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1. Abstract

Measurement of '0B consumption in FBTR control rod samples using TOF Mass spectrometer as well

as a method to measure the burn up using Pulsed Laser Deposition (PLD) of thin films, followed by TIMS is 

described in this work. Unlike the traditional PLD techniques, we used high laser power density and 

deposited films with more particulates such that the elemental fractionation is greatly minimized in the 

subsequent mass spectrometer analysis. An added advantage of sampling using focused laser is the 

possibility of surface profiling of elements for post-irradiation examination of chemical and isotope mapping 

of surfaces at a typical "pixel" resolution of the laser spot size. The nano-gram quantities of such sampling 

contain very low activity, resulting less tedious radioactivity handling. 

Conventional chemical dissolution method for nuclear fuel burn-up involves many steps such as 

separation of U, Pu and burn-up monitor fractions, followed by isotope dilution mass spectrometry 

(1DMS)[1,2], which is more laborious and carries risk of radiation exposure to workers. Sampling of solids by 

Laser ablation (LA) is a convenient method for direct burn-up measurement of irradiated fuel as well as 

control rod pellets [3, 4, 5]. Using suitable optics, laser beam can be conveniently taken inside hot cells for 

sampling the surface of highly radioactive materials [4, 6). Added advantage of LA technique is the laser 

spot profiling and hence the post-irradiation examination of chemical and isotope mapping of surfaces at a 

typical "pixel" resolution of 50-100 sq micron size. The nano-gram quantities of such sampling contains very 

little activity and hence can be conveniently handled in a glove box and adds very less load to the 

radioactive laboratory exhaust processing systems. 

The present work describes burn-up characterization of simulated spent fuel at different irradiation 

level of uranium oxide containing rare earth fission products and actual irradiated B4C control rod pellets 

discharged from Fast Breeder Test Reactor, Kalpakkam. Simulated spent fuels were prepared in pellet form 

and pulsed laser deposition (PLD) of thin films were carried out using laser pulses at different laser fluence 

(power density is most appropriate term to compare lasers of different pulse width) and wavelengths. The 

thin films were then dissolved in nitric acid and isotope ratios of different elements with respect to uranium 

(uranium to Nd-143 & La-139) were analyzed using Thermal Ionization Mass Spectrometer (TIMS) and 

Inductively Coupled Plasma Mass Spectrometer (ICPMS). Similar isotope ratios were also measured by 

loading the simulated solid pellets directly in an in-house developed Laser ionization-Reflectron Time of 

Flight Mass Spectrometer (L-RTOFMS). 
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