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26" All India Essay Writing Contest

The 26" All India Essay Contest on Nuclear Science
and Technology was held in October 2014. The three
topics for the essay were:

Topic 1 - The Future of Nuclear Power — An Approach
to Sustainable Development

Topic 2 - Emerging Trends and Applications of
Radioisotopes and Radiation Techniques
for Societal Benefits

Topic 3 - Accelerators in Nuclear Programme: Energy
Security and Societal Applications

In all 270 essays were received in five languages i.e
Hindi, English, Marathi, Bengali and Tamil. Authors of
29 essays were invited to Mumbai (October 21 — 31)
to make the oral presentation before the respective
panel of judges and only 24 of them came to Mumbai
for the oral presentation. During their stay at Mumbai,
the students were shown various facilities like BARC,
BRIT, Vashi, ACTREC,Kharghar, Electron Beam Centre,
Kharghar and TAPS 3&4, Tarapur.

The oral presentations were made on October 29 at
DAE, OYC. The first three prize winners in each topic
are as follows:

Topic [1] - The Future of Nuclear Power — An Approach to Sustainable Development

| Prize winner:

Name of Student Student of Place Language
Mr. Prashant S. Bhide B.E (Mech.) 2" year Pune Marathi
Il Prize winner:
Name of Student Student of Place Language
Ms.. Jerusha S. B.Sc. 3 year Toothukudi TN English
Il Prize winner:
Name of Student Student of Place Language
Mr. Azad Hind Gulshan Nanda B.Sc. 3 year Patna English

Topic [2] - Emerging Trends and Applications of Radioisotopes and Radiation Techniques for Societal

Benefits
| Prize winner:
Name of Student Student of Place Language
Ms. Riviresa Mahata B.E (Mech.) 3 year Navi Mumbai English
Il Prize winner:
Name of Student Student of Place Language
Mr. Rajesh Debnath B.Sc. (Agri) 2™ year Tiruchirapalli English
Il Prize winner:
Name of Student Student of Place Language
Mr. K.K. Someshwar Pharma D. 5t year Chitradurga, Karnataka English
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Topic [3] - Accelerators in Nuclear Programme: Energy Security and Societal Applicationsl Prize
winner:
Name of Student Student of Place Language
Ms. Krishnaveni B.Sc. (Chem.) 2" year Kovilpatti, TN English
Il Prize winner:
Name of Student Student of Place Language
Mr. Tushar Tayade B.E. (Mech.) 2" year Pune English
Il Prize winner:
Name of Student Student of Place Language
Ms. R. Gayathri B.Sc. (Phy.) 2" year Chennai English
Ms. P. Shiva BTDC 3 year Khammam, AP English

The rest of the students were awarded Consolation Prizes. The prizes were distributed by Dr R K Sinha, Chairman,

AEC on Founder’s Day, at BARC.
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Industrial Safety Awards 2013

As part of safety promotional activities, Industrial Hygiene
and Safety Section of HS&EG, BARC has introduced an
Industrial Safety Award Scheme in the form of Director’s
Safety Shield on rotation, for BARC units.

The entries from the various Divisions/Sections/ Units
of BARC for the year 2013 were invited from three
different categories of units/facilities, namely,

A: Operating Plants
B: R&D Labs and Industrial Units
C: Engineering, Projects and Support Units

A thorough scrutiny of the entries were made and a
comparative study of all the entries in each category was
carried out based on the different parameters in respect
of Safety Statistics and Safety Management Indicators
including that of training and motivational efforts.

During the Founder’s Day Programme held at the
Central Complex Auditorium, BARC on 30.10.2014,
Shri  S.G. Markandeya, Chairman, CFSRC and
Chairman, Industrial Safety Award Scheme Committee
announced the winning units for the year 2013. The
winning units are:
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Category A: Operating Plants [Joint winners]:

(i) Kalpakkam Reprocessing Plant &
(ii) Tarapur Reprocessing Plant

Shri Sekhar Basu, Director, BARC giving away the Safety
Shield to Shri B. Shreekumar, Plant Superintendent,
KARP and Shri S. Pradhan, Chief Superintendent, TNRPO
accompanied by Shri Hemant Kumar, Safety Coordinator,
TRP and Shri N.S. Vivekanandan, Safety Coordinator, KARP

A:  Operating Plants | (i) Kalpakkam Reprocess-
[Joint-winners] ing Plant
(ii) Tarapur Reprocess-

ing Plant (PREFRE-I, PRE-
FRE-II, AWTF, SFSF), NRB
C: Engineering, Projects | Integrated Nuclear Recy-
and Support Units cle Project Construction
(INRPC), NRB, Tarapur
Representatives from the respective units received the
shield at the hands of Shri Sekhar Basu, Director, BARC.
The award comprised one Rotating Shield and a small
replica for retention by the respective winning unit.

Shri S. Pradhan, Chief Superintendent, TNRPO, and
Shri Hemant Kumar, Safety Coordinator, TRP and
Shri B. Shreekumar, Plant Superintendent, and Shri
N.S. Vivekanandan, Safety Coordinator, KARP jointly
received the award in Category A - Operating Plants.

On behalf of Integrated Nuclear Recycle Project
Construction (INRPC), NRB, Tarapur Shri D.A.S. Rao,
Project Director, INRPC and Shri M. Domesa, Safety
Coordinator, INRPC, Tarapur received the award in
Category — C Engineering, Projects and Support Units.

Category C: Engineering, Projects and Support Units:

Integrated Nuclear Recycle Project Construction (INRPC),
NRB, Tarapur

Shri Sekhar Basu, Director, BARC giving away the Safety
Shield to Shri D.A.S. Rao, Project Director, INRPC, NRB,
Tarapur, and Shri M. Domesa, Safety Coordinator, INRPC,
Tarapur.
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Release of the Founder’s Day Special Issue of
the BARC Newsletter

The CD of the Founder’s Day Special Issue of the BARC
Newsletter was released by Director, BARC on 30th
October, 2014. This year, the Special issue carried 60
Award winning Papers; 40 papers on the DAE Excellence
in Science, Engineering & Technology Awards for the
year 2012 and 20 papers on Merit Awards received
by BARC Scientists & Engineers in 2013. Out of the 40
DAE Award Papers, 8 papers were from Homi Bhabha
Science & Technology Award winners, 14 from Scientific
& Technical Excellence Award winners, 3 from Young
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Applied Scientist/Technologist Award winners, 7 from
Young Engineer Award winners, 3 from Young Scientist
Award winners and 6 from Group Achievement Award
winners. The 20 Merit Awardees received Awards and
Honours at various national and international seminars,
symposia and conferences held in 2013. As with the
regular issues of the BARC Newsletter, the Founder’s
Day Special Issue can be accessed through BTS and
Lakshya portals and through the BARC website.

Dr. Sekhar Basu, (Second from left) Director, BARC releasing the Founder’s Day Special Issue of the BARC Newsletter.
(from left to right: Shri H. Mishra, Controller, BARC, Dr. Sekhar Basu, Director BARC, Dr. R.K. Sinha, Chairman, AEC,
Shri S.G. Markendeya, OSD, BRNS and Shri R.C. Sharma, Director, RG.)
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investigations  under  high  pressures”.  His
developments include: Electrically exploded foil based
electric guns, Rail guns and Ultra high magnetic field
coils. In addition he has also developed Inductive
energy based systems to amplify input current by
a factor of more than 50 for applications to deliver
high current pulses. Pulsed Fusion based devices have
also been demonstrated by him for use in assay of
fissile materials.

Dr. T.C. Kaushik receiving the Homi BhabhaScience
& Technology Award from Prof.V.S.Ramamurthy,
Director, National Institute of Advanced Studies,
Bangalore & Chairman, Recruitment & Assessment
Board, Council of Scientific and Industrial Research.

3. Dr. Hari Sharan Misra, SO/G MBD, BSG, BARC
Dr Misra has been awarded for his outstanding
research contributions in understanding the molecular
mechanism underlying biological responses to
gamma radiation effects on life. He identified a novel
antioxidant and radioprotector pyrroloquinoline-
quinone (PQQ) from the radioresistant bacterium,
Deinococcus radiodurans and demonstrated that it
induces differential cytotoxicity between cancerous
and normal cells.

He is peer recognized as the invited speaker/Chair
during various meetings held in India and abroad and
recipient of several national awards and a recipient
of International fellowship “Fulbright-Nehru Senior
Scholarship”.
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Dr. Hari
BhabhaScience &
Prof.V.S.Ramamurthy, Director, National Institute

Homi
from

Sharan Misra receiving the

Technology  Award

of Advanced Studies, Bangalore & Chairman,
Recruitment & Assessment Board, Council of
Scientific and Industrial Research.

4. Dr. (Smt.) S.B. Roy, OS UED, MG, BARC

Dr. Roy has been awarded for her excellent and
comprehensive contributions in “Setting up the
required facilities for production of U metal to meet
the requirement of Indian research rectors and various
strategic programmes”.

Her work on process development for production of
specific grade uranium metal powder and specific
grade metal ingot including facility development for
production of specific grade uranium metal powder
is commendable.

Dr.(Smt.) S.B. Roy receiving the Homi Bhabha Science
& Technology Award from Prof.V.S.Ramamurthy,
Director, National Institute of Advanced Studies,
Bangalore & Chairman, Recruitment & Assessment
Board, Council of Scientific and Industrial Research.
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5. Shri
BARC
Shri Sharma has been awarded for his excellent
research contributions in the area of “Synthesis and
Development of Organic Solvents for separation
processes of nuclear metals”.

Joti Nath Sharma, SO/G, PsDD, NRG,

He has synthesized cesium specific solvent Calix-
Crown-6 (CC6) indigenously at large scale.

Based on his work, an engineering scale facility was
set up for treating HLW where cesium using calix-
crown-6 solvent and americium and strontium using
TEHDGA solvent will be separated. Separation of
these elements from HLW, results in about 30 fold
reduction in the vitrified glass volume.

Shri  Joti Nath Sharma
Bhabha Science

Homi
from

receiving the
& Technology Award
Prof.V.S.Ramamurthy, Director, National Institute

of Advanced Studies, Bangalore & Chairman,
Recruitment & Assessment Board, Council of
Scientific and Industrial Research.

B. Exceptional Service Award carries a Cash
award of Rs 5 Lakhs, a Citation & a Medal.

Shri K.N. Mahule, Head, ED&DD, MRG, BARC was
the only recipient of this Award. Shri Mahule has
been awarded for his excellent contributions in the
areas of “Nuclear fuels fabrication, transportation of
nuclear materials, and strategic programmes of the
department”.
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His contributions include design and commissioning
of FBTR fuel fabrication facility and production
campaign, design and development of equipment
and facilities for plate type fuel, metallic fuels for fast
reactors, sol-gel based fuel and development of fully
automated fuel fabrication facility.He also actively
contributed in setting up pilot scale alpha solid waste
treatment facility, and design and fabrication of
transport packages for nuclear materials.

C. Scientific & Technical Excellence Award
carries a Cash award of Rs 1 Lakh, a Citation
and a Medal.

There were Twenty seven award winners: Twenty two
from BARC, two each from IGCAR and RRCAT and
one from VECC. Following were the award winners
from BARC:
Dr. Prashant Shukla, SO/G, NPD, PG, BARC
Shri Sudhir Mishra, SO/G, RMD, NFG, BARC
Shri Vivek Bhardwaj, SO/E, A&CED, ESG, BARC
Shri M. Thakuria, SO/F, LWRD, RPG, BARC
Shri Raman Kumar, SO/F, NRPSED, NRB, BARC
Dr. (Smt.) Dipanwita Dutta, SO/F, NPD, PG, BARC
Shri S.K. Sinha, SO/H, RED, RD&DG, BARC
Dr. Sudipta Chakraborti, SO/F, IA&RD, RC&IG, BARC
Dr. Chiranjib Majumder, SO/G, ChD, CG, BARC
. Dr. G. Kedarnath, SO/F, ChD, CG, BARC
. Shri A.K. Haruray, SO/H, DRHR, DM&AG
. Dr. (Smt.) P.M. Dighe, SO/F, ED, E&IG, BARC
. Shri Clement C. Verghese, SO/H, RCnD, E&IG, BARC
. Dr. Sunil Dutt Sharma, SO/F, RP&AD, HS&EG, BARC
. Dr. Abhijit Ghosh, SO/G, G&AMD, MG, BARC
. Dr. K.D. Joshi, SO/G, APD, MRG, BARC
. Dr. Manoj Kumar Warrier, SO/F, CAD, MRG, BARC
. Dr. Aniruddha Kumar, SO/G, AFFF, Tarapur, NFG,
BARC
19. Dr. Kathi Sudarshan, SO/F, RCD, RC&IG, BARC
20. Shri Vishnu Verma, SO/G, RSD, RD&DG, BARC
21. Dr. Usha Pal, SO/G, RPDD, RD&DG, BARC
22. Shri B.S. Manjunath, SO/G, RTD, RD&DG, BARC
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D. Young Applied Scientist / Technologist Award
carries a Cash award of Rs 50,000/-, a Citation
and a Medal.

There were Eleven award winners: Eight from BARC
and three from IGCAR. Following were the award
winners from BARC:

Shri R.D. Phulsundar, SO/E, ChTG, RMP/BARC
Shri Tushar Roy, SO/E, NXPD, PG, BARC

Shri Abhijit R. Tillu, SO/E, APPD, BTDG, BARC
Shri Jyoti Prakash SO/D, PMD, MG, BARC

Shri Shivam Mishra, SO/E, PED, ChTG, BARC
Smt. Chandrani Bhattacharya, SO/E, ThPD, MRG,
BARC

. Shri Amit Verma, SO/E, MMD, MG, BARC

8. Shri Kodeboina Rajendra Babu, SO/E, TPD, PG,
BARC

o0k wbhPE

E. Young Scientist Award carries a Cash award of
Rs 50,000/-, a Citation and a Medal.

There were seven award winners: six from BARC and
1 from VECC. Following were the award winners
from BARC:

1. Dr. Prabhat Kumar Singh, SO/E, RPCD, CG, BARC

2. Dr. Ashish Kumar Srivastava, SO/E, NABTD, BMG,
BARC

3. Dr. Manoj Mohapatra, SO/E, RCD, RC&IG, BARC

4. Dr. Rahul Checker, SO/E, RB&HSD, BSG, BARC

5. Dr. Veerendra Kumar Sharma, SO/D, SSPD, PG,
BARC

6. Dr. Jitendra Bahadur, SO/E, SSPD, PG, BARC

F. Young Engineer Award carries a Cash award
of Rs 50,000/-, Citation and a Medal.

There were seventeen award winners: nine from
BARC, four from IGCAR, three from RRCAT and one
from NFC. Following were the award winners from
BARC:

1. Shri Dev Ranjan Das, SO/E, L&PTD, BTDG, BARC
2. Shri Surendra Singh Saini, SO/D, DRHR, DM&AG, BARC

Shri Nagaraj Alangi, SO/E, L&PTD, BTDG, BARC
Shri Ankur Patel, SO/E, APPD, BTDG, BARC

Shri Ravindra K Sharma, SO/E, ATSS, E&IG, BARC
Shri Piyush Jain, SO/E, IADD, PG, BARC

Shri Ashish A. Dike, SO/E, LWRD, RPG, BARC
Shri Sanjay Kumar, SO/E, RPD, RPG, BARC

Shri M.T. Kamble, SO/F, RED, RD&DG, BARC

© 0o Nk~

G. Special Contributions Award carries a Cash
award of Rs 50,000/-, Citation and a Medal.

There were 68 Award winners in this category.

Dr. V. Natarajan,SO/H+, RCD,RC&IG,BARC
Shri Anand Mohan, SO/H, AFD, NFG, BARC
Dr. S.K. Thulasidas, SO/G, RCD, RC&IG, BARC
Shri V.M. Chavan, SO/G, RTD, RD&DG, BARC
Shri S.D. Bharambe, SO/G, IHSS, HS&EG, BARC
Shri A.P. Rao, SO/G, LWRD, RPG, BARC
Shri K.C. Krishnamurthy, SO/G, PRPD, RPG, BARC
Shri K. Premsai, SO/G, PRPD, RPG, BARC
Shri P.S. Kutty, SO/G, RMD, NFG, BARC
. Shri D.K. Das, SO/G, AFFF, NFG, BARC
. Dr. P.B. Wagh, SO/F, APD, MRG, BARC
. Shri K.K. Srivastava, SO/F, TRP, NRB, BARC
. Shri Sunil Gulati, SO/F, TRP, NRB, BARC
. Dr. (Smt.) Sumita Saha, SO/F, RPD, RPG, BARC
. Shri R. Ramakrishnan, SO/F, PRPD, RPG, BARC
. Dr. R.M. Altekar, SO/F, MFD, NFG, BARC
. Shri Gorakh Nath, SO/F, AFFF, NFG, BARC
. Dr. A. Chandrashekara, SO/E, RMP, ChTG, BARC
. Dr. S.K. Rakshit, SO/E, PDD, RC&IG, BARC
. Shri A.P. Sahu, SO/E, TRP, NRB, BARC
. Shri T.V. Vittalrao, SO/E, FCD, RC&IG, BARC
. Shri Y.R. Bamankar, SO/E, FCD, RC&IG, BARC
. Shri Ramesh R. Khuspe, SO/E, RSSD, HS&EG,
BARC
Shri M.B. Pote, SO/E, RSSD, HS&EG, BARC
Shri S. Chinnaesakki, SO/E, HPD, HS&EG, BARC
Shri I.A. Sarjekhan, SO/E, RMD, NFG, BARC
Shri C.N.S.R. Prasad, SO/D, RMP, ChTG, BARC
Shri L.C. Sagayaraj, SO/D, PRPDR, PG, BARC
Shri Abhishek K. Singh, SO/D, RP&AD, HS&EG,
BARC
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Shri D.B. Kulkarni, SO/D, RP&AD, HS&EG, BARC
Shri Sanjay Singh, SO/D, RSSD, HS&EG, BARC
Shri P. Mathew, SO/D, HPD, HS&EG, BARC

Smt S.K. Raut, SO/C, PDD, RC&IG, BARC

Smt N.V. Jisha, SO/C, ED&DD, MRG, BARC

Shri Surendra Kumar, SO/C, MFD, NFG, BARC
Shri T. Mukundan, TO/C, RSSD, HS&EG, BARC
Shri P.T. Ghare, TO/C, RSSD, HS&EG, BARC

Shri Sanjeev Singh, TO/C, WMD, NRG, BARC

Shri Vinod Kumar Verma, TO/C, MFD, NFG, BARC
Shri E. Ravindran, Sr.PS, Director’s Office, BARC
Shri S.V. Mane, Sr.T/H, CDM, DM&AG, BARC

Shri V.N. Mane, Sr.T/H, CDM, DM&AG, BARC
Shri R.J. Vankudre, Sr.T/H, CDM, DM&AG, BARC
Shri P.M. Koli, Sr.Tech, PDD, RC&IG, BARC

Shri B.N. Raut, Sr. Tech, PDD, RC&IG, BARC

Shri I.B. Patrick, SA/E, FRD, NRG, BARC

Shri Sanjay V. Vanave, SA/E, HPD, HS&EG, BARC
Shri Kiran Govind Kate, SA/E, PDD, RC&IG, BARC
Shri Vikram M. Joshi, SA/E, HPD, HS&EG, BARC
Shri Anjan Kumar Singh, SA/E, RSSD, HS&EG,
BARC

Shri S.B. Dogra, SA/E, RSSD, HS&EG, BARC

Shri Nitin V. Choughule, SA/E, IHSS, BARC

Shri J.L. Sharma, SA/D, PDD, RC&IG, BARC

Shri Mukesh M. Uke, SA/D, RP&AD, HS&EG, BARC
Shri Vinod Kumar Joshi, SA/D, RP&AD, HS&EG,
BARC

Shri Vinay S. More, SA/D, RP&AD, HS&EG, BARC
Shri N. Sebastian, SA/D, PDD, RC&IG, BARC

Shri N. Selvamani, SA/D, RSSD, HS&EG, BARC
Shri M.G. Reddy, SA/C, PDD, RC&IG, BARC

Smt. H.V. Khadilkar, SA/C, PDD, RC&IG, BARC
Shri A.G. Desai, SA/C, ED&DD, MRG, BARC

Shri C.B. Dusane, SA/C, EMAS, BARC

Shri K.R. Rathish, SA/C, RSSD, HS&EG, BARC

Shri G. Yesu Rathnam, Steno, Director’s Office,
BARC

Shri A.P. Sawant, Tech/F, PDD, RC&IG, BARC

Shri S.S. Gijare, Tech/D, PDD, RC&IG, BARC

Shri U.N. Dhuri, Tech/C, ED&DD, MRG, BARC
Shri D.K. Dalvi, Driver, Director’s Office, BARC

H. Meritorious Technical Service Award carries
a Cash award of Rs 20,000/-, Citation and a
Medal.

There were twenty five award winners; 16 from BARC,
4 from IGCAR and 3 from RRCAT and one each from
HWP (Kota) and GSO, Kalpakkam.

Shri M.S. Farash, Sr.T/H, RED, RD&DG, BARC

Shri Ramesh G. Barge, F/B, G&ACD, MG, BARC

Shri Dipak Kumar Ghosh, F/B, ACL, RMP, BARC

Shri Narayan C. Bhowmick, SA/F, DF, RMP, BARC

Shri A.B. Sonawane, Sr.T/H, CDM, DM&AG, BARC

Shri N.V. Surendran, T/H, PED, ChTG, BARC

Shri K.D. Waghmare, T/F, IADD, PG, BARC

Shri Gian Chand Chouhan, Sr.T/H, CDM, DM&AG,

BARC

9. Shri Narayan Laxman More, T/, WMD, NRG,
BARC

10. Shri M. Padhy, T/J, DRHR, DM&AG, BARC

11. Shri Shyam Lal Sharma, F/C, TSD, ESG, BARC

12. Shri G.K. Patel, F/B, PMD, MG, BARC

13. Shri G.W. Diwan, F/C, AFD, NFG, BARC

14. Shri M.M. Nicholas, F/C, PRPD, RPG, BARC

15. Shri S.T. Panchal, SA/G, RPD, RPG, BARC

16. Shri D.S. Khobragade, F/C, AFFF/Tarapur, NFG,

BARC
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I. Group Achievement Award winners received
a medal, a Citation and suitable cash awards
for each group commensurate with the group
size and its overall achievement.

A total number of forty four Groups received these
awards. Out of these, 24 were from BARC, 4 each
from NFC, IGCAR and RRCAT, 2 each from HWB,
VECC and BRIT, 1 from BARC, IGCAR and HWB
(Combined) and 1 from AMD. Following were the
Group Leaders from BARC, who received the awards
for their groups:

1. Dr. S. Kailas, former Director, PG, BARC.
2. Dr. P.Singh, OS & Head, IADD, PG, BARC.
3. Shri Kunal Chakraborty, SO/H, ROD, RG, BARC.
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10.
11.
12.
13.

14.

15.
16.
17.
18.

19.

20.
21.

22.
23.

24,

Shri R.R.S. Yadav, Director, RPG, BARC.

Shri Sadanand S. Malar, PRO, BARC & Shri G.S.
Kurhade, Asstt. PRO, BARC.

Dr. K.C. Mittal, Former Head, APPD, BARC & Shri
R.K. Rajawat, SO/H+, APPD, BTDG, BARC.

Dr. K.C. Mittal, Former Head, APPD, BTDG, BARC
Dr. (Smt) Sadhana Mohan, Head, HWD, ChEG,
BARC and Shri M.M. Rajput, PS, NDDP/AUGF,
ChEG, BARC.

Shri AK. Verma, SO/H, Head, CDS, MDD,
ChTG,BARC

Shri K.C. Guha, OS, RMP/ChTG, BARC/Mysore.
Shri S.P. Srivastava, SO/H+, CDM, DM&AG, BARC.
Shri Uday W. Vaidya, SO/H+, Head, Computer
Control Design Section, RCnD, E&IG, BARC.

Dr. M.S. Kulkarni, SO/H, Radiological Physics and
Advisory Division, HS&EG, BARC.

Dr. D.M. Gaitonde, SO(G), HRDD, KMG, BARC
and Dr. (Smt) Sangeeta, SO/H+, Prog. Officer,
BRNS, P&CD, KMG, BARC.

Dr. S.C. Gupta, Project Manager, EHPPL, Head,
APD, MRG, BARC.

Shri T. Sreenivas, SO(H) and Head, MinD, MG,
BARC.

Dr. (Smt) S.B. Roy, OS & Head, UED, MG, BARC.
Smt. Smitha Manohar, SO/H, PDD, NRG, BARC.
Shri Biplob Paul, SO/H, Plant Supdt., SWMF, NRB,
BARC.

Shri ET. Qureshi, SO/F, Supdt(M), TRP, NRB, BARC.
Shri Y. Kulkarni, SO/H+, CS, TNRPO (presently
GM, INRP, WMD, NRB)

Dr. Sanjay C. Gadkari, OS, TPD, PG, BARC.

Dr. N.K. Sahoo, OS & Head, AMPD, PG, BARC and
Dr. Amar Sinha, OS & Head, N&XPD, PG, BARC.
Shri R.R.S. Yadav, Director, RPG, BARC.

K. Meritorious Service Award carries a cash
prize of Rs. 20,000/-, a citation and a medal.

There were 23 Award winners. Seventeen were from
BARC, 1 each from RRCAT and VECC and two each
from DAE and IGCAR. Following were the award
winners from BARC:

Shri P.S. Tawde, Sr.Clerk, MD, BSG, BARC

Shri G. Johnkutty, UDC, RC&IG, BARC

Shri Nagesh V. Pawar, Asstt., PD, Adm., BARC

Shri Sheshrao G. Angrakh, Dr.Gr.l, Traffic/PD,

Adm., BARC

Shri Dashrath S. Dogra, Asstt., PRO, PD, Adm.,

BARC

6. Shri R.R. Mayekar, Asstt., PD, Adm., BARC

7. Smt. Shailaja Prakasam, DEO, PD, Adm., BARC

8. Smt. S. Komalavalli, APO, PD, Adm., BARC
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Dr. J.P. Mittal (Former Director, Chemistry and
Isotope Group, BARC) in conversation with the BARC
Newsletter Editorial Committee

Dr. J.P. Mittal is presently M.N. Saha Distinguished Professor (NASI) at BARC. He

joined Chemistry Division, BARC in 1960 through the third batch of BARC Training
School. He became Head, Chemistry Division in 1986, Director, Chemistry Group in
1993 and Director, Chemistry and Isotope Group in 1999. He did seminal work in the
area of radiation and photochemistry, and was responsible for initiating ultra-fast
chemistry labs at Chemistry Group. He superannuated in 2003. He has published
more than 350 papers in international journals and guided about 35 younger col-
leagues for their PhDs. In recognition of his significant contributions, he has been

conferred with a number of national and international awards such as Humboldt
Senior Research Award, Senior JSPS Fellowship, Fulbright Fellowship-USA, Distinguished Photo-chemist
Award from Japanese Society of Photochemistry, Goyal Prize in Chemical Sciences, Life Time Achievement
awards from the Chemical Research Society of India and the Indian Chemical Society, Padma Shri (2003)
from Government of India, just to name a few. He is a Fellow of all the three Science academies in India,
namely the National Academy of Sciences, India (FNASc); the Indian Academy of Sciences (FASc) and the
Indian National Science Academy (FNA). He is also a Fellow of World Academy of Sciences (TWAS).

How did the Chemistry programme originate
in BARC? Our young colleagues would be
interested in knowing some of the historical
aspects of this programme.

| would rather rephrase your question as “How did
the Chemistry Programme originate in DAE” You will
be surprised to know that the Chemistry Programme
and the Chemistry Division were one of the very first
programmes and Divisions under DAE. The Atomic
Energy Act was passed in 1948 and the Atomic
Energy Commission was constituted in the same year
with Dr. Homi Jehangir Bhabha as the Chairman and
Dr. K.S. Krishnan and Dr. S.S. Bhatnagar as members.
Dr. S.S. Bhatnagar was known to have started the
CSIR establishment and he was an internationally
renowned Chemist. On his suggestion, Dr. Jagdish
Shankar was appointed as the First Chemist in DAE.
Dr. Shankar was instrumental in initiating major
programmes in Chemistry right from ore extraction,
ore dressing and purification and fuel reprocessing.
The major challenge in those days was the extraction

of small amount of uranium from the available low-
grade ores. Then the next question was how to go
about purifying it. In very early stages Dr. Shankar and
his peers realized its importance and that was how the
Analytical Chemistry Division was established under
the leadership of Dr. V.T. Athawale. It was he who
established the basic laboratory for chemical analysis
of the ores. This whole activity started in the basement
of Kennilworth, Dr. Bhabha’s bungalow. The period
1950-54 was the time when research on basic
chemistry was being carried out. Three more chemists
joined the existing team: Dr. M.D. Karkhanawala,
Dr. A.K Sundaram and Dr. T.K.S. Murthy. So this was
how the chemistry programme began in DAE along
with the generation of basic expertise in several areas
such as Radiation Chemistry, Gas Chromatography,
Solid State Chemistry, X-ray diffraction, Development
of high purity materials and Zone refining. The first
published paper in Chemistry from the DAE was in
1955 at the Geneva conference where Dr. Bhabha
presented a paper on separation of zirconium and
hafnium by solvent extraction.
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What are the significant early contributions of
chemists to the DAE programme?

The CIRUS reactor was built with the Canadians
collaboration who detected fungus inside the coolant
channels. They suggested the use of potassium
dichromate. However, due to radiation, chromium
was deposited on the walls resulting in the choking
of the coolant tubes. This problem was tackled by
injecting large amounts of complexing agents inside
the coolant channels to remove the chromium
deposits. This was how CIRUS was cleaned up. This
was one of the early important inputs from chemistry.

In many aqueous coolant systems suspended sub-
micron size particles in a low or medium concentration
are referred to as the turbidity of the coolant. At low
concentrations parts per billion(ppb) level of turbidity,
solution may apparently look clear, but at parts per
million level (ppm) the coolant can appear very turbid.
Turbidity itself or its deposition on surface can cause
heat transfer problems in the nuclear reactor. Such a
problem was encountered in the form of aluminum
hydroxide turbidity in Dhruva reactor in 1985. Efficient
inorganic ionic exchanger / adsorbent was developed
by Chemistry Group, which was successfully deployed
for the removal Al(OH), turbidity.

You are an internationally acclaimed Radiation
and Photochemist. How this specific chemistry
programme started at BARC?

In early 1960’s there was a move internationally to
use organic coolants in nuclear reactors as they were
envisaged to be advantageous in terms of corrosion
and high specific heat. However, under operating
reactor conditions, one needed to look into their
radiation stability. In view of this, a comprehensive
radiation chemistry programme was initiated at
Chemistry Division. Subsequently, the idea of organic
coolants was abandoned, but it led to the foundation
of this important programme, which is vigorously
pursued at Chemistry Group even now. The first 7
MeV LINAC in India was installed at Chemistry Group,
BARC in 1986. This programme expanded to the study
of ultra-fast chemical dynamics of Chemical reactions.

BARC NEWSLETTER
Focus

Now we can boast of the very first established state-
of-the-art level femto-seconds chemistry facilities at
BARC wherein many fundamental chemical questions
have being addressed. This facilities can easily be
compare to the top Three/four laboratories in the
world. The radiation chemistry research had several
societal off-shoots also such as hydrogels for wound
dressing. Recently Chemistry Group has developed a
nitric oxide releasing hydrogel, which is effective even
for diabetic foot ulcars.

You have also been associated with practicing
analytical chemistry related to materials and
have contributed immensely in this area. The
present trend is to do research in frontier
areas as a consequence of which focus on this
field has been diminishing slowly. What steps
need to be taken quickly so that we revive this
important area and create a pool of experts?

Analytical chemistry itself has changed texture now
and today it is mostly instrumentation-based analysis.
But one should remember that any instrumentation
analysis technique requires sample making and
unless the sample is correctly prepared, the results
may not be replicable. It requires knowledge of basic
process chemistry. To get analytical capability of a
very high sensitivity one may require more and more
sophisticated instruments but the sample you feed-in
has to be very pure, genuine sample and it is for this
reason that the National Centre for Compositional
Characterization of Materials (NCCCM) was set up in
Hyderabad in early 1990s. There is no denying the
fact that a chemist whether one is a physical chemist,
organic chemist, or Laser chemist, he/she has to be
first basically a good analytical chemist. Knowledge
about process chemistry and analytical chemistry is a
must. It is experimental science. You need to conduct
experiments with your own hands in the laboratory.
One cannot differentiate between basic research and
applied research. Whatever you think today is basic
research tomorrow it will be applied research and in
my opinion it is not an encouraging situation to tell
younger colleagues that they should do only applied
research. Basic research is the one which gives us the
pool of knowledge.Youngsters should be equipped
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to solve challenging problems in such a manner that
they can rub their shoulders with professionals at an
international level and it can only be achieved when
you encourage them in whatever basic research they
do. They should be encouraged to publish their work
in peer reviewed international journals.

Nano science and Nano technology have
been projected as very promising areas of
contemporary R&D, with tremendous potential
for applications for societal benefits. What
are your thoughts on this? What are the areas
within this field of relevance to DAE programs,
where should BARC concentrate and focus its
efforts in the near future?

Nano Science and Nano Technology have been
projected as new things but at BARC we have been
doing nano science and nano technology since long,
because what you mean by Nano Science and Nano
Technology is that you are conducting and observing
reactions at a nano scale in time as well as in size
and space. So whenever you do any precipitation
reaction basically the first particle that is produced
is a nano particle. This is nothing new. We have now
acquired the technology to see that particle, we can
look directly at the nano time scale but chemistry-
wise it goes through the Nano science particle and
then gradually it becomes nano to micro, micro to
milli, milli to even to still larger etc. but chemistry-
wise Nano Science has always existed and only now
we have learned the technology to see it at nano
time scales. Of course there are many applications
and our scientists are quiet good in BARC and they
are in the frontline of Nano Science area and again |
see many places where there is direct application of
Nano Science and Technology in the Atomic Energy
Programme. So basically if we have trained people in
the area of Nano science technology, they will be able
to use it and apply either insitu in the reactor or in
any place where Nano science is required.
Nanomaterials have tremendous potential for
separation of radio-nuclides from nuclear waste for
health and other applications. Likewise catalysis is
another area where nanomaterials are going to play
a significant role.
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What will be the role of chemistry in some of
the futuristic mega-projects in DAE, such as non-
water cooled reactors like HTRs, MSBRs, etc.?

The whole radiation chemistry programme was
initiated in the DAE because water was supposed
to be both coolant and moderator in most of our
reactors. For this purpose very high purity water is
required which is completely stable.If the water is
impure, due to some basic reactions free radicals
are produced.Now new kinds of reactors are coming
up, like the High Temperature Reactors and Molten
Salt Breeder Reactors.Chemists have a very important
role to play in these reactor technologies.Here we
face whole new challenges in materials chemistry,
surface chemistry, design of carbon composites,
silicon carbide coatingsetc. Other challenges would
be development of materials which can withstand
high temperatures and corrosion. MSBR is a fantastic
idea for a reactor concept. In fact, often it is referred
to as a Chemists’ reactor. Chemists will play a major
role particularly in the chemistry of molten fluorides.

Chemistry is considered to be a central science
with strong linkages to other branches. How these
linkages with other disciplines such as physics,
biology, material science and other engineering
disciplines can be further enhanced in BARC?

Chemistry is the basic central science. Knowledge
of Chemistry is applicable to whatever branch of
Science one takes up. Even Engineers need to know
basic chemistry to excel in their fields. In IITs and
in ICT there are important courses of chemistry for
the engineers. The emergence of new subjects like
Chemical-Biology, Chemical-Physics and Chemistry of
Materials, all are examples of linkages of Chemistry
with other disciplines.

You have had a long association with the
Materials chemistry programme of DAE.In this
regard would you like to share some memorable
successes which you have cherished?

Well as | said earlier,theChemistry Division has been
making high purity materials for various requirements
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of the Department. So, wherever materials were
required, chemistry people have delivered the goods
and at present they are the pioneers in handling and
purifying materials at the 6-7N level of purity including
many of the 3rd generation Electronic grade materials. |
am very proud of our colleagues who achieved this feat
as a challenge posed to them by the nation.Chemists at
BARC continue toface newer and newer challenges; for
example in the fuel cell materials and the catalyst that
would be used.Chemistry is going to be an integral part
of research on multi-functional materials.

Is there something that you wanted to recall
i.e.recall that you wanted to do something
and thesystem did not allow and which
subsequently got resolved?

Many a times we proposed to do certain things and
the department thought it was too ambitious. But |
also know that if you are 100% convinced about your
project, DAE still has that kind of culture that it will go
through your project. But they will test your tenacity
and the veracity of your ideas. To give you an example:
We thought that the photons could be used to separate
isotopes and as all of you know separation of isotopes
is an expensive business. So we three or four young
people in BARC proposed to the department that we
should initiate a new area for isotope separation apart
from the normal technology of gas and centrifuge
which are very expensive. They asked how it was
possible? But our chemical concepts were very clear.
Committees were made to scrutinize the ideas of these
“crazy” people (myself, Dr. Bhawalkar and Dr. P.R.K.
Rao). It was one of the first experiments that have
been done in BARC which was multidisciplinary. Later
Dr. Ramanna made an announcement that BARC was
working in the area of Laser Separation of Isotopes.
So I am very convinced that if your chemistry is correct,
DAE even today will accept your proposal but you have
to defend your ideas and then DAE will support you.

Scientific research at BARC, while seeming to
encompass diverse things, largely revolves
around areas of relevance to DAE programs and is
often considered as “not mainstream science” by
outsiders. What, in your opinion is the best way to
strike a balance between ‘excellent mainstream
science’ and ‘relevant DAE programs’?

BARC NEWSLETTER
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DAE is a mandate-driven department. We are doing
basic research which has direct relevance to DAE
programmes. But | think simultaneously it is our
responsibility to expose our scientists to R&D at
national and international levels by asking them to
present their data through general conferences so
that we can emphasize and explain to our peers about
the kind of challenging and novel chemistry being
pursued at BARC laboratories. We should be able to
compete and rub our shoulders with the best of the
international scientists and | am convinced that not
only scientists, chemists, physicists but also engineers
in DAE are doing such a great amount of work which
can be comparable with work done elsewhere in the
world. But we don’t get enough exposure. We must
publicize and present our science at more and more
National and International Conferences and Symposia
etc.

Chemistry plays an important role in improving
the quality of life of the country’s population.
How do you suggest enhancement of the
linkages of Chemistry programme in DAE with
societal benefits?

| have earlier answered a part of this question but
to elaborate further, Chemistry plays a central role
in society. Starting with your daily newspaper and
your morning tea, everything is chemistry. We are
all made of chemicals. Our whole body is made up
of chemicals, water is a chemical, air is a mixture
ofchemical. The entire medical industry depends on
chemistry, similarly textile industry, material science
all depend on chemistry. So chemistry is everywhere,
in every human’s life chemistry is involved and large
number of Chemistry research at BARC is directly or
indirectly connected towards solving some of these
problems, take for example work done connected
to material chemistry or radiation protection and
antioxidants or radiation induced modification to
polymers.

Today’s researchers are more mobile. What
differences can it make to our own domestic
nuclear materials chemistry programme?
How to attract better talent in chemistry to
contribute to DAE programmes?
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It is a very important question because unless you
have good students coming into our department,
there is going to be a bad situation. This can only be
done by as much amount of advertisement of our
work as possible, information by word of mouth, by
publishing many papers. Good students should feel
welcome at DAE. We must invite different colleges,
different universities to come and see the kind of
work we are doing. We must device new schemes so
that students are welcome even from undergraduate
levels. The teacher-student relationship should be
maintained. The K.S. Krishnan Fellowship is also
another good idea where postdoc people, after they
have completed their PhDs at different universities
can be absorbed. So | think more and more such
schemes should be evolved. Where we can get fresh
inputs from different areas, students at different
levels; otherwise as you rightly pointed out this is
a mobile system. Several opportunities are opening
up for young students. But you need to attract
them. This can be done by going to universities to
give lectures, call them to our place,show them the
laboratory where we are working and what we are
doing. The only way to attract them is to make them
excited about science. Students are valuable national
assets.

What is the message you would like to give
to the chemists belonging to the present
generation? What are the challenges ahead?

Work hard as much as possible and always work
at cutting edge of technology, don’t try to repeat
whatever somebody else has done. | say in every
lecture to every scientist that they must dream and
dream as much as possible and then work towards
fulfilling that dream. There are many new challenges
coming up. The basic challenges of energy, pollution,
water still remain. Shortage of Water is going to be
the biggest problem for the whole world. In India we
are fortunate to have adequate rainfall every year.
This is a big challenge of how you can purify water
and provide clean potable water at reasonable cost.
There are many technological ways of doing this.
However, the biggest challenge is how to do in a
sustainable way.
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You have visited many labs and Institutes
abroad, how does BARC compare with these
institutes and in what way BARC can be further
improved

| think there is no other research institute which is
bigger than this unique institution BARC at one place
on one campus and with so many trained scientists.
| think we must encourage more and more students
to join BARC. We must bring back science and
its relevance to society. The challenge is to create
more and more scientists in the country. Manpower
resource in our country is very high and we have to
tap it.

Would you like to share your impressions
on BARC Newsletter and the BARC outreach
programme. Please also suggest ways for
further improvement

Newsletters should reflect and project the R&D
achievements of the institution. | personally feel
that there should be some more photographs of
the people involved in the R&D, tools, instruments,
equipment etc.

| think the outreach programme should not be left
just only to the public relation professionals. It should
also be seriously encouraged to be taken up by the
working scientists and engineers of BARC. We should
approach scientists who are very good speakers and
ask them to give lectures, tell everyone what the
department is doing. They will have conviction when
they speak to the audience. For example the question
of food irradiation: we must tell the truth about the
whole thing that food irradiation is quite safe. Tell as
much of scientific facts to the audience as possible.

Finally, | would like to thank the Editorial team for
giving me this opportunity to express my views on a
range of questions related to Chemical sciences and |
do hope that the young chemists and engineers will
get a better insight of the things that had happened
and how it evolved in to the present system. | wish
BARC Newsletter all success.
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Ahmed’s Integral: the Maiden Solution

Physics Group

In 2001-2002, | happened to have proposed a new definite integral in the American Mathematical Monthly
(AMM), which later came to be known in my name (Ahmed). In the meantime, this integral has been mentioned
in mathematical encyclopedias and dictionaries and further it has also been cited and discussed in several books
and journals. In particular, a google search with the key word \Ahmed’s Integral” throws up more than 60
listings. Here | present the maiden solution for this integral.

My proposal of evaluating the following integral

b tan—14/2+ 22

s T o ®

was published [1] in 2001, when it was thrown open
to be solved within next 6 months. Subsequently, 20
authors and two problem solving groups proposed
correct solutions. The solutions to (1) by two authors,
Kunt Dale (Norway) and George L. Lamb Jr. (Arizona)
have been published titled ~Definitely an Integral’ [2].
AMM usually prefers to publish the solutions of other
solvers than that of the proposer.

This integral is now known as Ahmed’s Integral.
A Google search \Ahmed’s Integral” brings more
than 60 listings to view. It has been included in
encyclopedias and dictionaries. Various solutions,
extensions, properties and connections of this
integral have been discussed in a variety of ways. This
integral is very well discussed in two very interesting
books on integrals [3,4] and mentioned in another
[5]. This analytically solvable integral also serves as a
test model for various new methods of high precision
numerical (quadratures) integrations [6].

Since in recent times this integral has evoked a
considerable attention, | propose to present the maiden
solution that was sent along with the proposal [1].

Let us cal the
1

integral (1) as [/ and wuse
z=Z%—tan"11 tosplit/as /=1, Using
the substitution x = tan 8, we can write
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which can be evaluated as 1 = T{—; by using

the substitution ¢ =
representation

Next we use the
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Further 12 can be re-written as
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Utilizing the symmetry of the integrands and the
domains for x and y, the second integral in (6) equals 12
itself. This leads to

// 1+52$)d1y+z2) ([)lli—xﬁf:%. (7

Eventually, we get . 72 72  5x2 (®)
T 12 32 96
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Tailored Bifunctional Polymer for
Plutonium Monitoring

Radiochemistry & Isotope Group

Monitoring of actinides in various matrices with
sophisticated conventional methods is affected by
matrix interferences, spectral interferences, isobaric
and polyatomic interferences. To circumvent these
limitations, a bifunctional polymer, having both
phosphonic acid and sulfonic acid functionalities,
was developed in the present work for acidity-
dependent  selectivity towards Pu(lV):.  The
bifunctional polymer was found to be better than
the polymer containing either a phosphate group
or a sulfonic acid group in terms of higher Pu(lV)
sorption efficiency at 3—4 mol L' HNO,, selective
preconcentration of Pu(lV) in the presence of a
trivalent actinide such as Am(lll) and preferential
sorption of Pu(lV) in the presence of a large excess
of U(VI). The bifunctional polymer was tailored
as a self-supported disk by bulk polymerization
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and also anchored as a 1—2 um thin layer on a
microporous poly(ether sulfone) (PES) membrane by
surface grafting. Pu(IV) preconcentrated on a single
bifunctional bead was used for determination of the
Pu isotopic composition by thermal ionization mass
spectrometry with minimal sample manipulation
and reasonably good accuracy. Use of a single-bead
loading also improved the ion collection efficiency
of the TIMS instrument. The membrane-supported
bifunctional polymer was used for preconcentration
and subsequent quantification of Pu(lV) by [J
spectrometry using the absolute efficiency at a
fixed counting geometry. The analytical performance
of the membrane-supported-bifunctional-polymer-
based o spectrometry method was found to be
highly reproducible for assay of Pu(IV) in a variety of
complex samples.

Alpha Spectrometry

Thermal Ionization
Mass Spectrometry

Self-supported
Disc

1. Anal. Chem., 2014, 86 (13), pp 6254-6261.
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Multiple Diglycolamide Functionalized Ligands in
Room Temperature lonic Liquids: ‘Green’
Solvents for Actinide Partitioning

Arijit Sengupta and P.K. Mohapatra
Radiochemistry Division

Abstract:

Multiple-diglycolamide-functionalized ligands(MDGA) in room temperature ionic liquids (RTILs) were studied
for extraction of actinides and lanthanides from aqueous acidic solutions. The extraction kinetics, separation
behavior, associated thermodynamics of extraction, nature of the extracted species formed were studied.
Luminescence spectroscopy was used to understand the nature of bonding between metal and ligands,
formation of inner sphere/ outer sphere complex etc. The radiolytic stability of solvent systems was studied and
attempt was made to understand the degradation products. Finally, all the systems were evaluated for ‘actinide
partitioning’ from synthetic high level liquid waste solution (HLLW).

Introduction:

With the ever increasing demands for energy, nuclear
power is slowly becoming one of the most viable
sources along with the renewable. However, due to
limited natural resources of the fissile material (#°U),
the future nuclear energy program largely depends
on the availability of man-made fissile materials such
as 2*Pu and 2**U. To sustain nuclear power program
beyond the availability of naturally occurring 2*U, it
is imperative to follow the closed fuel cycle option.
During the reprocessing of the 2*5U based spent fuel,
the fissile elements such as plutonium and uranium
are recovered leaving behind a highly radioactive
liquid waste solution referred to as High Level Liquid
Waste (HLLW). This HLLW solution comprises long-
lived alpha emitting actinides such as ?*Am, 2**Am,
25Cm and Z'Np (referred as minor actinides) apart
from the small amounts of un-recovered plutonium
and uranium as well as beta / gamma emitting
fission products (**Cs, °Sr etc.) and significant
concentrations of structural materials along with
several process chemicals. Since the half lives of minor
actinides and some of the fission products range from
few hundreds to millions of years, HLLW poses long

term radiological risk to the Environment [1]. Apart
from the high radiological risk, some of the minor
actinides and fission products, if recovered, may find
various applications. The sustainability of the future
nuclear energy program, therefore, depends on an
efficient and effective radioactive waste management
strategy which must be aimed at mitigating the long
term hazards of the radioactive wastes.

One of the major challenges in radioactive waste
remediation is the selective separation of the long-
lived minor actinides (Am, Cm) which have been
proposed to be achieved by a strategy known as
‘actinide partitioning’ [2]. Extractants such as CMPO
(carbamoyl methyl phosphine oxide), malonamide,
TRPO (trialkyl phosphine oxide), DIDPA (diisodecyl
phosphoric acid) and DGA (diglycolamide) are well
known for the extraction of trivalent actinides from
a moderately acidic medium [3-4]. The favourable
extraction of these trivalent actinides by TODGA
(N,N,N",N’-tetraoctyl  diglycolamide) have been
attributed to a reverse micellar aggregation where
four extractant molecules are believed to be involved
in the formation of an aggregate with a hydrophilic
interior [5]. The aggregate formation is, however,
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Fig. 1: Structures of diglycolamide functionalized ligands

dependent on the nature of the diluents [6]. This
observation led to the idea of choosing multiple
diglycolamide functionalized ligands [Fig. 1] to
enhance extraction efficiency as well as selectivity.

Due to the growing awareness of the environmental
impact associated with the use of volatile organic
compounds (VOC), room temperature ionic liquids
(RTIL) have been proposed as alternatives to the
molecular diluents due to favourable properties
like negligible vapour pressure, wide liquid range,
good thermal stability, good
thermal conductivity, large potential window, good
solvents for broad spectrum of inorganic, organic
and polymeric compounds etc. The most attractive
property of RTIL is its extraordinary degree of
tunability, i.e. small structural modification either
in cationic and anionic moieties of RTIL can lead to
drastic change in physico-chemical properties as
well as the extraction efficiency and selectivity of
metal ions. The application of moisture stable RTILs
in nuclear establishment have been reported only
in late nineties. Several efforts have been reported
worldwide, not only for demonstration of actinide
partitioning in a ‘greener way’ using RTILs; but also

non flammability,
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to understand drastically different actinide chemistry
in RTILs in comparison with the molecular diluents
[7-8].

Extraction efficiency, selectivity, mechanism,
nature of species

In the present investigation, the extraction of
Am(lll) was found to be considerably enhanced
when diglycolamide (DGA) extractants such as
TODGA or CADGA are used in RTILs instead of
the conventional n-dodecane as the diluent. A
decrease in the distribution ratio of americium with
increasing aqueous phase acidity was attributed to
an ion exchange mechanism [Fig.2]. The presence of
C.mim* in aqueous phase was found to decrease the
D, value revealed that cation exchange mechanism
was operating (eg.1) which was further confirmed by
no participation of either of NO, or NTf, anion for
the extraction. In case of T-DGA the D, values were
found to decrease with increasing the length of alkyl
substituents in methylimidazolium ring i.e. C,mim*
> C,mim* > C,mim*. The decrease in hydrophilicity
with increasing alkyl chain length is responsible
for the trends. For LVI D, value was found to be




independent of feed acidity which can be ascribed to
the ‘intra molecular buffering effect’ of multiple DGA
functionalities.

Am**_ +nDGA, + 3C,;mim* = Am[DGA] ** +3Cmim*aq (1)

where, the species with the subscripts ‘aq’ and ‘IL’
refer to those in the aqueous phase and in the RTIL

EIARE NEUSLETIER Research Article

Eu®** > Am3* > Pu** > Np** >> UO,*" ~ PuQ,** >
Sr2* > Cs* [Table 1]. The higher extraction efficiency
of trivalent actinides over tetravalent actinides can
be attributed to the pre-organized structure of the
ligands. Eu®* being more hard acid compared to
Am?3*, interacts more efficiently with hard oxygen
donor atoms of the ligands. The actinide contraction
was found to be responsible for higher extraction
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Fig. 2: Extraction profiles of Am®* using (a) 0.001M T-DGA in RTILs; (b) structurally modified C4DGA ligands
in [C;mim][NTf,]; (c) different rim functionalized C4DGA ligands in [C;mim][NTf,] from various feed acidities

phases, respectively. A strong influence of H+ ion on
the Am(Ill) extraction can be explained on the basis
of a competing equilibrium reaction given as follows:
H*,,+DGA + C mim* =HDGA™* + Cnmim"aq (2)
C4DGA in RTIL was found to be more specific for
An3* over AnO,** ans Sr** than the parent TODGA

molecule either in molecular diluents or RTILs. The
extraction efficiency was found to follow the trend

efficiency of Pu** over Np**. The stoichiometry of the
metal ligand complex was found to be 1:2 for TODGA
while 1:1 for TDGA and C4DGA. Among different
structurally modified C4DGA, the +I effect of 3-pentyl
> n-octyl > n-propyl group, the electron density on
the concerning amidic nitrogen atoms will follow
the same order. As a consequence, the extraction
efficiencies follow the same order, viz. L-lll > L-Il >
L-1. This trend changes at comparatively higher feed
acidities where the amidic nitrogen is protonated and

Table 1: Comparative extraction data of actinides and fission product elements using C4DGAs in [C;mim][NTf,]

Metal jon LI LIV L-V L-VI SF, # SF, ./ SF, ./ SF, ./
DAm(III) 9.34 748 397 5500

DU(VI) 0.07 0.16 041 0.19 13x10° | 46x10° | 96x10° | 29x10*
DEu(II) 143 897 561 7000 0.065 0.85 0.71 0.79

DCs(1) 0.01 0.06 0.08 0.09 1038 13x 10* 4963 62x 10*
DSr(II) 0.02 0.15 0.15 0.18 467 49x10° | 26x10° | 3.1x10
DPu(IV) 2.88 5.62 6.17 62 3.4 133 64.3 89
DNp(IV) 122 3.54 222 10 7.6 211 179 550
DPu(VI) 0.1 0.18 0.6 0.26 93.4 4.110° 6.6x10° | 2.1x10*

Note: Ligand concentration: 5.0 x 10~* M. Equilibration time: 3 h. feed acidity: 0.5 M HNO,. Diluent: [C;mim][NTf,]. # SF means
the separation factor values of Am(lll) with respect to other metal ions, i.e., SF=D, /D,,.
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becomes pyramidal and only steric factors become
of interest. L-IV with a spacer chain length of two
carbon atoms is a better extractant in comparison
to its analog L-V with a longer spacer chain length
(3 C atoms). It seems that the ligands with lower
spacer length (for example, L-1V) can impart certain
amount of rigidity to the pendent arms (due to lower
flexibility) leading to a relatively more pre-organized
structure. Therefore, L-V, with longer spacer length
can have less probability of a pre-organized structure
which explains its lower complexation tendency in
ionic liquid medium.

Extraction kinetics and thermodynamics

The kinetics and thermodynamics are two important
aspects to have proper understanding of the
extraction systems. The kinetics of extraction was
found to be slower compared to that in molecular
diluents based systems. It was observed that the
kinetics of extraction decreases with increasing chain
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Fig.3: Fluorescence spectra of (a) Eu®* complexes of different structurally )
modified C4DGAs in [C,mim][NTf,] and most probable local symmetry their

of Eu®* in complex.

length of the alkyl substituent in imidazolium ring.
The overall kinetics of PF,~ based ionic liquids were
found to be slower than that of NTf, based ionic
liquids. The extraction kinetics remained unchanged
by using different structurally modified CADGA in
RTILs. All these facts suggested that viscosity of the
RTILs play detrimental role in kinetics of extraction.

The decreased D value with increase in temperature
and the (-) ve AH values for the extraction revealed

Research Article
BARC NEWSLETTER

that all the extraction was exothermic in nature. The
spontaneity of the reaction was reflected from the (-) ve
AG values while during extraction the overall entropy
was found to decrease which can be attributed to
the decrease in rotational degrees of freedom of the
supramolecular DGA ligands on complexation. The
luminescence spectroscopic studies on the complex
revealed the absence of water molecules in primary
coordination sphere of metal ion. The high intensity
of the D,—F, transition revealed that the metal
ion resided in highly asymmetric environment in the
complex. From the splitting pattern of the emission
spectra [Fig.3] the local site symmetry of the An3* or
Ln®** with C4DGA was found to be C, .

Stripping and radiolytic stability

Stripping from RTIL phase is one of the major
problems faced by the researchers. Out of several
commonly employed strippants, 1 M Na,CO, was
found to be highly efficient for the quantitative
recovery of hexavalent actinides (—95%) whereas
0.5 M oxalic acid is fairly good for
the stripping of tetravalent actinides
(—86%). 0.05 M EDTA or DTPA in 1
M guanidine carbonate was successful
for quantitative stripping of trivalent
actinides (—99.9% and 99.8%,
respectively) from RTIL phase.

Though the C4DGA ligands are highly
promising for actinide ion extraction,
actual use for actinide ion

separation requires their prolonged

reusability, which means their good
radiolytic stability. This is because all actinide ions emit
high LET (linear energy transfer) alpha particles, which
can cause significant radiolytic damage. A systematic
study, carried out to investigate the radiolytic
stability of the C4DGAs in C,mimNTf,, indicated that
after exposing the organic phase to 500 kGy of the
absorbed gamma dose, the extraction efficiency
becomes 72%, 49%, 69%, and 72% of the original

D, values (with the unirradiated ligand solution)
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