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Actinides separation chemistry in molten salts and its applications at the CEA
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Introduction

Electrochemical processes

Nernst equation, equilibrium An/Ln Electroseparation: ∆E An/Ln = E An n+ /An -E ln n+ /Ln 
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Influence of thermodynamic on electroseparation

On inert electrode
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«

  = 90%, 0,8t/j (Na), 1,3t/j (Cl 2 ) Purification process: anodic dissolution of impure metal and cathodic deposition of purified TerraPower Reactor, Molten Salt and Forensic » Source: ANL website http://www.ne.anl.gov | PAGE 13 Séminaire scientifique DRCP « TerraPower Reactor, Molten Salt and Forensic » | 03 Juin 2016

  °apparent standard potential Determined by electrochemical measurments  Electrodeposition of metal: more cathodic potential compared to E eq (= more negative than E eq ) -Use of inert solid electrode (deposition of pure An, a(An)=1)



  Measurement does not depend on electrolyte∆EPure AnElectromotive force (e.m.f.) :Activity coefficient in metalLiCl-KCl-PuCl 3 , Bi electrode at 500°C | PAGE 16 Séminaire scientifique DRCP « TerraPower Reactor, Molten Salt and Forensic » | 03 Juin 2016 Activity coefficient in metal Inert cathode / reactive cathode Inert γ An =1 Liquid cathode: solubilisation of An in metal γ An ≠ 1 (Cd, Bi) Solid reactive cathode: intermetallic formation a An ≠ 1 Inert cathode: high An/Ln separation, but deposit may be difficult to stabilise on cathode Liquid cathode: lower separation but stabilisation of species in liquid metal. Example : logγ(Pu (Bi) )=-8,7 at 550°C Source: J.P. Glatz, Atalante conference 2008 on simulated electrorefining salt baths Anode → production of Cl 2(g) (first tests on lanthanides at the inactive laboratory) Understanding of the electrolysis behaviour:  determination of faradic yelds, characterisation of the obtained deposit at the cathode,  optimisation of Cl 2 producing anode,  influence of the cathode material (Al, Mo) Active tests on salts containing actinides (Pu) and lanthanides (Ce) → An/Ln Separation Exhaustive electrolysis or electrowinning (FP7 -SACSESS) Key step of the process: salt coming from E. ref step still contain An → Necessity to recover these An Séminaire scientifique DRCP | 03 Juin 2016 « TerraPower Reactor, Molten Salt and Forensic » Separation processes in molten salts Three main separation processes: Precipitation -role of oxoacidity Electrochemical processes -electrorefining, electrolywining Reductive liquidsalt) + y/z R (metal) = M (metal) + y/z RX z (salt) R: reductive metal dissolved in a Metallic solvent In general, molar fractions (thermo) or wt% (exp.) • Important parameters:  Distribution coefficient D M = x M(metal) / x MXy(salt)  Separation Factor SF M/M' = D M /D M' • Example : PuF 3 + 3Li (Bi) = Pu (Bi) + 3LiF D Pu = x Pu(Bi) / x PuF3 S Pu/Nd = D Pu /D Nd Influence of thermodynamic on L/L extraction Séminaire scientifique DRCP | 03 Juin 2016 « TerraPower Reactor, Molten Salt and Forensic » | PAGE 20 Influence of thermodynamic on L/L extraction Example Pu/Nd separation by Al, in LiF-AlF 3 PuF 3 + Al = Pu (Al) + AlF 3 Nd: NdF 3 + Al = Nd (Al) + AlF 3 Separation factor can be expressed from previous equations:

Fluorides«•

  Al best solvent(A. Laplace et al., Proceeding 9 th IEMPT, Nimes, September 2006) . F 2(g) /F -) Am (Al) Pu (Al) Np (Al) U (Al) Al 3+ /Al (V vs. Cl 2(g) /Cl -) -15% mol. LiF-AlF 3 ), C (75-25) and E2 (65-35) Mixture An (U, Pu, Am) and Nd (simulant of Ln) 3 system, J.L Holm and B.J Holm, Thermochim. Acta, 6 Theoretical studies → online L/L extraction to reprocess part of the fuel Fuel: LiF-BeF 2 -ThF 4 -UF 4 (72-16-12-0.4) More complicated process: needs first steps to remove An from salt + counter current L/scientifique DRCP « TerraPower Reactor, Molten Salt and Forensic » | 03 Juin 2016 Other option: TMSR salt treatment process Chinese project: combination Pyro/Hydro processing Application of pyrochemical processes: Source: Q. Li & al, aspects → Treatment of particular fuels combustibles (metallic, MSR) → Possible developments of hybrids hydro/pyro processes (ex : Russia) At the CEA Marcoule: Two processes studied key steps of the electrorefining process Applications on recovery of strategic metals Séminaire scientifique DRCP « TerraPower Reactor, Molten Salt and Forensic » | 03 Juin 2016 Direction de l'énergie nucléaire Département de radiochimie des procédés Service de modélisation et chimie des procédés de séparation Commissariat à l'énergie atomique et aux énergies alternatives Centre de Marcoule | BP17171 | 30207 Bagnols-sur-Cèze Cedex France | T. +33 (0)4 66 79 62 75 | F. +33 (0)4 66 79 63 39 Etablissement public à caractère industriel et commercial | RCS Paris B TerraPower Reactor, Molten Salt and Forensic » -"HSC chemistry for windows" (data mainly coming from Barin and Knacke tables) -f-MPD: Windows online database: f-elements.net Evolution of M n+ /M equilibrium potential (on solid inert electrode) of M (IV<III<II<I) •Ionic radius of M x+ (+small → +acid) An 3+ and Ln 3+ : r 3+ very close (~100pm) so γ values are also very close Their interaction with salt can't contribute to An/Ln separation

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

An/Ln separation depends on ∆E

  

	Ox + ne -→ Red	
		E eq
	Cl 2	Cl -
	Zr 4+	Zr
	U 3+	U
	Np 3+	Np
	Pu 3+	Pu
	Am 3+	Am
	Nd 3+ La 3+	Nd La
	Li +	Li
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Thermo data (pure comp.)

  

	E	An	/	Ln	E	An	Ln	3 , 2 nF RT	log	x x	Ln An	n n	x x	An Ln	Me Me	3 , 2 nF RT	log	γ γ	Ln An	n n	3 , 2 nF RT	log	γ γ	An Ln	Me Me
																	Activity			Activity
																	coef.			Coef.
																	in salt		In Metallic
																	Ratio ∼1			solvent

Evolution of concentrations On non-inert electrode • γ ratio in metal may be very important

  

	Ln n+	An	Ln n+	An
	An n+		An n+	Me
	Salt		Salt	
	 Pure An deposit	Deposition of solubilised in metal
			or intermetallic formation

Influence of thermodynamic on electroseparation

  

| PAGE 15 Séminaire scientifique DRCP « TerraPower Reactor, Molten Salt and Forensic » | 03 Juin 2016

• Determination of activity coefficient in metal -Galvanic

  Cell: An | molten salt, AnCl 3 | An (Me)

																							Molten salt						
																							containing AnCl 3				
																							Metal Me containing An(Me)
																							with known molar fraction x
	f	. m e .	=	E	An	-	E	An	(	Me	)	=	2	303 . nF RT	log( γ	An	(	Me	)	)	+	2	303 . nF RT	log(	x	An	(	Me	)	)
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