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Treatment of fuel debris using molten fluorides

Matsuura, Haruaki
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The basic studies for optimization of process for pyroprocess constructed by
selective fluorination and molten salt electrolysis have been carried out for the treatment of fuel
debris caused by the Fukushima Daiichi Nuclear Power Plant. Novel knowledge by this study is shown

as follows: By using hydrogen fluoride gas, fluorination rate of the fuel debris produced in
reductive atmosphere is more rapid than that produced in oxidative atmosphere. Even zirconium
floride cannot be dissolved into molten fluoride at low temperature. Zirconium fluoride can be
dissolved into molten chloride for electrolysis. These results can be contributed to the optimum of
process design for uranium extraction selectively from fuel debris.
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[Experimental] ]

[® Electrochemical measurement

Working: [[Ar glovebox | [ - Cyclic voltammetry(CV)

tungsten Square wave voltammetry(SWV)
Counter:

glassy carbon [Quartz glass cell ][~ Experimental System

Reference: 1] / argon circulated glove box(0,&H, <<1ppm)
Ag/AgCl ™ Solvent salt : LiCI-KCI(mole ratio : 59:41)

Solute :
* ZrFy(concentration : 0.6wt% to 1.5wt%)
* ZrO,(concentration : 1.5wt%)
e Additive :
« LiF(concentration : 1mol% to 12mol%)
= Temperature : 600°C

Fig.4 An electrochemical cell
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* Reducitive environment: A two-step tluorinated reaction started at
argund 330 °C.Reaction at lower temperature would be uranium
florination and higher temperature would be zirconium fluorination.

= Oxidative environment: Small exothermic reaction and weight gain
were confirmed at around 400 °C.
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= Reducitive envirenmentslow weight gain were confirmed from lower
temeprature.

= Oxidative environment: Ra pid fluorination reaction was identified
over 400 °C.
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i - Dpure ZrF,: top>bottom, smallest

a ' ‘\‘\'v difference; fluoride was well dissolved.
SHn 3 ¥ 2)2rF, rich: still top > bottom, a little larger
£ 3 | difference; floride was disssolved

i 3 selectively.

3)Zr0, rich: bottom > top, largest
difference; oxide was not well dissolved.
@)pure ZrO,: bottom > top, but less
difference; powderly form of ZrO, was
easily mixed with FLiNaK?
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Fig.7 (a)CV of molten LCI-KCI containing 0.6~1.5wt% 2rF,  Fig.8 SWV of molten LiCIKCI nin
d

(b) focused on dival ' redox couple. 2rF,, and focusing on oxi
7 R,)/0,: Zr**+2e>2r*

Reduction peak was clearly observed with increasing fluoride ion
concentration.

7 R,/0,:Zr*+2e6>Zr

The current density increased with increasing solute.

-1t suggests that soluble zirconium ions increased in molten bath.
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BN w effect of fluoride addition using oxide solute
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Fig.9 CV of molten LiCI-KCl containiny g Zr0,(1.5wt%) and SWV of LiCI-KCl containing LiF{1mol% to 12mol%)
Zr0, was difficult to be dissolved into molten chloride.
7 Ry:Zr**+2e > Zr?*
7 R,:Zr*42e > Zr
Addition of fluoride ...
v' Reductions of current density increased , indicating by R;and R,
V' Areduction peak appeared around -0.5(V vs. Ag/AgCl).
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