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Microfluidic Synthesis of Chromium Oxide 
Microspheres by SOL-GEL Process

Nirvik Sen, K.K. Singh, K.T. Shenoy
Chemical Engineering Division
R. Pai, Y. Bamankar, S. Kannan
Fuel Chemistry Division

Introduction

n recent years microfluidic 
platforms have been explored to Isynthesize 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 
r e a c t o r s  i n  t h e  f o r m  o f  

[ 1 ]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 

[2]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  
w o r k i n g  i n  c o n s t r a i n e d  
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-
b a s e d  a n d  c a p i l l a r y - b a s e d .  
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 
c api l l ar y - b as e d  m i c rof lu i d i c  
platforms to demonstrate sol-gel type 
of reaction. Ye and co-workers used a 
T-junction followed by a capillary to 

[3]synthesize CeO  microspheres . 2

Yang and co-workers demonstrated 
the synthesis of uniform Ce/Eu oxide 
microspheres with varying Eu 

content (7.90%, 13.00%, and 
[4]17.56%) . In the present work, a 

c api l l ar y - b as e d  m i c rof lu i d i c  
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 
m i c r o b o r e  t u b e  e v e n  a f t e r  
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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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
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reaction products. This step was 
followed by drying at 120°C. The 
dried samples were observed under 
an  opt i c a l  m i c ro s c op e .  T he  
micrographs were analyzed using 
ImageJ 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 

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 ìm. Polydispersity index    
is 6.6% which shows that the 
m i c r o s p h e r e s  a r e  a l m o s t  
monodispersed. The particles were 
also freely flowing and did not stick to 
each other after ammonia wash.    
Fig. 2c and 2d show the surface 
mor pholog y  of  the  ca lc ined  
microspheres observed by  SEM. The 
microspheres are found to be 
spherical with a smooth surface. The 
speci f ic  sur face  area  of  the  
microspheres as obtained from BET 

2analysis is found to be 30 m /gm. The 
room temperature XRD pattern of 

oCr O  microspheres calcined at 700 C 2 3

for 2 h was recorded. It is shown in 
Fig. 3. The pattern observed matches 
well with the  Cr O  PDF# 38-1479. 2 3
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organic phase to aqueous phase flow 
rate ratio  (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 µm 
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 

[1]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 4

remove traces of organic phase. 
Thereafter, the washed microspheres 
were dried to ensure the removal of 
CCl . This was followed by washing 4

with aqueous ammonia to remove 
unreacted HMTA, urea and other 

Fig. 1. Schematic diagram of the capillary based microfluidic platform
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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 ìm). 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. 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 O  microspheres calcined 2 3
oat 700 C for 2 h

Microfluidic Synthesis of Chromium Oxide...



0

100

200

300

400

500

600

700

800

900

30 40 60

d
1

0
(µ

m
)

O/A (-)

0

2

4

6

8

10

12

30 40 60

P
D

I  ( %
)

O/A (-)

(a) (b)

Fig. 4. Effect of O/A ratio on (a) average particle size and (b) polydispersity index

l iquid-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 m diameter 
microbore as the microreactor. The 
first microfluidic junction is used        
t o  mi x  c hro mi u m  p re c u r s o r              
(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 

 ì

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 ìm 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 
b e  i d e n t i f i e d  t o  s y n t h e s i z e  
microspheres of nuclear fuel elements.

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

utation breeding is an 
essential tool in plant Mbreeding 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 
IAEA. 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 
col lab orat ive  e f for t  b etween 
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.

Proton ion beam 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 
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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
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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.

Germination Test

Thirty seeds from each petri-plate 
per replication were used for 
germinat ion 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 
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target and Titanium window and 4.0 
keV/µm LET in target [6]. The ~ 2-3 
mm diameter beam size from 
Pelletron accelerator was scattered 

2using a Gold target of 1.35 mg/cm  to 
obtain large area proton beam of 36 
mm diameter to irradiate ~50 grains 
at a time. 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 
c u r r e n t  o f  1  n a n o  a m p e r e  

9corresponds 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]: 

-9Dose (Gy) = 1.6 X 10  × LET (keV/ 
µm) × particle fluence (protons/cm2)

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

Fig.1. (a) Setup for proton beam irradiation at BARC Pelletron Facility at TIFR   & (b) Schematic diagram illustrating 
beam scattering.

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)

(a) (b)
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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 root length. 
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 

- 2 - 11 5 0  ì E  m  s ,  d a y / n i g h t  
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

Letha l  dose  exper iment  was  
o r g a n i z e d  o n  a  c o m p l e t e l y  
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 
beam in rice [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 
c rop  p l ants .  In  t he  pres ent  
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 
b r e e d i n g  e x p e r i m e n t .  T h e  
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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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  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.

take

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.

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 attr ibute 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 IBD1, paves way for regular 
deployment of proton beam for the 
bulk irradiation of other varieties and 
for improvement of desired traits in 
other  f ie ld  crops .  S imi lar ly,  
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 
phenotypic architecture of crops.
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Fig.4. GR50 values for root, shoot and total seedling length in variety 
CSR 27.

Fig.5. Identification of putative 
herbicide resistant mutants in 
M2 generation of proton beam 

irradiated seeds of CSR27.
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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  t h e  p a s t  B A R C  h a d  
indigenously developed Cold ICrucible Induction Melting 

(CCIM) technolog y for high 
t e m p e r a t u r e  g l a s s  m e l t i n g  
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 

levitate the melt completely.  As a 
result, a solidified layer of the melt, 
known as skull, is formed where the 
melt is in contact with the cold wall of 
the segmented crucible.  In induction 
levitation melting, the segmented 
crucible is provided with an 
appropriate profile from inside to 
g e n e r a t e  a d e q u a t e  v e r t i c a l  
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 
homogeneous melt.  Thus, the 
induction levitation melting can be 
used to prepare ultrapure specimens 
with high homogeneity.

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 
conf igurat ion and op erat ing  
parameters. The Lorentz force results 
in elongation of the melt and governs 
flow and thermal fields  within  it.

3Fig. 1. Distribution of induction heat (W/m ) in the levitated melt for 1000 A, 200 kHz
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Induction Levitation Melter

Based on the model-based design, a 
portable laboratory scale Induction 
Levitation Melter (ILM) comprising a 
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       
(see Fig. 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.

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 

-3 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 

oFig. 3. Distribution of temperature ( C) in the levitated melt for 1000 A, 200 kHz

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

Fig. 2. Distribution of velocity (m/s) in the levitated melt for 1000 A, 200 kHz
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tube is evacuated to mbar.  
Subsequently high purity argon gas is 
used for repeated flushing.  Finally 
the melting operation is carried out 
under a vacuum of  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 
I L M .  S u b s e q u e n t l y  m e l t i n g  

-3 10

-310

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

User feedback confirmed excellent 
homogenizat ion of  the a l loy 
constituents and utility of the 
equipment for development of novel 
alloys on a laboratory scale. 

Summary

Induction levitation melting using 
water-cooled, segmented copper 
crucible is a successful technique to 
achieve minimal contamination while 
prepar ing  spec ime n s  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 (50 g).

Acknowledgements

Authors are grateful  to Shri                
K. Agarwal, former Director, Nuclear 
Recycle Group for his constant 
support towards the development of 
ILM technology. Authors sincerely  
a c k n o w l e d g e  t h e  t e c h n i c a l  
contributions of Shri B. R. Meena, 
Shri D. D. Pawar, Shri W. Mahendra, 
Shri V. G. Karande, Shri N. V. Jadav, 
Smt .  P.  Abhi lasha  and Smt .                  
S. Deolekar during the installation, 
commissioning and operation of the 
Induction Levitation Melter.

Corresponding author and email: 
Dr. G. Sugilal (gsugilal@barc.gov.in)

References

1.  G. Sugilal, P. B. Segar, S. D. Misra,                         
Cold Crucible Induction Melter: 
Technology Development for 
HLW Vit r i f i cat ion ,  BARC 
Newsletter, Jan., pp.14 – 22, .

2.  G. Sugilal, Shashi Kumar, M. H. 
Rao, J. Jha, K. Banerjee, G. K. Dey, 
Development of Induction Skull 
Melting Technology, BARC 

 N o v . – D e c . ,                 
pp. 51 – 55,  . 

2007

N e w s l e t t e r ,
2015

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

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

Fig. 6. Induction levitation melting of ~ 10 g metallic 
sample
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उ�त जन-जड़ुाव एवं नतीजे
न�लनीश नगाइच, मानव संसाधन, एनपीसीआईएल
उमेद यादव, �नगम योजना एवं �नगम संचार, एनपीसीआईएल

पृ�भ�ूम 

वतम� ान प�र��े म� �व�त क� ु
आव�कता से हर एक जन प�र�चत 
ह।ै  �व�त जीवन का अ�नवाय� अशं  हो ु

चूका ह ै और िकसी भी �कार क� �ग�त / उ��त इसके 
ंबगैैर सोचना संभव ही नही लगता। िकसी समाज या 

रा� के िकसी समूह क� खुशहाली मापने का एक �
पैमाना यह ह ै िक उस समूह म� ��त ��� �बजली क� 
खपत िकतनी ह।ै  इसका �निहताथ � यह ह ै िक �जतना 
अ�धक �बजली खच� क� जा रही ह,ै  जीवन क� 
गुणव�ा उतनी ही बहेतर ह।ै  अतएव,  �बजली 

ंआव�कता को उपल� संसाधनो क� सहायता से 
�वहाय� री�त से पूरा िकया जाना ही समय क� मागं 

ंह।ै  िकत,ु इस आव�कता क� पू�त करत ेसमय यह 
सु�न��त करना आव�क ह ै िक ऊजा � स��� म� 
ह�रत एवं �� �व�त का उ�चत �प से समावेशन ु
िकया जाए तािक वै��क तापमान व�ृ� क� सम�ा 
पर अकं ु श लगाया जा सके। भारत भी अपनी �व�त ु

ंआव�कताओ क� पू�त के �लए ऊजा � स��� क� 
नी�त का अनुसरण करता ह ै �जसम� ��ू�यर �व�त ु
क� अ�ंत मह�पूण � भू�मका ह।ै  

��ू�यर �व�त �ौ�ो�गक�,  �वकाबन� ीकरण ु
(decarbonisation) का एक मह�पूण � �ोत ह,ै  
इसके साथ-साथ यह ��, पयाव� रण िहतषैी व बसे 
लोड �व�त हते  ु �मुख उ�ादन �ोत भी ह,ै  जो ु
चौबीसो घंटे उपल� ह।ै  अतएव, ��ू�यर ऊजा �
एक �वहाय� एवं ह�रत �ोत ह ै जो मौसम प�रवतन�  

ंक� आशंकाओ को कम करने म� सहायक ह।ै  �नकट 
भ�व� व मा��मक काल म� ��ू�यर �व�त क� ु

ंभू�मका अ� �ोतो से �ा� �व�त क� आपू�त म� ु
सहायता �दान करने तथा दीघ�काल म� �व�त ु
उ�ादन के �लए थो�रयम के �वशाल भंडार का 
उपयोग करने क� ह।ै  

तदनुसार, ��ू�यर पॉवर कॉप�रेशन ऑफ इंिडया 
�ल�मटेड(एनपीसीआईएल) जो िक, परमाण ुऊजा �
�वभाग (डीएई) का एक संघटक ह,ै  �देशी दा�बत 

ंभारी पानी �रए�रो (PHWRs) एवं �वदेशी 
सहयोग से �ा�पत िकए जाने वाले साधारण जल 

ं ं�रए�रो (LWRs), दोनो �कार क� �ौ�ो�गक� के 
ंआधार पर ��ू�यर �व�त �रए�रो क� �ापना के ु

�व�ार संबंधी काय� कर रहा ह।ै  

वतम� ान म�, देश म� कुल ६७८० मेगावाट �मता के 
२२ �रए�र �चालनरत (डीएई के �ा�म� वाली 
आरएपीएस इकाई-१, १०० मेगावाट �मता सिहत) 
ह।�  कुल ६७०० मेगावाट �मता वाले नौ अ� 

ं�रए�र �नमाण�  क� �व�भ� अव�ाओ म� ( ५०० 
मेगावाट �मता वाले भा�व�न के पीएफबीआर 

ंसिहत) ह।�  देश म� अ�धक ��ू�यर �व�त संयं�ो ु
ं(अ� ह�रत ऊजा � �ौ�ो�गिकयो के साथ-साथ) क� 

ं�ापना के �न�य से सरकार ने ह�रत ऊजा � �ोतो के 
��त अपनी �ाथ�मकता �� कर दी ह।ै  इसी �म म�, 

ंबारह अ� ��ू�यर �व�त �रए�रो के �लए ु
सरकार �ारा �शास�नक अनुमोदन एवं �व�ीय 
सं�ीकृ�त �ा� हो चुक� ह ै और इस संबंध म� 
प�रयोजना पूव� काय�कलाप �ारंभ िकए जा चुके ह।�  

ंवष� २०३१ तक इन प�रयोजनाओ के �मश: पूरा 
होने के मा�म से देश क� सं�ा�पत ��ू�यर 
�व�त �मता २२४८० मेगावाट हो जाएगी। ु

संधारणीय एवं समवेशी उ��त के �लए हम� ऊजा � के 
ंसभी �ोतो का दोहन करने क� आव�कता ह।ै  

ं�देशी �यासो क� सहायता से पूण � ��ू�यर �धन 
च� क� �वशेष�ता हा�सल करने के बाद, भारत 

ंअगले कुछ दशको म� ��ू�यर ऊजा � क� पूण �
ंसंभावनाओ का उपयोग करत े�ए देश क� बढ़ती 

�बजली मागं को पूरा करने म� �मुख योगदान के �लए 
तयैार ह।ै  इस ल� को �ा� करने के �लए, हमारे 
जसेै �वशाल �जाता�ं�क देश म� समाज के सभी वग� 
का पूण � �व�ास �ा� िकया जाना आव�क ह।ै  

��ू�यर �व�त के स�भ� म�, समाज के कुछ वग� म� ु
�ा�ंतया ं ह।ै  अ�र ��ू�यर �व�त के ��त ु
�वपरीत �वचार रखने वाले लोग अपने �ाथ � हते  ुइस 
भय को हवा देत ेरहत े ह।�  

ं��ू�यर �व�त उ�ादन के �व�भ� चरणो के बारे म� ु
ं ं�ा�ंतयो एवं अपु� सूचनाओ के कारण उ�� 

ंअ�व�ास �व�त उ�ादन के �व�भ� तरीको के ु

�� स��� म� ��ू�यर �व�त क� भागीदारी क� ु
एक बड़ी बाधा ह।ै  इसका एक कारण यह ह ै िक आम 

ंजन ��ू�यर ऊजा � को �वनाशकारी �मताओ 
(जापान म� परमाण ुबम �व�ोट) के वजह से �ादा 
जानता ह ै पर� ु इसके अनेक अ�े उपयोगी 

ंपहलुओ जसेै - �वकास, �ा� और िदनचया � म� 
ंउपयोग होने वाली अनेक चीज़ो से पूरी तरह प�र�चत 

ंनही ह।ै  

हम जानत े ह � िक िकसी उ�ोग को �ा�पत होने, 
�चा�लत होने और अपना सव��े� उ�ादन �दान 

ंकरने म� आम लोगो क� राय अ�ंत मह�पूण � होती 
ंह।ै  ��ू�यर �व�त भी इसका अपवाद नही ह।ै  ु

ंहम�,  आम जनता के साथ ही ��ू�यर �व�त संयं�ो ु
ंके �नकटवत� ��ेो क� आबादी का समथन�  �ा� 

करने क� आव�कता होती ह।ै  जहा ं एक ओर 
ं�ानीय समुदाय संबं�धत संयं�ो के �लए अनुकूल 

ंवातावरण का �जन करने म� सहायक होत ेह � वही 
दसरी ओर आम जनता ��ू�यर ऊजा � के संबंध म� ू

ं ंरा�ीय नी�तयो व �नणय� ो को �भा�वत करती ह।ै  �

��ू�यर �व�त काय��म के सुगम एवं सफल ु
काया�� यन के �लए ��ू�यर �व�त के बारे म� ु

ंजाग�कता, इससे संबं�धत अ� पहलुओ व आम 
ंजन क� शंकाओ का �नमू�लन आव�क ह।ै  इस िदशा 

म�, एनपीसीआईएल ने ��ू�यर �व�त के बारे म� ु
ं ंजाग�कता संवधन�  एवं �नकटवत� ��े ो के लोगो म� 

ं��ू�यर �व�त के बारे म� फैली �ा�ंतयो को ु
�व�सनीय री�त से दर करने के �लए ब�ल मा�म ू
संपक�  के ज�रए जाग�कता फैलाने हते  ुब�-�रीय 
काय��म लागू िकया ह।ै  यह आलेख, इन काय� के 
�लए अपनाई जाने वाली �व�ध एवं अपनाए गए 

ं ं�व�भ� उपायो व उनके प�रणामो पर सं��� �काश 
डालता ह।ै    

जन जड़ुाव एनपीसीआईएल म�

एनपीसीआईएल लंब े समय से जन जाग�कता 
ग�त�व�धया ं आयो�जत करता रहा ह।ै   िफर भी 
फुकु�शमा के बाद इसने इस ��े म� अपनी ग�त कई 
गुना बढ़ा दी ह।ै   माच� 2011 म� जापान म� �ई 
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फुकु�शमा दघ�टना म� ��ू�यर ऊजा � के बारे म� देश ु
ंंके लोगो मे  ब�त तजे ग�त से �चता उ�� कर दी थी। 

ं ंयह �चताएं �मुख �प से ��ू�यर �व�त संयं�ो क� ु
संर�ा, �विकरण इ�ािद के बारे म� थी। घटना के 
तरंुत बाद देश म� �चालनरत एवं �नमाण� ाधीन 

ं��ू�यर �व�त संयं�ो क� संर�ा को ु
ंएनपीसीआईएल के काय� बलो तथा परमाण ुऊजा �

�नयामक प�रषद क� एक �वशेष� स�म�त �ारा 
ंपुनरी��त िकया गया।  इन स�म�तयो ने पाया िक 

भारतीय �व�त संयं� सुर��त ह � तथा इनके िडजाइन ु
म� ऐसी �वशेषताएं और संभावनाएं मौजदू ह � जो 

ंगंभीर �ाकृ�तक घटनाओ जसेै भूकंप और सुनामी 
को सहन कर सक� । 

समी�ा क� इन �रपोट� को साव�ज�नक �प से 
एनपीसीआईएल/परमाण ु ऊजा � �वभाग तथा 
परमाण ु ऊजा � �नयामक प�रषद क� वेबसाइट पर 
डाला गया।  इसे गहन �प से �से एवं मीिडया को दी 
जाने वाली जानकारी के मा�म से पुन: सु�ढ़ िकया 

ंगया।  �ा�ंतयो को संरचनागत �प से �मटाने के �लए 
एक ब�आयामी ���कोण अपनात े �ए ��ू�यर 

ं ं�व�त संयं�ो के �लो के आसपास जन जड़ुाव ु
ंग�त�व�धयो को कई गुना बढ़ा िदया गया। इन 

ं ंअ�भयानो को देश के अ� िह�ो म� भी चलाया 
गया। एनपीसीआईएल ने एक ब�मुखी जन जड़ुाव 
काय��म अपनाया,  �जसम� खुले पन और पारद�शता 
क� भावना को शा�मल िकया गया। 

ं�� उ�े�ो एवं समय-सीमा के साथ एक काय� 
योजना �वक�सत कर काया�� �त क� गई �जसम� 
पुनरी�ण एवं मॉनीटरन तं� भी शा�मल ह।ै  

ंइसम� कोई दो राय नही िक ��ू�यर �व�त क� ु
संधारणीयता हते  ुजन-�ीकृ�त मह�पूण � ह।ै  अत:, 
भूकंप, सुनामी, �विकरण, क� सर, ताप पा�र���तक�, 
जवै-�व�वधता इ�ािद के �व�� संर�ा सु�न��त 

ं ंकरने हते ुिडजाइन म� �व�श�ताओ/�ावधानो सिहत 
ं��ू�यर �व�त संर�ा के �व�भ� पहलुओ पर जन ु

ंजड़ुाव ग�त�व�धयो का आयोजन िकया जा रहा ह,ै  
तािक ब�मुखी एवं अ�भनव ���कोण को अपनात े

ं�ए शंकाओ का समाधान िकया जा सके।

फुकु�शमा दघ�टना से पूव� जन-जड़ु ाव काय��म ु
साधारण थ।े परंत,ु फुकु�शमा दघ�टना ने �व�भर म� ु

ंं ं�व�भ� �रो पर लोक-�चताओ को उ�� िकया एवं 
बढ़ा िदया, और हमारा देश भी �भा�वत �आ। तलू 

पकड़ने वाले मु� मु�े थ े: 

ं·     ��ू�यर संयं�ो क� संर�ा 

·    संयं� से �विकरण के कारण �ा� पर �भाव- 
क� सर, ऊसरता  एवं  ज�जात अपसामा�ताएं 

·    पारंप�रक जी�वकोपाजन�  जसेै म�पालन, कृ�ष 
इ�ािद का नुकसान 

ं·  पयाव� रणीय �चताएं जसेै जवै-�व�वधता का  
नुकसान 

ं·    वैचा�रक �भ�ता वाले  समूहो  �ारा गलत सूचना  
प�रणाम��प, फुकु�शमा के प�ात जन-जड़ु ाव  
काय��म के संपूण � ���कोण ने इसक� पुन:संरचना, 
सं�ागत और इसके पैमाने को कई गुना �व�ार 
िदया। 

संपूण � रणनी�त म� प�रवतन�  समय क� मागं थी। इसके 
�लए आव�क था िक जन-जड़ु ाव को एक मह�पूण �
��े माना जाए और ��ेक का�मक इसके �लए 
उ�रदायी हो। इसे �ान म� रखत े�ए �न��ल�खत 
उपाय िकए गए : 

ं·    संगठना�क संरचनागत काय� को ब� �रो पर 
�ा�पत िकया गया

·     मु�ालय  म� उ� �रीय स�म�त गिठत क� गई 

ं·     सभी �लो पर जन जाग�कता स�म�तया ंगिठत 
क� गई 

ं·   �� भू�मकाओ एवं उ�रदा�य� सिहत िदशा 
�नद�श एवं �ि�याएं तयैार कर काया�� �त क� 
गई

·    �भावशीलता म� व�ृ� करने के �लए व�र� �बंधन 
क� ��तभा�गता को �ो�ािहत िकया गया

·    अ�, म�म एवं दीघ� अव�ध के आधार पर 
काय� योजना बनाई गई 

ं ं·    मह�पूण � ��ेो एवं संसाधनो को �च��त िकया 
गया 

ं·    �ावसा�यक एज�� सयो के साथ साझदेारी क� गई 

·    �ायी �प से �मता सृजन को �ाथ�मकता दी 
गई 

·  संपूण � जन जाग�कता �ि�या हते  ु ब�मुखी 
���कोण अपनाया गया 

ं·    सं�षेण म� नवीन उपायो के �यास िकए गए तथा 
आसान और �ाथ�मक तौर पर �ादे�शक 

ंभाषाओ को �ो�ािहत िकया गया 

·   पयाव� रण प�रचया � काय��म को नई मजबतूी 

�दान क� गई 

·    आस-पड़ोस को शा�मल करने क� संभावनाएं 
एवं ती�ता म� व�ृ� क� गई

·    समयब� �प से सुधारा�क कार�वाई करने हते  ु
मॉ�नटरन, ��ति�या आकलन एवं सुधारा�क 
तं� �ा�पत िकया गया

ंजन जाग�कता का सम� उ�े� देश के नाग�रको 
तक प�ंचना था। तथा�प,  �ारं�भक �प से 

ं�न��ल�खत ��ेो म� �यास िकए गए : 

ं·    ��ू�यर �व�त संयं�ो के आसपास रहने वाले ु
लोग 

·   �व�ाथ� एवं �श�कगण, नी�त �नमात� ा जसेै िक 
�वधायक, सरकारी अ�धकारीगण, इ�ािद

·    मत �वतक�  एवं अ� रसूखदार लोग

      · �से  एवं मीिडया 

      · जन ��त�न�ध एवं सामुदा�यक नेता 

      · �चिक�क एवं �श�ा�वद 

      · कम�चारी एवं उनके प�रजन 

·   �व�भ� उ�ोग, �श�ण एवं अ� संबं�धत सं�ान

 री�तब� काय� संरचना एवं ब�आयामी ���कोण: 

जन जड़ुाव क� �ि�या को सं�ागत करने के �यास 
म� �ायी �प से �मता �नमाण�  पर बल िदया गया। 
इस संबंध म� िकए गए कुछ उपाय �न�वत ह:�  

ं·    �ायी �दश��नयो क� �ापना : 

·  �हॉल ऑफ ��ू�यर पावर' मुंबई, चे�ई एवं 
िद�ी म� �ा�पत।  ��ू�यर ऊजा � के �व�भ� 

ंपहलुओ पर एक उ� �चा�लत एवं पार��रक 
चचा � वाला शै��णक मंच। 

ं·  जयपुर,  भुवने�र  एवं  अ� शहरो म� ऊपर 
�ल�खत जसेै हॉल क� योजना 

ं·  सभी ��ू�यर �व�त  संयं� �लो पर सूचना ु
क� � 

ं·    लघु दीघाओ�  क� �ापना 

ं·  �व�भ�  �जला �व�ान क� �ो म� मॉडल उपल� 
कराना

·    मानव संसाधन को संबो�धत करना

ं·    जन जाग�कता ग�त�व�धयो हते  ु४०० से अ�धक 
ं�ोतय�ु ���यो का ��श�ण एवं �वकास 

·    �वशेष� व�ा �ारा  मीिडया  �वचार-�वमश� हते  ु
ंव�र� अ�धका�रयो को ��श�ण

BARC NEWSLETTER
November-December 2018 उ�त जन-जड़ुाव एवं नतीजे

BARC NEWSLETTER    MAY-JUNE 2018     14BARC NEWSLETTER  ISSUE NO.366  NOVEMBER-DECEMBER 2018 



ंसमाज के �व�भ� वग� के �लए उपय�ु काय��मो का 
समावेश करत े�ए एक संरचनागत योजना बनाकर 
काया�� �त क� गई ह।ै  मीिडया से संबं�धत �ान देने 
यो� पहलू �न��ल�खत रह,े   

•    �व�ास का �ादभाव�  ु

•    बहेतर संबंध 

•    व�र� �बंधन क� भागीदारी   

ं•   �ल �मण का �बंध करना एवं काय�शालाओ  
का आयोजन करना 

•  �से �व���या ँ एवं आव�धक �प से सूचना 
सं�षेण 

•  आव�कतानुसार आलेख जारी करना एवं 
��ति�या   

ं ं•  क� सर �वशेष�ो, �लो से पयाव� रण सव��ण 
ं�योगशाला अ�धका�रयो, महामारी अ�यन 

ं�वशेष�ो के दल �ारा �विकरण व क� सर के संबंध 
ंम� �ा�ंतयो को दर करने के �लए वै�ा�नक ू

स�लेन व काय��म आयो�जत करना

•   मीिडया �रपोट� के �व�ेषण के �लए �ज़ू आलेख 
सं�ह �णाली 

इसी �कार, आम जनता के �लए ब�-आयामी 
ंि�या�व�ध के काया�� यन से संबं�धत मु� पहलुओ 

म� शा�मल ह � :

•  उपय�ु सूचना/�श�ा साम�ी का �नमाण�  व 
�वतरण, जसेै  

•   सरल ��ेीय भाषा म� ��ू�यर �व�त के �व�भ� ु
ंपहलुओ पर एकल प�क 

•    टीवी कॉम�सयल 

ं•    एफएम रेिडयो पर �रेिडयो �जग� 

•    िड�जटल मीिडया – �सनेमा व केबल टीवी 

•     कॉ�मक पु�क�   

•     लघु िफ� �

•     एनीमेशन िफ� �

•     डॉ�ुम�टरी िफ� �

ं•     �काशन – कई भाषाओ म� पु�क�  

ं•     ��ू�यर �व�त पर �व�भ� �ानो पर �दश�नी ु

ं ं•    देश भर के �व�ालयो एवं महा�व�ालयो म� स�, 
�ा�ान एवं ��तुीकरण 

ं ं•  �व�भ� वग� जसेै �ामीणो, छा�ो, नी�त-
ं ं�नमात� ाओ व �वचारको और जन-साधारण को 

समा�व� करत े�ए �ल �मण म� बढ़ोतरी 

ं ं•   �चिक�को, पैरामेिडकल व सुर�ा का�मको के 
�लए काय�शाला

ं ंआज क� संचार �णा�लयो के अनु�प वेब सेवाओ 
सिहत जन संपक�  संबंधी उपाय भी िकए गए �जनम� 
मु� ह � :

•     एनपीसीआईएल वेबसाइट पर ना�भक�य ऊजा �
से संबं�धत �व�तृ जानकारी अपलोड करना  

•     सूचना और �ा�ान ��तुीकरण पर �नय�मत 
�प से अ�तन जानकारी सु�न��त करना 

ं•     वेब �लक का �नमाण�  करत े�ए आम जनता को 
स�म बनाना िक वे अपनी पसंद के ��ू�यर 
�व�त संयं� म� �मण कर सक�  ु

•      �न��ल�खत के मा�म से सामा�जक मीिडया म� 
अपनी उप���त दज � कराना,

•      ��ू�यर �म� फाउंडेश (एनएफएफ )

•      �ॉग एवं आलेख 

नव�वत�नकारी �व�धया ँ:

जन-साधारण से संपक�  के परंपरागत और �व�वध 
ं ंउपायो के अ�त�र� कई नव�वतन� कारी �व�धयो को 

अपनाया गया तािक सम� �प से जन-जाग�कता 
काय�कलाप के काय�-��े, आयाम और 
�भावका�रता म� बढ़ोतरी क� जा सके। इनम� से कुछ 
उपाय �न��ल�खत ह � :  

•   लोक कला व मीिडया का उपयोग, ��ेीय 
ं ंभाषाओ म� नु�ड़ नाटको का आयोजन 

•     कृषक एक�करण काय��म (एफआईपी) का 
आयेाजन 

ं•    यवुा छा�ो के �लए �श�ा म� समाचार-प� 
(एनआईई) का �ारंभ 

ं•      आने वाले मीिडया पेशेवरो के �लए मीिडया 
छा� अनुकूलन काय��म (एमएसएपी) 

ं•       �ामीण ��ेो म� च�लत बस �दश�नी के मा�म 
से बहृद ��े को समा�व� करत े �ए चल-
�दश�नी (ए�ीब़ीशन ऑन �ी�)

पया�वरण प�रचया� काय��म (ईएसपी)- एड ऑन :

एनपीसीआईएल ने एक ��ै�क पयाव� रण प�रचया �
काय��म (ईएसपी) �ारंभ िकया ह ै जो ��ू�यर 

ं�व�त संयं�ो के अपवजन�  ��े म� और उसके ु
आसपास पाई जाने वाली जवै-�व�वधता, �वशेष �प 
से नभचर के वै�ा�नक अ�यन पर क� ि�त ह।ै  यह 

काय��म आवास संवधन�  और �� पयाव� रण के 
मह� पर जाग�कता को �ो�ािहत करता ह ै और 
इस काय� के �लए बीएनएचएस, आईबीसीएन, नेचर 
�ब इ�ािद से जड़ुा �आ ह।ै  ईएसपी के कुछ मु� 
अशं  इस �कार ह � :

•    ��ूीयर पावर �ाटं (एनपीपी) अपवजन�  ��े 
ं ंम� पौधो और �ा�णयो के अ�भलेखन, संर�ण 

और संवधन�  के �लए एकल काय��म  

ं ं•    �वशेष� संवधन�  एज�� सयो, गैर सरकारी संगठनो 
ंएवं ��ेीय �कृ�त �बो के साथ इसे काया�� �त 

करना 

ं•  प�ी मैराथन  जसेै काय��मो को आव�धक  
आधार पर आयो�जत करना 

ं•  �ततली उ�ानो, क�प नस�री एवं �ग� रे�रा ं
इ�ािद �ा�पत करना 

ं•  कॉफ� टेबल पु�को के �प म� कई पुर�ृत 
�काशन
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�नकटवत� �े�ो ंका �वकास :

ंएनपीसीआईएल ने अपनी �ापनाओ के आसपास 
रहने वाली आबादी के िहताथ � कई पहल क� ह � तािक 
�नगम सामा�जक उ�रदा�य� (सीएसआर) के भाग 
के �प म� समावेशी �वकास सु�न��त िकया जा सके। 
कौशल �वकास सिहत �श�ा, �ा�, आधारभूत 
संरचना�क �वकास और ��ता (�� भारत 

ंअ�भयान) जसेै ��ेो म� मु� �प से कई सामा�जक 
ंक�ाणकारी योजनाओ को काया�� �त िकया गया 

ंह।ै  मौजदूा �चालनरत �लो के आसपास िकए गए 
ंसीएसआर काय�कलापो के अ�त�र� नए ह�रत 

ं�लो,  जहा ँ प�रयोजनाएँ �नमाण� ाधीन ह,�  के 
आसपास भी प�रयोजना-पूव� काय�कलाप �ग�त पर 
ह।�



मॉनीटरन �व�ा :

िकसी काय��म क� �भावका�रता के आकलन के 
�लए आव�क ह ै िक समु�चत मॉनीटरन और 
फ�डबकै �व�ा क� गई हो। इससे आव�क 
सुधारक कार�वाई का समयब� �न�ादन सु�न��त 
करना संभव हो पाता ह।ै  तदनुसार, जन संपक�  
�व�ा के अ�भ� अगं  के �प म� एक आतं�रक 

ंआकलन �व�ा �ारंभ क� गई �जसके मु� �बद ु
�न��ल�खत ह � :

ं•  काय��मो, उन पर िकए गए खच� और उनक� 
�भावका�रता क� ब�-�रीय मॉनीटरन एवं 
उनक� �रपोट�    

•     सरकार म� उ�तम �र पर मा�सक �रपोट� 

•    समाचार आलेख सं�हण �णाली का �व�ेषण 
एवं �रपोट� 

•  ऑफलाइन  एवं ऑनलाइन फ�डबकै  का 
�व�ेषण 

उ�ृ� प��तया ँएवं स�मता :

ंिकए गए सभी �यासो के साथ-साथ हमारा उ�े� 
ंमु�त: जन संपक�  काय��मो का �नरंतर �व�ार, 

सुधार और नव-�वतन�  करना ह ै तािक ��ू�यर 
ं�व�त पर राय बनाने के �लए देश के नाग�रको को ु

सश� बनाया जा सके। इस काय��म क� उ�ृ� 
ं ंप��तयो और स�मताओ का साराशं �न��ल�खत के 

�प म� िकया जा सकता ह ै : 

•  सव�� �ाथ�मकता देना, व�र� �बंधन क� 
��तभा�गता 

•   जन संपक�  को �ॉस फं�नल ��े के �प म� 
समझा जाना 

• संरचनागत संगठना�क ढाचंा, िडजाइन, 
काया�� यन, मॉनीटरन और �रपो�टग के �लए 

गहन �व�ा  

•     �मता संवधन� , संधारणीयता सु�न��त करना 

ं•     पेशेवर एज�� सयो के साथ ��तभा�गता 

•     ब�-आयामी ि�या�व�ध 

•     नव- �वतन�

पुर�ार एवं स�ान :

ं ंिकए गए �यासो के अनुभवो को �ान म� रखत े�ए, 
राज�ान परमाण ु �बजलीघर, इकाई-३ व ४ क� 
आईएईए ओसाट� समी�ा के दौरान,  आईएईए 
समी�ा टीम ने जन संपक�  ि�या�व�ध को उ�ृ� 
प��त माना ह ै और �न��ल�खत िट��णया ँक� ह � : 

   �परमाण ु  �बजलीघर  का जन-जाग�कता 

काय��म �े�ीय समदुाय को ��ू�यर व 

�विकरण सुर�ा के बारे म� शै��क अवसर 

�दान करता है।�

ंदेश क� जनता तक प�ँचने के �यासो को कई रा�ीय �
ंऔर अतं ररा�ीय पुर�ारो से स�ा�नत िकया गया �

ह।ै  इनम� से कुछ इस �कार ह � :

•  सव��म संचार अ�भयान-2013 हते  ु प��क 
�रलेश� सोसाइटी ऑफ इंिडया 
(पीआरएसआई) रा�ीय पुर�ार  �

•  सव��म जन-जाग�कता काय��म �ेणी म� 
पीआरएसआई ि�तीय पुर�ार- 2014 

• सव��म कॉफ� टेबल पु�क �ेणी म� 
पीआरएसआई �थम पुर�ार - 2014 

•  सव��म जन-जाग�कता काय��म �ेणी म� 
पीआरएसआई पुर�ार- 2016 

•  सव��म संचार अ�भयान (बा� जनता) हते  ु
पीआरएसआई रा�ीय पुर�ार-2016 �

•  57वा ं एबीसीआई रा�ीय पुर�ार ��ायस� �
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ऑफ अवर कोट�याड�्स� 

•    आईआईटीएफ - 2017  म�  रजत  पदक

•   ��ायस� ऑफ अवर कोट�याड�्स� और �एटम 
ऑन �ील� के �लए पीआरएसआई रा�ीय �
पुर�ार-२०१७ 

•  इंिडकॉम स�लेन म� �एटम ऑन �ी�� ने 
��त�ा पुर�ार २०१७ �ा� िकया

•  एटमए�पो अतं ररा�ीय पुर�ार-२०१८ – �
अ�खल �व� का सव��म संचार अ�भयान

प�रणाम :

इस �व�तृ काय��म के प�रणाम का साराशं 
�न�ानुसार िकया जा सकता ह ै :

•    ��ू�यर �व�त के बारे म� गहन जन-ु
जाग�कता काय��म संचा�लत करना 

ं ं ं•    फुकू�शमा के प�ात लोगो क� शंकाओ/��ो का 
समाधान  

ं•   पॉ�लसी �नमात� ाओ �ारा ��ू�यर �व�त को ु
बहृद मह� देना     

ं•   नई ��ू�यर �व�त प�रयोजनाओ के �लए ु
मंजरूी �मलना

ं•    आगामी ��ू�यर �व�त प�रयोजनाओ के �लए ु
भू�म अजन�  

ं•    ��ू�यर  उपल��यो  को मीिडया म� भरपूर 
�ान �मलना 

ं•    शंकाओ के कवरेज म� खासी �गरावट 

ं•    ��ू�यर �व�त संयं�ो के ��त िकए जाने वाले ु
�वरोध म� कमी 

ंइन �यासो के मा�म से जनता तक प�ँच म� खासी 
व�ृ� �ई ह,ै  �जसे �न��ल�खत �प म� दशाय� ा गया ह ै :

िकए गए �यास और जनता क� ��ति�या उपय��ु 
ं�च� म� �द�शत ह,�  हालािंक यह या�ा समा� नही �ई 

ह ै और पूरे उ�ाह एवं �ज�देारी के साथ यह 
काय��म जारी ह।ै  वा�व म�, यह एक अनवरत या�ा 
ह ै �जसे हम सभी को 'ना�भक�य दत' के �प म� तय ू
करनी ह।ै  आइये, हम सभी जन-साधारण के �लए 
उनक� बोलचाल क� भाषा म� आयो�जत िकए जाने 
वाले ना�भक�य ऊजा � जाग�कता काय��म म� अपना 
योगदान द� और �� ऊजा,�  ऊजा � सुर�ा एवं 
संधारणीयता के रा��ापी अ�भयान का िह�ा बन�।�

ं!!! जय िहद !!!



BARC enters into MoU with CG RIC

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 

3 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 

3 200 mm slabs. Nuclear Recycle 
Group, BARC, will deploy these 

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

C

The Mater ia l s  Pro cess ing  & 
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.

Bhabha Atomic Research Centre 
(BARC), Mumbai, and Indian Rare 
Earths Limited (IREL) have entered 
i n t o  a n  u n d e r s t a n d i n g  f o r  
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 5

earths-based luminescent and up-
conversion materials.

BARC to transfer t for Rare Earth 
Production to IREL

echnologies 

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.



Notes





Edited & Published by:

Scientific Information Resource Division

Bhabha Atomic Research Centre, Trombay, Mumbai 400 085, India

BARC Newsletter is also available at URL:http://www.barc.gov.in

Central Complex at BARC


