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Baldev Raj (1947-2018)

Baldev Raj (BR), adistinguishedscien-
tist and technologist of India passed
away on 6 January 2018 at Pumeile he
was on officialduty.

BR was born on 9 April 1947n

sectors including DRDO andSRO.
BR was associated with the constru

in RML for carrying out postrradiaion

neers in DAE as well as other strategicetc. were mployed in hotcell facilities

of highly irradiated, plutoniunmich
fuels, wherein BR played a key role in

tion and commissioning of the hot cells masteing this complex technologyThis

resulted in stagevise assessment and

Jammu.He losthis father at a very early
age.In 1969, hegraduated with a gold
medal inthe engineering disciplinémet-

allurgy) from Ravishankar University,

examination (PIE) of the iadiated fuel performance of fue$, up to a burn up of
subassemblies from the~ast Breeder 165 GWD/T.

Test Reactor (FBR). He visualized a BR conducted a systematic scientific
four-pronged strategy which envisioned: analysis ofAE generated during mev

Raipur.In 1970, hgoined the 14th batch (a) establising the conventional nen ment of dislocations and established that

of Bhabha Atomic Research Centredestructive testing methods, such as r
(BARC) Training Schoolin Trombay. diography and ulasonics whichserve as

the predominant frequency & signals
is inversely propdgional to the duration

After successful completion of training the workhorse for the manufacture ofof the dynamicevent. This led to quaint

he joined BARC as a Scientific Oiter.

BR obtainedhis PhD from the Indian

Institute of SciencéllSc), Bangalore in
1990 in the Faculty oEngineeringin a

multidisciplinary area encompassing-co
laboration betweernthe Department of
Metallurgy and Aerospacengineering.

BR was deputed to RISO National
Laboratory Denmark during 19734
and onhis return assumed duties inaR
dio Metallurgy Laboratory (RML) athe
Reactor Research Centre, Kalpakkam
(renamed as Indira Gandhi Centre for
Atomic Research (IGCAR) in1985).He
had a long and distguished scientific
carrier at IGCAR and also served as its
Director during 20042011. Subsequent
to his retirement from IGCAR, BR was
with the P.S.G. Institutions, Coimbatore
during 20132014. He thentook over as

reactor components; (b) identifig and

tative estimation of the mobile diskion
density associated witthe deformation
process anda methoddogy to find the
waiting time of the dislocations at obst
cles during tensile deformatioBR dis-
covered acoustic amplificain  from
potentially subcritical sourcesvhich en-
abled elucidation of new information
regarding dislocation movements insau
tenitic stainless stee(SS) Barriers to
movement of dislocations in Nimonic
PE16 superalloy have been characterized
by AE timedomain signatures. Identif
cation of pedominant strengthening
mechanisms in gamm@arime size range
of 10-50 nm had emained an unresolved
issue even after extensive electrof- m
croscopic studies. The ABased studies
conducted by BR resolved ishissue.
Additionally, when more than one

the Direcbr of the National Institute of
Advanced Studies (NIAS) Bengaluru
and continued until his suddeprdise.
While at IGCAR, BR galvanized a
whole community of staff, $entists and
engineers for the development and- a
vancement of thefast breeder reactor

establishing dvanced NDE methods strenghening mechanism is operative,
such as multfrequency eddy current the superimposed AE signaturegere
teding and acoustic emission (AE) which resolved to determine the perative
would serve as valuable tools for-in mechanisms and their relative diem
senice inspection of reactor corop nance. BR was successful in charaateri
nents; (c) developing insights into theing the brealaway and spallingature of
fundamental physics of NDE and intera oxidation in a variety of mterials and

(FBR) tednology in India.He provided
the umbrella under which smtific work
in many areas includingon-destructive
evaluation (NDE), nuclear materiale-d
velopment, physical

tions of probing medium with metdals

applicationsand (d) development of se
sors, instrumentation, sighg@rocesing
and mechanicaland imaging approacheBR’s visionary

demonstratig the ageinginduced #pha

for research and enhanced technologicaprime martensite formation during rco

tinuous cooling of the metastable 304 SS
through shear process by developing
advanced AE signal analysipmoaches.

metallurgy,welding science and techiho approach transformed RML into a Centre Another important cetribution of BR

ogy, corrosion science and engiring, of Excdlence in NDE,the first of its
separation science and technology, liquickind in India.PIE of the highly irrathted
sodium science and technologyecha- mixed carbide fuel subssemblies has
ics, safety esearch, electronics and provideda valuable feedback for asses
instrumentation,  materials  science,ing performance and residual life of fisel
nanoscience and technologypbotics

Work in the area of NDE was initiated measurements, Xay and neutron rad
and nurtured by BR, whose personal e ography, eddy current testingnetd-
ample of dedication to work and engh lography,
sis on maningful research habeen an analysis, higtemperature teiile tests,

inspirationto many scientists and eng micro hardness, small specimen testinggrowth
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was in establishing thenagnetic Bak-
hausenemission (MBE) as a tool for
characterizing the microstructure and
mechanical behaviour of materialShe
stages of fatigue deformation andnua

and stratural materials used in a reactor.age in 9C+lMo steel such as cyclic
and automation flourished at IGCAR. The NDE techniques of dimensional hardening, softging,

satiration, cusp
formation which is an indation of crack
initiation, creep deformation and fra

fission gas extraction andture, development of substructure,epr

cipitation of various phases and their
in various stainless steels,
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ferritic-martensitic steels and supkra
loys have been correlatedsing MBE
signals. Hemade innovations iexpei-
mental methodology by utilizingthe
compkementary mture of hysteresis
(bulk) and MBE (surface) chaseristics
to separate the individual effects da-r
sidual stresses and dislocatidensity on
MBE. These studies have been found i
dispensable in structural integritys-a
sessment and
power plant components. An inviteép

ous Government agencies, researchdab
ratories, production ung and academia.
During his long tenure at IGCARBR
gave thrust to dgence and knowledge
based materials development thatlu-
ded control of composition, microstru
ture and grain boundary engineeritg
steerechis grouptowards the indigenous
developmet of modified austenitic
stainless steelsind dispersion strerfyt

life assessment of thened feritic—martensitic steel for FBR

fuel-clad tubes, and corrosigesistant

per on ‘Assessment of microstructures Ti-5Ta1.8 Nb alloy fornuclear fuel e-

and mechanical dhaviour of materials
through nordestrutive characterization
in International Materials Reviews
(2004) is testmony for his contributions
in the NDE field.

BR championed the cause of NB3Ei-
ence andtechnology with ingenuinity,
vitality and cohesivenesdde played a
pivotal role during desiy and comns-
sioning of KAMINI —the U233 fuelled
reactorat IGCAR with experimental d-
cilities for neutron radiography and &act
vation analysis.His expertise in NDE
was effectively utilized in strategic se
tors for solving challenging problems.
The signifcant contributions made by
him include structural integrity asses
ments of some of the most difficult éng

processing apptations. The indigenous
development of void swellingesistant
9Cr-ODS steel FBR clatubes vas
successfully carried ouin the country in
collaboration withNuclear Fuel Complex
(NFC) andInternational Research @ter
for Powder Metallurgy and New Maier
als (ARCI), HyderabadThese tubes not
only paossessedhigh yield and ultimate
tensile strength (due to fine disp®n of
5-20 nm yttrium oxide complexes)ut
also significant irradiation resistance.
The material upon qualification showed
considerable microstructural stability and
demastrated the longermcreep rupture
strength necessary for minimizing
nuclear fuel gcle costs.

In order to increase the economiarco

committee on fuel cycle which wag-i
strumental in identifying, promoting and
nurturing several R&D programes re-
lated to fuel cycle at BARC as el
as IGCAR. He coauthored a book
titted Sodium Fast Re#ors with Closed
Fuel Cycle which is considered to
be a valuable resource material fou-st
dents, researchers and industry psefe
sional.

The spinoff applications of NDE were
realized for sodtal applications esge-
cially in the area of healthcarend cha-
acterization and conservation of heritage
structures. The Department of Science
and Technology New Delhi entrusted
BR with the responsibility of scientific
characteirzation of ancient Soutindian
Panchaloha idols antthe Delhi Iron PI-
lar based on NDE methodologies. He has
written a mowgraphWhere Gods Come
Alive on South Indianbronzes and
published a comprehensive article on
‘History of metallurgy in India.

The foresight and imagination of BR
in planning and organizatipnand his
dedicated efforts in the successive stages
of the nuclear programme dégpment
over the decades, have paid richidiv
dends in the form of a strong andnto
prehensive base that we nolmave in

neering compnents such as end shieldspetitiveness of FBRs, the design life of NDE, materials devefament, welding

and coolant
heavywater reactors,nconel alloy tubes
of heavywater plants, concretering

least 60 years from the gsent 40 years.
BR’'s foresight enlled comprehensive

channels of pressurizeduture reactors has to be increased to atcience and technology and FBR hec

nologies in IndiaBased on his immense
all-round contributionsin science and

beam of Kaigd PHWR, heat exchangers devdopment and characterization of theengineeringhe was awardeBadmashri

and pressure vessels of nuclear, @etr

low carbon and nitrogen llayed 316

in 2007. He wasa fellow of the four

chemcal and fertilizer plants, detection stainless steel and fabrication techoiol Academies of Sciengeand Engineering

and evaluation of fatigue cracks

in gies for various structural components.in India, German Academy of Sciences,

maraging steel weldments of rockebm He initiated the indigenous developmentThird World Academy of Sciences,

tor casingsin satellite launch vehicles,
in-service nspecton— NDE of the first
PSLV and GSLV, development of NDT
methodobgies for life assessment of tail
rotor blades of Mi8, Mi-17 defence hél
copters and MIG 2423 defence aircraft
and landing gears of MIR1 aircraft.
The challenge in all thesessignments

of reduced acvation ferritic-martensitc

International Medical Sciences, ASM

steel for the Indian test blanket modulelnternational and The Indian Insite of

of the international thermonuclearex-
perimentalreactor. In close collabation
with Mishra Dhat Nigam Limited
(MIDHANI), India-specific RAFM steel
was deveoped with stringent chemical
compostion requirements ith respect to

was the variety of materials involved andradiologically undesable elements by
proper selection of raw materials and While at Coimbatore,BR took the

detection of defects with high setigity.

Solving these demanded a good unde employinga combination of vacuumni

standing of the metallurgy, modieg for

duction melting and vacuum arc refining

Metals.

The 2004 tsunami had causetassive
destruction in the DAE township at
Kalpakkam. BR worked relentlesslito
evolve a strategy with irovative ideas
and coordinated the reconstruction plan
of the township.

initiative to establish a Sustainability
Centre for Micro, Small and Medium

understanding and optimizing the inspe techniques. The required elevatednte Enterprises in PSG Institute&t NIAS,
tion techniquesand procedures anded perature creep strength and very lowhewas engaged inuturingleaderswith

velopment of apppriate sensors and
hardware.

BR had theability to plan and execute
large-scale science and technologyopr
jects compriing multiple tasks and

ductile-to-brittle transition temperature
were achieved throughptimization of
W and Ta contents, thmomechanical
processing and heat treatments.

BR was a strong advocate of theneo

stakeholdersand navigated through the cept of closed fuelycle with FBRs. He
complex ecosystems that cut acrosd-var was the chairman of a long term R&D with the ability to initiate and execute
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immense conviction and confidence in
harnessinga synergy of the capabilities
in disciplines like social sciencg hu-
manities, culture and heritage, science
and technolog policies, etcHe was an
acknowledged manager par excellence
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projects of national importance by bgin R&D to realize the objective of addses kept the morale of his colleagues high

ing together experts in various disc ing national priorities. He eohairedin  and motivated thenHe was always keen

plines and motiating them to perform as preparingthe rational vision paper on to foster talent and develop new stie

a team to achieve success. S&T and action plans for 3 years, 7 yeardific leaders for the future. In his passing
BR’s work on science policy andisc and 15 years for the Committee. Theaway, India has lost one dfer worthy

ence diplomacy was acclaimed and-ha team formulateda paradigm shiftin  sons, who was a visionary leader in

nessed by the country at the apex levelstrategiedor arobust and im@mentable science and technology and more

He chaired the BMional Materials Policy S&T frameworkin the country for reali- importantly, a human being par ekce

for Strategic and Critical Materials ing priorities for society andesurity. lence.

Committee ofthe Ministry of Defewe, As his colleagues at IGCAR, webo Baldev Raj is survived by his wife

Gol; National Expert Committee on Rare served that BRvorked round the clock (Aruna Kumari) and two sons (Hemant

Earths for Policy and Plans, NITI Aayog; on the challenges in science and techno and Kunal).

Explosive Detectors and Systemse-R ogyin the countryHe had a deep unde

search and Developments, Office of thestanding of his colleagues, gauged their K. BHANU SANKARA RAO

Prindpal ScientificAdvisor; Clean Coal knowledge and aspirations, understood B. VENKATRAMAN

Technologies Committee of DSAndthe  their commitments, sentimés and sens

Indian National Academy of Enginee tivities, and chosethe right person for 'Mahatma Gandhi Institute of

ing; Steel Research & Technology 84i executinga task. His leadership skills  Techndogy,

sion of India;Ministry of Steel,Gol, etc. were expressed through charactermeo Hyderabad 500 073ndia

He was a member of the Committee formitment, competence of professional®indira Gandhi Cetre for Atomic

forming S&T Vision for India, NITI skill, ability to conceptualize ptbems, Research,

Aayog. The formlated roadmap of the plan strategies and dics, and execute Kalpakkam 603 102, India

Committee for indigenous compmeice the ation plans. He had a deep knlew *e-mail: kota.bhanu@gmail.com

and delivery provides a framework of edge of human psychologgnd always bvenkat@igcar.gov.in
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