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§ No chemical residues

§ Inherent characteristics & properties

preserved as no heat is generated

§ Product can be treated after  packaging

§ Non-toxic

§ Reliable & safe

§ Precise and reproducible treatment

process

§ Proven use for 30 years

§ Environment friendly

Accelerator for Food Irradiation

Conclusion

Based on the results of the present study, it is concluded that electron beam 
irradiation could prove beneficial compared to gamma irradiation 

Conclusion

10MeV Facility is suitable for large scale Food irradiation 



Accelerator for Food Irradiation

Microbial counts for un-irradiated 
and irradiated coriander 
powder 12 month

Results of microbial analysis by 
dilution methods

Food  Products Irradiated with 10 MeV at EBC
Target Dose Range : 0.25 kGy  - 14 kGy

Coriander powder irradiated with 14 kGy dose can be stored 
safely for 1 year span of food production cycle.

§ Potato (  0.4-1kGy)

§ Mango (0.4-1kGy)

§ Rawa ( 0.25-1kGy) 

§ Litti (1- 4kGy)

§ Dried Apricot (1- 4kGy)

§ Dried Quince (1- 4kGy)

§ Coriander Power ( 10- 14kGy)

Coriander Powder Irradiation in 10 MeV Linac 
at EBC.



Accelerator for Agriculture

Technology fits for slogan given by Vasantdada Sugar Institute, Pune, as

�� भारत , समृ� भारत

Chitosan  Irradiation at EBC for VSI, Pune. Target dose = 50 kGy
Production enhancement by 1.3 times using EB treated chitosan

Electron beam treated chitosan provides better germination, proper tillering of plant 
and regulate photosynthesis

Post Irradiation with 50 kGy Pre Irradiation 
 Chitosan  Chitosan 



Accelerator for Agriculture

 Irradiation of chitosan (biopolymer) at EBC 
on large scale for 100Acres of plantation

 Chitosan (biopolymer) Loading 
 on Conveyor

Papaya : Non Treated Papaya: EB Treated 

Papaya : Non Treated Papaya: EB Treated 

EB treated CHITOSAN for papaya cultivation: Future prospects



Accelerator for Agriculture

Letter of Appreciation from Vasantdada Sugar Institute



Accelerator for Environmental Applications

Elecron Beam Flue Gas Treatment (EBFGT)

§ Flue Gas is a mixture of gases emitted from thermal power plants by burning fossil fuels like

coal, diesel and natural gas etc. It contains particulate matter and oxides of sulphur and

nitrogen (usually known as SOx and NOx ). It is responsible for acid rains and air pollution.

§ Electron beam interacts with moisture and produces of highly oxidizing OH free radicals,

which react with the flue gas components to produce sulphuric acid and nitric acids. The

acids are neutralized by ammonia in the moist environment to produce useful fertilizers,

ammonium sulphate and ammonium nitrate.

§ The optimized dose is 15kGy to achieve highly efficient removal of SO and NO . The2 2

demonstration experiment was done in collaboration with BHEL  Ranipet.

Concept of Electron Beam Flue Gas Treatment Facility 



Accelerator for Environmental Applications

Results of EBFGT experiments, showing decrease in SOx and NOx levels 

Experimental set up for EBFGT at EBC Fertilizers collected after experiments

The whole of science is nothing more than 
renement of everyday thinking.

- Albert Einstein



Accelerator for Environmental Applications

Electron Beam Waste Water Treatment (EBWWT)

-2 -3Mineralization of WW in the presence of 4×10  mol dm  
K S O  during (a) gamma radiolysis, and (b) EB radiolysis2 2 8Radiolysis of water



After 2 Days

 Decolouration of dye with dose 

At EBC Kharghar, 1 MeV, 100 kW Electron Beam 

Waste Water Treatment (EBWWT) an industrial 

demonstration system is being developed for 

reducing COD/BOD levels of effluents and dye water 

on industrial scale to treat 1-2MLD of water. 

Moong seed germination test on 
the unirradiated and irradiated 
dye solution

Experimental Set Up for Waste Water Treatment

3.75kGy3kGy

0kGy

Tap Water

0.75kGy

6.75kGy

 Electron Beam 



Accelerator for Industry

Colour Enhancement GEM STONES

Post Irradiation with 50 kGy Pre Irradiation 

Different types of gemstones like topaz, tourmaline, quartz crystals etc. have been irradiated 

with 10 MeV electron beam (EB) at EBC, Kharghar. The accumulated dose delivered was 

around 10 MGy

The polyethene O-Ring Gaskets were 

irradiated using 10MeV RF Linac. The 

dose imparted was 300 kGy. These O-

rings are used for various industrial 

applications.

O-Ring Irradiation at 10MeV facility at EBC. Softening Temp.: 70˚C (pre irradiated),

280˚C (post irradiation)

Polyethene O-Ring Gasket Irradiation



Surface Modifications and Radiation Damage Studies 

Electro-conductive cotton fabric prepared by electron beam induced graft polymerization 
and electroless deposition technology

Indigenously developed 500 keV DC Accelerator at BRIT, Vashi has been used for imparting 

new properties to fabric and cotton. Bombay textile Research Association (BTRA) has 

conducted experiments on treatment of cotton, nylon & silk fabric samples to improve tensile 

strength, UV protection and anti-microbial properties. 



Accelerator for Electronic Waste Disposal

EB irradiated sample of PCB

§ The irradiation was done with 10 MeV up to dose of 350kGy,the copper can be pulled
off from PCB which is 99.9 % pure and fully reusable

§ Post copper removal the PCB becomes easily degradable.

§ Process can be carried out in actual atmospheric condition without use of any chemical

catalysts

PCB with component
Electron Beam Treated PCB

 (Pure Cu extracted out)

PCB without component
Un-treated PCB



Accelerator for Semiconductor industry 

 Power diode irradiation for Reverse recovery Time Reduction

The irradiation of power diode rated 2.6 kV, 700 A, used as switching device in turbo generators 

of Bharat Heavy Electricals Limited (BHEL), has been done in 10 MeV. The reverse recovery 

time (trr) was reduced from 15 µs to 6 µs after delivering 4 kGy optimized dose. In addition 

leakage current is around 20 mA and forward voltage drop is 2.0 V in comparison to 150 mA and 

2.3 V achieved through gold doping.  This is the first time an EB accelerator is used for control of 

semiconductor device parameters in India. With this facility, the required exposure time is found 

to be much shorter (~ 25 s) to complete one batch processing containing around 200 diode 

chips. 

EB treatments ult imately leads to 

improved manufacturing yield, enhanced 

turnover, extension of product range, 

import  subst i tu t ion and customer 

satisfaction

§ Better current carrying capacity for

semiconductor based devices like solar

cells etc

§ Improved  rad ia t ion  res is tance

especially for space applications

§ Surface finishing of metals

Reverse recovery process in a diode Comparison of Gold diffusion and irradiated Diode 



Accelerator for Semiconductor industry 

Letter of Appreciation from BHEL



Accelerator for ISRO Solar Cell Irradiation

15 GaAs (2.5 V, 1A) for radiation hardening analysis up to integral fluence 10 for 
15 years satellite life.

Multi-junction InGaP/GaAs/Ge (2.5 V, 1A) 
15solar cell, study up to integral fluence 10  

for 15 year life time of satellite, 
Efficiency degrades from 28% to 18% 

Beam Energy: 1MeV, Beam Current: 
100μA, Dose: 20-250kGy



Accelerator for Irradiation of SBC Rubber Tiles 

To adhere the rubber tiles to the hull outer surface reliably, mounting surface of tile, after 

application of polyester resin, Ship Building Centre, Vizag imparts radiochemical treatment to 

the tiles from an imported 700keV electron accelerator. Accelerated electrons originate a steady 

compound between polyester resin and raw rubber, providing reliable cohesion of polyester 

resin, cured with electron impact, with rubber plate surface. Such experiments have been 

conducted successfully using the DC accelerator at EBC, Kharghar

Beam Energy: 750-800keV DC, Beam Current: 3mA and 5mA

    Post Irradiation: Cohesion of polyester resin to the surface of rubber tile  



Accelerator for Research and Development

Irradiation of Natural & Synthetic Fluorspar (CaF2) for MSD, BARC 

Representative image for 
yellow sample

10MeV EB

Post Irradiation (above 5 MGy): 
dark purple colored powder    

Pre Irradiation  

Same type of color centre production in all the specimens irrespective of the rare-earth 
content. TEM investigations results in considerable change in the microstructure.

Conclusion

Irradiation of Ceramic Powder and Fibre for GAMD, BARC 

Pre Irradiation  

Post Irradiation  

Crosslinking Density Increases in Powder 
form up to 6 MGy followed by Saturation 



Accelerator for Research and Development

Irradiation of Ce doped GGAG Scintillators Crystal for NRG/TPD, BARC 

1.5 mCi β- source (E~ 1.6 MeV) in 15 yrs ~ 5 MGy 

Transmission decreases by 3% 
No change in Ce3+ characteristics 
absorption bands  (~ 445 nm) 

Before After

5 MGy Irrad

(a) (b)

Optical transmission spectra Light output spectra measured with 
Am-Pu α- source 

Scintillation light output of shows a 
slight decrease ~5% 

Organic Film based Irradiation Studies 

10 MeV accelerator was utilized to tailor the electrical and mechanical characteristics of 

organic films as insulating (BOPET) and semiconducting like molecular semiconductor (zinc 

phthalocyanine, ZnPc) & conducting polymers (PANI, PEDOT), with emphasis to deploy the 

modified films for device applications such as gas sensors and radiation dosimeters.  The 

enhancement in mechanical properties of BOPET with 8 kGy dose has been achieved that 

makes it better packaging materials for food & medical product radiation sterilization 

Corrosion Analysis for Zirconium Alloy 

Zirconium (97.5%) and niobium (2.5%) alloy is used as pressure tube in pressurized heavy 

water nuclear reactors to hold fuel bundles and carry the heavy water in CO2 environment. The 

oxidation of this metal alloy, in presence of high radiation field and in simulated reactor 

conditions, has been analyzed using 10 MeV. The accumulated dose delivered to the sample is 

around 350 MGy at rate of 1.0 MGy/h. The signature of oxidation in alloy was observed after 

imparting dose of 150 MGy. This study has been carried out in collaboration with RED, BARC 

and ChD, BARC.  



Accelerator for Research and Development

Failure study of Pressure Tubes of PHWR units at Kakrapar

10MeV RF Linac was utilized for failure analysis of Pressure tubes used in PHWR of Kakrapar for 

simulating required radiation environment and studying the effect of it.



Accelerator for Research and Development

Accelerator for Industrial Radiography 

Radiography experiments were carried out using 6 MeV Linac with a steel step block having 

thickness 100 mm to 200 mm with 25 mm step thickness. The radiography parameters such as 

thickness range, sensitivity and focal spot size have been evaluated by means of both wire type 

(ASTM E 747) and hole type (ASTM E 1025) penetrameters. The achieved sensitivity is 2 % 

and the focal spot size is ~ 1 mm. It was concluded that the 6 MeV Linac (developed by APPD in 

house) is suitable for radiography of materials having thickness up to 200 mm steel equivalent. 

The experiment has been done in collaboration with QAD and IRAD, BARC.  

“ My success will not depend on what A or B thinks 
of me. My success will be what I make of my work”

-Homi Jehangir Bhabha

Material discrimination using Dual Energy 
Linac



Accelerator for Security Applications

Accelerator as Cargo Scanner

Cargo scanning systems are employed to interrogate cargos at ports or borders to prevent the 

transport of banned or undeclared objects like weapons, drugs, smuggling items, human 

trafficking etc. The interrogation is done by an x-ray beam produced by high energy electron 

accelerator. It consists of an accelerator, a set of collimating units and an imaging detector-array. 

The interior picture of cargo can be generated on the computer screen after reading the pixels of 

the detector-array.  

Imaging of Cargo  at Gamma Field, BARC using 6 MeV System 




