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PYROCHEMICAL HEAD-END TREATMENT FOR FAST REACTOR FUEL 

ELEMENTS 

INTRODUCTION 

The motivation for the development of a programme of 

this kind in the sixties when this project was started, was 

based on the fact that the problems encountered during the 

transport, handling and reprocessing of fast reactor fuel 

elements have a very marked influence on the overall fuel-

-cycle cost for power reactors of this type* As a matter 

of fact, owing to the large quantity of fissile material 

present, the out-of-core fuel inventory is a major cost-de

termining factor, hence the obvious need to reduce the time 

taken by the different operations in the fuel cycle. The 

demand for utmost speed in reprocessing raises numerous se

vere problems owing to the high bumup and specific power 

densities characteristic for fast, reactors. 

Furthermore, attention has to be paid to the handling 

and critically problems arising from the presence of large 

amounts and high concentrations of plutonium* 

For these reasons the existing conventional reproces

sing plants cannot be employed economically in this case 

without modifications. 

A potential way of overcoming these difficulties i$ 

the application of pyrochemical methods in the head-end 

treatment of the fuel elements, in order to facilitate the 

subsequent operations* By combining pyrochemical methods 

with the classical solvent extraction cycle one could make 

use of the typical advantages of both methods whilst avoiding 

their inherent drawbacks* 

The vork has been directed towards three specific topics : 

a) liquid-metal dfecanning of spent stainless-steel-clad 

fuels (Solinox process) 
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b) oxidative pulverization by fused salts and extraction 

of volatile fission products (Saltex process) 

c) pyrochemical separation of plutonium from the bulk of 

the fuel* 

It should be noted that these operations can be conside

red individually or consecutively* 

Liquid metal decladding (Solinox process) 

Decanning of fuel material by liquid-metal dissolution 

of stainless-steel-clad elements offers many potential advanta

ges, particularly for highly irradiated fuels* This decanning 

process can be performed directly without dismantling the fuel 

elements, therefore the complex mechanical operations are avoi

ded* Also the difficulty of removing the sodium adhering to a 

fuel assembly can be overcome and so the head-end steps are mi

nimized* 

The fundamental aspects of. liquid metal decanning vere 
1)2) evolved at the Ispra JKC ' ', the conceptual design studies 

and scaling-up of this process are being performed at S*C*K*/ 

/CEN-Mol in connection with Belgonucl6aire and Euratom ' ̂ '* 

Optimum dissolution of the stainless steel and other 

high nickel alloys could be obtained with an Sb/Cu (10 to 23«5 

vt^Cu) solvent alloy at 900 - 1000°C. 

The dissolution of sodium in Sb-Cu solvent alloy at an 

operating temperature of 1000°C was investigated* The Sb-Ma 

phase diagram shows that Na will be dissolved in any quantity 

in Sb* Moreover the existence of Sb-Na3 and Na-Sb intermetal-

lic compounds indicate a strong affinity between Sb and Na* 

No phase diagrams for Na-Cu, Na-Pef Na-Cr and Na-Ni are avai

lable* 

Exploratory BMP measurements "f the Na/Sb-Na (1%) couple 

were performed* From 0*7 V at 670*U an activity coefficient of 

3 • 10~2 vas derived* At 1000*C this activity coefficient can 

i 
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be extrapolated to 7 • 10 • Since the vapour pressure of Na 

over liquid Na at 1OO0°C amounts to about 2*5 atm, it is pos

sible to calculate that the vapour pressure of Na over Sb-Cu-

-Na (l vt.%) alloy at 10OO°C will be as lov as 1 mm Hg. 

The dissolution method therefore comprises in a single 

operation several of the consecutive steps scheduled in the 

conventional flov sheet, such as cleaning (sodium removal), 

dismantling of the element and decladding* 

Oxidative fuel pulverization in molten nitrates (Saltex process) 

The preparation of fast breeder fuel for solvent extrac

tion is more difficult than that of thermal reactor fuel because 

of larger amounts of troublesome fission products (such as I , 

Kr , Xe , Tritium) and the presence of Pu02 vhich is diffi

cult to dissolve in nitric acid* Moreover it is necessary to 

dispose of tritium and other volatile fission products prior tu 

the acid dissolution, in order to avoid the risk of releasing 

liquid and gaseous contamination to the environment* 

The Saltex process developed at the Ispra JRC 5' ' in
volves an oxidative breakdown of fuel material with molten ni

trates ; by this method tritium and other volatile fission pro

ducts will be isolated and the fuel converted into the uranate 

and plutonate form easily soluble in nitric acid. 

As compared to the oxidizing treatment with oxygen at 

900°C, as currently scheduled in the Oak Ridge flow sheet, the 

breakdown process with molten nitrates has the following advan

tages : 

- The fission gases are set free undiluted by other gases, 

thus facilitating their final disposal* 

- More effective breakdown of the fuel, hence smaller fuel 

losses and easier dissolution* ' 

Lower working temperature (about 450*C as against 900°C 

in the American flov sheet)* 
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The melted nitrate can be easily recycled* 

Pyrochemical extraction of Plutonium 

Three coupling options have been considered as possi

ble links between the "Saltex processw and the reprocessing 

plant : the first is simply the forvarding of the fuel mate

rial after recovery by filtration or centrifugation from the 

molten salts* 

The other tvo options foresee a dissolution step of 

the uranate and plutonate compounds directly in the same ni

trate melt* 

Starting from the homogeneous solution so gained, the 

U and Pu can be coextracted by solvent extraction using TBP 

in a terphenyl mixture, or an U-Pu partitioning can be achea-

ved by selective thermal decomposition of the plutonium* 

Results 

In the oxidative disgregation the reaction of fuel with 

the nitrate melt can be schematized as follovs : 

2 U02 + 4 NaN03 ^ Na2 Vfy + 2 MaNOg + 2 N02 + 1/2 0, 

X-ray analyses of the reaction products between pellets 

of mixed oxides U02 - Pu02 (15%) in different entectic 

mixtures of alkaline nitrates, have confirmed the pre

sence of uranates of variable composition as a function 

of the bath employed ''• 

The reaction takes place at 480°C in periods varying 

from 90 minutes to 5 hours according to the mixture 

used* 

The dissolution phase has been, achieved by bubbling 

HNO~ vapour through the fused bath after having lowered 
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the temperature to 250°C* 

The reaction time varied from half to one hour according 

to the type of entectic melt used* 

In the thermodecomposition experiments the separation of 

the plutonium from the uranium was based on the different 

stability of the uranyle and plutonyle complexes present 

in the fused nitrates after the dissolution phase* 

In a temperature range of 300 - 350°C, 100% of the Pu 

could be precipitated in periods varying from 5 to 12 

hours according to the melt used, while depending upon 

the reactions conditions, between 5*4 and 7*72 of initial 

uranium coprecipitated with plutonium* 

Some consideration was given to investigating the alterna

tive method of coextraction of U and Pu from fused salts 

by means of TBP diluted with temperature-resistant orga

nic solvents* This might be a very interesting coupling 

system between the pyrochemical "head-end" and the repro

cessing plant* In exploratory experiments the uranium 

dissolved in the entectic mixture of Li, Na and K nitra

tes and a therphenyl mixture (Pro^il HP40) containing 9% 
of TBP has been selected* By this way up to 98% of U was 

extracted into the organic phase in one minute of contact 

at 150°C* Stepping from the organic phase has been per

formed with one molar Na2C03 solution at 25°C* 

During the process some fission products (mainly Cs-137) 

accumulated in the melt* The decontamination of the ni

trate melts with various ion exchanged was than tested j 

none of them were able to remove Cs-137» This is a draw

back because the nitrates then can only be recycled for 

a limited number of times* 

The vitrification for disposal of inorganic nitrates was 

developed making use of silicotitahate glasses '• It has 

been shown that this kind of material, even when ccntaining 
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large amounts of alkaline elements (20-40 vt.£) gives 

leaching rates of the same order of magnitude as boro-

silicate glasses* 

The decomposition of fused nitrates caused by radiations 

was studied by irradiation vith 2 MeV electrons from a 

Van der Graaf accelerator. 

After irradiation and cooling, both the level of nitrites 

produced and the composition of the gaseous phase formed 

were analysed. G (NO^) values as a function of the ab

sorbed dose can then be determined. 

The 6 (N0~) value diminishes vith increasing absorbed 

dose, this is probably due to the back-reaction of nitrite 

reoxidation by oxygen. 

Values from 30 to 8 ions/100 eV have been measured, depen

ding upon the dose and the nature of the fused bath* 

• 
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