XD 19| XP| 19
IntegratedM.Sc Xo| X XO| X XPXJ XX | X P 201 | 201
M.Sc.(Nursing) Xo| Xd| XO| X XPXd 8 |X¢ XD Xd XP| 8

M.Sc (Nuclear Medicine and | 10 XO| XO| XO XPXJ 10 XX D X DX P 20
Molecular Imaging

'Technology)

M.Sc.(Public Health and XO XP| XP| XOXP (X]d 7 XPEXDP XDPXOD 7
Epidemiology)

M.Sc. Clinical Research 20 20
M.Sc.(Hospital 10 X Xo XD X | XAXDODXPX D XDPX D 10

Radiopharmacy)

M.Sc.(Occupational TherapyiX® Xd Xd Xd XD [Xd 5 |Xq XP Xd XP| 5
Oncology)

Certified fellowship XP X Xd Xd XD [XqQ22|Xq XP XF XDP| 22

Total 282 24 18 15 (19 23 | 93 |12| 31 | 36| 285 | 838
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Section |l
(Theses at a Glance)
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1. Chemical Sciences

During the period of report, HBMwarded39 Ph.D degreesin ChemichSciences in variety of research
areas includingxoticorganic synthesisnaterials chemistry, nanoscience, environmental chemistry,
theoretical chemistryactinide separation & speciatipmolecular modellindor elective extraction,
radiopharmaceuticalsandso on Highlights of some of the selected theses are given below.

1.1 Bhabha Atomic Research Centre, Mumbai

1.1.1 Ultrafast dynamics ofexcitons andcharge carriers in thin films and nanoaggregates of
polyaromaticmolecules

Due to their low cost, less toxicity and ease of fabrication, organic semicondueterials are the
alternatives to inorganic semiconductors for different ojstiectronic applications. A thorough
understanding of the photophysics and exciton dynamics of these organic semiconductors is
important for effective utilization of these matet&in optoelectronics. In # present work exciton
dynamics of a series of polyarenes in nanoaggregate (NA) and thin film (TF) has been investigated
along with their morphological and photophysical characterizations. Singlet fission (SF) in organic
semiconductors, which generates two triplet excitons from one singlet exciton, has attracted
extensive interest in recent past, as it can lead to the multiplication of charge carriers and hence a
much higher photovoltaic efficiency. In the present thediceent ultrafast SF process in several
polyaromatic systems has been investigated in details, to understand the relation between the SF
efficiency and the structure of the polyaromatic molecules. Observed results indicate that
phenylethynyl substitutiorin anthracene and tetracene molecules leads to the SF process. Role of
intermolecular interaction in the solid state of these molecules on their SF process has also been
explored in the present thesis. It is revealed that exciéowiton annihilation in tB organic
semiconductor materials is controled largely by the molecular packing and intermolecular coupling in
their NAs and TFs. Compared to molecules with-planner structures, the ones with planner
structures show much faster exciton mobility, sugdgegttheir better prospects for photovoltic
applications. It is seen that the radiative rate of the nonlinear polyacenes can be improved significantly
in the NA state in comparison to their monomeric forms, attributed to the correlated alignment of the
molecular dipoles at a particular direction.

Solution

Excimner
Formation
Superradiance NA
NA
S, Excitonic
II
Excitonic
Emission

/
O~ /”\,S_F/.\ ; i

Light Ground State

Polyacene group of molecules shows different types of properties like singlet fission (SF),
superradiance and excimeric emission depending upon molecular structure and electronic coupling in
aggregate or thin film
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1.1.2 Electrochemistry of uranium (VI) and plutonium (IV) on carbon and platinum-
nanostructures

Towards the development of precise and accurate electroanalytical methods for U, present thesis
investigates the electrocatalysis of U electrtmansfer reactions on carbon nanostructures like
graphene quantum dot (GQD), oxygenated single walled carbon nanoh&@W(@NH), multiwalled
carbon nanotube (MWCNT), and Midnctionalised MWCNT materials as potential alternatives to
noble metal electrodesWith GQDs, U(VI) determinations have been investigated using both
photophysical and electrochemical methods, and in both the cases the estimated LOD values are
found to be in the ppb range, suggesting the usefulness of these materials in the envirohmenta
analysis of U(VI). With8WCNHs, meaningful insights have also been obtained on the role of oxygen
functionalities in the redox characteristics [Ru@dH7[Ru(NH)s?*, Fe(CNJ*/[Fe(CNj]* and
[UG(CQ)3]*/[UOL(CQ)s]*> redox couples. The electrocatalytic sensitivity fe8WCNHSs in the U(VI)
RSGSNYAYIGAZ2Y A& T2 dAOR IAfF FheceBctrdcaiad/siziof 1(Wrhy catbon OY
nanostructures like MWCNTs and MNtnctionalised MWCNTs have also been investid and
compared with glassy carbon (GC) electrode. Both of these carbon materials provide better
electrocatalysis than the bare glassy carbon (GC) electrode. Present thesis also investigates the
electrocatalytic properties of platinum narzauliflower (BNCF) materials, as deposited on ITO
electrodes through templatéree electrosynthesis. The PtNCFs exhibit narrow size distribution with
uniform coverage on ITO electrode and show better electrocatalytic behaviour as compared to bare
ITO electrode, for thelectrocatalysis of Pu(IV)/Pu(lll) redox couple in 18Q@solution.

j/mA cm?
-0.8 Q£ QA q2 0.0

40 -08 -06 -04
E / V vs. Ag/AgCI (sat. KCI)

[A] TEM image of GQDs. [B] SEM image of PtNCFs on ITO; Inset shows a magnified image image. [C]
Square wave voltammogram (SWV) on ERGQDs with different concentration of Ufdtateca
NaCQ.

1.1.3 Radiationchemicalstudies of ionic liquids and deep eutectic solvents for their application
in the synthesis of IWI semiconductor nanomaterials

The room temperature ionic liquids (RTILs) and deep eutectic solvents (DE®BE) exetic solvents

and potential alternatives to conventional volatile organic solvents, essentially due to their
SEOSLIiAZ2Yyl f LIKeaAO2nOKSYAOIf LINRLISNIASE tA1S8 vy
electrochemical windows, thermal stability ghi conductivity and ability to solubilize a wide variety

of compounds. Irthe present work radiation chemical studies of these solvents have been carried

out using nanosecond pulse radiolysis technique to investigate the yield, lifetime, decay kinetics,
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bimolecular rate of reaction, and redox characteristics of the transient species generated through
irradiation. Experimental results are also supplemented by first principle based computational studies.
Existence of presolvated electrons is observed insDhiE8anosecond timescale which are efficiently
scavenged by DNA base adenosine, having relevant to the research on reductive DNA damage.
Following computational and experimental techniques, a redox and radiation stable DES consisting of
1:2 molar ratio otholine acetate and malonic acid has been realized. In the context of semiconductor
nanomaterial synthesis with defined morphology and properties, both IL and DES have been
successfully utilized in the present study. Radiation chemical method for nandalaggnthesis is

found to be superior over other contemporary methods. Photoluminescent tin oxide nanoparticles
(NPs) wee synthesized via radiation chemical technique in the standard DES reline. These NPs are
F2dzyR (2 0S8 y2yni2 Eihmdging agpicationdBlesbprbus ISrise Banopageriald S f
having high porosity was also prepared successfully in the RTIL, [EMIM][EtSOA4], using electron beam
irradiation method.

Photoluminescent SnO, NPs
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Mesoporous SnSe NPs

{OKSYIFIGAOa 2F o0!0 tNBnazf g (itieokhse ADNida@ngtod O FS Yy :
radiation mediated synthesis of S/IOP in reline medium and (B) Identification and characterization
of (DCAY* radical generated by pulse radiolysis of BBCA and radiation induced synthesis of
SnSe NPs in [EMIM][EtPRTIL.

1.1.4 Preparation and structural investigations on zirconolite and pyrochlore based ceramics:
Potential materials for nuclear back end application

Management of nucleanighlevel waste (HLW) is a major challenge in nuclear industry. To address

this, research is going on wide varieties of ceramic, glass and glass ceramics materials. Present thesis
presents a systematic investigation on different ceramic matrices baseatammolite and pyrochlore

structures, prominent members of synthetic rock (SYNROC) formulations. In the zirconolite
pyrochlore based multiphasic systems (CaRETLO;, where RE= N Sni*and ¥*) the major

phase fields observed are part of the gpoments of SYNROC formulation. Structural characterization

and stability studies on G4CazZxTkO; 0 n dn X E X nodno o6 aSR LB NROKE 2N,
40 mol% of aliovalent cations can be accommodated without any major alteration in structure.
Thermodynamic stability studies also revealed that only a small (3.5%) decrease in the relative stability
occurs even after incorporation of 40 mol % of heteroatoms. Quick processing condition has been
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developed in the present study, which is supported tme structural characterizations and
thermodynamic measurements of the materials. Structural and thermodynamic investigations on
urania and uranigeria (surrogate for plutonia) incorporated €60, systems indicated that the
stabilities are higher with ¥and Cé" as compared to their reduced forms, namely; Bnd Cé*. A

novel formulation of borosilicate glass matrix has also been development where solubility of gadolinia
is found to increase by almost 2.5 times, from 8 wt% to ~20 wt%, suggestingtgpgrpect of this
ceramic material.

Zirconolite-2M
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(A) Representative phase fields in CaZdFRETLO; matrices, where RE= RdSni*and Y¥*. (B)
Stability of the uranium incorporated matrix.

1.1.5 Photoinduced electron transfer processes in homogeneous aridroheterogeneous media
involving organic and inorganic doneacceptor systems

Electron transfer (ET) is fundamental redox process occurring ubiquitously in chemistry and biology.
Understanding intricate details of ET reactions using model systems lasthe topic of intense
research for long. In this respect photoinduced electron transfer (PET) reactions have been invested
quite extensively, as the process is having direct relevance to solar energy conversion. In bimolecular
ET or PET kinetics, theoielly predicted Marcus Inversion (M) behavior is a #fasging controversy.
Present thesis demonstrates how such evasive Ml can be observed convincingly for bimolecular PET
processes carried out in constrained media, investigating the reactions ionieand Pluronic block
copolymer micelles, involving coumarin dyes as acceptors and aromatic amines as donors. In all the
cases, MI behavior is observed very convincingly, which is attributed to theiffagional nature of

the bimolecular reactions inontrained media and slow solvent relaxation that enforces two
dimensional ET (2DET) mechanism to be applicxation in these systems. Interestingly, both the PET
kinetics and the onset of MI along the exergonicity scdlé3) can be modulated very signifidin

either by using different copolymer mycelles or by using additives like salt-suréactant, having
implications in the practicatical applications of the PET reactions. Another interesting aspect
investigated inpresent workis the involvement of maichannel ET on using Ln(lll) ions as electron
acceptors along with suitable coumarin dyes as electron donors. Since most Ln(lll) ions have many low
lying electronic states that can be accessed easily by the exergonicity of the PET reactions, these
systemscan support multichannel PET, which is otherwise very unsual for organic-doceptor
systems. Since the landscapes of the low lying electronic states vary largely with different Ln(lll) ions,
they lead to largely different correlations for the kq wessD@ plots involving different Ln(lll) ions as

the electron acceptors.
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Modulation of the PET kinetics and energetics following different approaches. In micellar media: (A)
Using different Tetronic systems, (B) With the addition of a salt, and (@i@na cesurfactant. In
homogeneous aqueous medium: (D) On using Ln(lll) ions to support multichannel PET processes.

1.1.6 Studies of metabolites and ions at aqueous interfaces by surfaeasitive spectroscopic
technique

Aqueous interfaces play pivotal role in diverse chemical, biological and atmospheric phenomena.
Present thesis investigates on the molectl&rel understanding of the necovalent interactions that

operate at the air/water interfaces in the presence offelient metabolites, electrolytes, and

pollutants. Stateof-the-art heterodynedetected vibrational sum frequency generation (NBFG)
G§SOKYAIldzS YR wlkYlYy 6F&d8SR GRATFSNBYOS -BISSEK)( NP & O2
technique have been useith the present study to understand the aforementioned roovalent

interactions. In a study, perturbing effects of the metabolites of different hydrophobicity on the water
structure at the air/water interface have been investigated. In another studyntaimn-specific

interaction of a zwitterionic metabolite, trimethylamine-dkide (TMAOQO), with the charged and
uncharged molecular hydrophobes has been investigated. Unique interactions of fluoroalcohols
(organic pollutant) with both interfacial and bulkater have been investigated in a sudy, having
relevance to atmospheric chemistry. The issue on the formation of electric double layer (EDL) at the
air/water interface involving kosmotropic electrolytes has also been explored in this study and it is
reveala that the ionic perturbation of interfacial watenappensdue to hydration shell of the
kosmotropic anions (e.g., @oand F) at the interface, and not due to thiermation a welkdefined
EDL.UsingRam#@s{ / C (G SOKYAlj dzSF NBKS GOBdININI »FY 6 G SNI A
of different multivalent metal ions (Mn+, n=2 or 3) ha been successfully retrieved in this study.
Formation of watershared ion pairs in aqoeis MgG and LaGl solutions have also been
demonstrated convincingly in the present thesis.

Aqueous Na,CO,
(8)
e
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o°o',%°‘ 22 w «‘:;\1,“‘\
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S s ____ N
VSFG Raman-DS-SCF

Strongly hydrated G®anion acting as the structusmaker; (A) for interfacial water and (B) for bulk
water. Average Hbonding for C&¥ increassdue to interfacial hydration shell.
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1.2 Indira Gandhi Centre for Atomic Research, Kalpakkam

1.2.1 Investigations on the extractn behavior of actinides in ionic liquid medium and the
physicochemical and aggregation properties of the ionic liquid phase

Reprocessing of spent nuclear fuel is essential for sustained growth of nuclear power programme.
Owing to theirfascinating properties, room temperature ionic liquids (RTILS) are receiving importance
in nuclear fuel reprocessing and waste management applications. In actinide and lanthanide
extractions from aqueous solution;dlkyt3-methylimidazolium ([Chnmim]+) bad RTILs have some
limitations due to their cation and anion exchange reactions. Thus, development of RTILs that are
devoid of the the above limitations is of utmost necessity. It is also desirable to select RTILs made up
of CHOMNatoms exclusively so th#ttese ILs can be completely incinered for easy disposal of used ILs.
In these contexts, present thesis has developed and investigated some ammonium based RTILs for
solvent extraction of actinides and lanthanide fission products from nitric acid solufidwvesstudy

has also been focused on the understanding of the insights of solvent extraction by probing the co
ordination chemistry of metdigand complexes present in the extracted ionic liquid phase. Polarity
index of the extracted phase and radiolytialsility of the used RTILs have also been evaluated using
various spectroscopic studies.

0.01¢ —O- [N1gggl[NO;]
é‘ L1 [N1ggglINTF]

1E-3}
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Distribution ratio of U(VI) in two different phases as a function of nitric acid concentration; RTIL
phase: methytri-n-octylammonium nitrate o([N1888][NQ]) or ([N1888][NTA) & Aqueous phase:
(0.0%:7 M) nitric acid containing 4x¥M U(VI); Equilibration time = 1 hour; Temperature = 298K;
Phase volume ratio = 1.

1.2.2 Development of graphene oxide based composite coating with improved corrosion
resistance and antibacterial properties

The objective of th thesis work has been to develop robust graphene oxide (GO) based corrosion
resistant and antibacterial coatings for structural materials likeNCalloy, carbon steel, and 316L SS,
etc. using a simple, cheap, and scalable approach. GO based compositg cgar CeNi specimen

has been fabricated successfully by EPD technique followed by dip coating of poly(methyl
methacrylate) (PMMA) polymer which shows four orders increase in corrosion resistance, attributed
to the inhibition of galvanic contact betwaeGO and alloy surface by PMMA. A novel ternary
composite coating consisting of chitosaiverGO as fabricated on @i alloy using the EPD
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technique showas two orders better corrosion protection along with excellent antibacterial activity,
due to reacive oxygen species mediated oxidative stress induced by silver nanoparticles and damage
of cell membranes by the sharp edges of GO sheet. A facile elsdieposition approach combined

with dip coating has been developed to fabricate superhydrophobic)(86ing on carbon steel
surface where presence of air cushion between the micro/nano protrusions on the coating provided
approximately three orders better corrosion resistance under chloride environment. A
polydimethylsiloxane coating with an interlayafrGOnano-SiQ (GSP) was fabricated on carbon steel

has also been developed that shows six orders higher charge transfer resistance due to the lower
permeation of chloride through the GSP layer. A composite coating consists -of (3
glycidyloxypropyl)trimetbxysilane (GPTMS) and GO, as fabricated on 316L SS exhibit three orders
higher corrosion resistance, attributed to synergetic effects of barrier property of GO and the
insulating property of silane matrix. This coating also shows an excellent pittingicorn@sistance

along with five orders of magnitude improved antibacterial activity. In addition, a& GO
polyvinylpyrrolidone (PVP) composite coating on 316L SS is also developed, which showed nearly four
orders better antibacterial activity due to reactivixygen species mediated oxidative stress and
reduced bieadhesion of biofilm due to GO and PVP, respectively. The findings wiitk carried out

in the thesisare very useful for the design of robust corrosion resistant, antibacterial and
antibiofoulingcoatings for marine applications.
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Schematics of théA) corrosion resistance provided by chitosdlinerGO based composite coating,
(B)antibacterial efficacy, an¢C)antifouling property provided by GO/PVP based composite coating.

1.2.3 Evaluation of tris(2methylbutyl) phosphate as an extractant for nuclear materials
processing applications: A comparison with-mtalkyl phosphates

The distribution ratio (D) for # troublesome fission products such as trivalent lanthanides,
heptavalent Tc and tetravalent Zr were found to be marginally lower for 1.1 M solution of-tris(2
methylbutyl) phosphate (T2MBP) indodecane (FDD) as compared to the correspondingrifbutyl
phosphate (TBP) based solvent, suggestimng a better decontamination factor for the spent nuclear
fuel reprocessing using T2MBP based extractant. Thus, maximum extraction of ~122 g/L Pu(lV) could
be achieved with 1.1 M T2MBRDD from Pu(N€), in 4 M HNG@solution at 303 K, revealing it to be
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a better system in contrast to 1.1 M TBHAXD, which forms a third phase at ~55 g/L under similar
condition. Density, viscosity and interfacial tension of T2MBP were measured to be higher than the
correspanding TBP based solution. The thermal and radiation behavior of T2ZMBP were observed to
be at par with TBP. Lower third phase formation and lower aggregation behavior of T2ZMBP were seen
during the extraction of mineral acids and tetravalent metal ionsoaspared to TBP based systems.

The study shows the potential of T2ZMBP as the extractant in various stages of nuclear fuel cycle,
especially in the reprocessing of fast nuclear spent fuel and for the separation processes involving the
extraction of tetravalat metal ions. A noraqueous route has been developed to determine the phase
splitting and aggregation behaviour of the extractant systems that are sparingly soluble in aqueous
phase. Matrix isolation infrared spectroscopy and DFT studies confirmed thaatiche conformer

of T2MBP is energetically preferred over the trans ones due to the overwhelmed stabilization
hyperconjugative delocalization over destabilization steric interactions.
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Variation of the concentration of solutes in the organic phase d@Ang(VI) andB)Pu(lV)
extraction by 1.1 M T2MBP/AD from nitric acid media as a function of [metallag,eq at 303 K.

1.3 NISER, Bhubaneswar

1.3.1 Metal chalcogenides angbhosphides based electrode materials: an efficient catalyst for
energy conversion and storage applications

Electrochemical water splitting is the most cestective and efficient method for producing hydrogen

(H) and oxygen (&). Stateof-the-art water splitting techniques use catalysts made from precious
elements like Pt and Ir to reduce the overpotential required to overcome the kinetic barrier associated
with the hydrogen bond in a water molecule. However, improving the pctida scale of hydrogen

and oxygen through the aforementioned catalysts is not-&ffctive. Thereforecheaperand better
alternatives should be developed to achieve better catalytic efficacy and improved durability for the
water-splitting process. Sking examples are transition metal chalcogenides (TMCs), and metal
phosphides (TMPs), as they display peculiar electrocatalytic properties, enabling them to impart
substantial progress in the field of energy storage and energy conversion. With this ganspe
present thesis deals with the successful synthesis of vanabiased metal chalcogenides and their
hybrids with reduced graphene oxide (RGO) and functionalized carbon nanotubes (FCNTs) and
investigate the prospects of these materials in the oxygewolgion reaction (OER). A tetra
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germanium nonaselenide (G®s) and reduced graphene oxide (RGO) hybrid has also been developed
in this study for supercapacitor applications. Hydrothermal synthesis of a-ttimensional nickel
cobalt phosphide hollow spne useful for energy conversion and storage applications has also been
reported in the present work Synthesis methods and possible applications of the studie@nmaés

are schematically presented in thelow.
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Schematic diagram ofucleation growth and applications of TMCs and TMPs.
1.3.2 Reactivity control of alkenesalkynes,and alcohols for € bond formation reactions

Sulfurcontaining compounds are well existing in natural products and in many commercial drugs.
Further, organosulfur compounds are universally used in agrochemical and material sciences.
Therefore, research on sulfibased molecules is always appealing and challenging. Chemists are
making assiduous efforts in mimicking and modifying synthetic mettiodbuilding exotic molecular
architectures utilizing mild reaction conditions, new synthons, improving sgoonomic and step
economic processes. with this perspective, the focus of the present thesis has been to control
reactivity of alkenes, alkyneand alcohols in the €& bond formation reactions. Many sustainable
tactics like the use of fiddosucinimide (NIS) as cheap and-fwendly iodine reagents, exploitation

of noncovalent interactions like - NX{ K& RNR3ISYy o02yRAY3IZ {Igwt AyaGaSN
photocatalysis have been utilized in the present thesis to form variaq® londs. As the alkene
source, styrene was functionalized with sulfonyl hydrazine in the presence of NIS (2.5 equpg@nd K
(1.5 equiv) to provide (ESelective vinyl sulfones. Similarly, addition of various thiophenols te N,3
diphenylpropiolamide as the internal alkyne showed exclusive switching of selectivity framti¢Z)
Markovnikov to (ZMarkovnikov vinyl sulfide on (@nti-Markovnikov vinyl sulfides via-NX { - |
bonding and N X b { #®drifing Interactions. In continuation, reactivity of terminal alkynamide
gl a Ffaz2 O2yiNRtftSR o0& ySgte Ieldstyity af vinylSifidgskh Ay (¢
the presence oftBuOLi.The use of 9mesityt10-methylacridinium perchlorate organophotocatalyst

for the direct formation of dithioacetals or thioethers reaction from benzyl alcohol v@ lédnd
functionalizatiorhas also been discussethus, the reactivity ofdnzyl alcohol was also controlled by
using an appropriate photocatalyst. In conclusion, the work carried outithfsis offers an excellent
guideline in the research area of organosulfur chemistry by merging the novel concept of weak
interactions and dalysis.
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Various strategies for controlling reactivity of alkenes, alkynes, and alcoholsfboad formation.

1.3.3 N-substituted and Nunsubstituted porphyrinoids: Synthesis, structure, spectroscopic
characterization,and applications

Studies on Msubstituted corroles are rarely reported in the literature. Present thesis reports an
efficient, high yielding, single gieand relatively greener methodology for facile synthesis of inner
core modification of corroles like 2NN??-carbamide corrole derivatives. Further complete
characterizations of these carbamide corrole derivatives and generalization of the desiyned
synthetic protocols have been achieved. The first report on the methelene bridge of 5,10,15
tris(pentafluorophenyl)corrole has also been reported and highlighted in the present thesis. The
superiority of the newly designed synthetic protocol oveK S LINB @A 2 dz&-bne caddnlJ2 NIi SR
bridged porphyrin synthesis method has also been discussed. Optimization of the developed
methodology and comprehensive characterization of the new macrocyclic molecules prepared in the
present work have been carriemut using different physicochemical techniques. Synthesis of a new
platinum(ll}porphyrin complex, [5,10,15,2@tra(5-acenaphthybporphinato]platinum(ll); PtTANP)

and its characterization have also accomplished. The so prepared PtTANP complex behdi¢gd as
harvesting antenna and helps in the singlet oxygen production with a quantum efficient of ~88%,
indicating the potential applications of this material in the field of photodynamic therapy as well as in
the development of an oxygen sensor.
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Scheme 1: Scope of the synthesis of carbamide corrole derivative
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Scheme 2: Synthetic application of N2!, N3 methyelene-

5,10,15-tris(pentafluorophenyl corrole

Synttesis of (A) carbamine corrole derivatives, and @)\ methylene5,10,15
tris(pentafluorophenyl) corrole. (C) Singlet oxygen generation by PtTANP complex.
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1.34 Pyrazole and BINOL phosphoric acid based palladium catalysts and their application in
organic transformations

Palladium based catalysts have gainmseimportance to the synthetic organic chemists to carry out
GC and &N bond formation reactions in the synthesis of natural products and medicinal compounds
following crosscoupling reactions. Being abundant feedstocks, alcohols have been used réaently
their transformation under borrowing hydrogen and/or interruted borrowing hydrogen methodology,
replaceing more toxic substrates in theQCand €N bond forming reactions. In the present thesis,
development and use of pyrazole and BINOL phosphorit (88 A) based palladium catalysts have
been presented for the functionalization of alcohols under homogeneous and heterogeneous catalysis
conditions. In relation to the homogeneous catalysis, the tandem isomerization and functionalization
of allyl alcoholshave been used for the synthesis of important precursor compounds for natural
products. Accordingly, synthesis ofaB/lcyclohexenone, 1;R A { S (i 2 y SaéiBoketoneFhavé

been developed using FBIPA system under homogeneous catalysis. Using polystgresier, three
heterogeneous palladiuased catalysts have also been developed in the present work. Use of these
OrdGrteaida KIFS 06SSy adGddzRASR Ay (GKS | Qakjlalddi A2y 2
ketones, quinolines, and one potthreechd® y Sy (i & & Hrankh8dkaténes2The chebisked
anchored catalyst has been reused suitably for seven times for alkylation and quinoline reaction and
for five times for one pot reaction.

Allyl alcohol functionalization by FRPA systemnder homogeneous condition(top) and secondry
alcohol functionalization under heterogeneous condition.
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1.3.5 Enhancement of diamagnetic CEST MRI contrast efficiency: An electronic and NMR
experimental parameter optimization approach

Widespread popularitpf Magnetic Resonance Imaging (MRI) as aingasive imaging technique is
attributed largely to the invention of MRI contrast agents that bring out clarity in the images by
creating a difference in brightness (intensity) between the region of interesttla@durroundings.
Traditional contrast agents act to shorten either the longitudinal or the transverse relaxation time
constants of water to infuse the intensity variation in the image. As these contrast agents contain
metal (gadolinium) thewre somewhat unsafe. Search for an alternate has led to the introduction of
Chemical Exchange Saturation Transfer (CEST) based contrast agents in the year 2000, which are
broadly of two categories, some having the presence of metal center (paraCEST) athe:thédaving

the absence of a metal center (diaCEST). Though paraCEST agents are more efficient in creating
contrast, considering safety aspects the diaCEST agents are considered to be the preferred ones.
Present thesis investigates on the methods for emdement of CEST efficiency either by altering the
electronic structure of the chemical system or by suitably modifying the experimental NMR
parameters. It is shown that a simple chemical modification makes a porphyrine derivative to act as a
potential dia®&ST contrast agent having high CEST contrast efficiency for a large pH range as compared
to the first reported porphyrirfbased contrast agent for which CEST efficiency drops drastically at
physiologically relevant pH and temperature. The thesis also detrade@s how hydrogen bonding in
acetanilide derivatives enhances the CEST efficiency and can work as a diaCEST agent at physiological
condition. The study also proposes that paracetamol, a-kwelwn analgesic, can also act as a
potential diaCEST contrasigent for MRI. Studies dealing with modifying experimental NMR
parameters show that efficiency of an already high efficiency diaCEST contrast agent (e.g. salicylic acid)
can be enhanced further through suitable parameter optimizations.
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Enhancement of dCEST contrast efficiency for MRI by altering the electronic structure and NMR
experimental parameters.
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2. Engineeringsciences

During the period of report, HBNI award@8 Ph.D degreesin Engineering Sciencekhe summary of
someof the theses igyiven below.

2.1 Bhabha Atomic Research Centre, Mumbai
2.1.1 Hydrodynamics of drop formation in liquidliquid systems: experimental and simulations

The reseech work carried out in the thesiss amed atexpeimental and numerical investigation of
hydrodynamicsof drop formation at upward and inverted noz4es suomerged in an immiscible
quiescent liquid phase. The liquid-liquid sygems used in the experimental study are 30%T1BP-
dodecane and varyng concentrations of nitric acid (0.01, 1, 3N). The pelimentsusing high speed
imaging enabled capturing of drop growth, necking, onset of jetting and drop pinch-off. Regme
transition is identified at critical Weber number and depicted in a state diagram between EStvos
and Weber number. A case study on comparison of drop formation in coflowing liquids in
microcapillary device and at noz4es submergedin quiescent liquid phaserevealed resemblance in
regime transition from dripping to jetting - aninteresting observation. OQutcome of the experimental
study are the quantification of jetting velocity, drop detachment length, drop formation time
and drop diameter for varous combinations of indeperdent vaiables. Efeds of nozde
orientation on hydrodynamics of drop formation is explicitly studied. Correlations are proposed
for jetting velocity and drop diameter basedon regessd experimental cata.

Experimental investigation lec md Numerical simulation

drop
30%TBP-dodecane drop formation at upward

inv ened
nozzle submerged in nitric acid
| nozzle

Dripping  Necking Jenmg Jet instability Effect of yon Tand d Effect of 6 on Tand d

(15 mN/m) (55 mN/m) 6(05rad)  O@0Smd) (19 rad)
Regime nansmon at critical We T(370 ms) T (730 ms) T (360 ms) TQ20 ms) T (320 ms)
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Correlation: Regressed expt. data Correlation: CFD simulation
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Variables: Nozzle diameter (dy). nozzle orientation
(11). drop phase velocity (Uy), interfacial tension (1),
density difference (Ap). contact angle (8).

Hydrodynamic parameters: Jetting velocity
(U)). Critical-We. drop detachment length (L). drop
formation time (T), drop diameter (d).

Expeimentally captured imagesand snapshots of transent G-D simulation of hydrodyramics of drop
formation. Typical correlationsbased on regressed experimental data and simulation are indicated.

A CFDmodel is developed based on phasefield method for smulation of drop formation and
valdated using the experimental data of this work. D model basedparametric analysisis carried
out to study the effectsof selective varnation of physicalproperties on drop diameter and drop
formation time. Smulation- based correlations with contact ange as a variable are proposedfor
drop diameter. Outcome of the researcthas firstof-its-kind deliverableswith relevanceto desgn
andoperation of reprocessingplants.
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2.1.2 Structure and dynamics of radionuclidégand solvent system in the fuel reprocessing: MD
simulation studies

Separation of metal ions from spent nuclear fuel is of immenseimportance in the development of
fresh fuel for 2™ generaton nuclear reactor. The sekction of ligand and its characterization in
binary and biphasic mixture along with the characterization of feed solution through computational
chemistry to mimic the PUREXprocessare some of the bestwaysto develop a liquid-liquid extraction
process.

In view of inherent limitations of TBP in reprocessing applications, novel ligands are in demand. TiAP,
a homologous of TBiay be analternative. Starting from the calbration of OPLSAA force field and

then screaing of ligands exhibited that Mulliken embedded forcefield is the best choice and TIAP

is the potential ligand. The superiority of TiAP over TBP for the extraction of UO2 ion has been
demonstrated by free engy of extraction using DFT. Thestudies were extended on the evaluation

of various molecular properties of TiAP and TiARPdodecanemixture with different mole fraction of

TiAP. The composition of the binary mixture wasdecided basedon the dynamical properties and it

was 20- 30%. Thework was further extended on the various structural and dynamical properties of

simple and complex biphasicsysem. The interfacial properties were investigated in the presenceof
TiAPand nitric acid employing molecular dynamics (MD) simulations.

Theinverserelation betweeninterface thicknessand interfadal tensionwasestablished. Furthermore,
a sinple equation was obtained by fitting the MD reaults of total interface thicknessfor a wide range
of composition of third component. Additionally, the versatility of single force field was observed.
The swper-saturation effects were captured by inflection in the plot of suface tendon and shear
viscosity against concentration due to solution heterogeneity and was orrelated by an nflection in
the scatering intensity by performing dynamic light scattering (DLS) experiment. The limiting
concertration of uranyl nitrate in feedsolution wasdecided.
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Calibration of force field, screening of ligand and characterization in bamatypiphasic mixture and
finally evaluation ofimiting concentratiorof uranylnitrate in feed
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2.1.3 Continuous andntuitive control of arobot manipulator usingbrain-computer interface

The Brain-Computer Interfaces (BAs) decode the human brain signals in order to control some
externaldevice like a robotic arm. The electrical activity of the brain can be non-invasively

acquired using Hectroencephalogaphy (EEG).Literature provides several BA paradigns, to
adhievevoluntary variationin the EEGactivity, generally offering disaete output commandsthat

cannot continuously and spontaneously control a motion parameter of a robotic arm e.g., the

speed of the robotic arm. One such BA paradigm is Stady-Stae Visualy B/oked Potential

(SSVER. The SYEPbased BGs are based on the fact that, when multiple flickering stimuli
(flickering at different frequencies)are shown to a person on a computer screen, the frequency

of that stimulus on which the person is gazing becomes higher in his’lher ocdpital EEG. Hence,

multiple discrete commands are offered by the traditional SS\EP paradigm in whicha person

hasto gaze at a particular stimulus to output the command corresponding that stimulus. If a

passve fixation target isplaced betweenastimulusand the person, focusing on the target causes

blurring of the stimulus, thereby reducing he SSVEP magnitude corresponding to the stimulus.

The thesis presents a novel setup that utilizes the SSMEP magnitude modulation due to eye-
acaommodationor focusing away from the stimulus. A person could vary his SS\HP magnitude

by focusing at fixation targets placedat different distances@¢n a metallic strip) between the stimulus
screen and the person. The SSVEP magnitude continuously reduces as the person fayugesaw

the stimulus as can bseen inschematic below A mathematical relationship was established
between the SSVEP magnitude and the focusing distance using which the focusing distance could be
predicted from the SSVEP magnitude. This prediction wasniepped to continuously control the

speed of a robotic arm. This BCI provided an intuitive sfidéar{ S O2y i NRf 2F (G(KS NRO
The SSVEP magnitude modulation could also be used to extract multiple discrete commands from a
single stimulus unlik the traditional SSVEP setup where multiple stimuli are required to generate
multiple commands. Electrooculography (EOG) and Electromyography (EMG) based interfaces are
also developed in t present workior robotic arm control. The EOG based interfadersfdiscrete

control of a robotic arm using eye blinks and eye closing/opening activities while the EMG based
interface provides continuous speed control of a robotic arm using teeth clenching activity.
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2.1.5 Study ofneutron transport in heterogeneousassemblies usingnethod of characteristics
coupled with Delaunaytriangulation
Neutron transport modeling is the most essential part of physics simulations of reactor cores.
Accuracy ohightfidelity nuclear reactor simulations relies on thersprehensive modeling of all
heterogeneity with minimum simplifications and/or assumptions as well as the use of detailed
nuclear crossections. The method of characteristics (MOC) is particularlysng#d for such
exhaustive whole core simulations dteeits accuracy and geometric flexibility. Neutron transport
in 2D heterogeneous systems has been studied & ghesent workusing MOC and triangular
unstructured meshes. As a part of this work, a new high fidelity neutronic analysis code DIAMOND
has bea developed which has been used to perform a systematic comparison between
conventional and triangular unstructured meshes. The Modified Bowyatson algorithm has
been proposed as an improved technigue to enable Delaunay triangulation in the presesrdg of
degenerate verticeandeliminate the requirement of a bounding box in the conventional Bowyer
Watson algorithm. A fast and efficient linear search based ray tracing scheme has also been
developed by transforming the ray tracing process into an dvesgd search:urther, the optimally
diffusive coarse mesh finite difference (0dCMFD) method has been used to accelerate the MOC
transport calculationsodCMFD has shown unconditional stability w.r.t. coarse mesh (CM) thickness
with significant performance gains of X on the average and a peak speed up of 195x. The
convergence performance of CMFD based acceleration schemes has been studied witinatealte
perspective by varying the CM size rather than total cigexdion. It has been shown that for best
acceleration, the optimum CM size should be chosen to not only minimize the number -@frbigh
transport iterations but also ensure the lewrder odCMFD linear system is not prohibitively large
to dominate the overall computation time. It has been found that convergence criterilover
order odCMFD system 0 should not be chosen arbitrarily and must be finer thlha highorder
convergence critéa] "OU Optimum performance is obtained withOT0 ™ nfb @&nB  the
results should be applicable to other ndinear acceleration schemes for steady state transport
calculationsFor the first time, the asymptotic convergence properties offOMbased methods for
acceleration of neutron transport calculations have been theoretically investigated for multiple
energy groups using Fourier analysis. Expressions for the-gnaoiltp error transition matrix and
spectral radius have been found to betkanalogous to existing ongroup results. odCMFD has
been found to be unconditionally stabler.t. CM optical thickness in any energy graurp offers
superior convergence performance than both pCMFD and CMFD methods even with multiple
energy groups.tihas also been shown that the rate of convergence is primarily governed by the
energy group having the largest CM total crkgsstion. In summary, this work has led to the
development of code DIAMOND, a hifigtelity neutron transport modeling tool usinglOC and
Delaunay triangulation. The transport calculations are sped up using highly efficient acceleration
techniques whose convergence properties have been analyzed both numerically and theoretically,
and lead to improved understanding of these systenth@émulti- group framework.
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Scalar Flux

Thermal neutron flux in 17x17 PWR assembly
2.1.6 Modelling of multi-component compressible flows for wide range of Knudsen numbers

Multi-component compressible flow simulation has numerous applications in fields of
micromechanical, vacuum and aerospace engineering. Such applications require solvers that can
handle (i)continuum flows, (ii)necontinuum flow, (iii)shock related physicatstabilities and
(iv)multi-component system related numerical instabilities. Solvers reported in literature demonstrate

such capabilities using unphysical models in their formulatitmshe present researgh  dzy’ A US R
solver for multispecies compresdibflows has been developed and its simulation capability has been
demonstrated with dissimilar gases and Knudsen numbers ranging from continuum to transition flow
NEIAYSd ¢KS hyal 3SNRa pihcipla(MERP) b&sgdiBNEnhdar GLadsIKvazO i A 2
(referred as OBGK) kinetic model has been used to derive the formulations, which ensure maximum
entropy addition into the physical process, so that shock related phyisiswbilities are properly

captured. This was performed for the first time and ngported in literature. In order to resolve the

kinetic and hydrodynamic mulicales in the flow &ighresolutionalgorithm based on WENO was
developed. This developed algorithm along with a proposed predodaector approach has
minimized the muliO2 YLR y Sy i adeadsSyQa ydzYSNAOFf AyadloAf Al
the physics of any problem. The approach of linear irreversible thermodynamics (LIT) has been used

to derive a new formulation for continuum flows and its capabilities has lEamonstrated using

Richtmyer Meshkov instability (RMI) problems. The extension of this approach toonéinuum

flows has been modelled using a correction fac®kf) over (LIT) instead of using a complicated

second order perturbation. The governinguations were derived based on this hypothesis. The

unified solver developed has been validated using various benchmark numerical (DSMC) test cases/
experimental data. Apart from wide Knudsen numbers, this solver can handle polyatomic gases with
bSEADYRAOE NYdZYO SNE Y2f §Odzf  NJ 6SAIKGA YR &ALISOAUOD
to minimize unphysical oscillation, (ii) easily adaptable to existing FVM based NS solvers (iii) having
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good resolution over wide range of Knudsen numbers, (iv)iregless computational time compared
to DSMC solvers

Unified solver Boltzmann
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2.1.7 Experimental study and modelling of trichloroethylene vapour adsorption in fluidized bed

Trichloroethylene vapours are emitted during the-gel synthesis of solid breedaraterial, lithium

titanate (Li2TiO3). These vapours are toxic, hazardous, and carcinogenic and can adversely affect the
human health when exposed to for extended duration. Hence, the simultaneous adsorption and
desorption of TCE vapours in a multistagecudating fluidized bed column was studied for its
separation and recovery for reuse as a solvent. Activated carbon is a suitable adsorbent for the
separation of organic pollutants because of its hydrophobic nature anepotarity. The adsorption
isothermsof TCE vapours in air (carrier gas) on activated carbon shows promising results with TCE
adsorption of 624 mg/g. The hydrodynamic parameter evaluation of minimum fluidization velocity

(6 & and solids holdup on trays for activated carbon of partides (212, 425, and 74@) helps

control the extent of fluidization and calculate the adsorption efficiency. The continuous adsorption

of TCE in carrier gas on activated carbon in packed, fluidized, and circulating fluidized bed shows that
the packed bd adsorption shows highest breakthrough time for a given flowrate (90min), the
fluidized bed shows the maximum adsorption capacity, and the multistage circulating fluidized bed
showed higher adsorption efficiency of more than 85%. Effect of operating deasnof flowrate,

inlet concentration of TCE, adsorption and desorption temperature help determine the optimum
conditions for effective separation. Higher flowrate®«( &= 2) and higher inlet concentration of TCE

(65 mg/l) at the inlet results in fast breakthrough (6 min) and higher adsorbed amount (888

mg/g) due to the enhanced ga®lid mixing and uniform temperature distribution. Increasing
FR&a2NLIGAZ2Y GSYLISNFGdzZNBE G2 ynx/ Kra | yS3raAargs
>45%. HigB NJ RSA2N1JiA2y GSYLISNI GdzNBS&a 2F opnx/ Oly Tt
from the carbon surface. The desorbed TCE vapors may be sent to a condenser for recovery of solvent.
A linear driving force (LDF) model is developed to predict the gahsind axial behavior of TCE
concentration and the amount of TCE adsorbed per gram of activated carbon in the fluidized bed and
the results were compared with the experimental breakthrough curves for validation.
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Schematic diagram of multistage circulating fluidized bed

The study will be helpful to treat the continuous emission of TCEvapours with simultaneous
regeneration of adsorbent and recovery of TCE via condenserand keep the TCEemisson under
permissible value.

2.1.8 The dynamics andthermodynamics offluid transport through hydrophobic channels of
carbon nanotubes

In order to searchfor an efficient membrane for water purification, the mechanistic pathway for
fluid transport and desalhation through Nano membrane have been performed using molecular
dynamics sinulations. The associated driving forcder transportation of water and methane in
carbon nanotubes have been investigated in terms of absolute entropy, enthalpy, and free energy.
The internal space wetting of hydrophobic nanotube waspredicted to be free energyfavored which
isprimarily dictated by increasedrotational entropy. It was demonstrated that the gain in translation
entropy isnot unique to H bonding fluid like water but is also observed for non-hydrogen bonded
fluids. Thaugh H-bonding playsan important role in conduction, but it (H bond) is not the solitary
driving factor for wetting of nanotubes.h& transition of fluid behavior from sub-continuum to
continuum regme has been catured with increasng nanotube diameter. A new quasiuniversal
relation between scaleddiffusivty D* and excessentropy Sex hasbeendeveloped for molecuar fluids
and fluid mixture in bulk and nanotube confinement. Furthermore, the water and ion flow are
disaussedwith vaiied strength of pressue gradient and salt concentration for different scalesof
nanotube and graphene confinement. The resuts revealed that the membranes comprising

nanotubesof 1.0¢1.1 nm diameter can be optimized with average permeabhility 103 moles/ cm?-
sec-MPa and salt rejection efficiency more than 95% for efficient water desalnation. The resuts
predicted two orders of higher permeability with graphene membranescomparedto conventional
thin film membraneswhich seemsto be asociaed with the breakdownof continuum hydrodynamic
for nanoporous confinement. Theresuts presented inthe thessareintendedto provide amicrosapic
framework for understanding the structural, dynamical and thermodynamical integrity of fluids in
nanoconfinement, and thus will be very useful for future experimental and computational
nanofluidicssystem.
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Water purification using nanotube and graphemenomembranes
2.1.9 Development of nanosorbents and nanocomposites for radioactive waste cleanup

The work in the thesisddresses the eparation of radionuclides from lovevel waste utiliing

synthesized mnocomposite. LLW icharacterized by thelarge volune, low adivity (mainly due to
traces of'*"Cs &°9), relatively low dissolved solids (~5 ggh}l near-neutral pH.Three titanate-based

sorbents, viz., MST,HI-9 and CSand four composies have been synttesized using €nent, PAN
and Chitosan binder. Rsults of atailed radicelemental sparation studies are highlighed as

follows:Exellent Cs sparation performance by CSTement compositecolumnand Sr gparation by
MSTFChitosn was cemonstrated by treting more than 5000 B¥nd 10,00 BV, respdively, of

simubted LLW with gparation efficency of more than 99.9The syntlesized, MonosodiuniP AN-

Amidoximecomposite shows a very higdffinity for Uranium. It is @monstrated that more than
12,000 BV of Wnium contaminated groundwater can be treated using a fixed é&d column of the
composit. It is infered that the syntlesizedcompositecan find applcaions for the gparation of U
from groundveater.
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Columnperformance of MPA for uranium uptake has been simulatd using COMSOLThe
experimental and modelpredicted resultswere in good agreement, validating the model
assumptions. Theodel pediction coffirms that theresidence time isa fundamental parameter to
design thepacdked bed column in thepresent work.
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2.1.10 A modified cyclic plasticity model for-®In steel and a new critical plane model to predict
crackinitiation under multiaxial cyclic loading

The piping/ vess®l components of Indian Nuclear Power Plants (NPPs)are subjected to complex
multiaxial cyclicconditions. These components are desgned for envisaged cyclicconditions using
standard codes.The curent desgn proceduresunder complexmultiaxial cyclicloading conditions do
not adequately acaount for fatigue damage. Therefore, suchdesgn procedures resut in inaccuate
fatigue life assesments. In this regrd, extensivefatigue testshave been conducted to determine
the extent of fatigue damage under proportional and non-proportional axiattorsion conditions
visa-vis simple uniaxial cycling on GMn steel. Vaious phenomenaonlogical critical plane models
(in literature) have been explored for fatigue life assesment. Theexistingcritical plane modelsare
associatedwith subjectivity in caculation of resutant shear on oblique material plane under

Materials covered: N.=2N. Line
1.E+06 1) Carbon steel family: 5 grades P ib d N,=N; Line
2) Low alloy steels: 2 grades (Upper bound) (1deal line)
3) Austenitic stainless steels: 3 grades
4) Aluminium alloys: 2 grades
5) Titanium alloys: 2 grades
1.E+05 6) Cobalt base super alloy
— 7) Inconel-718
ZQ
= N,=N,;/2 Line
L (Lower bound)
=
Y 1.E+04 =
o O A osB (¢
= AD O E i F
L BG DH eI
J 0 K oL
E A M anN X O 31 different
2 1.E+03 P Q ¢ R [ Loading
2 Xs &T u conditions
i XY = W - X
oy A ¢ AA
& AB A AC + AD
B AE -
1.E+02
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Test Fatigue Life (N))

Gomparison of predicted (usingdevel@ed critical plane model) and expaimentalfatigue life for ferrous
and non-ferrousmaterials/ alloyssubpaed to 31loadingpaths

Further, as brought out from expelimental sudies, that GMn steel showed additional material
hardening under non-proportional axial-torsion test cases than the correspanding proportional tests.
Thisadditional hardening is not smulated using conventional non-linear kinematic hardening rule of
Chabochemodel. The maerial subroutineshave beenprogrammedfor popular cyclicplasticity models
accounting for non- proportional hardening. A modified material model has been proposed which
resuted in more accutate sinulation of cyclic stress-strain respase under uniaxial, proportional,
and non-proportional axiattorsion conditions, astested for GMn geel.

2.1.11 A multiscale model for simulation of plastic deformation behavior of-bsed alloys with
explicit consideration of the effect of grain boundarie

For polycrystaline materials, the plastc deformation behavior is governed by pre-existing defeds
like dislocations and grain boundaries (GBs). During deformation, GBscan actasobstacles sources,
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and sinksto dislocations. In reality, all these traits often co-ocaur in conjunction with bulk plastcity
within the grains. All these processes are inherently multiscde in nature, and are, thus, modeled
discretely using a single length scde or time scale tool. The modeling efforts are then linked through
some empirical coupling aaoss the scdes which may not be representative of the actual
phenomena. It is, therefore, essaitial to explore new avenues to model polycrystal plasticity
incorporating physicdly-justified GB modeling schemes. This is the prime focus of the current work.
The multiscde gpproach alopted is presented in schematic.Microstructural characterization
providesthe statisticson initial texture, grain size distribution and GB character distribution of the
polycrystalline material. The staistical distribution of GBsdetermines the major C3. boundaries
present in the alloy. Sirce thermally activateddeformation mechanisms are prevalent under the
investgated experimental conditions of uniaxial tenson and compresson at different
temperatures, these GBs are modeled in the ream of atomistic Smulations to quantify the
activation parameters for partial dislocation nucleation from GBs. The extracted parameters are
passed on to the flow rule of transition state theory based crystal plasticity model. At this level,
interfaces are explicitly modeled by assgning discreetthickness to the elements representing GB
affected region and the associated parameters are directly taken from lower scde atomistic
simulations.For bulk grains, didocation dynamics simulations are utilized to cdibrate the hardening
parameters for Sngle phasepolycrystdline materials and different starting initial texturesare utilized
to adhieve anoptimum hardening parameter set for multiphase polycrystallinamaterials for use in
crystal plasticity Smulations. The approach is validated by comparison with the experimental stress
strain curvesand deformed textures.

[{10) 1
O
! microscopy
- l
inpetto CPFEmodel |3 (R et AT
gn ' Uu:::::;;ﬂ! ? , e ‘: »
):l' " [ omm;' o £ GBmap
0 y c l----------------‘
- T § putto | [
§ MD model |§ :
8 gl .
"oq,. 1« :
t3and )9 Gl | e |
activation L-’-?----E?U’.I"-----J

parameters
Schematic of multiscakmulation methodology adopted i

this work for appropriate inclusion of GB effects

2.1.12 Study ofdeparture from nucleateboiling inrod bundle of PWRs

Determining Depature from Nucleate Boiling (DNB) from the first principles has always been a
great challenge to researtiers.Conductingexperimentsat high pressure and high temperature (HPHT)
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conditions, especidy for PWR rod bundles, is technicdly chalenging and highly expensive. An
assesmentcarriedout in the thesis hasshown that the existing DNB correlations havea wide scdter
and cannot be extrapolated to any geometry of choice.Moreover, apart from normal HPHT operating
conditions, low pressureand low flow (LPLF)conditions can ocaur during accdental conditions of
PWRs.An extensive literature review reveded that there ispoor understanding of DNB under such
LPLFeonditions.

To determine DNB at HTHP conditions in rod bundles of PWRs, a generic computational fluid
dynamics(CFD)nodel based on the two-fluid Euerianapproachcoupledwith heat flux partitioninghas
been developed. A robust D framework has been developed basedon extensive assessment of
exsting boiling and momentum closures to predict subcooled flow boiling heat transfer. New
empirical models have been developed for boiling closures to simulate the near-wall void fractions
accurately in subcooled flow boiling. Ushg the CFDmodel, DNB hasbeen predicted in tubes. Further,
to reduce the empiricism involved in the modeling of boiling dosures, mi-mechanistic models have
been developed for bubble departure diameter and depature frequency based on force balance
analysis.Using the developed semi- mechanistic models for bubble departure characteristics, DNB
has been predicted in tubes at high pressue conditions. The developed CGFD model has been
extended to predict DNB in square and hexagonal kttices rdevant to PWRs

To understand the DNB phenomenaat LRLF onditions, experimentshavebeencarriedout atlow flow
conditions. Experiments at low sub cooling @nditions reveded that DNB occurred due to flow
oscilations caused by flow pattern transition from sug to churn flow. Thisis different from the
DNB phenomena at HPHT conditions that occur mainly due to bubble crowding. Interestingly,
experiments revealed a new DNB mechanism different from previously believed theories at high sub
cooling conditions. The observed phenomenon was coined as "Saneting CHF". An interesting
rhythmic flow pattern danceoccursat Sonneting CHF,duringwhichthe surface temperature risesand
fallswith amplitudesincreasigand decreasng in every cycle until the heater trip-set point is reached.
Qontrary tothe current beliefs,extremely unprecedented quenching scenarios occured even though
the heater surface temperatures were sibstantidly high. Thisnew understandingis kelyto improve
the modelsfor safety analysis irthe future.
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2.1.13 Studies on the recovery and separation of hydrogen isotopes from inert gas

The objective of the present study is the evaluation of different processes for the recovery and

separation of hydrogen isotopes from inert gas such as helium. The processessuch as oxidation,

adsorption, permeation, and electrochemical separation were studied in detail. In most of the cases,
the experimental data on kinetics using heavier isotopes of hydrogen are very scace. In catalytic

oxidation, multi-step reaction mechanism in presence of platinum catalyst was analyzed and a
simple rate expression is proposedand validated. A new masstransfer correlation was proposedto

determine the gas film masstransfer coefficient in terms of Skerwood number, Schmidt number,

and Reynolds number. The feasibility of recovery of hydrogen from helium by oxidation using metal

oxides (viz, QuO)was egablished in a temperature range from 100°Cto 200°Cand the system was
modeledusingclasscal shrinking core model. Futher, the recovery of hydrogen isotopes from

helium using palladium-basedadsorbent was studied and the rate limiting step is found out to be

internal diffusion. Aschematic of the processand the results are summarizedin the schematic
below.
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Process schematic & dimensionless concentration versus time for adsorption

A composite tantalum membrane was fabricated in-house using sputter coating technique. An
optimum temperature range of operation is determined using tantalum membrane for hydrogen
and deuterium. The separaion of hydrogen from helium was studied further using an

electrochemical reacior. In the electrochemical reactor, a current density of 2000 Am'2 could be

achieved at a cell voltage of lessthan 100 mV and the electrochemical reacor was modeled aa
plug flow reactor with side withdrawal. Finally, a comparison of different processeswasmade based
on different criterions such as percentage gas recovery, mode of operation (batch/continuous),
energy required, operating temperature and gaspurity achieved in different processes. Based on
all the above criterions, the electrochemical separation is proposedto be a promising option.

2.1.14 Studies andanalysis ofradioisotopethermoelectricgenerator

Thework carried out is to investigate and develop an efficient thermoelectric generator (TEG) using
the novel two-dimendonal material graphene to replace the conventional semiconductor-based
solid-state thermocouples usedin the Radioisotope Thermoelectric Generaor (RTG). Also, to desgn
and develop a prototype RTG (PRG) using §-90 radioactive liquid solution. The RTG is usually the
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most desireble power source for unmaintained situations that need a few watts of electrical power
for a longer duration, where batteries, fuel cells, and solar cells are impracticd. An Important
application of RTGis used as a power source in spacecraft, space probes, and satelites. An
electronic resonant tunneling effect has been adhieved in graphene superlattice heterostructure

[(ABN(T)(CD)M] basedTEG, which generates a large Sedeck voltage. The thermoelectric efficiency
has further been increasedby adopting the eledron filtering tecique in graphene superlattice-
based TEG.Furthermore, anefficient tunable thermoelectric device has been designed basedon n
and p doped graphene superlattice heterostructure. In addition to this, an alternating voltage- biased
selftuned tecmique has been implemented in graphene superlattice heterostructure

[(NP)ZO(D)(NP)ZO] based themoeledric device to increasethe conversion efficiency.
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Schematic diagram of the graphene
heterostructurebased thermoelectric device

Schematic diagram demonstrating the PF
using S190 radionuclide to glovan LED
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In addition, a Sr90 radionuclide-based PRTG is desgned and demonstrated using Bismuth
telluride-basedthermoelectric materialfor glowingan LED continuously. The experiment found
that 1000 ml of aradioactive liquid solution containing 9800 Bg/ ml of -90 radionuclide is sufficient
to glow a 150 pW LED ®ntinuously (schematic shown on the righfjhe eledrical output power and
efficiencymatch with the COMSOLsimulation result.

2.1.15 New methodology and correlations to assesdfracture parameters bypre-cracked
small punchtests- Theory andexperimental verification

In the present thesisa simplified methodology is developed to assessJR data of structural steels
20MnMoNi55 and T91 using experimental and computed load-displacement data of p-SPTspecimens.
It was ahybrid approad. During the testing of p-SPTspedmens, there is a possbility of having some
extent of crackgrowth before the onset of peakload. Thisisreflected in the computation of a higher
value of peak load by FE elagoplastic analysis without crack growth in comparison to the
experimental value. A methodology is siwggestedin the present work to predict CTODas a function
of crackgrowth by using experimental peak loadsand elagoplasticFE analysis. Th€TODcan then
be converted to Jintegral using conventionalaerelation. The suggested method could reasonably
estimate the Jinitiation and JR curves in comparison to literature vales for two widely used
structural materials.
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To check the accuracy of the
simplified method, one of the
options is to make use of an
advanced FE aalysiswith damage
medhanics model, suchas Gurson-
Tvergaard-Needleman (GTN)
model. Amethodology isshown to
predict the JR cuve by using FE
analyds of the p-SPT specimenwith
the GTN parameters calalated
using an artificial neural network
(ANN). The JZJintegral can be
calalated from CTOD using
conventional crrelation.

Crack branchingobserved in experiment and numeric
simulated pSPT specimen having crack length of 5.0 mi
T91 material

Thereis some degree of crack growth before the onset of peakloads during p-SPTspedmens testirg.
Thiscould be verified numerically by FEanalysis along with the GTNdamagemodel. It mayalsobe
observedthat crackbranchingoccurredafter someamount of crackgrowth inexperimental p-
T speanens.Thisphenomenon also could be reproduced in numericalsimulations by GTNanalysis.
The schematicshowsthe crackbranching observed inan experiment and numericalsimulation for
T91 material.

In addition, parametric studies of three-dimengonal FE analyses of p-SPTspecimens with large
deformation formulation are performed to evaluate the plastic constraint factor, which correlates
CTOD with Jintegral. Two correlations are developed based on the resuts of the parametric studies
to calalate the plasticconstraint factor analyticaly. TheFEresuts of these parametric studies of p-
ST speémensare usedto evaluate the eta plasticfactor (- ¢stiod, Whichis used to cdculate the

plasticcomponent of CTOD by directly usingexperimentalload versusload line displacementata
without conducting any rigorous numericalanalyds. The form of the correlation showsthat the plastc
—factor depends on the geometrical parameter, namely, normalized effective crack length (vt ).

2.1.16 Modelling andanalysis of Fabry Perot Interferometer fgaressuresensors withmetallic
diaphragms

Metals and metal alloys are commonly used for in electromedanical presaire sersors especialy
for harsh enviraiments. But to the best ofour knowledge, there is no precedence inliterature for
absolute type fber optic fabry perot interferometer (FO-FPI) based pressure sersor with metallic
diaphragm. Laige flatness deviaibn and poor surfaceroughnessof metallic dephragms ae foundto
be main obstades in it. A generic model, for the multiple beam interference in a FPI,shows that
parallelism and flatnessshould be lesshan 100 nm over an effective FP1surface and gap should be
less thar 00 um to achieve finessebetter than 3. It isshown that reflectivity of DTM machinedmetal
mirrors (over a broad spectral range) is close to intrinsic one. An FPlbased gauge type pressure
sersor of range O ¢ 7 bar is developed. It is manufactured by DTM processand has material of
construction as Qu-Be alloy. The developed sensor has full-scale délection, repeatability and
resolution of 7.30 um, 2.6%, 4% and 0.20% respectively. Another designis expored for absolute
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type pesaire sersor. A sersor of range 0¢ 100 mbaris developed with mderial of construction as
SS316L. Thepressure sersitive diagphragm of SS3316Lalso ads asone of the reflecive surfaces of
FPI. Maximum finesseof 4.65 is achievedwith such FPIAccuracy and resolution of sersor are 0.7%
and 0.2% repectively. Stetching improves the repeatability from 4% to 0.26%. Thescematic,
actual device and its mmparisonwith referencegaugeare $1own inthe schematidelow.

* OpocE gage 0t 1 mee st CIRGnanon
w— DOOCH FROP0 GAPE $hav CHErEtON

(3) .nberowcCable :

S.Ne. Specification Value

1 Range (mbar) 0-100

(V]

Sensitivity (umvmbar) | 0,58
3 | Repeatability (%FSO) | 0.26

R Accuracy (%FSO) 0.7

. on (% ES 3
@' | Resolunoq( PSOﬁ)J 0

FPI based Pressugznsor (a) Schematic, (b) Developed Sensor, (¢) Comparis
reference gauge, (d) Specifications from test results & (e) Sensors of differen
(varying with thickness of sensitive diaphragm)

2.1.17 Heatremoval capability of calandriavault water from molten corium inside thecalandria
vessel duringsevereaccidentconditions

In PHNRs during the cas of sevee accident leadirg to melting of core and subsquent relocation
of molten core debris at the bottom of CV\, there is aconcem on coolability of the molten core debris
by vault water. This is becauseif the molten corium breaches the CV and enters the calandra vault,
large amount of hydrogen and other gases will be generded due to molten core concrete
interaction, which will presairise the containment and may lead to early contanment failure. Hence
In-vessd retention (IVR of corium by the CV is the only option in PHWRs for mitigation of core
melt down accident Thele are severa scientifc and

technologichissues whik need to be investigatel for the succesof IVRin PHVRs The hea transfer
phenomenainside the CVwhich containsmolten corium is very complex as it involves
multiple modes of heat transfer associaté with phase chang (melting and solidification). The crust
formation and its growth, during the cooling of molten corium, needs to be understood The
influene of decay hea inside the corium on hea transfe and crust formation rate is never
estaldished. The natural convedion heattransfe behavors from singe-phase to bulk boiling on the
cuned outer CV are not known. The phenomendogyof Criticd Hea Flux on outer surfae of CV is
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very complex due to downward facing heating boiling naturalconvedion and geametry of very large
diameter and length.

2000y
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—s— Vessel inner|
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Temperature distribution of melt, CV CFD Temperature distribution o
surface and vault wate corium forrototypic condition

To address the abowe issues severd expetiments have been conducted in this researd work. Scding
philosophyfor hea trander from molten corium to the vaut water was devdoped for both stored
hea and decay heat daninated regimes. The molten corium coadling behaviour by the vault water, the
crust formation and growth rate, melt pool temperatures in radial and axid directions CV inner and
outer vessé surfae temperature at different angula positions were experimentally measured up to
melt temperatures of 2500 °C The imposead hea flux on the vessé wall by the molten corium
and the locd hea transfer coefficieh on the outer side of the CV wal were estimated from the
measuraments. Empirical models for convectivehea transfe in single phase and boiling condition in
the outer cuned vessé of CV were developed Criticd heat flux which limits the maximum heat flux
that canbe removedfrom molten corium to vaut water was experimentally measued. CB) models
were devdoped for the hea transfer fran corium debris to vaut water and were benchmarked
agains the presen experimentd data The modekwere gplied to 700 MWe PHNRand capability of
vault water to cool and retain the molten corium inside the CV of PHVRwas evaluated.

2.1.18 Design ofintegral sliding mode control strategies fornuclearreactors

In the thesis differentIntegral Siding Mode Cantrol (ISMC) streeges areproposed for both linear and
non- linear model of Pressuized Heavy Water Reador (PHWR) sysem affected by matched and
mismatched type of uncertainties. The researchbegan with desgning the linear Optmal htegral
Siding Mode Gontroller (OISMCYo PHWR system affeded by matched uncertainties. The optimal
controller, which guarantees mnimum control effort, is combined with the robust ISMCto ensure
the robustnessof the closed-loop sysem in the presenceof uncertainties and external disturbances.
To avoid the chattering, the boundary layer approach is used. In another work, linear Optimal
Second Order Integral Siding Mode Catroller (OSOEBVC) is proposed for PHWR system. In this
work, to avoid the chattering, the discontinuous input of controller is designed using the super-
twisting algorithm(STAwhich is asecond orderSiding Mode Catroller (SMO). Thiscontroller needs
states information and hence,a Second Order Siding Mode Obsever (SCBMO) is also desgned.
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Total power control loop of PHWR

Theeffect of mismatched uncertainties on sysem performance is also studied in the present work
To compensatethe influence of mismatched uncertainties, a Generalized Extended StateObsever
BasedlIntegral Siding Mode Catroller (GEOB-ISVIC) is proposed for linear PHWR system affeced
by mismatched uncertainties. The proposed control scteme is desgned in two steps: in the first
step a Genealized Exended State Obsever (GESOis desgned to estimate the unmeasuredstates
and the unknown mismatched uncertainty, and in the second step an ISMC is desgned basedon
estimated state vaiiables and mismatcheduncertainty given by GESO. The thesisfurther proposes a
Disturbance Obsever BasedAdaptive Second Order Integral Siding Mode Catroller (DCB-
ADISMQ for linear PHWR system affecied by both matched and mismetched uncertainties. A
disturbance observer isintroducedto estimate the mismatched uncertainties and its first order time
derivative, which is then integrated with SMC.The cntrol law is desgned in sucha way that the
disoontinuous signum function ads on the first-time derivative of the control input. So,the actual
control input obtained after integration is continuous and hence, chattering free. An adaptive gain
tuning algorithm is usedto find the discantinuous control gain, thus the prior knowledge about the
system uncertainties isnot required.

In another agect of the thesis,a non-singular Adaptive Integral Terminal Siding Mode Gontroller
(AITSMC)isproposedfor controlling nonlinear PHWR system. mpared to the linear siding suface-
based SMQhe nonlinearsliding sufacebasedTe'minal Siding Mode Cantrol (TSMCprovides finite
time convergence and high precisioncontrol.
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2.1.19 Sensor fault detection and isolation using Bayesian Estimation & Kullbakckibler
Divergence

The research work carried out in thigesisproposesa model-basedtechnique for sersors abrupt
& incipient fault detection and isolaton using Bayesiaresimation and statisticaldistance measure.
Highlights of the findings are mentoned below as:

Prababilistic filters based on Bayesiarapproach suchas Kdman filter/extended Kaman filter have
beenutilizedto formulate the fault sighature andgenreration of fault detection index. Thereater, fault
decigon function has been formulated by combining Kulbad-Lebler divergence and exponential
weighted moving average on generated fault detection index for incipient and abrupt fault
detection. To adhieve fault isolation, inconsigencyin the covariance of the residual sequenceshave
beenandyzed.

Satistical characterization hasbeen cariied out for incipient fault detection methodology by
considering fault-to-noiseratio as acriterion to andyze the sengivity andreliability.

I/ Input of 'f
| measurement |
| sequences |
rriens) ) X8 :
Reference | Hypothesis for fault-free Sy Formulation of
=t g " | faultisolat
KE/EKE |, measurements S SOration
\ 3 _/ index
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Flowdiagram for proposed sensor fault detection and isolation
Numerical illustration for process sensoi® fault detedion and isolaton of pressuizer

instrumentation and primary loop of the reador in Pressuized Water Reactor (PWR) type of Nuclear
Power Plant (NPP)have been demonstrated for the effecivenessof proposed mehodology.
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2.2 Indira Gandhi Centre for Atomic Research, Kalpakkam

2.2.1 Environmentallyassistedcracking behavior otype 316LN SS and itgeldments

Environmentally asssted cracking, known as corrosion fatigue (CF), ocaurs due to the synergistic
effect of applied cydic stress, material properties and

aggessve environmert. Welding is an esential step in - ¢ :: N 5 EE’E;E?}?;;)
the fabrication of various es®ntial components. Hence, it f e | 8 g E ';':":Eiség::"’cw)
is important that the integrity of the weld jointsis gudied 3 5| = ™ *

for their resstance towards electro-mechanical %120 ia'. ; .

properties. The synergistic role of microstructural changes g e LR

in the mechanismbetweenelectrochemical and mechanical & ' ;M 4 .
properties is highlighted. Pitting corrosion and corrosion = e e et
fatigue (CF) resistance of type 316IN SSwith 0.07 wt.% Number of cveles to failure

nitrogen in mill-anneded and senstized condition is S N curve of type 316LN SS and

compared with weldmetal in asweld and thermally aged ~Weldments in asveld and thermall
- . . aged conditions.
condition (solution anneding at 1050 °Q'1h, stress

relieving at 750 °Q'1h and dimensonal stabilization at 550 9C/4h) in acidified 5M Nad +0.15M
Na,S0, environmert.

The critical pitting potential and the passvity range

-
o
o

showed poor corrosion redstance and accelerated 145.] Basauin relation: Aa2 = o (2N) '
corrosion current densty for senstizedand thermally § o] © = =

aged weld spedmen. The ratio of Ir/la showed a : 135-

value of 15% indicated degree of sensgtization for E 130 =
316IN SS speimen aged at 700 °Q24h whereas, £ 125] ® sieusswinoupr ¢ on
thermally aged weld speimen showed a vaue of % 20l G

0.01%due to deficiency of chromium depletion. Base & 145§ & " o
and weld aged speadimen showed degradation in g ] eCl +9:18 Wa, 80, + Imi e '

tendle properties in chloride medium due to 10° 10’ — 10° 10°
disolution of depleted regions. The degradation in

the mechanical strength exposed to a corrosive
environment drives further studies towards
electrochemical asssted cracking, especialy under
cydic stress.CF analysis using Bagjuin relation hasbeen presented at opencircuit and at applied
pasgve potential. A two-slope behaviour is reprted. 316N WM thermally aged at 750°C 1h shows a
decreasein fatigue life due to the formation of intermetallics. Gack initiation (Q) be controlled by
altering the potential and temperature of the electrolyte. A be identified by electrochemical
techniques. The failure of weld metal ocaurred by a combination of TG cracking and stress-asssted
dislution (SAD) of 4 -Fe. The role of transition of an electro discharged machined single pit into a
small crack and its growth isstudied to invedigate the combined effect of stressconcentration factor
and local solution chemistry of the pit. Pre-pitted specimen showed a reduction in fatigue resstance
as seen

Semi log plot of type 316LN SS anc
weldment on smooth and p#gitted
condition in acidified chloride environmel
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in the schematicThe threshold stress intensity facto

T T T
* 316N WM SS .

range for type 316 LN SS is derived to be between .| * *"**
*

to 4.3 MPamO.5 in acidified chloride environment § * -

g x * &°

g .
The relationship between strength and its E - * _a= |
senstivity on FOGand CFOGrate is esablished. FOG § _* e °
thresholds for the welds are much higher thanthe ° R=0.5

=0.1 H.

basemetal and FOG ratesare lower for WM at RT. - ey o Na,SO, + 2 milL HCI
Temperature enhances the crack growth kinetics B 10 15 20 25 30
at low n Yk Nad environment, CFOG threstold AK, MPa.m®-5

for the welds decreased,and CFQG rate increased

compared to base metal as seen in the schemaics. R Kk Rb @da® pY OdzNI¢
AlLower frequency of 0.1 Hz cause suficient time ~ Weldment in 5M NaCl + 0.15M p&Q + =
for interaction resutingin a higher OFCG rate. ml/L HCl solution

2.2.2 Development of multiphase core thermal hydraulimodels for fuel melting during severe
accidents

Melting of nuclear fuel inside sodiugooled fast reactor (SFR) fuel pins is followed by a hydrodynamic
movement of molten fuel (known ais-pin fuel motion amid the presence of fission gases. This
movement, which is dynamically coupled with the coeactivity, is particularly important for the
unprotected transient overpower (UTOP) accident, since a substantial amount of fuel melting occurs
prior to pin failure.The main aim of &thesis is to simulate the melting and relocation of annular,
mixed oxde ((UPu}QO,) nuclear fuel during UTOP in SFR. Towards this aMyléphaseln-pin
Thermal hydraulidRelocationAlgorithm (MITRA) is developed and benchmarked against the data of
the CABRI reactor (Cadarache, France). The validated algorithm is sertbequilized towards
whole-core, dynamically coupled, neutronics/theraiydraulics simulations of UTOP using the
specifications of a typical Indian SFR (500 MWe).
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Conservative estimate of whole core melting and
in-pin fuel motion for BOL core (t = 750 s).
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Schematic shown aboygresents a thermal map of the fuel columns of the seven representative fuel
pins from each zone-ll) of the SFR core at the end of UTOP transient. A conservative simulation of
the beginningof-life (BOL) core is shown (External reactivity insertio8 &, Control rod withdrawal

time = 250 s). The stabilized zowise temperature distribution, quantum of melting, locations of
solidification, and locations occupied by molten fuel in each fuel zone are visible. The length of each
melt column is proportinal to the wholecore radial power profile. Therefore, the length of the melt
column is greatest in ZoHefollowed by Zones Il, V, lll, IV, and VI.
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% = \'.. 05 —o—Z,, =0.033 m (closed)
= . 4 000000009 —A—Z,,=0.06 m (closed)
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Reactor power vs. time for FBRC Fuel relocation in top blanket column as a func
reactor. (Conservative estimate). of top blanket geometrical design.

Schematicléft) presents the reactor power history responsible for the melting arpimfuel motion
shown in (BOL conservativdj. also presents the UTORower history for the equilibrium core
(conservative, 0.98 $, externa reactivity insertidn)both the cases, the reactivity insertion is initially
countered by the fuel Doppler and fuel axial expansion feedbacks. Once melting initiates iH, Zone
the in-pin fuel motion feedback reduces the net positive reactivity and stabilizes the reactor power.
In-pin fuel motion effectively mitigates UTOP in the equilibrium core; however, there is a significant
power excursion in case of BOL core (204.Y4TRe thess additionally investigates the possibility of
enhancing the existing safety margin by employing annular axial blanket deSigmsmatic (left)
shown abovepresents the relocation of molten fuel from the fissile to fertile regions for different
lengths d the annular top blanket cavity ). Once melting exceeds a threshold of 34 % melt mass,
the melt relocates out of the fissile region if vacant space is provided in the blanket column.

2.2.3 Mass transfer from rising mixed gas bubble in quiescequid pool of SFR

Pool scrubhing requiresinformation on bubble dynamicsand mass transfer. Snce bubbles dynamics
controls the phenomenon, it is of interest to study the same using a judicious mix of numerical
models and in-house eyeriments. This necesdtates proper choices of system parameters suchas
bubble diameter and pool height. In addition, masstransferfrom bubble requiresinclusionof aerosol

and vapor transport parameters. Thethess adiresses key interesting issues irnthe field of bubble

sciubbing related safdy studiesin FRs.

A semi-empirical model is developed to first understand the concept of pool scrubbing. The main
phenomena governing the removal of aerosol and vapors from rising bubbles are identified. Thisis
followed by reliable numerical simulation of bubble dynamicsusing OperFOAM software to verify
the empirical @rrelations used in the pool scubbing model. The simulated terminal vdocity and
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shapes of the rising bubble asshown in Schematic on theight-handsidewere found to agree well
with the experimental results In the experimental investigations, an innovative data processng
techique was used to measure average bubble rise vdocity in large pools of fluids basedon in-
housedeveloped void sensors as giwn inschematic (b) abovedinally, simiarity betweenwater and
sodium sysems on bubble dynamicsis brought out to simplify SR saféy studies.
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(a) Experimental setup (b) numerica
model for air bubble dynamics in wate

The understanding of bubble dynamics gained from CFDand e»perimental studies have been
extended to analyze mass transfer/sciuubbing of vapors and aerosols encountered in liquid pool of
FRsystems. Anexperimentalwater setup hasbeen nstalledto study iodine vapor retention in water
pool (schematic shown below)lhe setup consists of iodine bubble injection system, bubbler
tank and bubble colledion sysems. The work uses iodimetric titration method for the
measuement of iodine concentration in water samples. A numerical study on iodine retention in
water pool is also cariied out asshown in schematic(b) and isin good agreementwith experimental
results.

(b)

(a) Experimental setup (b) numeri
model for iodine scrubbing in wat
pool.

Ergineering scale model of a wet scubber (SGB) is setup (schematic below}o study the
scubbing efficiency of sodium fire aewosols during mixed gas bubble rising through water
submerged gravel bed. Numerical simulations are also performed to evaluate aerosol penetration
in a suomergedgravel bed scubber. At low gasflow rates, semiempirical model underpredicts the
removal efficiency for aerosols, however, present GFD study predicts efficiencies as observed
during in- house experiments for the typical size range of sodium cmbustion aerosols, hence,
proving the sutability of SGBSas a passivedevice for sodium combustion aerosol removal.
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(a) Experimental setup of submerged gravel bed scrubber
and (b) numerical model results for aerosol penetration.

2.2.4 Sudy of advanced methods for reliability analysis of digital | & Csystems

The avelopment of Smart component method (SCOM) for dynamic reliability analyss method.
M is defined as a combination of object-oriented sysem representation and Monte Carlo
simulation. It is developed for addressng existing challenges of existing dynamic reliability
analysis methods such as the general modeling capability, scalability, and interfacewith other
static or dynamic method, user-friendliness, and burden of proof-of-correctness The object-
oriented system representation includes the representation of the components and the
interconnections of the components asobjects. The objects are defined with their attributesand
local rules Thesystem simulation is achieved by executing the local rules of the components
sequentially and transferring the values of attributes using the interconnecions. This type of
system representation is cadled smart component sysem representation. A smart component
simulator operates on the smart component representation of the system for probabilistic
analyds, and estimatesreliability attributes of the system.

The general modeling capahility is ensured by the use of Monte Calo simulation based simulator
tool, where Monte Carlo methodsare known ashavingthe general modeling capability. Scalability
attribute is addressed by sequential local rule execution carried out for sygem simulation. This
yields system simulation time changeslinearly with increase in number of components in the
model. Additionally, the computational advancements through parallelism has made the Monte
Carlo simulation based methods computationally scalable. The method of automatic generation
of Petri net model from smart component reliability model of the sysem providesinterfacewith
the existing methods. This method has the algorithms for identifying the hierarchy in the smart
component system representation (by use of smart connector object as graph), and then,
subsequently generating Petri net model. (Schematicshown belovy

The object-oriented representation is conddered as most user-friendly method of
representation. The smart component representation of the system is built by a reliahility
analyst, and simulator acts as a black box to the analyst. This shifts the burden of proof-of-
correctnessfrom areliability analyst to the dynamic reliability method, in the current case, to the
smart component method's smulator.
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The validation of the method is carried out by comparison of the reliability results with
approximate method, Markov methomic tested system, decay heat removal system and fast
reactor shutdown system.

Automatic generation of low level
madel from high level model

Schematidllustrating thesmart component method as higher level modelling in comparison with low
level modelling of system

2.2.5 Study on tensile, low cycle fatigue and creep-fatigue interaction behavior of simulated
micro-structuresand actual weld joint of P91steel

The study is the first of its kind and was carried out to understand tensile, low cycle fatigue
(LCF)and creep-fatigue interaction (CH) behavior and estimate the overall mechanical behavior
of the P91 steel weld joint (WJ)through deformation/ damage weighted fadors of the corstituent
regions of the WJ In-depth microstructural charaderizationswere caried out by employing
SEM, fradography and EBD techniques to explain the operative deformation/damage
mechanismunderthe loadng conditions.

Theanalysisusing prior austenite grain (PAG) size microhardness,and precipitate size (M23(5)
as reference concdudedthat heat treatment temperatures of 1473 K,1208 Kand 1138 K are
adeguate to simulate the respective microstructures of coarse grain heat-affected zone
(GGHAZ, fine grain (FG HAZand inter-criticd (IC)HAZof P91 steelWJ

The GGHAZand weld metal (WM ) are the strongestand ICHAZis the softest, whereasbase metal
(BM), FGHAZ and the adual WJshowed intermediate strength or cyclic stressresponse. The
fatigue lives of all corstituent regions and the actua WJ are in the order of
(BM=FG)>(IGFG5)>WJ>WM. The fatigue life of the adual WJdepends upon various factors such
as grain siz, mecharicd strength mismatch in two-phase region, i.e., ICHAZ (fine tempered
martensite and over-tempered ferrite) and difference in the volume of eadch of the constituent
regons in the actual WJ The cortinuous deaease of dwell sensitivity of BM and FGHAZ is of
concerneven thoughtheir fatigue livesare higher than the other constituent microstructuresand
the actual WJunder CH condtion. The longer cracks and greater number of cracksdecreasethe
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load-bearing capacityand lead to lowfatigue lives of CGHAZ and ICHAZ under both LCF and CFlI
conditions. The difference in plastic strain accommodation/accumulating capacity of individua
microstructures and their evolution during fatigue deformation are the governing fadors for
affeding crackingbehavior andthe reaultant fatiguelife.
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(&) |Initial microstructure (BM), (b) schematic of F
simulation, (c) regional variations of yield strength
hardness, (d) cyclic stress responses (LCF) & (e) fatigue
hold times (CFI), (f) crack propagation and (g) local strain (
measur measurement in CGHAZ (LCF) and (h) weld joint
fatigue lives; predicated vs experimental (CFl) of P91 steel at
823 K.

A common empiricd relationship (eq. 1) was established to estimate the fatigue life of P91WJ
using the weighted factor of each corstituent region under both LCF and CFlloadings. The

corstituent regions with low weighted fadors substantially contributed to the decrease of fatigue
life of P91 WJ

I\Ifwj: O.45me+ 0.29Nic+ 0.37Nfg +O.31Nfcg' 2.3wamx X X X XX X )(19) CD
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2.2.6 Hydrodynamic characteristics of annular centrifugd extractor and helical coil based
fluidic diode pump

Annular Centriugal Extractor (A is a robust solvent extraction equipment and candid candidate
for fast breeder nuclear reprocessing applications. ACE design is based orvariousthumb rules.
However, the reliable desgn and scaleup of ACE are yet to be developed. How inside the ACE
is highly turbulent, unsteady due to liquid level fluctuation in the annular regon, air ingresson and
three-phase(air, heavy and light phase)operation during solvent extraction operation. Thedispersion
number (ND) is a pimary desgn input and decidesthe size and operatingspeedof annular centrifugal
extractor (ACE) for any given processthroughpu. ND value deperds upon the sysem's physical
properties, such as density, visosity

and interfacial ~ tension.  The

measuement of ND is inpossible for

hazards (radioactve, corrosive, etc.)

sysems. In this work, the ND is ‘
measured by  gravity/centrifugal W
sepagtion for different aqueous and Lo

organic sygems to cover wide range
of physical properties. Based on the
experimental and literature resuts, a
novel data driven correlation
containing physical properties and
sepagtion forces has been developed
using the Random Faest techmique for
disperson number.

Schematic view of agueous and organic flow w
inclined overflow (3rd stage motor failure conditi
(bluecolour- heavy phase, green coloumixture,
yellow colour light phase)

During multistage operation, failure of motor/bearing in any single stage leadsto the stoppage of an
entire ACEcascade. In nuclearreprocessingapplications, the stoppage of cascale leals to solvent
degradation and defea s the advantage of ACE.

A simple and innovative modification of

inclined overflow line has been developed,

demonstrated, and validated by flooding and ; #

mass transfer experiments in motor/bearing |
failed condition.The understanding of flow :
inside the rotating bowl isone of the grey
areasin the ACE desgn. Computational fluid '
dynamics(CHB) may be a key tool to address

or solve the above problem and it canbe used :
to evaluate the exiding ACE to optimize the A ram——
operating parameters. The2D GFD simulations RIS ) —

have been performed for the prediction of Parity plot for the comparison of ND meast
zero-point flow rate with different turbulent experimentally against Random Forest be
models. The predictions of the SST k-omega correlation.

model are closer to the experimental

measuements
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Tablel.Zerapoint flow w.r.t different turbulent models

Sr. No. Details Zero point flow (kg/hr)
1 Experimental 15
2 k-epsilon STD model 2.3
3 K-epsilon RNG model 2.3
4 SSt komega model 1.9

Airlift pumps are widely used for metering applications inreprocessig plants. However, airlift and
fluidic pumps are not suitable for low throughpu metering operations. A sutable alterrate pumping
system of a helical coil-based pulsating pump has been developed and demonstrated by pumping
experiments with different operating conditions. The GAD simulations have been performed for
the prediction of the pressue drop acrass the given helical coil. The simulation is extended to
understand the pressue drop aaossthe helical coil for various design parameters.

2.2.7 Syrthedsand characterization of Ni-basedoxide disperson strengthened superalloys

Optimum ball milling conditions - 1000 RV, 6 h, imparted
collison energy of, Ec ~ 409.2 Jghit. At higher rpm like
1500 (Ec ~ 665.36 Jghit) and 2000 rpm (Ec ~ 939.68
Jghit) - severe cold welding of powders and fracturing of
milling balls.

Retveld refinement of SAD pattern using MAUD - <110>
texture pardlel to the normal direction (electron beam
direction)- evauated by FED Shear Texture in milled
powder - inhomogeneous rolling and compresson of the
trapped powder particle in betweenthe balls and between
the balls and walls of the jar is shown in second schematic
Both AsSP%nd annealed specimen exhibited bimodal grain
structure which is advantageous with fine grains providing
strength by Hall-Pech relationship, and coarsegrains provide
ductility. Alloy 617 ODS derives its Srength from
microstructural features such as grain boundaries of fine
grains due to Hall-Petch relationship, solid solution
strengthening, and disperson strengthening Weak or
randomized texture of the consolidated and annealed
sanple is advantageous since directionality affects the
mechanical property. M2306, M6C, Al203 precipitates are present in the matrix of both Assintered
and annealed sanplesin addition to the presence of fine uniform Y3AI5012, Y4AI209, and new
complex oxide rich in Ni, Y, Al and O. Alloy 617 ODS derivesits strength from both precipitates and
dispermid in addition to solid solution strengthening element. * ' is not obseved due to Al203 andY-
Al-O complex oxide formation. Alloy 617 ODS anneded at 1050 C displayed higher yield grength in
comparison with convertional Alloy 617 under similar condition due to microstructure and micro
texture contributions.

Optimisation of Mechanical millir

IPF-PED
m

Texture analysis of single powder part
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Structure and Texture analysis of Alloy 6:

2.2.8 XRDline profile analysis for understanding the influence of cold work on ageing behaviour in

304HQu steel

The 304HCu steel is a Cu modified austenitic heat resistant stainless steel used for high temperature
boiler tube applications. It has high strength and creep resistance due to formation of firiehCu

phases; M23C6 and MX type carbonitrides durinn -
ageing To study the influence of cold work onE&

measurements. The changes in hardness an

01.44
precipitation behavior, 304HCu steel is squtiorEﬂAz_

annealed (SA) followed by cold worked (CW) for 10'Z 4 40
and 20% reduction in thickness and isothermallz§1,3s-
aged at 650 °C. The CW 304HCu steel duri|§1‘3s-
isothermally ageing areharacterized by using XRDg1-34"

technique, hardness, and electrical conductivity §1.32-
51.301
w

1.284

T ’III
o SA

T
SA+10CW
4 SA+20CW (]

%

St SOGNROIE O2yRdzOGABAGE “garcw’

JohnsoAMehl-Avrami equation. The hardness

5000 50000 500000 NB T A UL
Ageing duration, s

increases due to both CW and ageingwidwer, the Variation of conductivity with ageing for ¢

aK2ga y2 OKIy3aS RdzS 10% and 20% CW. ydz A
increases with ageing as shownsichematic¢ KS S| NI &
1AYySiAOad ¢KS OKIy3aS
equated to an apparent change in activation energy of 0.73 and 4.225 kJ/mol and as an equivalent
increase in ageing temperature of 654 and 672 °C respectively. The microstrain estimated from various
XRD line profile analyses (XRDLPA) viz. modified Willigdab(mWH) method, WarrerAverbach
(WA) method and Stephens phenomenological model are compare for isothermally agéd 17
precipitation hardenable steel. To separate the effects due to precipitation and dislocations on
microstrain, the column length depeency of microstrain from WA analysis is proposed with the

I OOSt SNI GSR LINBOALRUGLFGAZ2Y

equation:

LISE1{Ay3a 2F ° Ay [ 2

FSHO[ OB I' tnbt MK[M®tHK]H

where PO is the longange strain parameter and P1 & P2 are the sinartge strain parameters.

The parameters PO and P1 are correlated with microsti@ih 0
dislocatonRSy aA & o 0 RS S NMalyhdnRnethodBedpectivaly as ahbwh anhé

RSGSNNAYSR FTNRY Y2 |
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schematidelow (left). This indicates the simultaneous effects due to precipitates and dislocations are
separated by determiing PO and P1 terms. Further, the XRD profiles obtained from synchrotron
source for prior CW 304HCu steel has revealed variation in lattice parameter and microstrain with
ageing. A reduction in lattice parameter with ageing is observed due to migratigmeoipitate
forming elements from the matrix and it is higher for cold worked samples due to enhanced
LINBOALIKGEFGAR2Y 2y RAAt20FGA2yad ¢CKS GINRIGAZY
cold worked 304HCu steel showed dominant dislocatianilgilation effects on initial ageingnd
dominant precipitation effects on further ageing as showscéheamatic on right belowkurther, the
microstrain obtained from WA analysis fitted with proposed Eqgn. (1) has revealed linear behavior
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2.2.9 Investigation of structural damage in pool-type fast reactor components during thermal
transients

Theeffect of heating and cooling ratesduring thermal transientsnamely power raising (during reactor

start- up) and crash cooling (during reactor shutdown) have been identified as the gap areasin
pool-type fast readors, and studied in detail in the thesis.Literature survey suggeststhat the reador
components are the criticalcomponents during crashcooling and power raisng. Fuel cladtubescan

also be the critical locations during power raising. The critical locations in reador are broadly
caegolized as submergedlocations and free level locations. Gonventional finite element codes are
sufficient for the thermo-mechanical analysisat suomergedlocations kut not for free levellocations.
Hence a rumerical code has beendeveloped for the free level locations. Creep-fatigue damage
estimation has been done for both the locations for all the hot pool components. Asthe structural
damage is low during crash cooling, a simplified scheme has been recommended for shutdown
operation. optimization studies carried out at various heating rates for all the components suggests
that inner vessel free level location and inner vessel submerged location are the critical locations. The
effective creegfatigue damage is the highest in inner vdss&Vhen the presence of welds is
considered, an optimum heating rate of 56 K/h is recommended during power raising as shown in
schematic on the LHS belowhe corresponding damage is 0.085, which is less than the allowable
limit, 1. The study forms a behmark for other fast reactors for deciding upon the heating rate during
start-up of the reactor.The effect of heating rate in fuel clad tubes has been studied and it is found
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that clad tubes can balloon at slower heating rates, if allowed to reach higpderatures in the range

of 1273 K. As power raising operation involves slow heating, care should be taken not to exceed the
envisaged maximum temperature. Microstructural investigatiemealsthat ballooning is a ductile
failure, and it is a plastic indtdity caused due to grain coarsening and reduction in hardness and
thickness. The summary of the thesis is pictographically represensahematic on the RHS below

Transients
Effective Damage in all reactor components (welds) £ 1
03 Crash cooling [ Power Raising
—=-Cp_FL "
——IV_FL 2 ¥ 3 :
025 ! —a—PSP_FL [ Reactor components | [ Reactor components | [ Fueldad tubes |
] || =><=IHX-freelevel [ ‘
fBEE S ~4+-CP_sub | articatlocations [ Batiooning: Aplasticinstability |
o T —==IV_sub | l P —
—- e ]t 1 RABITS facility developed
—] g / Yy P
8 ois TI5Ga0)] -t 11 Free level Submerged L .
S : T2 i S L - — ]
£ DA i ‘ + Experiments conductes
g I "
2 i \ [ model ped | C FE code lo,m,w,,o,,
= | |
= t 1
L o S - + =
0.05 - L Structural damage quantification |
. = Recommendations ?
" eSS MEEEEMEEERN T —aENEEN c Caution
Gy ; 3 ] + )
o 2 e o0 0 100 0. M [ Etiminate controlied cooling Optimum heatingrate is 56 K/h During power raisiny

Heating rate (K/b)

Effective damage in all reac
components

Benefits not to exceed the

Simple design of OGDHR l Ease of start-up (single shift) |

Summary and highlight of th&esis

2.2.10 Thermodynamic model for the prediction of distribution coefficient of major solutesin
Tri alkyl phosphate for the flow sheet development in spent nuclear fuel reprocessing

Solvent extraction is one of the major unit operations carried out in the aqueous based nuclear
fuel reprocessing process such as PUREX process Solvent extraction process is often
controlled by thermodynamic equilibrium hence solvent extraction process are carried out
in multiple counter current extraction stages to achieve quartit ative recovery of products. The
distribution coefficient of solutesdecidesthe number of stages required for the given solvent
extraction duty. So, in order to minimize the experimental studies required for the
determination of the distribution coefficient and for the design & optimization of solvent
extraction flow sheet, distribution coefficient model is required in the entire concentration
range. The thesis presents a thermodynamic model developed for the prediction of
distribution coefficient. The distribution coefficient of major solutes such as HNO3, U (V1) and
Pu (V) in tri alkyl phosphate such as 1.1 M Tri-n-Buyl Phosphate (TBP) and Tri isoamyl
phosphate (TiAP)was modeled. Thermodynamic modelfor the distribution coefficient of HNO3
from HNO3-H20O binary system wasdeveloped first. Then it was extended for the simultaneous
extractionof HNO3 & U (VI)andHNO3 & Pu (IV) from their respective ternary system of HNO3- U
(V1)-H20 and HNO3-Pu (IV)-H20. Distribution coefficient was modeled using the law of massaction
princple. The aqueous phase activity coefficients were estimated using electrolyte activity
coefficient model. The equilibrium constant of the complex formation reaction and the
interaction parameters in the adivity coefficient model were estimated from the experimental
extraction data. Ore of the highlights of the theds isthe application of local composition-based
electrolyte activity coefficient model for the estimation of activity coefficient.

Also, the partial dissociation of HNO3 in the aqueous phase and the speciation of Pu(IV) in the
aqueous HNO3 solution was acoounted during the estimation of activity coefficient of aqueous
species. The concentration of various species in equilibrium during the extraction of HNO3 and
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Pu (IV) as a function of aqueous HNO3 concentration is shown in the schematic The interaction
parameters of eNRTLand eUNIQUAGctivity coefficient model for the HNO3-U (V1)-H20 ternary
system is the new information added to the literature. The accuracy of estimating the distribution
coefficient while using the local composition and extended Debye Huckel basedactivity coefficient
model was presented. The eUNIQUAC activity coefficient model gave the lowest Rod Mean Sjuare
Deviation (%) for the estimation of distribution coefficient over the other activity coefficient model
such as Ptzer, ST and eNRTL. Also eUNIQUACmodel hasgood extrapolation capability compared to
all other models. The developed model will be useful for the flow sheet design and optimization
in the reprocesdng of typical Purich fast reactor spent nuclear fuel.
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The equilibrium concentration of various species in aqueous and org
phase during the extraction of HNO3 and Pu (1V)

2.2.11 New andimprovedmethodology forhightemperaturedesign ofbellows

Bellows are expansion joints which find wide number of applications in critical high temperature
systems such as in sodium cooled fast reactor (SFR) systems. Typical operating temperatures of the
SFR systems are around 823B43K at which failure modes such as creep and cfaggue
interaction are significant. The available design practices for bellows operating at room temperature
such as standards of EJMA do not comply with the nuclear desigs with respect to factor of safety

(FOS) and the high temperature design practices such as ASME $kctode case N290 are not

properly addressing all the high temperature failure modes.

In the presentwork, based on the literature survey, SS36Ti and Ine62&lare recommended for
construction of high temperature bellows. The data required for high temperature design of the
bellows viz. tensile, design fatigue curve, cyclic stséssn curve, Norton reep law constants and
parameters defining the viseglastic constitutive modelvas arrived by a set of tensile, low cycle
fatigue,creep,and creepfatigueinteraction tests on smooth cylindrical specimens of the materials at
the design temperatures. Ithe presentinvestigation, a new method for room temperature (RT)
design of the bellows was recommended by modifying EJMA, in which the FOS conipliteew
standard design code# code in MATLAB was written for RT design of the bellows.
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The design arrived based on the new method for room temperati
service was analyzed subsequently by finite element (FE) anal
When the operating stress range of the bellows was close to twict
the yield stress of the mat@l, the design based on the linear elast
analysis (as per the method given in RMR) was recommended.
When the operating stress range was more and the bellows w
operating in low cycle fatigue region, the design based on inela
analysis was fountb be more accurate. The proposed methodolo¢
was validated by testing the bellows at high temperature. Cre:
fatigue testing of the bellows was done in a novel was by tesiTesting of bellows o
bellows in INSTRON machine which is generally used for testing cINSTRON machine

and CFI tsts of materials on cylindrical specimens. The present Wuin

concludes with qualifying the new methodology proposed for high temperature design of the bellows
for any critical applications not limiting to nuclear systems.

2.2.12 Design, development and demonstration of a miniature extractor for process
Intensificationin nuclear solvent extraction

The idea of the desgn of miniature extracor,
envisaged in this researd, included development =
of a mniature settler, much smaler than the ones : C
reported in literature, and to demonstrate its R
functionality with different agueous-organic pairs oncsprimliation L

used in nuclear extraction. In addition, the prime Secatminr g v
motive was to develop a miniature extractor for

Operated in

flowsheet evaluations with novel solventsused in the i e | g i

. : . i i e .
entire nuclearfuel cycleoperation with advantages — (
of ultra small holdup and robust operation e = * siina

.« . eyt . . ka ar St extrs are
requiring few milliliters of radioactve feedsaswell Hempaable | UWetacionis | o
extractors 5 compm e

assolvents.After conductingan exclusive s ———
literature review, the microfluidic based Objectives realized from research
miniature extractor was envisaged asa feasble development on microfluidic channel ba

desgn. A unique 3D helical mixer was onstructed  miniature extractor for nuclear solve
out of 100 pum microbore SS316 tubing with mixer €xtraction

volume was 3.14 pL. Thishelicalmixer was oupled

to a unique miniature vertical glasssettler of 1.2mLworking volume.

In almost all the hydrodynamic experiments, estmated specific interfadial area was nmuch higher
than the 50 mm dia centrifugal extractor for the same aqueous organic pair indicating a higher
degree of intensification. With 72 g/L U (M) aqueous lution containing simulated fission
products and PURX solvent (30% T B PR dodecane), masstransfer runs were taken in
several steps of extraction and stripping operations. Although, asper the literature, for centrifugal
extractors, minimum 3s residence timerequired for mixing to affect the U(M) masstransfer, with
the proposed miniature extractor with around 0.3 s residence time, mass transfer operations
were conducted. The Cs and Sr extraction and stripping kinetics was nvestigated under batch

72|Page



HBNI Academic Report 2021-2022

conditions in the nitric acd/CM-PEGFS13 biphasic system. ForCs aswell as 8, the goparent
extraction and stripping kineticsunder micromixing conditions were much fasterthan that observed
in the batch conditions. Miniature extractor operation wasvaldated with nitric acd/ 30%T BP, nitric
acid/36%TAP and nitric acid/CCD-PEG-FS13 aqueous-organic pairs for extraction as wellas back-
extraction operations. High specific extraction rates as well as high volumetric mass transfer
coefficientswere observed. Fordeveloped extractor, specifc interfacialarea and energy disspation
during mixing exceeded for centrifugal extrador for PUREXaqueous organic pair. The miniature
extrador also meets the requirements of four generic principles of processintensfication and it
may be used in the future flowsheet studies with novel solvents innuclear solvent extraction.

2.2.13 Designanalysisanddevedopment of irradiation capsulesandsensordor material irradiation
in fast reactorwith out-of-pile validation

Material related studies are performedwith the sample materials beingsuljeded to irradiationto

determine the changesin properties due to radiation and high temperature such as hardening,
embrittlement, crackgrowth, voidswelling and creepdeformaton. Forsuchstudies expeimentsare
carriedout in reactor using irradiation capsuleand sensorsTenperature playsan important role in

irradiationexperiment.Thereforejt becomesecessaryo measire andmaintainthe temperaturein

the specimens during the irradiation exgiment.

In the prsent workthe desiqn, analysisanddevelopnent of non-instrumented andinstrumented
irradiation capsulewith LVDTsensorshas been presented for materialirradiation, specifcally in

fast breeder reacta. The despn analysis of non-instrumented irradiation capsule (NIIC)was
performed in COMSOMultiphysicssoftware. The designwas based on inert gas-gap width

variation to maintain constant temperature of the specimens throughout the irradiation
experiment. Thespeciaty of this capsue is that; up to four different samplescanbe irradiated at

different constanttemperaturesin asingleexperimen. Tomeasuethe peak temperatureof the NIIC
duringirradiation experiment a passivdemperaturemonitoringmethodwasstudiedbasedon Curie
point of permanent magnet. This method provides the peak irradiation temperature after the

irradiationexperiment.To maintainthe temperatureof specimensluringreactor operatingcondition

(shutdownto full power), NlICwasfound to be insufficient. Therefore the temperaturecontrolled
instrumentedirradiation capsule(TClICyvas studied. The designof TCliGvasbasedon the gas-gap
and heatercoil concept.In this approach, externalheater coilswere usedto maintainthe specimen

temperaturewhenreactor isoperated for low powergereration. Orgas gap to maintainthe reactor
temperature and vice versa. A prototype of TClIGvas developal, and out-of-pile experiment was
carried out to maintain the temperature of specimens.In addition, LVDTsensorwas studied and
formulated to developa LVDTbasedon structural parameter. To monitor the deformation and
pressureduringthe experiment, hightemperature and compact prototype LVDTwasdesgnedand
attachedwith the irradiationcapsule.

Atemperatureassociatd bellowpressuravasmeasued bythe prototype LVDT.It demonstratedthe
workingtemperature > 350 °Csuaessfuly. The thesis provides fresh perception on designof a
non-instrumented and instrumentedirradiation capsulefor material irradiation in fast reactor at
congdant temperature and monitor the temperature by indirectmethod. It alsoprovidesnovelidea
for designingacompacthightemperatureLVDTsensoifor variousapplicationsin fastreactor.

73|Page



HBNI Academic Report 2021-2022

oo » SPRr— -
Covtars Ot -
111 |: !!E |
-
¥
. ! -
i - z
- )
=
S ux e
" =
i
W
i Iﬂ.
i
i
i
X L
-
i i =
-
- —_
i 2
p 4 b =
) o
. >
PO o A R R S
Non-instrumented imadiation Instrumented irradiation Instrumented irradiation capsule

i Capsule Capsule with LVDT1

NIIC, TCIIC and instrumented irradiation capsule with LVDT senso

2.3 Raja Ramanna Centre for Advanced Technology, Indore

2.3.1 Intelligent approach to study transverse coupled bunch instabilities and their effects on
performance of electron synchrotron

The application of artificial intelligence (Al) based approach for modelling unknown and nonlinear
systems and creating adgptive feedback ontroller for the red-time system are the key aturesof the
thesis. Inthiswork, an Atificial Neural Network (ANN) basedsystem has been developed towards
identifying the sysem model. The real- time data obtained from the particle accelerator, Indus-2
synchrotron radiation source in this case,employing the measuement systems, forms part of this
modelling. A novel approach involving the adaptive variable boundary basedreal coded genetic
algorithm (AVB-RC@) has also been developed to identify the near-optimal vaue of the operating
parameters of the acceleraor.

The Indus-2 accelertor is a complex machine posing operational challenges when it comes to
improving the performance of machine which criticaly depends on manual processfor fine tuning of
machine parameters. Trasvease coupled bunch instalilities (TCBI)is one of the major challenges
that limit the high beam currentoperation and degrades the machine performance. The mitigation
of TCBIlusing Al approachhasbeentaken

up for researt. The application of this R&Dwork has been vaidated on Indus-2. The schematic
showsa flow chart of the thesis work. The schematic below showiisat ANN based systm modelling
requires a dataset from a reaktime sysem. Hence, systems for measuement of transverse coupled
bunch mode (TCB/) level and betatron tune have been developed. TBM levelsdenote the margin
from the threshold beam current for the TGBIto be excited. Thesemeasuremensysemshave been
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usedby AVB-RCGasedalgorithm to find the optimal values of the input parameters (betaton tune
and sextupole magnet power supply aurrents). Theoptimal value derived from this module has been
used to provide a range of input variablesduring dataset generation. Thesedatasts have been
used to create an ANN-based accderator model that was used to provide a refererce for the
feedback controller. Thefeedback controller usesthe system interfaceto set the current settings of
the accéerator's magret power syplies. The sytem was mplemented on the Indus-2 andtested by
beamexpeliments. Fom this, it wasverified that the developed system improves the performance
of the Indus-2 in term of maximum acawmulated beam current without the use of active feedback
(Transverse multi-bunch feedback) sygem for mitigation of TCB Without ANN guided feedback
controller, the maxmum achievable beam current is ~ 170 mA at beam injection energy, which is
more than 210 mA with the feedback controller. Thisfeedback system also reducesthe need for
manual tuning of sysem parameters during beam operation of the Indus-2. This enales sytem
operation with higher performancein terms of higher curent and maximization of beam utilization.

Development of
Measurement Control
Systems Designa Novel Optimization | ; gnals
Technique of AVB-RCGAfor 3 System
Optimization of Real Time Interface
System x

Measurement Optimum values
Data

Control
Signals

» Dataset Generation and ANN design

Update RequestT l ANN Based Model

> ANN Guided Feedback —_—

f

User Interface

System flow diagram for ANN guided feedback controller including AVB-
RCGA based system optimization
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2.4 Institute for Plasma Research, Gandhinagar
2.4.1 Studyof in situ measurement of work function and cesium dynamics

A phenomenologicalmodel is developedto explain previously observed experimentalwork-function

curve as a function of cesium (Cs) monolayer coverage. The phenomenological model is

developed on the framework of LangmuA Ndasdical eledrostatic dipole model in the of cesum-

tungsten (G-W) system by including an anguar orientation factor resuting from the sef-interaction

of the dipoles at higher coverage of alkalimetals. The present model fits well for the full coverage

range (0 ¢ 1 monolayer) asshow in schematic (a)A temperature-controlled vacuum compatible Cs

delivery system is used for Gs injection. The noz4e geometry of the Csdelivery tube is optimized

by Monte-Cato technique to ensure good Csdistribution uniformity and desiredCsconsumption

rate of 2mg/ hr. Avaauum compatible, compact,easy to handle probe 6PRIVI€ as slown in schematic
below (b)is desgned, fabricated, and usedin the exeriment, which canmeasue three different

parameters related to Csdynamics and its deposiion effect on a suface. It canmeasurelocal Cs
flux, Cscoverage and correspondingwork function onthe surfaceand helpto find acorrelation of these

three parameters at a same location. The investigation shows that the work function of the

caesiged polycrystaline tungstensufacereachedbelow 3.06 eVunder negaiveion source relevant

vaaium condition, where impurities like hydrogen gas, nitrogen gas, moisture, hydrocarbons, etc.

are present. Through PR8M work function in correlation with Csdynamicsin negative ion sources
(NIS asshown in schematidc) isforeseen to improve the yield of negative ion current to produce

high power neutral beam injection system (NBI) reqiired for present and future fuson deviceslike

ITER andDEMO.
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phenomenological model. (b) Schematic of vacuum compatible probe for in situ measurement

(PRISM) of work function, Cs flux and Cs coveradiugtiates ports for laerandcameraviewforin
situ measurementof work function, GsfluxandGscoveragein negativeion sources.

76|Page



HBNI Academic Report 2021-2022

3. Life Sciences

During the period of the report, HBNI awarde@ Bh.D degrees in Life Scienc&some of the theses
are summarized below.

3.1 Bhabha Atomic Research Centidumbai
3.1.1 Role of RECQLtlicase in DNAepair and its implications irtancertherapy

RECQLS5 is a multifunctional helicase involved in multiple DNA metabolic pathways responsible for
providing stability to replication forks under normal conditions and more so under stress. Besides,
RECQL5 expression is downregulated in multiple cancergiingl breast and gastric cancers. A
synthetic lethal interaction between RECQL5 deficiency and silencing/functional inhibition of
checkpoint kinase 1 (CHK1) was discovered in cancer cells. Mechanistically, it was found that
overactivation of a DNA remodeti enzyme, SMARCALL1 is the primary cause for synthetic lethality. It

is thus proposed that RECQLS5 is involved in the controlled activation of SMARCAL1 required for
regulated processing of stalled replication forks, leading to sustainable repair by beatk IBrhiced
Replication (slow) and 53BP1 mediated repair (fast) pathways. Unregulated fork reversal under
RECQLS5 deficiency leads to generation of copious amounts of-eimdgel DSBs that are bound by
53BP1 making them difficult to be processed and remhifihis results in the formation of toxic DNA
intermediates responsible for synthetic lethality in REC@ficient cancer cells under CHK1
inhibition. This study revealed a novel role of RECQL5 for mitigation of replication stress under CHK1
inhibition. Wnversely, RECQL5 protein overexpression in breast cancers is also strongly correlated
with poor prognosis, survival and therapeutic resistance.

Exploiting the synthetic lethal interaction of RECQLS with CHK1 inhibition Rationalised targeting of RECQLS upregulation by in-house synthesized
for personized cancer therapy small molecule inhibitor (4a)

T o =
\~> HR Drecass
-} MO0y
i - §
ey

RECQHS prosent BB RECQLS o RECOLS WT Cols RECQLS-WT Colls + 42 RECQUS-D Cells
Regulated fork reversal Unregulated fork reverial

Targeting the differential expression of RECQLS5 for better therapeutic outcome. RECQL5
deficiency can be harnessed by synthetic lethality with CHK1 inhibitor and RECQL5
overexpression by using a pharmacological inhibitor
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The thesis investigated the mechanism of action of a small oxadiazole urea molecular hybrid (MH)
molecule inhibitor of REQL5 that preferentially target and eliminate REGEXBessing breast
cancers. The activity of MH is specific to RECQLS5 and does not have any effect on other members of
RECQL family. Functional activity of RECQL5 was potently inhibited by MH by stabdi®ECQL5

RADS51 physical interaction; leading to impaired and incomplete HR with preferential killing of RECQL5
expressing breast cancer cells. Treatment with MH also led to efficient sensitization of cisplatin
resistant breast cancers with no effect tlansformed mammary epithelial cells. Pharmacologically,

oral route of administration of MH was effective in reducing the burden of REEXQI&ssing breast

tumors (human xenograft) in NUB&ice. Also, MH presented no appreciable toxicity to the vital
organs, making it a prospective candidate for further pharmacological investigations.

3.1.2 Nitrogen and phosphorus removal mechanisms in aerobic granular sludge sequencing batch
reactors

For sustainable biological wastewater treatment, usedefobic Granular Sudge (AGS) is gradually
taking centre stage. HBthesis focuses the study of this system for deciphering mechanisms of N and
P removal. Exposure of AGS gradually to increasing concentrations of ammonium ions during its
generation in over a yeanzeriod rendered them capable of near complete removal of ammonium
within 24 h subsequently. During this generation period, a reduction in microbial diversity in the

granules due to selection of certain bacterial groups w . . 0p.8
observed. This resulted in occance of energy efficient 5 &0 - N o‘%"%
nitritation-denitritation and anammox pathways. Since, tr 2, k :'.%"”/’) @‘w.
Phosphorus removal was found to be limited at 40% and o = o ® ’ o
for meeting cellular requirements, improvisation of AGS w  feicamusr ®'
carried out. To improve granulation and P removi

granulation of activated sludge was studied in the presence e ‘,','.v“z°
charcoal particles in SBRs using different carbon sources.
P removal via enhanced b® removal (EBPR) was rapid N
established with differential enrichment of polyphosphat
accumulating orgasm (PAO) clades. Interestingly, th
biofilms contained higher abundance of PAO clades and performed EBPR, but notetkistiog
granules, suggesting segregation of functional microorganisms. Further improvement was carried out
to cater to saline enviraments, by introducing halophilic microbes present in the seawater. This new
approach enabled rapid granulation of halophilic microorganisms of seawater (34 ppt) resulting in
halophilic AGS (hAGS) which showed efficient ammonium, total nitrogen and phasplkaroval at

34 ppt. Cultivation of hAGS from autochthonous halophilic microorganisms proves to be a promising
approach for achieving biological N and P removals from hypersaline sedvesed wastewaters.

reshwater
191eME3S

©
® g@@%nalophilic AGS
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A

Glycogen
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Schematics for effective N and P removal.

3.1.3 Anticancer activities of organic diselemés and their mechanisms of action

Lung cancer is one of the leading causes of death associated with the cancer worldwide. Due to non
selectivity and sideffects associated with chemotherapeutic agents, development of safe and
efficacious agents is therimary focus for researchers. In this context, selenfbmsed compounds
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being redox active have been explored for their chemotherapeutic activity. Preliminary screening of
seleniumbased redox active organic compounds revealed that DSePA aBSdé &xhibited better
cytotoxicity in vitro. Hence, their in vivo afg@ncer activity and mechanism of action in remall cell

lung carcinoma (NSCLC) were investigated. Both DSePA&eadRgited a dose and timdependent
cytotoxicity with IC50 ~I@M. Withregard to the mechanisms of action, DSePA treated cells exhibited
biphasic response with reductive stress preceding oxidative stress followed by apoptosis involving
effectors of intrinsic, extrinsic and endoplasmic reticulum (ER) pathways. On the otlrgbe
treatment caused reductive stress, DNA damage, cell cycle deregulation and ER dependent apoptosis.
DSePA induced the expressions as well as activities of GPx and thioredoxin reductase (TrxR). On the
contrary, PySe treatment inhibited their actiities. DSePA being an aliphatic diselenide is a much
safer derivative with a significantly highersk@osage as compared to that of weludied CysSeSe

Cys in murine models. DSePA exhibited potential raditsitizing activity by preventing
phosphoryation of p53 and DNAPKSs and thereby inhibited the cell cycle arrest and DNA repair. The
anticancer and radisensitizing potential of DSePA was also confirmed by in vivo studies using A549
xenograft in NOESCID mice. The in vivo studies confirmed thatiadstration of DSePA orally in the

dose range of b mg/kg b.w. daily for four weeks was well tolerated and significantly suppressed the
growth of A549 derived xenografts. In conclusion, DSePA exhibited potential antitumor activity against
human lung canagemodels and its mechanism of action is attributed to the induction of apoptosis
through reductive stress.

3.1.4 Characterization of uranium tolerant bacterial diversity from Tummalapalle uranium mining
region and their prospective application inioremediation

Diselenides
The thesis is aimed at S —
identifying and characterising ) T ee— A atohatc disleice A s detenide)
bacteria  from  alkaline :";/ Y | \\\ ~snorrosss l-
uranium mining region that : .../ \ R
can tolerate and remediate o % AR
heavy elements like uranium g I / ; ’l -—\
These microbes adapt well tc | == ol ﬂ'« . ;:T"'
the heavy metal rich | 3 ’ | ;

| EEE
environment  and also S = e --
contribute to biogeochemical * o *-‘

cycling. During - this — study
microbial sequestration of  Mechanism of actions of anticancer and radio-sensitizing activity of organic

uranium from carbonateaich diselenides investigated in this thesis

alkaline Tummalapalle uranium mine water was carried ¢ MPW03>TP03
using highthroughput nextgeneration sequencing (NGS Buofeonaies
based metagenomics analysis. The studyvealed that the Immobilization

alpha and beta diversity in the mine tailing samples we
significantly different when compared to other samplir
sites. Uranium sequestration studies indicated that the t

The workflow for microbial sequestration of

pond isolate TPO3Bacillussp.) has a maximum loading ,anium by Tummalapalle isolates.
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capacity of 4.3 mg U/g dry biomass. Whereas, two isolates from the mine pond water namely; MPW02
(Aeromonas sp.) and MPWO03 (Bacillus sp.), had the maximum loading capacity of 105 and 30 mg U/g
dry biomass, respectively. Furthermore, the high uranium seguieg isolate MPWO02 was chosen

for proteomics studies to understand the underlying mechanism involved in uranium sequestration as
well as in the context of uranium induced differential expression and alternations in the cellular
processMost of the up-regulated proteins were related to central metabolism, energy conversion,
DNA replication, repair proteins. Presence of proteins involved in the inorganic ion transport and
metabolism suggest uranium accumulation at the expense of ATP. The protein stubliest tielp
delineate any kkequestration specific pathways, which could be due to the low abundance of these
proteins. In order to assess the individual microbial species from the mine water responsible for
sequestering uranium, studies were carried outings aerobic granules from pure culture of
Aeromonas which showed a maximum loading capacity of 6.5 mg U/g dry biomass. Likewise, when
Aeromonas cells were immobilized in chitosglginate beads a maximum loading capacity of 9.5 mg
U/g dry biomass was obtatd. The study envisages the application of various alkaliphilic bacteria in
mono or multispecies biofilms or in granular biomass for a tailored bioremediation scheme.

3.2 Institute of Mathematical Sciences, Chennai

3.2.1 Exposome and health:Characterization and networbased exploration of diverse
environmental chemical spaces

Humans are exposed to environmental chemicals in their everyday life and such exposure can
contribute to the incidence of several chronic diseases. Characterizationiforing and regulation

of the ever

increasing space of . 3 of ders o r

environmental

chemicals for their

potential adverse

health effects is

both necessary and S -
challenging. To this % “omnied e

end, there has been & o s Linking exposome ~ ®

. . . d ';/ b \ and health using e
growmg Interest In ) . e @ “ network science of|
characterizing the anironon ® .-.-.',,-,::-, ®

SR 1% _’.o )
human exposome Ve NO
along with the { cheical simlart @ @
genome to better 3 @
Characterization of

underStand the N(w(nmlnnwnl.ul U (’

chemical spaces

environmental
. compilation, curation and exploration of diverse groups of environmental chemicals

factors crucial for

human health and

disease. Téthesis focuses on environmental chemicals that have gained significant attention from
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scientists, regulatory authorities, and the public, due to their potdntiealth concerns. To link
chemical exposomes to health effects, a systematic compilation, curadimh exploration of the
existing information contained in published toxicological studies on diverse groups of environmental
chemicals was undertaken. Sgeglly, the thesis focuses on five groups of chemicals with
toxicological relevance, namely, endocrine disrupting chemicals (EDCs), environmental

neurotoxicants, human milk contaminants, fragrance chemicals in children's products, and exogenous

chemicalgletected in human tissue&xtensive computational analysis of the compiled toxicological
information for the five groups of environmental chemicals was performed. Similarity networks of
these environmental chemicals based on similarity in chemical stregtor target genes were
investigated. Bipartite networks of environmental chemicals and their target genes, and tripartite

networks of environmental chemicals, their target genes, and associated diseases, were constructed

to reveal perturbed pathways angotential disease comorbidities related to chemical exposure. A
comprehensive adverse outcome pathway (AOP) network for endooragdiated perturbations was
constructed, and thereafter, graptmeoretic measures were employed to identify the critical
biologcal events associated with endocrine disruption upon chemical exposure. To show the utility of

this research for chemical risk assessment, a comparative study using several chemical lists that are a

part of inventories, guidelines, or regulations was peried to assess the regulatory status and

source of the diverse groups of environmental chemicals considered in the thesis. These analyses

reveal that several environmental chemicals of concern are part of everyday exposures, and
moreover, many of these @micals are found to be produced in high voludmesum, the curated
resources and muHpronged analyses of diverse environmental chemical spaces describeé in th
thesis will facilitate ongoing research to link environmental exposures to human health.

3.3 National Institute of Scienceeducation and ResearcBhubaneswar

3.3.1 Understanding phosphorylationmediated changes in thesubcellular localization and
functioning of Siah2rotein in the context of Helicobacter pylormediated gastric cancer

Helicobacter pyloiinfection induces various pathological conditions in human stomach including
gastric cancer. Many oncogenic factors that contribute to gastric cancer progression are induced by
H. pyloriinfection. The E3 ubiquitin ligase Siah2 prote&none such factor. Po#tanslational
modifications (PTMs) determine stabiliggtivity,and subcellular localization of Siah2. Various PTMs

of Siah2 have been reported. However, the role of phosphorylation on Siah2 stability and function
in H. pylorimediated gastric cancer remained unexplored. The thesis aimed to understand the role
of phosphorylation of Siah2 on its functioning and subcellular localization. A novel mechanism
Ay @2t @Ay3 { Al KH LIK2ALK2NEf I GA2Y 0 ewad elucdSiedh v S
a w/ Ynediated phosphorylation of Siah2 at Sand Th#"°residues were found to modulate the
stability of Siah2. PhosphorylatddA I KH  LINP Y2 0SR (GKS LINRGSI a2yl f
and its phosphorylation regulated reactive oxygen species (ROS) generation by controlling the
cellular abundance of an antimbant protein GRP78. Increased mitochondrial localization of Siah2
and phosphorylated Siah2 along with decreased level of mitochondrial GRP78 were obsdtved in
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pylortinfected cells. Enhanced ROS generation promoted the formation of cytoprotective
aggre®mes. Abrogation of phosphorylation of Siah2 at®Serd Th#’® residues decreased the
invasive and proliferative potential &f. pyloriinfected gastric epithelial cells. Phosphorylation at
Siah2 Sérand Th#"°residues were also validated in human gastancer biopsy tissues and murine
model of gastric cancerln conclusion, this study identified the importance of phosi8iah2 as a
diagnostic and therapeutic marker Bff. pylorimediated gastric cancer.
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Phosphorylation of Siah2 at 8and Thi"° enhances ROS generation, aggreso
formation, proliferation, and invasiveness of H. pylimfected gastric epithelial
cells

3.3.2 Mechanistic insights into the functioning of a novel pH directeaulti-substrate specific
t2f @4 OOKIFNARS [@&1 &S ot[0 {a[ ¢mnaAdlo 2 F yIRO Ay Af i
pairing among diverse PL folds

Biofilm formation is one of the mechanisms by which bacteria gain resistance to antibiotics and
chemical disifectants. Polysaccharide lyases (PLs) are important class of proteins that are excreted

by bacteria to degrade sugars in the extracellular matrix of the host. The PLs enzymes are therefore

can be used to degrade or remove biofild pHdependent PL (SMLTZ3) from pathogenic strain

YY H 1 d8tefotrapiiomonas maltophilieends to cleave different substrates under different acid
concentrations. Té presentwork is focused on such a Carbohydrate Active enzyme (CAZymes)
responsible for ubiquitous and diverse anionic polysaccharides turnover. To understand the
mechanism of novel pdirected multisubstrate specificity, the crystal structures of SMLT1473 in the

apo- and substratebound form are solved at various pH range B to 9.0) using -xay
ONEBAGIft2aNI LK {2t SR ONRadGlIf &0NHzOGdz2NE NBGSI f
AY 020K Wl L2-®2 dzyARQ WAl B3I NG d&iKeSto idtetadtiprs finvolvidg a¥ 2 N S
significantly longer Nerminal lid loop. PyMolin-silico analysis generated electrostatic models
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highlighting that the substratbinding surface of pined Smit1473 is responsible for the catalytic

turnover of sugar sultgates with varying negative charge densities. This is the first report of creating

a wildtype enzymesubstrate complexes by nespecific pH trapping. Further, the structural
superimposition of Smit14ZBlannuronate and Smit147Blyaluronate reveals Smit1d7Qa Ff SEA 6 A f
to accommodate stere®@ KSYA OF f f & RAFFSNBY G adz aidNI fHod ¢2 St
FOGAGAGE LIANRYIQ Y2y3ad RAFTFSNByd OfraasSa 2F t
performed. Interestingly, they found structairconvergence among PLs, which fundamentally vary as

these proteins fold. Té presentwork provides several important structural insights into mechanisms

utilized by novel (SMLT1473) and related PLs for effective substrate turnover. The biology uncovered
KSNB OFy 06S SEGSYRSR (12 20SND2YS 0A2FAfY LINBRAzOI
be required for efficient clearance.
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The pH-directed changes on Smlt1473’s poly-Glucuronidaseactivity

3.3.3 Mechanism andregulation of Dynamin Related Protein 6 (Drp6) nuclear recruitment in
Tetrahymena thermophila

Dynamins are a group of large GTPases involved in various cellular functions such as endocytosis,
mitochondrial fission and fusion, endoplasmic reticulum membrane fusion, cytokinesispditiesm

these functions by remodelling the target membrane either by fission, fusion or tubulation. All the
known dynamins rely on specific lipid for membrane binding and undergo cycles eof self
assembly/disassembly. These properties like membrane biratggselfassembly/disassembly are
known to be regulated by pogtanslational modifications in some of the members. Dynamin related
protein 6 (Drp6) is a nuclear remodelling dynamin found @rahymena thermophilalt plays an
essential role during transon of micronucleus to macronucleus, a stage during sexual reproduction
where the nucleus expands profusely in its volume. Earlier it is shown that a single isoleucine residue
at 553 position (I1553) of Drp6 is required for nuclear membrane associatidanténaction with
cardiolipin. Through various biochemical and biophysical approaches, the workeitheisis
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demonstrates the mechanism of nuclear recruitment specificity. It is shown that the loss of cardiolipin
binding with mutation at 1553 is not due to change in the protein structure or conformation, and the
amino acid residues in the vicinity are not impartdor providing cardiolipin binding specificity. Using
anin vitrofusion assay, it is observed that Drp6 carries out membrane fusion function suggesting it as
a fusion dynamin. It is further observed that Drp6 brings about membrane fusion by facilitating
tethering and tubulation of the underlying membrane. This study also delineates the mechanism of
nuclear expansion and shows that Drp6 regulates nuclear expansion by modulating perinuclear
endoplasmic reticulum (ER) network formation. The nuclear expanisio Drp6 is found to be
dependent on microtubule structure. The magsectrometric analyses identified presence of
phosphorylation in four serine residues, and the results show that phosphorylation of serine at 248
position (S248) regulates nuclear lozation and membrane fusion function of Drp6 by enhancing
cardiolipin binding affinity and reducing GTPase actigithématic beloyw The overall study provides

the mechanism and regulation of Drp6 recruitment to nuclear envelope and nuclear expansion.

Endoplasmic reticulum

NUCLEUS BEFORE EXPANSION

Drp6 carries vesicles towar,
nucleus via microtubule ' L J

Cardiolipin on nuclear
membraoe recognised by Drp6.

Drpé carries vesicles
° 1o site of nuclear
expansion

reticulum
development
@

NucLeus ExpaNnsiON

Proposed model for mechanism of nuclear
expansion by Drp6

3.4  Sahalnstitute of Nuclear Physics, Kolkata

3.4.1 Synthetic and systems biology methods for application in gene circuits aridrogravity
related space biology

How microgravity works at the cellular and genetic level is a-&dagding question for the space
biology community. Answering this question is difficult for two reasort®cause microgravity is a
weak perturbation, the change in gene expression inrogavity is small for most genes; ii)
conventional data analysis ignores the small change in gene expression, preventing the identification
of altered molecular pathways in microgravity.elthesis developed a new systems biology analysis
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pipeline that igkntifies altered molecular pathways in microgravity by utilising advanced statistical and

machine learning tools. Various whole genome human gene expression data from space experiments
and simulated microgravity experiments wer 1) L
analyzed, and the results identified the - e
involvement of several unidentified molecula L | e |

pathways related to immunity, cancer, an _
other diseases. It seems microgravity mz K :* @ wo—p Cocard

cause more diseases than known, includii

various types of cancer. The study furthe i .
suggests various new igsits explaining how "

anti-cancer drugs might work better ir

L

microgravity, the plausible molecular geneti - —
reason for the change in smelling behaviour ' -
astronauts in space, and how lower shei ) _p
stress around the cells in microgravity bring S e

about immune deegulation  through el |—’-.=-'r: - 2
secondary massager molecular pathwalys. D v S

Ribosome

the present work, the first microgravity .ns_ﬂ:l—' "._é-- .
biosensohasbeendevelopedusing synthetic LT =c::-;$r;. Lo
genetic systems inside the bacteria colj

where in microgravity the expression ¢
fluorescentproteins changes and can be rea Y — "Ej"ﬂ'
by any fluorescence readet.re presentwork (o) (o) ] [oartsm

is the first to integrate microgravity as . _12””’7 G e
physical signal within cellular processes in

human designed way andig demonstrated I} Established Systems Biology Fipeline N} Micrograwity
by controlling the cell division process Bf respensive Circuit ilf} Network-Brick Pipeline

coliwith applied microgravity. The thesis

further developed a synthetic biology pipeline, named Network Bricks, to assemble and optimise
various genetic parts. Inspired by the physical hierarchy of electramidgtwork Brickvas usedor

the assembland optimization of a synthetic genetic IMPLY gate, andrp@-2-output integrated

logic circuit in a single E.calell. Taken together, the thesis has significance in solving real challenges
in long duration human space travel.

”“ * = Bepats =S

Cplamizalicn

34.2 Syntheticgenetic devices forhigher order information processing irliving cells

Forward engineering of synthetic genetic circibtssed artificial information processing devices has
been carried out by applying hierarchical computer and electronic design prisi¢golgology in order

to accomplish cellular biocomputing. Half adders, half subtractor, full adder, multiplexers, and channel
selector are some of the notable examples of such devices with high computing power that process
higher level information in miobes and mammalian cells. Expansion of the computing power of such
devices with increasing complexity might lead to the solving of complex computing problems in certain
areas where living cellased biocomputing might outperform traditional computers.eTthesis
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focuses on distributed computing in engineered bacteria. The single layer artificial neural network
(ANN) as a computing system has been adapted to develop a design framework for building complex
computing functions in living. colicells. Such aesign approach has been successfully employed in
building synthetic genetic higher order information processing devices including a biologcdl 2

decoder and a biological-#-2 priority encoder. A set of molecular engineering rules that could

directly translate functional truth tables into bactoneural forms have been established. The
generation of spontaneous mutations within the synthetic genetic circuits often leads to loss of the
circuit function. It has been shown that a nonfunctional genetic dirbecomes functional by
spontaneous fram& KA ¥4 Ydzil GA2Yy 27F | E. GoNFhig studyNsmedged duying T I Ol 2
GKS Oft2yAy3 2F GKS art/uded idltBeyASiBaset! yw@k. Phi¥ miahel degeli 0 A 2
has further been applied to eate synthetic genetic NOR and NAND gates. Maze generation and
solving are challenging problems in mathematics and computation. It has been designed and
demonstrated that distributed computing with engineer&d colican solve abstract computational

problems such as 2X2 maze problems in defined chemical space. Six englsastid!l populations,

sharing the total computational load, got organized in a single layer within a mixed culture condition

and worked as a computational solver, capable of soltfiegchemically generated maze problems as

well as determining the number of solvable and unsolvable problems for a given maze size.
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(a) Single layer ANN type architecture in engineered E. coli.
(b) Frame-shifted Cl causing gain of circuit function, and its
application. (c) E. coli-based distributed computing device
solving chemically generated 2X2 maze problems.

3.4.3 Structural dynamics of the KvAP voltage sensor during ligependent gating

Cellmembrane not only provides a boundary to the cells and the organelles but also serves as place
for sending and receiving signals, ionic exchange, neurotransmitter uptake and release, and vesicular
trafficking. For acting on the cells, while a few signgliigents easily pass through the membrane, a
range of substances and drugs interact with the proteins present in the membrane. The ion channels
are integral membrane proteins closely associated with the surrounding membrane lipids. The lipid
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protein interaction not only stabilize the structures of the ion channels but also influence its gating.
Voltagedependent potassium (KX channels are crucial for electrical and cellular signalling. The
voltagesensing domain (VSD) in response to changegimbrane potential causes pore opening for

ion conduction. In addition, pharmacological agents or toxins bind to VSD and modulate the gating of
Kv channels. The structural dynamics associated with the voltage sensor during its conformational
change, howesr, is not well understood. The thesis explored the changes in structural dynamics of
the voltagesensor of the voltaggated Kchannel, KVAP in membrameimetic systems using isolated
KVARPVSD. The structural dynamics of the -S2bloop, a toxin targdtas been studied, and compared

its organization and dynamics in micelles and membranes usingdisiteted fluorescence
approaches. The results demonstrated the correlation of the conformational heterogeneity of the
sensor loop with its environment hetegeneity in membranes. It has been found that the structural
dynamics is independent of membrane surface charge and curvature. Thedipghdent gating of

+{5 Y524y Q0 YR W LIQ O2yF2NXI A2y ¢l & addzRASR AY
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Micelles Membranes

S
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'Up' conformation ‘Down' conformation
Membraneinduced alteration in structural dynamics of $3b- Voltage sensor transition from ‘Up’to ‘Down’ conformation

$4 loop of KvAP-VSD

and nonphospholipids. The results highlight the impact of an alteredipatein interface that has

a strong influence on stabilizing the functional conformations of the KvAP sensor. In addition, the
STTSOUAGSyY RSB SNH SyKiS &HiRHVAB SasOr has PeerLdtimied. This strategy

will result in reduced cost of extraction by ~2000 fold. Some of the findings frethdkis hae been
FSFEGdzZNBR Ay WbSg BioghemitaRauind f SIQG A5 0MH R 2 a0oekaiey ( KA &
further delineating conformational dynamics for the functionally important voltagasing paddle

loopQ:X KA IKEAITKGAY I { KrSouriuvdedtanding yf@hs tox@sdnsoil iktdrattions 2 NJ|
and voltagedependent gating of kchannels in the membrane.

3.5 Tata Memorial Centre, Mumbai

3.5.1 A study on understanding the modulation in MAPK/ERK and PISKCA/Akt signaling during
acquirement of drug resistance

The thesis pertains to study the effect of repurposing of the commonly prescribed drug against Type
2 and gestational diabetes, metformin as therapeutics in treating epithelial ovarian cancer (EOC). This
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study highlights how metformin can play a role iensitizing platinureresistant tumour cells to
targeted chemotherapy and/or delaying the acquirement of platiarggsistance in previously
sensitive tumour cells. While nguiatinum agents like doxorubicin, gemcitabine, irino/topotecan and
etoposide are regiarly used in treating highly platinum resistant phenotype as the second line of
therapy, these are often times associated with severe cytotoxicity. It is known that upregulation of the
insulinlike growth factor 1 (IGE) receptor, IGF1R expression proe®tdevelopment of
chemoresistance at an early stage in EOCs, while increased AKT activation in presence of low IGF1R
levels maintains a highly resistant phenotype in cellular models. However, the literature is still sparse
on how these signalling pathwagige altered as ovarian cancer cells become more and more resistant

to platinumtaxol treatment. Bioluminescence Resonance Energy Transfer (BRET) studies has been
used to pinpoint how MAPK/ERK and PI3K/AKT signalling pathways are modulated during acquisitio
of chemoresistance in ovarian cancer cells and triegréalict the response of highly chemoresistant

cells to metformin, along with other neplatinum agents for identifying the optimal choice of therapy.

This study proposes that activation of the ERKdifnalling cascade negatively affects the sensitivity

of platinumtaxol resistance cells to negplatinum drugs. It is further shown that inhibiting ERK to
combat chemoresistance at an early stage could be facilitated by inhibition of drug induced agitopha
flux. For this, a new luciferase based autophagy sensor,-p@Elhas also been developed to monitor
reaktime autophagic fluxn-vivo.
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3.52 Genomic profiling of blast cells from different clinical stages of CML

Chronic Myeloid Leukemia (CML) epitomises successful targeteapy with 86% patients in chronic

phase (CP) treated with imatinib attaining remission. However, this treatment is a maintenance
therapy and not curative, which leads to administration of imatinib for very long durations. Some
patients acquire resistamcto imatinib during treatment and if the alternate therapeutic strategies

fail, disease progresses to blast crisis (BC). Around 80% patients in BC are resistant to tyrosine kinase
inhibitors and have poor survival. Prediction of predisposition to devetpgiecondary resistance

before start of treatment in CP, also delineating the molecular basis of imatinib resistance in BC may
improve the treatment outcome. Based on the reported recurrence of chromosomal aberrations (CA)
across leukemias and demonstratiof their role in pathogenesis the thesis aimed at profiling of CAs

in CML patients to predict secondary resistance and to delineate the underlying molecular mechanism.
CA profile generated with Cytoscan HD array identified that chromosomes 1, 3, 7,1% aad 22
harboured frequent aberrations in imatirilnresponsive CML patients. By using this battery of
chromosomes, unsupervised hierarchical clustering could segregate imatinib sensitive and resistant
patients as well as was able to predict resistanee altered genomic content due to chromosomal

gains and losses was captured in MCR assisted Raman spectroscopy analysis and could segregate
imatinib sensitive and resistant K562 cells. Genomic analysis of CML samples as well as K562 cell line
identified recurrent chromosomal amplification at 8q1112.1. On functional evaluation of genes
residing at this locale were PLAG1 was found to be playing a role in imatinib resistance. PLAG1 being
a transcription factor, increased the expression of multidrug teste ABCB1 gene which is
associated with chemo resistance. PLAG1 knockdown resulted into reduced expression of ABCB1
which may be responsible for decrease in IC50 for imatinib in resistant K562 cells with kdoeked
PLAGL1. Thus, the present study pregdinsights on to the molecular mechanism of imatinib
resistance.
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3.53 Role ofepigeneticmodifiers in pathogenesis ofmedulloblastoma

Medulloblastoma is the most common paediatric embryonal brain tumor accounting for about 20%
of allchildhood brain tumor cases. It is highly malignant, and the current treatment includes maximal
surgical removal of the tumor followed by radiation and chemotherapy. Although this treatment has
improved survival, about 30% of the patients still succumbh®® disease, and the survivors often
suffer from longterm neurological deficits. This warrants the need for a better treatment mechanism.
Cancer is a genomic disease, and understanding the genetic landscape can open up new avenues.
Gene expression profilg studies of medulloblastomas have identified four distinct subgrowgsT,

SHH, Group 3, and Group 4. The WNT subgroup has the begefongurvival of > 90%, and Group

3 with the worst fiveyear survival of 65%. Whoetgenome/exome sequencing studieave identified

the alterations in epigenetic modifier genes, thus highlighting the need to understand the role of
epigenetic modifiers in medulloblastoma pathogenesis.

Thethesis focuses on understanding the role of two such epigenetic modifiers ingdalloblastoma
pathogenesis. ARID1B is a highly

conserved DNAinding component of

the mammalian SWI/SNF chromatin

remodeling complex, and the SMARCA4

gene encodes a protein with a helicase

domain and acts as a catalytic subunit of

the SWI/SNF complex. histudy

reports ARID1B gene is most likely

haploinsufficient in WNT subgroup

medulloblastomas due to monosomy 6.

The shRN#Anediated ARID1B

knockdown increased medulloblastoma

cells' growth and malignant potential.

ARID1B downregulation led to the

activation of multiple oncogenic

signaling pathways like canonical WNT

signaling, MAPK signaling, and PI3K/AKT

signaling pathway by downregulating

the expression of several negative

regulators of these pathways. Thus, ARID1B keeps a check on multiple signalvaygdil affecting

the transcription of the genes involved in the negative and positive regulation of these pathways. In
the WNT subgroup medulloblastoma, reduced expression of this gene is observed, most likely due to
monosomy 6, and therefore the signajipathways remain aberrantly active, leading to oncogenesis.
Thus, ARID1B appears to act as a tumor suppressor gene in the WNT subgroup medulloblastoma. On
the other hand, SMARCA4 knockdown decreased proliferation, induced myogenic differentiation of
meduloblastoma cells, and did not affect the canonical WNT signaling pathway. Thus, a distinct role
of the two components of the SWANF complex is unravelled by these studies in the pathogenesis of
medulloblastoma.
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