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PREFACE

The evolution of scholarly communication has been driven by the global academic community's
collective yearning for greater transparency, equity, and accessibility in disseminating information.
Central to this transformation is the movement towards Open Access (OA) publishing, which
seeks to remove financial barriers to scientific knowledge, enabling researchers, institutions, and the
public to access, use, and build upon scholarly works freely.

In May 2024, the Department of Atomic Energy (DAE) signed a Transformative Agreement
(READ and PUBLISH) with two publishers, namely M/s. Springer Nature Group and M/s. Wiley
India Private Limited, under a new buzzword "One DAE One Subscription (ODOS)".

This agreement is a first-of-its-kind agreement between DAE and publishers, which allows DAE
researchers to publish their articles in 2,686 Springer Nature Hybrid journals and 1353Wiley
journals as open access without any Article Processing Charges (APC) till 31 December 2024.

This compilation, named "OpenGRID - Exploring Beyond Boundaries", is the first series of
publications under the OpenGRID banner. This series captures 58 published articles in Springer
Nature and 10 in Wiley during May-December 2024, by BARC researchers, which is a significant
milestone in the transformative journey of Open Access (OA) publishing at Bhabha Atomic
Research Centre (BARC), Trombay, Mumbai.

One of the most notable highlights of this publication is that it provides hyperlinking and QR codes
to full-text access to all 68 article collections. As we move forward, it is essential to recognise that
Open Access is not an end but a means to a larger goal of an inclusive, transparent, and
collaborative scientific temperament that serves the public interest.

I commend all my SIRD colleagues involved in this pioneering effort and hope this compilation

will inspire other research organisations in DAE units and across India for Open Access (OA)
publishing.

(Manoj Singh)
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Formation of Bainite in a Low-Carbon Steel at Slow
Cooling Rate — Experimental Observations and

Thermodynamic Validation

Poulami Chakraborty,* Suman Neogy, Nilabja Kanti Sarkar, Harish Donthula,
Subir Kumar Ghosh, Hillol Kumar Nandi, Bandarupalli Gopalakrishna,

llangovan Balasundar, and Raghvendra Tewari

Bainitic microstructures in high-strength steels are obtained either by continuous
cooling or isothermal holding. Both scenarios necessitate faster cooling to keep
the parent austenite phase untransformed till the bainite-start temperature. The
present study reports the development of bainitic microstructure in a low-carbon
steel with minimal alloying additions, under continuous cooling at very slow rates,
similar to furnace cooling. For understanding the related transformation path-
ways, samples from the forged-steel ingot are austenitized and cooled at different
rates, viz. water quenching, air cooling, and furnace cooling. Microstructural
characterization reveals development of acicular microstructures in all samples
including the forged one, with gross absence of carbides. X-ray diffraction con-
firms the ferritic nature of acicular plates and also indicated retained austenite
present in some samples, the content of which could be correlated to the extent of
bainitic transformation. Thermodynamic calculations together with microstruc-
tural observations (e.g., ferrite plate size) and hardness data established the
development of fully martensitic microstructure on water quenching, while that of
a mixed microstructure comprising predominantly of bainite in the forged, air
cooled, and furnace-cooled condition. The aforementioned findings could have
wider implications in developing fully bainitic microstructures in large compo-
nents, where uniform rapid cooling is not practically feasible.

material. In this regard, ferrous alloys,
especially steels, are beneficial due to their
lower cost and tailorable mechanical prop-
erties."! One of the primary objectives of
steel designers at present is to enhance
the strength of steels without compromis-
ing on its toughness.”’ Commercially avail-
able high-strength multi-phase steels such
as transformation induced plasticity (TRIP)
steels, TRIP-assisted steels, high-strength
low-alloy (HSLA) steels and dual-phase steels
provide a maximum strength of around
~1 GPa and ductility up to 40%.""* These
values are, however, not sufficient to meet
the desired requirements of modern day
applications in nuclear, transportation, and
construction sectors. Such applications
demand sufficiently high strength exceed-
ing 1.1 GPa along with satisfactory fracture
toughness of around 125 MPa-m'/%[%l
Moreover, fabrication of large components
mandates the achievement of uniformity of
microstructure and properties across thick
sections. This poses challenges to those
fabrication routes which rely on rapid heat-
ing and cooling cycles to generate specific

1. Introduction

Higher strength, ease of fabrication, good weldability, and low
cost are the essential attributes for selecting a desirable structural

microstructural features. One such scenario is the fabrication of
nuclear reactor pressure vessels where through-thickness micro-
structure and mechanical properties vary significantly owing to
the large thickness of the vessels (x400-800 mm).”* Thus, there
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is a continuous quest for developing economically viable newer
materials processed at slower cooling rates exhibiting better
microstructural uniformity, high strength and toughness, lower
residual stresses in bulk, together with better fabricability, and
good weldability.

Bainitic steels exhibiting good strength (~1 GPa) and creep
resistance have been traditionally used over the years in transpor-
tation and power-generation industries.””’ Limited alloying addi-
tions in these steels (generally less than 5%) make them cost
effective as well."” It is well known that bainite is an aggregate
of ferrite and carbide phases which forms in steels at tempera-
tures above martensite formation but below that of pearlite nucle-
ation."! In bainite, the fine ferrite platelets form in clusters
appearing in the form of wedge-shaped plates on a macroscopic
scale known as “sheaves”.!"""'?) A lot of investigations have been
carried out to decipher the nature of bainitic transformation, that
is, to establish whether austenite transforms to bainite in a dif-
fusional or displacive manner. However, experimental evidences
favour the displacive theory given by Bhadeshia and co-workers
who have shown that the bainite transformation is accompanied
by a shape deformation which is related to an invariant-plane
strain having a large shear component."?) Thus, the transfor-
mation of austenite to bainitic ferrite is essentially diffusionless,
although carbon atoms partition into the untransformed austen-
ite (or precipitate as carbides) shortly after the growth of the fer-
rite plate is stifled.""? The precipitation of a thick layer of carbide
at the platelet boundaries in case of upper bainite vis-a-vis fine
intra-platelet and inter-platelet precipitation in lower bainite com-
promises the toughness of the microstructure, especially in the
case of upper bainite.'>']

To circumvent such loss of toughness arising out of the
precipitation of carbides, recently carbide-free nanostructured
bainitic steels consisting of a fine network of bainitic ferrite pla-
telets interspersed by thin retained austenite films have emerged
as a viable solution. Such carbide-free nano-structured bainitic
steels have also turned out to be a material of choice for high
strength applications, like in railways, defence, aerospace, and
automotive sectors."*'*! These steels provide an optimum com-
bination of ultra-high tensile strength exceeding 2.5 GPa and
elongation up to 20%."*" The basis of this high strength lies
in the nanoscale thickness of bainitic ferrite platelets."®'7! It
has been reported that the addition of silicon and/or aluminium
in such steels suppresses the precipitation of detrimental car-
bides (M;C, McC, etc.)."®2% In the absence of carbides, the
metastable retained austenite present in between the fine bainitic
ferrite platelets can contribute to an increased ductility via the
TRIP effect."®2% Several research groups across the world have
tried or been trying to develop novel ultra-high strength and
tough carbide-free bulk nanostructured bainitic steels either
by transforming the parent austenite phase isothermally or by
continuously cooling it."”?") The high carbon content usually
present in such steels (>1 wt%) allows isothermal bainite trans-
formation (austempering) at much lower temperatures due to
significant lowering of the martensite-start (M) temperature,
thus enabling formation of finer bainitic ferrite platelets.”>2*
However, on the negative side, the high carbon content results
in a poor weldability of these steels.”” This issue can be miti-
gated either through a modification of the welding process®®)
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or through the development of nano-bainitic microstructures
in medium or low carbon steels.'**!7]

In this context, on-going global research has identified several
medium and low-carbon steel compositions that produce nanobai-
nitic microstructures. In general, the carbon content in these steels
ranges between 0.24% and 0.41% by weight, while other alloying
elements put together are present in quantities between 5.4% and
9.5% by weight."®27321 On one hand, these alloying elements (like
Mn, Ni, Si, Mo, Cr, Al, and V) are essential for obtaining the
desired properties, while on the other hand these are relatively
expensive. Thus, the need of the hour is to lower the carbon con-
tent of steel so as to avoid challenges associated with welding
together with minimizing addition of expensive alloying elements
to make the steel cost effective. This approach is particularly
important for sectors involving large-scale consumption of steel.

Against the above backdrop, a program has been initiated at
Bhabha Atomic Research Centre (BARC) to develop a low-carbon
carbide-free bulk nanostructured bainitic steel with reduced
alloying content. The overall scope of the program encompasses
designing a low-carbon low-alloy steel composition followed by
delineation of its thermomechanical processing regime which
would enable the development of a nanobainitic microstructure
without resorting to faster heating/cooling cycles. This would
certainly improve the microstructural uniformity, weldability,
and cost competitiveness besides exhibiting high strength and
toughness usual of carbide-free nanostructured bainitic steels.

In this regard, the initial step involved 1) designing of the steel
composition followed by its melting and forging and 2) investiga-
tion on the possibility of evolution of carbide-free bainitic micro-
structure through both isothermal holding”*! as well as via
continuous cooling. The outcome of these investigations will
serve as an input to optimize the processing parameters so as
to obtain a carbide-free nanobainitic microstructure, which is
the ultimate goal of the program. The study reported herein puts
forth a detailed account of the alloy design philosophy and the
continuous cooling experiments conducted on the forged ingot.
In this context, one of the prime focus has been to explore the
possibility of obtaining bainitic microstructures at relatively
slower cooling rates, as low as furnace cooling, keeping in mind
the wider section thicknesses of large size industrial compo-
nents. To the best of our knowledge, obtaining fully bainitic
microstructure in a low-carbon low-alloy steel at such slower cool-
ing rate has not been attempted before.

2. Experimental Section
2.1. Designing of Steel Composition

Development of uniform nanobainitic microstructure across
thick sections of low-carbon steels necessitates a careful selection
of alloying additions so as to satisfy the following three
basic requirements: 1) transformation at lower temperatures,
2) enhanced driving force for the transformation, and 3) transfor-
mation under slower cooling rates.

In view of this, the targeted steel composition listed in Table 1
was designed taking help of the mucg.83 program.** The
mucg.83 is an open source software suite developed at the
University of Cambridge, UK for modeling the thermodynamics
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One pot gamma radiation mediated interfacial engineering
of P-N synergistic flame retardant and antibacterial
cellulose fabric: novel fabrics for future applications
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Abstract The work describes an ionizing radiation
mediated, toxic solvent free interfacial engineering of
a novel Phosphorus-Nitrogen functionalized bifunc-
tional cotton cellulose fabric (BCF) endowed with
flame retardant (FR) and antibacterial properties.
Monomers bis[2-(methacryloyloxy)ethyl] phosphate
(B2MEP) and [2-(methacryloyloxy)ethyl]trimethyl-
ammonium chloride (MAETC) in different propor-
tions were co-grafted onto cellulose fabric via “Co
radiation mediated Simultaneous Irradiation Graft-
ing Process (SIGP) to incorporate Phosphorus and
Nitrogen functionalities. Effects of radiation dose,
monomer concentration on the grafting yield (GY)
were investigated and samples were characterized
using TGA, ATR-FTIR, XRD, SEM-EDX, EDXRF,

N. Misra - S. Rawat - S. A. Shelkar - N. K. Goel -

V. Kumar (<)

Radiation Technology Development Division, Bhabha
Atomic Research Centre, Trombay, Mumbai 400085, India
e-mail: vkumar @barc.gov.in; vkrawat75@gmail.com

N. Misra - S. Rawat - M. Tiwari - V. Kumar
Homi Bhabha National Institute,
Anushaktinagar, Mumbai 400094, India

S. R. Kanatt
Food Technology Division, Bhabha Atomic Research
Centre, Trombay, Mumbai 400085, India

S. R. Kanatt - M. Tiwari

Environmental Monitoring & Assessment
Division, Bhabha Atomic Research Centre,
Trombay, Mumbai 400085, India

Published online: 17 October 2024

CHN Elemental Analysis and XPS analytical tech-
niques. Limiting oxygen index (IS:13501/ASTM D
2863) and vertical flammability tests (IS11871-1986)
were conducted to establish the halogen free, P-N
synergistic FR properties of the fabric. All the co-
grafted samples were observed to possess LOI val-
ues in excess of 30%, while BCF (1:2) (GY = ~44%)
demonstrated LOI of 32% with the least char length
of 74 mm in the vertical flammability tests. Tear
strength studies were carried out as per ASTMD
1424-09. Antibacterial assay revealed that the fab-
ric possessed activity against both gram positive (S.
aureus) and gram negative (E. coli) organisms, with
BCF (1:4) (GY =~48%) demonstrating complete
killing of~5 log cycles for both microorganisms in
24 h. BCF retained its FR and antibacterial properties
even after multiple washing cycles. With its bonafide
green credentials, durability and unique properties,
multifunctional BCF fabric prepared under optimized
conditions of P/N ratio> 1.7 and GY ~45% can be a
potential candidate for future applications.

Keywords Cellulose - Radiation grafting -
Green synthesis - Synergism - Flame retardant -
Antibacterial

Introduction

The diverse applications of cellulose and its mul-
tiple forms is well documented, with its primary
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Abstract A promoter is a crucial component in
driving the expression of a transgene of interest
for biotechnological applications in crop improve-
ment and thus characterization of varied regula-
tory regions is essential. Here, we identified the
promoter of COR2-like (codeinone reductase-like)
from banana and characterized its tissue specific and
stress inducible nature. MusaCOR2-like of banana is
closely related to COR2 and CHR (chalcone reduc-
tase) sequences from different plant species and con-
tains signature sequences including a catalytic tetrad
typical of proteins with aldo—keto reductase activ-
ity. Transcript level of MusaCOR2-like was strongly
induced in response to drought, salinity and expo-
sure of signaling molecules such as abscisic acid,
methyl-jasmonate and salicylic acid. Induction of
MusaCOR?2-like under stress strongly correlated with

S. Negi - N. Mahashabde

National Agri-Food Biotechnology Institute, Department
of Biotechnology, Mohali 140306, India

e-mail: sanjana.negi @nabi.res.in

S. Bhakta - S. Singh - H. Tak (0<)

Plant Biotechnology Section, Nuclear Agriculture

and Biotechnology Division, Bhabha Atomic Research
Centre, Trombay, Mumbai 400085, India

e-mail: hsjtak @barc.gov.in

e-mail: sudhirs@barc.gov.in

S. Bhakta - S. Singh - H. Tak

Homi Bhabha National Institute,
Anushakti Nagar, Mumbai 400094, India

Published online: 01 September 2024

the presence of multiple cis-elements associated with
stress responses in the Py,.,.corz-ike S€Quence isolated
from Musa cultivar Rasthali. Transgenic tobacco
lines harbouring Py, .corz-iie-GUS displayed vis-
ible GUS expression in vascular tissue of leaves and
stem while its expression was undetectable in roots
under control conditions. Exposure to drought, salin-
ity and cold strongly induced GUS expression from
Prrusacora-ive-GUS in transgenic tobacco shoots in a
window period of 3H to 12H. Applications of sali-
cylic acid, methyl-jasmonate, abscisic acid and eth-
ephon also activate GUS in transgenic shoots at dif-
ferent period, with salicylic acid and abscisic acid
being the stronger stimulants of Py, ..corz-iike- USINE
Pyrusacora-iike-GUS fusion and expression profiling,
the current study sheds insights into a complex regu-
lation of COR2-like, one of the least studied genes of
secondary metabolite pathway in plants.

Keywords Musa - CO2-like - Tobacco - Promoter -
GUS - Codeinone reductase

Abbreviations

ABA Abscisic acid

AKR Aldo—keto reductase

BAP 6-Benzylaminopurine

CHR Chalcone reductase

COR Codeinone reductase

DMAS Deoxymugineic acid synthase
EFla Elongation factor 1-alpha
GUS B-D-Glucuronidase
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In the present work, the neem bark(Azadirachta indica),
a bio-material is taken as the raw material for the develop-
ment of uranium sorbent. The sorption of uranium by treated
neem bark was investigated for various experimental param-
eters such as equilibration time, pH, temperature, amount
of sorbent and concentration of uranium. The experimental
data were evaluated to understand the kinetics and sorption
mechanism. Desorption studies were performed to recovery
uranium to regenerate the sorbent. The applicability of this
material is tested for uranium contaminated ground water
samples from Punjab region of India. This study explores
the novel application of neem bark as a natural sorbent for
uranium, highlighting its fast sorption kinetics and ease of
desorption. Its potential as an inexpensive, eco-friendly
alternative to synthetic materials offers a sustainable solu-
tion for uranium removal in environmental and industrial
contexts.

Material and methods
Reagents

AR grade phosphoric acid (5% v/v) was usedas fluorescence
enhancer during the fluorescence measurements. Stock solu-
tions of desiredconcentrationswere prepared from AR grade
salts for interference behaviour studies. De-ionised water of
18.2 uS em ™' (Milli-Q, Italy) was collected and used for the
experiments. AR grade, nitric acid (65%), sulphuric acid
(98%) and sodium hydroxide (48%) (S.D. Fine Chemicals,
India) were used.

Sorbent: treated neem bark (TNB)

Neem bark was collected from the local area of Trombay,
Mumbeai. It was washed with de-ionized water to remove
soluble impurities and kept for drying at 50 °C temperature
for 24 h.

After drying, neem bark was further crushed and sieved
to required size (~ 1.0 mm). The neem bark particles are
chemically treated with 1:10 sulfuric acid and washed with
distilled water until its surface is free of acid and kept in
oven at 70 °C for 24 h. It was stored in an airtight bottle for
the adsorption studies.

Preparation of uranium standard

Known weight of uranium oxide was dissolved in concen-
trated nitric acid to prepare a stock solution of 1 mg mL™!
uranium. Experimental solutions were prepared by serial
dilution of stock solution using de-ionized water.

@ Springer
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Characterization of sorbent

The TNB was characterized using various characteriza-
tion techniques. FTIR was used to identify the functional
groups present in the sorbent. Energy dispersive spectros-
copy (EDS) is used to detect the elements present in the
developed sorbent and their composition in terms of the
weight fraction. X-ray Fluorescence spectroscopy (XRF)
is used to detect the extent of uranium sorption on TNB.

Batch mode sorption experiments

Batch sorption experiments were conducted a 27 2 °C
by equilibrating 0.2 g of TNB with 50 mL uranium solu-
tion of required concentrations in 100 mL stoppered coni-
cal flask. The solution pH was maintained at 7. The equi-
libration was carried out for 1 h at 140 rpm using orbital
shaker (Remi Engineering, India). The initial uranium
concentration was varied from 0.01-100 mg L™'. The
data obtained were fitted into Langmuir and Fraundlich
isotherm equations. To study effect of pH on sorption,
pH of the solutions were adjusted using 0.1 M HCI or
0.1 M NaOH. The experiments were conducted to evalu-
ate the effect of pH on optimum uptake of uranium. The
sorption time was varied between 5 to 120 min for kinetic
studies. Similar experiments were conducted at 27, 40, 50
and 80 °C. The concentration of uranium in supernatant
solution was determined using a laser fluorimeter at fixed
time intervals.

Metal uptake

Sorption percentage of uranium was determined using fol-

lowing Equation:
. ( o~ CI)
Percentage of uranium sorbed (%) = | ———— | x 100

(D
Where, C, is the initial uranium concentration of testso-
lution in mg L', C is the equilibrium uranium concentra-
tion in mg L' of test solution at time (t).
The data obtained from batch equilibration experiments
were subjected to Langmuir and Freundlich adsorption
isotherm equation.

Desorption studies

To explore the possibility for reusability of sorbent, des-
orption experiments were performed. The uranium sorbed
TNB was washed with deionised water for removal of any
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