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Abstract

A microfluidic platform is developed to synthesize chromium (III) oxide microspheres having a narrow size

distribution by sol-gel method. The platform comprises two microfluidic T-junctions, one for mixing of chromium

nitrate and HMTA-urea streams and other for segmenting the mixed aqueous phase by an immiscible inert organic

phase. A microbore tube follows the second T-junction to provide residence time for the gelation of segmented aqueous

phase droplets. Synthesis could be carried out without any choking despite solidification due to gelation in the

microbore tube in continuous mode of operation. The effects of the ratio of the flow rates of the organic phase and the

aqueous phase on average size and polydispersity index of microspheres are studied. Both parameters are observed to

reduce with an increase in flow rate ratio.

Keywords: Microfluidics, T- junction, Sol-gel, Microspheres, Chromium(III) oxide

Introduction

n recent years microfluidic
Iplatforms have been explored to

synthesize monodispersed
microspheres (inorganic as well as
polymeric) in continuous mode. This
route eliminates the probability of
batch to batch variation of the
product quality. Moreover, the
process can be scaled-up using
numbering-up approach. The
platform can be used to synthesize
microspheres with very narrow size
distribution and very good sphericity
which are required in many
applications. One such application is
the synthesis of oxides of nuclear fuel
elements like U/Pu/Th for advanced
reactors in the form of
microspheres'’. Typically, the
synthesis route for such microspheres
involves an internal gelation method
(sol-gel) carried out using a gelation
column and a dispensing needle
(of suitable size) to generate micron
sized drops"”. However, the size of the
setup is relatively larger and
throughput of the process is limited

by the height of the gelation column.

Microfluidic platforms to synthesize
microspheres of nuclear materials
have the potential to produce
microspheres having narrow size
distribution while keeping the setup
very compact. Compact setup is of
paramount importance while
working in constrained
environments like fume hood/glove
box, which is typically the case for
nuclear fuel. Microfluidic platforms
can broadly be classified into two
categories such as: microchannel-
based and capillary-based.
Compared to microchannel-based
microfluidic platforms, capillary-
based microfluidic platforms are easy
to assemble and do not need
sophisticated microfabrication
techniques like photo-lithography
etc. Different researchers have used
capillary-based microfluidic
platforms to demonstrate sol-gel type
of reaction. Ye and co-workers used a
T-junction followed by a capillary to
synthesize CeO, microspheres™.
Yang and co-workers demonstrated
the synthesis of uniform Ce/Eu oxide
microspheres with varying Eu

content (7.90%, 13.00%, and
17.56%)™. In the present work, a
capillary-based microfluidic
platform is used for the synthesis of
microspheres of a surrogate material
i.e. chromium oxide in continuous
mode. The method used in this work
is essentially an in-situ technique
in which chromium precursor
stream and the gelation agent
(i.e. Hexamethylenetetramine
(HMTA) and urea) are mixed at a T-
junction and then the mixed stream is
sheared to form monodispersed
drops at a second T-junction using
a continuous inert organic phase.
A microbore tube connected to the
second T-junction provides the
residence time for gelation to occur in
the aqueous phase droplets sheared
by the organic phase. The microbore
tube is wetted by the organic phase
and this prevents chocking of the
microbore tube even after
solidification due to gelation. Since
the drop size produced at the second
microfluidic junction depends on the
flow rates of the mixed aqueous phase
and the organic phase, the effect of
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organic phase to aqueous phase flow
rateratio (O/A ratio) on the size and
polydispersity of the microspheres is
studied.

Experimental setup and procedure

Fig. 1 shows the schematic of the
experimental setup. Two syringe
pumps were used to pump the
chromium precursor solution
(chromium nitrate) and gelation
solution (HTMA-urea) to an 800 um
diameter opposed T-junction, which
mixes the two streams. The ratio of
molar concentration of HMTA-urea
to molar concentration of chromium
precursor was maintained at 1.4.
A small section of an 800 micron
microbore tube was used to transfer
the mixed aqueous phase stream to a
second opposed T-junction. A third
syringe pump was used to pump inert
organic phase (dodecane) to the
second T-junction. At the second
junction, the mixed aqueous phase
was dispersed into the continuous
organic phase as small drops. This
configuration is called as a double
T-junction in the rest of this report.
The drops generated at the junction
thereafter passed through a long
microbore tube immersed in a hot
bath maintained at 80°C. The drops
containing chromium precursor
solution as well as HMTA-urea
solution formed a gel and got
hardened during the residence time
provided in the microbore tube. The
detailed chemistry of the gelation
process is reported elsewhere". The
microspheres coming out of the
microbore tube were separated from
the organic phase by filtration and
then washed thoroughly by CCl, to
remove traces of organic phase.
Thereafter, the washed microspheres
were dried to ensure the removal of
CCl,. This was followed by washing

with aqueous ammonia to remove
unreacted HMTA, urea and other

Microfluidic Synthesis of Chromium Oxide...
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Fig. 1. Schematic diagram of the capillary based microfluidic platform

reaction products. This step was
followed by drying at 120°C. The
dried samples were observed under
an optical microscope. The
micrographs were analyzed using
Image] software and average particle
size and polydispersity index were
determined. At least 100 particles
were measured to arrive at these
values. A representative sample was
heated to 300°C to remove organic
traces and thereafter calcined at
700°C to obtain chromium (III) oxide
microspheres. Specific surface area of
the sintered oxide microspheres was
measured using BET technique and
the morphology of the microspheres
was observed using SEM.

Results and Discussion

The effect of O/A ratio on average
diameter and polydispersity index
was studied in detail. Average
diameter of the microspheres
was estimated by using Eq. (1).
Polydispersity index (PDI) is
essentially the coefficient of variance

_= (1)

i=N

100\/2(011 —d, (N ~-1)
PDI = — V- (2)

le

of the particle size distribution. It was
estimated using Eq. (2).

Fig. 2a shows the micrograph of the
chromium hydroxide microspheres
synthesized at O/A ratio of 60. The
diameter distribution is also shown
along with the micrograph in Fig. 2b.
The average diameter is measured
to be 579 um. Polydispersity index
is 6.6% which shows that the
microspheres are almost
monodispersed. The particles were
also freely flowing and did not stick to
each other after ammonia wash.
Fig. 2c and 2d show the surface
morphology of the calcined
microspheres observed by SEM. The
microspheres are found to be
spherical with a smooth surface. The
specific surface area of the
microspheres as obtained from BET
analysis is found to be 30 m’/gm. The
room temperature XRD pattern of
Cr,O, microspheres calcined at 700°C
for 2 h was recorded. It is shown in
Fig. 3. The pattern observed matches
well with the Cr,0,PDF# 38-1479.
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Fig. 2. (a) Micrograph of chromium hydroxide microspheres (b) size distribution of the chromium hydroxide
microspheres and (c) & (d) morphology of the sintered chromium oxide microspheres by SEM at two

magnifications
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Fig. 3. Room Temperature XRD pattern of Cr,0, microspheres calcined
at 700°C for 2 h
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Repeatability of the experiments was
also checked. The variation in average
size of microspheres for identical
flow conditions was very less (< 4%).
The effect of O/A ratio on average
diameter and polydispersity index
was also checked. Fig. 4 shows the
effect of O/A ratio on average
diameter and polydispersity index.
Flow rate of mixed aqueous phase was
0.05 mL/min. It can be observed from
Fig. 4 that an increase in O/A from
30 to 60 reduced the diameter of
microspheres by as much as 28%
(i.e. from 788 to 579 pum). Also the
polydispersity index is observed to
reduce from 10.5% to 6.6%. For the
same flow rate of the aqueous phase,
higher flow rate of the organic phase
inflicts more shear force on the
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Fig. 4. Effect of O/A ratio on (a) average particle size and (b) polydispersity index

liquid-liquid interface at the
microfluidic junction. This leads to
faster drop breakage resulting in
smaller drops of the aqueous phase.
Furthermore, at high O/A ratio
disturbances that may lead to
formation of drops of different
diameters are damped significantly
thus reducing the polydispersity
index. Hence, it can be concluded that
formation of smaller microspheres
with narrower size distribution is
favoured at high O/A ratio. This also
shows that it is possible to obtain
microspheres of desired size range by
varying the O/A ratio.

Conclusion

A capillary microfluidic platform is
developed for the synthesis of
chromium oxide microspheres in
continuous mode with a narrow size
distribution through sol-gel route.
It comprises a double T-junction
configuration and a 800 um diameter
microbore as the microreactor. The
first microfluidic junction is used
to mix chromium precursor
(i.e. chromium nitrate) and HMTA-
urea streams. The second microfluidic
junction is used to disperse the mixed
aqueous stream in the form of small
droplets using an immiscible inert

organic phase. Chromium oxide

microspheres obtained from the
microfluidic route were free flowing,
spherical and had smooth surface.
Average diameter and polydispersity
index were observed to reduce with
increase in the flow rate ratio of the
organic phase and the mixed aqueous
phase (O/A ratio) which makes it
possible to obtain microspheres of
desired size by varying the operating
conditions. For O/A = 60, spherical
particles of 579 um average diameter
and 6.6% polydispersity index were
obtained. The work reported in this
study is with chromium nitrate as a
surrogate. The platform can be
modified and optimum conditions can
be identified to synthesize
microspheres of nuclear fuel elements.

Corresponding author and email:
K.K. Singh (kksingh@barc.gov.in)
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Abstract

Mutation breeding using ionizing radiation have been used as a useful tool for creating genetic variability and crop
improvement. Proton ion beam has emerged as a novel mutagen in mutation breeding of crop plants. An experimental
proton ion beam setup for irradiation of rice seeds have been designed at BARC-TIFR Pelletron facility, Mumbai. This
set up enable users to remotely operate irradiation of large number of seeds. To understand the effect of proton ion
beam on rice seedling, various seedling parameters in rice were studied. The seeds of CSR27 rice variety were irradiated
with 20 different doses of proton beam (0 — 600 Gy) followed by in-vitro germination and recording data on seedling
growth parameters. At low doses (20-40 Gy), growth stimulating effect on most of the seedling growth parameters was
observed. LD50 based on Probit analysis was found to be 173.7 Gy. The GR50 for vigour index was 181 Gy, which is very
close to the LD50 value. The results clearly indicated proton beam dose of 170-180 Gy might be an optimum dose for
irradiation of CSR27 rice variety. Proton beam can be used in creating novel variability which will be beneficial to the
farmers. A Glyphosate (Glycel) herbicide tolerant (putative) mutant in CSR27 rice variety has been identified using
proton beam irradiation which will help to combat weed problems in rice field.

Keywords: Proton beam, Lethal Dose 50 (LD50), Growth Reduction 50 (GR50), Rice, Mutation Breeding

Introduction

utation breeding is an
Messential tool in plant
breeding for creation of

genetic variability and for improving
existing germplasm. Rice is the most
important cereals both in India, and
also globally. Climate change and
resurgence of new pathogens pose a
major threat to rice crop. Sustained
efforts are being made to develop new
rice mutants by identifying new
sources of genomic variation that can
be directly used in rice breeding
programs [1]. Across the world,
mutation breeding techniques have
been used for generating wide genetic
variations and for developing
thousands of new crop varieties
during the past decade [2]. Globally,
3248 crop mutant varieties were
released officially for commercial use
in more than 210 plant species from

more than 70 countries, as referenced
in the Mutant Varieties Database of
IAFA. In Rice alone, 820 mutant

varieties have been developed
through mutation breeding [3].
Gamma rays are the most popularly
used mutagen. However, gamma rays
- characterised by low LET radiation -
cause distant ionization events and
can result in spread-out damage in
the plant DNA. High LET radiation
emanating from proton and other ion
beams produces intense clustered
DNA damage at the site of ionization
and offer a better spectrum of damage
to the DNA as compared to gamma
rays [4]. High LET ion sources have
been used for mutation breeding in
Japan, China & Korea. However,
there is no reference on their use so
far in India. In Bhabha Atomic
Research Centre (BARC), Mumbai,
proton beam source for mutation
breeding for rice was initiated as a
collaborative effort between
NA&BTD and NPD at BARC-TIFR
Pelletron facility. Mutation breeding
using proton as a novel mutagen
complements conventional breeding

by improving of agronomic traits,
resistance to biotic and abiotic
stresses, grain physical parameters
and nutritional value in rice [5].

Material and Method
Plant material

Freshly harvested healthy seeds of
CSR 27 and IBD-1 rice varieties were
used for the present experiment. The
viability of the seeds was thoroughly
checked and off-type seeds, if any,
were removed.

Protonionbeam irradiation

Proton irradiation was carried out at
BARC-TIFR Pelletron Accelerator
facility (Fig. 1a), at Tata Institute of
Fundamental Research (TIFR),
Mumbai. Proton ion energy and
penetration depth in rice grains was
simulated using SRIM (Stopping and
Range of Ions in Matter) tool. Proton
source with 14.52 MeV energy was
selected for irradiation after
compensating for the loss in Gold

BARC NEWSLETTER ISSUE NO.366 NOVEMBER-DECEMBER 2018 5
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Fig.1. (a) Setup for proton beam irradiation at BARC Pelletron Facility at TIFR & (b) Schematic diagram illustrating

target and Titanium window and 4.0
keV/um LET in target [6]. The ~ 2-3
mm diameter beam size from
Pelletron accelerator was scattered
using a Gold target of 1.35 mg/cm’ to
obtain large area proton beam of 36
mm diameter to irradiate ~50 grains
atatime. The forward scattered beam
was brought to atmosphere through a
Titanium window (36 mm diameter
and 50 microns thick) at the outlet of
one-meter-long tube (Fig. 1b). The
proton flux beyond this window was
measured using a PIN diode detector
assembly mounted on an X-Y
movement support. Proton beam
current of 1 nano ampere
corresponds to a flux of 6.25 x 10’
particles. To prevent detector
deterioration due to this large flux, a 1
mm collimator setup was mounted
on the detector to effectively reduce
the flux reaching the detector. To
measure the flux distribution at
various points in the scattered beam,
the detector was scanned in X-Y
direction using the movement
support. And the distribution was
found to be 70% and 60% at 30 mm
and 36 mm diameter respectively
from the centre. Absorbed dose to
sample was calculated from the
proton flux using the relation by
Ziegler [6]:

Dose (Gy) = 1.6 X 10” x LET (keV/
um) X particle fluence (protons/cm2)

For irradiation, the detector setup
was replaced by rice grains pasted in a

beam scattering.

plastic cap (Fig. 2). Each plate
consisted of approximately 50 rice
seeds arranged in concentric layers.
The absorbed doses ranged from 20
to 600 Gy with a total of 19 doses viz.,
20, 40, 60, 80, 100, 120, 150, 180, 200,
220, 250, 280, 300, 350, 400, 450, 500,
550 and 600 Gy. The dose uniformity
was under * 25 % in a 4 cm diameter
culture plate. A remotely operated
setup was designed for high-
throughput irradiation of large
number of grains without entering
into beam hall for changing the
sample. This setup saves significant
amount of time, and allows for
irradiation of ~ 2000 grains in a
single operation carried out remotely
from control room.

(4ch)

o
Ty

Germination Test

Thirty seeds from each petri-plate
per replication were used for
germination studies. Surface
sterilized seeds were soaked in
distilled water overnight at 37°C at
100 rpm in an orbital shaker. Soaked
seeds were spread out on the
sterilized blotting sheets in sterilized
petri-plates and were stored in dark
conditions at room temperature
inside the incubator. Observations on
germination were recorded seven
days after sowing in each treatment.
The emergence of coleoptiles and
over 1 mm long radical was
considered as germination in the
study[7]. Germination was calculated
as percent of control. The percentage

Y

Germ of the grain
facing centre

Fig. 2. Arrangement of rice seeds on a 4cm diameter plastic plate. (Note that the

germ or embryo portion of the rice seed should face the centre of the plate)
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(%) of germination was calculated as:

(Number of seeds germinated in
7 days/ total number of seeds) X 100.

Morphological studies

Ten randomly selected seeds from
each petriplate were used to study the
effect of proton beam on rice growth
parameters viz. shoot and rootlength.
Seeds were sterilized and soaked in
distilled water as mentioned above.
Whatman filter paper no. 1 was cut
into 15 cm x 25 cm size and folded
into 3 cm width. In the trenches, 10
small holes were made equidistant
and placed in germination rack.
10 soaked seeds per replication was
placed near each hole with embryo
facing holes. Each treatment was
replicated three times. The racks were
placed in rack stands with 3-4 cm of
water in it. The rack stands were kept
in plant growth chamber (Sanyo,
Japan) with a daily cycle of a 14 h
photo period with a light intensity of
150 puE m™* s, day/night
temperatures of 25/22°C and a
relative humidity of 65-75% [8].
After 2 weeks, seedlings were
separated carefully and data on plant
growth parameters such as shoot
length and root length were taken on
five representative seedlings per
replication. These seedlings were
wiped properly with lint free tissue
paper and fresh weight of root and
shoot were also taken. Total seedling
length (cm) was calculated by adding
shoot length and root length. Vigour
index was calculated by multiplying
germination % with total seedling
length (cm).

Statistical analysis

Lethal dose experiment was
organized on a completely
randomized block design with three
replications and the random block
included 20 levels of proton beam
treatment (including control). Least

significant difference (LSD) test at
P-values less than 0.01 was used to
investigate variation in observed
averages of all tested parameters
between treated and non-treated rice
seeds. Analysis of variance was done
using OPSTAT software [9]. Probit
Analysis was carried out to determine
the lethal dose 50 (LD50) of proton
beaminrice[10,11].

Results and Discussion

Effect of proton ion beam on rice
seed germination

Lethal dose 50 (LD50) is a dose of
radiation which kills 50% percent of
viable seeds. Ld50 is considered to be
an optimum dose which results
higher frequency of mutations in
crop plants. In the present
investigation, the seeds of rice variety
CSR27 were treated with twenty
different doses of proton beam
ranging between 0 - 600 Gy. Probit
analysis was done using seed
germination values to determine
lethal dose (LD50). For probit
analysis, doses were converted into
log scale and were plotted against
mortality percentage at different
doses (Table 1). The LD50 value for
proton beam was arrived at 173.7 Gy
for rice variety CSR27. However, it

has been observed that radiation
doses lesser than LD50 gives more
economically useful mutations
(eg., higher grain yield, fine grain,
disease resistance etc). In rice,
generally 60% survival of seedlings
have been used as an effective dosage
ranging from 150 to 300 Gy ([12],
[13]). Lee [1] suggested close to 50%
withering rate as a criterion to find
out LD50 for proton beam in rice and
found that the LD50 for rice variety
Superjami 2 to be 395 Gy. This
indicates that LD50 for proton beam
varies with respect to specific radio-
sensitivity of rice variety and we need
to standardize the dose rate for
different varieties before initiating
mutation breeding.

Effect of proton ion beam on rice
seedling growth

Dosage effect of ionizing radiation on
various seedling parameters gives a
more reliable estimate for mutation
breeding experiment. The
observation on seedling parameters
viz., shoot length, root length, fresh
weight of shoot and root, total
seedling length and vigour index of
irradiated rice exhibited a liner
decrease in dose-response curve

analysis (Fig. 3). Beyond proton

Fig.3. Effect of proton beam irradiation on rice seedling growth at
different doses (c: control: 20-600 values indicates proton beam dose
rate in Gy)
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Fig.4. GR50 values for root, shoot and total seedling length in variety
CSR 27.

beam dose of 450 Gy, there was a
complete cessation of seedling
growth with the lowest vigour index
of 0.6. GR50 is the dose where 50%
reduction in seedling parameter
values take place compared to their
respective control. It is calculated on
the basis of formula derived from the
liner regression line on the dose-
response curve. GR50 values ranged
from 181 Gy to 265.6 Gy for different
rice seedling parameters (Fig. 4).
Vigour index (germination% x total
seedling length) is considered more
reliable parameter for estimating
GR50 for ionizing radiation in rice. In
the present investigation, the GR50
for vigour index was 181 Gy, which is
very close to LD50 value calculated
based on probit values of germination
percentage (173.7 Gy). The reduction
of seedling growth after proton beam
irradiation have been earlier
explained on the basis of auxin
destruction, changes in ascorbic acid
content and physiological injury and
biochemical disturbances in rice
seedling [14]. Optimum dose
determination for proton beam will
help us to utilize proton ion beam for
large scale rice mutation breeding

programme.

Proton ion beam induced herbicide
tolerance

Ion beam is known to increase the
frequency of mutation due to
clustered DNA damage. Weeds are
major problems in upland and direct
seeded rice in different parts of India.
Herbicide based weed control is an
economic solution to combat weed
problems in rice field. With an
objective to increase the spectrum of
mutations, CSR27 rice variety was
irradiated with 180 Gy proton dose at
BARC-TIFR Pelletron facility. The
irradiated seeds were planted in M1
and subsequently planted to grow
progeny in M2 generation at Gamma
Field, Trombay, Mumbai. After 50
days of growth in the field, seedlings
were sprayed with 3ml/L of broad-
spectrum systemic herbicide
'glyphosate’ (Glycel). Screening of the
seedlings were done after 20 days of
spray for survivability of the
seedlings. Eight putative mutants
with tolerance to 'Glyphosate'
(Glycel) were identified (Fig. 5).
Thus, proton ion beam will help to
create novel genetic variability which
will help rice breeder to enhance yield
and induce climate resilience in
future.

Fig.5. Identification of putative

herbicide resistant mutants in

M2 generation of proton beam
irradiated seeds of CSR27.

Conclusion

The present study revealed that the
LD50 for CSR 27 rice is found to be
173.7 Gy dose of proton beam under
laboratory conditions using probit
values for germination %. GR50, being
a more reliable attribute for
mutagenesis experiments, was found
to be 181 Gy, which is very close to
LD50 value. This indicates proton
beam dose of 170-180 Gy may be an
optimum dose for irradiation of rice
variety CSR27.

Future prospects

Optimized proton beam dose may be
utilized for launching a successful
mutation breeding program in India.
The initial success obtained with dose
standardization and identification of
novel mutants in rice varieties, CSR27
and IBDI, paves way for regular
deployment of proton beam for the
bulk irradiation of other varieties and
for improvement of desired traits in
other field crops. Similarly,
optimization of proton irradiation for
mutation induction in wheat is also
being carried out. This could be of
immense significance for obtaining
desirable mutants without disturbing
the major part of the genotypic or
phenotypicarchitecture of crops.
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Development of Induction Levitation Melter

G. Sugilal, Shaji Karunakaran, Jyoti Jha, Shashi Kumar,

M. H. Rao, C. P. Kaushik
Nuclear Recycle Group

Abstract

Achieving minimal contamination is an essential requirement for the development and characterization of new alloys.

Induction levitation melting using water-cooled, segmented copper crucible is a successful technique to achieve this

challenging task. Based on the expertise gained from the design, development and operation of induction skull melter, a

vacuum Induction Levitation Melter (ILM) was developed in house for producing high purity metallic samples for

material characterization. Using the present ILM, small quantities (~ 10 g) of electrically conducting materials can be

melted and levitated. This melter can be used for the preparation of experimental quantities of novel high purity

materials and special purpose alloys.

Keywords: Induction melting, Levitation melting, Skull melting

Introduction

n the past BARC had

indigenously developed Cold

Crucible Induction Melting
(CCIM) technology for high
temperature glass melting
applications [1]. Subsequently,
Induction Skull Melting (ISM)
technology was developed for
extending CCIM technology for
metal melting applications [2]. An
engineering scale ISM Facility was
successfully established for melting
and homogenizing a variety of special
alloys.

In induction skull melting, the
Lorentz force caused by the
electromagnetic field does not

As a
result, a solidified layer of the melt,

levitate the melt completely.

known as skull, is formed where the
melt is in contact with the cold wall of
the segmented crucible. Ininduction
levitation melting, the segmented
crucible is provided with an
appropriate profile from inside to
generate adequate vertical
component of the Lorentz force and
to levitate the molten mass to avoid
any contamination from the crucible
through physical contact. The
Lorentz force also results in strong
churning action and thereby, a highly
Thus, the
induction levitation melting can be

homogeneous melt.

used to prepare ultrapure specimens

Model-based Design

Design of the segmented crucible was
carried out with the help of multi-
physics simulation as various
phenomena taking place during the
induction levitation melting are
interrelated and strongly coupled.
Numerical simulations were carried
out to finalize the crucible geometry
and coil configuration. Figs.1-3
present the distribution of induction
heat, velocity and temperature in the
levitated melt for the chosen
configuration and operating
parameters. The Lorentz force results
in elongation of the melt and governs
flow and thermal fields within it.

with high homogeneity.
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Fig. 1. Distribution of induction heat (W/m’) in the levitated melt for 1000 A, 200 kHz
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Fig. 3. Distribution of temperature (°C) in the levitated melt for 1000 A, 200 kHz

Fig. 4. Induction Levitation Melter
(ILM) developed by NRG, BARC

Induction Levitation Melter

Based on the model-based design, a
portable laboratory scale Induction
Levitation Melter (ILM) comprisinga
water-cooled segmented copper
crucible, an induction heating power
supply unit, a cooling water
recirculation loop and a vacuum
pump was developed by Nuclear
Recycle Group (NRG), BARC
(seeFig.4).

The segmented crucible is designed
to levitate electrically conducting
melt of 10 g. The ILM is powered
using a 20 kW, MOSFET-based
induction heating unit with an
operating frequency of ~ 170 kHz.
The inverter is designed for a

maximum output voltage of 1000 V.

BARC NEWSLETTER ISSUE NO.366 NOVEMBER-DECEMBER 2018

Segmented Copper Crucible

The segmented crucible has 8 water-
cooled fingers, which are arranged to
form a cavity with 20 mm inside
diameter (see Fig. 5). The copper
crucible is made of ETP Copper and
fabricated from a single extruded
ingot. The crucible is housed inside a
quartz tube for maintaining adequate
vacuum (10° mbar) using a rotary
vacuum pump. The segmented
copper crucible is internally water-
cooled.

Melting Experiments

The ILM was operated to melt and
homogenize a variety of metals and
alloys during the developmental
phase. The charge to be melted is
placed inside the cavity of the
segmented crucible and the quartz

11
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i

Fig. 5. Segmented copper crucible of the Induction
Levitation Melter

Fig. 6. Induction levitation melting of ~ 10 g metallic
sample

Fig. 7. Specimens of different metallic samples produced using ILM

tube is evacuated to 10~ mbar.
Subsequently high purity argon gas is
used for repeated flushing. Finally
the melting operation is carried out
under a vacuum of 10° mbar. Fig. 6
shows induction levitation melting of
10 g metallic sample and Fig. 7 shows
some of the specimens of different
metallic samples produced using
ILM. Subsequently melting

experiments were carried out to
produce specimens of (i) Ni- Ti - Fe
alloy, (ii) Zr - Cualloy, (iii) Ti- Al- V
alloy and (iv) Zr - Nballoy.

User feedback confirmed excellent
homogenization of the alloy
constituents and utility of the
equipment for development of novel
alloys onalaboratoryscale.

Summary

Induction levitation melting using
water-cooled, segmented copper
crucible is a successful technique to
achieve minimal contamination while
preparing specimens for the
development and characterization of
new alloys. A portable vacuum
Induction Levitation Melter was
developed by Nuclear Recycle Group
for producing small quantities (10 g) of
high purity metallic samples for
material characterization. The present
ILM was used to produce specimens
of different alloys. Efforts are in
progress to build an ILM with a higher
capacity (50g).
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BARC enters into MoU with CGCRI

Bhabha Atomic Research Centre
(BARC), Mumbai, and Central Glass
and Ceramic Research Institute
(CGCRI), Kolkata, have inked a
Memorandum of Understanding
(MoU) for manufacturing high
density radiation shielding window
glass used in radioactive hot cell
operations.

As per the MoU, CGCRI will develop
the technology for the production of
high density 700 x 700 x 150 mm’
Radiation Shielding Window (RSW)
glass slabs using 120 L refractory
crucibles in the first stage followed by
manufacturing of larger 1000 x 1000 x
200 mm’ slabs. Nuclear Recycle
Group, BARC, will deploy these

Shri K.N. Vyas, Chairman AEC and Secretary DAE, is joined by senior
officials of BARC and CGCRI during the inking of MoU on
October 22, 2018 at the Chairman's Office, DAE, Mumbai.

specialised glass slabs in remote
operations of radioactive hot cells.

RSWs are mostly made using
radiation resistant and optically

compatible glasses, ranging from
ceria-stabilized borosilicate glasses to
medium and high density lead
glasses.

BARC to transfer technologies for Rare Earth
Production to IREL

Bhabha Atomic Research Centre
(BARC), Mumbai, and Indian Rare
Earths Limited (IREL) have entered
into an understanding for
development and transfer of latest
technologies for deployment by IREL
in its existing facilities and upcoming
pilot plants at the Rare Earths &
Titanium Theme Park in Bhopal.

In a Letter of Understanding (LoU)
signed with IREL, BARC has agreed
to transfer technology for production
of high purity rare earth oxides,
metals, alloys, luminescent materials
and other value added products such
as La, Ce, Pr & Nd metals and alloys
like La-Mg, Pr-Mg, LaNi,, rare
earths-based luminescent and up-
conversion materials.

Shri K.N.Vyas, Chairman, AEC and Secretary, DAE (centre) with senior
officials of BARC and IREL during the signing of LoU at the Chairman's
Office, DAE, Mumbai.

The Materials Processing &
Corrosion Engineering Division
(MP&CED), Materials Group, BARC
will work towards implementing the
full scope of understanding. The LoU
was inked in the presence of Shri K.N.
Vyas, Chairman, AEC and Secretary,
DAE on 21st January 2019 in DAE,
Mumbai.

A public sector unit of the
Department of Atomic Energy (DAE)
- IREL - is responsible for
commercial exploitation of monazite
for production of rare earth elements,
which are increasingly used in
activities of nuclear energy, defence,
aerospace, automobile industry
among others.
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