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Basic Analysis of Pyrometallurgical Reprocessing of

Transuranium Fuels
Toru OGAWA

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 19, 1989)

Feasibility of transmutation of transuranium elements (TRU) largely
depends on the efficiency and safety of TRU fuel cycle, Considering the
nature of TRU fuels, pyrometallurgical processing is a major alternmative
to be investigated. In order to supply a basis for analyzing the
separation of rare earths from actinides, chemical partitioning in the
system of liquid Cd and an alkaline fused salt (LiCl-KCl eutectic melt)
was estimated. Equations to describe the separation in fused salt
electrolysis are also given. Separation of rare earths from Am was

analyzed as an example.

Keywords: Transuranium Elements, Transmutation, Prometallurgical Repro-

cessing, Thermodynamics
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Table 1 Options for pyrometallurgical processes outlined by Feder?)
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Table 2 Prediction of separation factors (SF) of rare earths and actinides
in the system of liquid Cd and LiCl1-XC] eutectic melt at 773K
Element K 7 MC13 7 M SF
Y & rare earths
Y 9.9x107 9.0x10°6 (7x10-9~5x10-T) 80-8000
La 8.3x1012 0.28 3.5x10-8 ~ 100
Ce 2.0x10t1 (0.02) [.1x10-8 ~ 100
Pr 3.3x10!1 (0.002) 2.0x10-8 ~ 4000
Nd 2.2x109 0.0011 2.3x10°8 ~50
Actinides
I 1 0.1 88 1
Np 140-260 (0.02) 0.0082 ~0.1
Pu 9x 105 (0.005) 1.3x10-4 ~30
Am (2-3)x10f7 (Bx10-4) (1x10-9-5x10-7) 0.04-30

Table 3 Results of prediction on decontamination of rare

earths from Am

R.E. content(¥%)

Anode Kx n Be nhe nae Am Yield(%)

Cd 40 3.328 0.118 0,042 78 1.3

Am 2.5 0,191 0.251 0.229 94 6.1
10 0.28% 0.1587 0.135 96 3.5
40 0.349 0.093 0.071 98 1.8
100 0.377 0.065 0.043 98 1.1
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18§ BAOFNT— 2 LIEEFBHOHKE

1. EHhoEkogBRzr/ILE—

TUF /A FEYOERDEBEL 2 VE —IC5 0T, Fuger 5O 28B LA, -
2L, AmCEy KDV T, AH; 208 BLU S 0 BB & LATLETH S, $7-, NpC 43
DEFERMHLC, U, Pu, AmDF—5#5, Fuger SHAFMLAETH B, BLELS,
Am, Np DKOREHIKY > Tk, lkcal/mol m#E¥EEZKE L, Table Alitidch om
EROHBHTFVF 120 T600—-1000K THHLEULEEL 72,

FHEEAMO EROE BT 30 ¥ — B Glassner Vic L B,

C 2. BIEMOEERE

H#ELiCe -KCL FOEMMOEREEREZ, BAMETTOEIMOEHEEBELE » 5L
FOEOICLTHEL.,

TMCLs = (Pog,)'® (Xmoeg) “lexp (B3(—E® +E) F/RT] oo (A1)

Poe, @ HWESHE (atm)

XMoLy | MCEy DENVSHF

E° i MCé, off#EEHREN ([ UPAC FEHE)
F D7 7T —EH

EicoWTidla, Nd, Gd, YIEoWT Yang & Hudson i L2 MEsd 5, 2057 — 5
EMBETDHE, Tuoe, EMY DA A VERLOMICHSHEHMMRE SHA (Fig Al), f
DHELIMBOTICT 7 F /4 FD rvcey (2 OMBEAR O THE Lz, 414 %% Shannon 11
{C k&, Shannon @1 # v FRILFECFuger o & Np OARBOHEICHO T 26D TH 3,

L, TOF/AFELEBOLICL -KCLPOERBRIEZMESNE b TRA V. UC L,
CHVTIRL 96 6EETOF~5% Knacke'™™ SO FEH TS, THOLDF — 5 ABEDE
MEBENEBCCHIMT2E, rvoe, (TT3K)=008%45%, CoTORTEERT
—59 3. £/, Martinot iy (TT3K)=0001&4%—74, NpClsieD>0T
~10*%, PuC it 20 T~1 0" tFELLKEUMAETAT VD, ET A%, Benz K& %
PuCés- KClDRER e 513 3L AMKIP uCds (HAAS 685C) OB, 500
PHEETLONERE?R, CORCHEIBPuCH, DEBRERMS 1Y FESC 45 L
TWT, Martinot DR EFHT H. F /2, Brodsky&Carleson22)diLiC€—KC€ h
450-706CTOHmol %Cs2PuCis 2FML, BF BJ|RMBLT2TV L298VDET
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Al D ZRH Ui, HHEEHELZP u OB, BE4ECs ORNERBOBEE IR L1,
AEOFEEEBEUE (T73K) =271 VARV DL rpuce, =1 L15,
LiCl-KCe, LiCi-PuCls?" KCZ-PuCl:®03502 iBOF -5 dLiCL—
KCliPDPuCl; OEBFHETFMT I LETE5, CZTHIFARFIUAR VT, &2
RO EEE S A — 5B p ok ek » TERFRROFEE RS -

RTZn rruce, :Xini +y'Eit+xy (E i TEik—Ejx} e (AD)

x ! KC¢ mes®
y @ LiC¢ DEAREK
Ei;=-260kcal,/mol : KC¢ -PuCdls ROMENERH 5 £ — 5
Eix =— 46kcal/mol : LiCL—PuClsFZOMEMRE/ 7 A -5
Ejx=~-138kcal mol : LiC{—-KCl ROMEMEH 52 —»

LiCl-KCLRDMEMR 5 £ —5 30onk ik 2@ n R 24 2m LT, 773K s
o AMEEEE L TR e LiCl —PuCls BOMEEAER Y5 2 — 5 3RER D 5, KCL—PuCl;
FOZNnidBenz OVHERBMHEEREEBBLTC, CCTHALABTH S, Tad SEE
FRICBOT rpuce, = 2x107F 2155, UL, DEOHEEMEE 5 4 — % i3¥keal /mol
HEOBREELEGATWEEEZ LN,

LlEdors 57/ 4 FIBILWDFEERZRRICSDWTIE, 2LTRA A VEBIKESCETHELSE
‘EHE,

3. MAECAdPOIRFEH

La,Ce,Pr,Nd oiFBHEK v, £2BRILESH (MCdn) OEROEHHE 2 v — 4G, R
BECBEECD P OBMBE Xy-1imit 13 25, RIXC L HVBEWL# (Table A2).

RTén M = AGfO {cal/mol) —RT 'anM—limit (A3)

U, Np, Pu®yyid, Chiotti DIRE " ic s 3o e v BATHE A0y —h okl ©
NoDF—5sFANLTRLNLEDTHY, EBAAEREL-T L, TN6DEETE,Cd
BETT7F /4 FERBLEALAMNKEAASOEEIOREKEROME 4, BMIKKES
EETI2F/AF-CAdLE&EMEOREHBORBHOEEREFLORICET TAB LTSS, £
DA EESSOEMEBET. LT3, £LT, $0RANEAG2OT 7 F /4 FEF
B3, R DA T, CBT 2BBEECELVWLELTVS,

Y, AmECd LOARREODVTRBANET — s 2 RBFT L ENTENDL -7, YT, Cd
LEHILHEDRBMCds THB. TNERC A hoBBE 00, > rees ry ERE
INB, Am—Cd RORERICEL TRL2{EHELEFETLLE L,

CdthdY, Am, Np O3 TV EMREH 4H,,° % Miedema 0373‘??;—17)#&% CCFE L7z #
O&E, Miedema ik >TEFN o NF X2 - DEZLNTHHWAMNpIT DT Table
AZ DRI A= ERELI, Y, Np, AmiE20T, #0FH, —37.7, —23.3, —457
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kcal /mol 3 ohi. ChOOMEE, Np LPud 4H. OX@iE ™ pzhen, ~25.2
kcal/mol, =2 7.1lkcal/mol TH3T &, BLY, Lt > ree>ryiffEasnse
EEFELB V. 72720, NpiDWTIREFNMICLDFMBE LD & CHEAEE X H,
BROTHELERL Y FoE—4Said, Amic20TlRHU, Puo@E®ssmic-18
cal/mol &L/, £/, YEOOWTRHFLFDM (Table A2)4BBLC, —20cal mol
ZRELL. Boht-HaerBS2BlE 70+ —

AGE:Aﬁo —AgE'T =RT#nry S e e (A

C2o2WTHR, BUEDX3 A -9 OFRERUMEZEFB L. 4L, Amic>20TIR3 0 %BAY
Ricabii LTV 3 A AE RIAAT, ru DEMRE (SF O ERBEHE) 2kHiz. YiIROL
TRI30BDANFEOSDEECEAEAT, rM O FBE(SFOFRM) 2#Rb 1,
BB, DEeHB0uTry OMREERREELTHRE L, 4G° (o) 2ERERICED 3 55
ENRFREBEHTANF LT DL, BExyPEOEEFEMELT,

~ B

ETBLENTEL, WVFRIELTE, ChoDCAdBLRTHRIM1imis DSV DT, 4G°
= 4G (o) TH B,

CHEDRICETEATLOREDER D E, CdhoeBOBREICET 5RKDF —
SEDVWTRELDBELR I LAZTBL TS, LD LI KEEBRHOFMRZERE T -7 1C
BKELTED, SBFLLERF - IR L -TBEINELEEHDA D,
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Table Al Approximate expressions for 4G¢" of trichlorides of actinides
(valid 600-1000K except AmClj)

Compound 4Gf (cal/mol)
UCls -204900 + 49.45+T
NpCls ~214100 + 51.66°T
PuCl, -228600 + 53.01-T
AmCl 4 -233700 + 53.54-T

Table A2 Excess free energy of solution (AEME=RT1nrM) of rare earths
in liquid Cd (T in kelvin)

Element AEﬁE(cal/mol)
La =-45200 + 19.87
Ce -44300 + 20,97
Pr =-44300 4+ 22.1T
Nd =-39700 + 16.4T

Table A3 Assumed Miedema parameters for Np and Am and predicted
partial enthalpy of solution in liquid Cd.

Element p*a) nwsl/3 b) sz/3 c) A4Hp'
V) (dou)/3 (cm?) (cal /mol)

Np 3,5 1.36 5.1 ~23300

Ag 2.9 1.13 6.8 —45700

a) chemical potential for electromn
b) nyg: electron density at the boundary of Wigner-Seitz cell

c) Vg, ¢ molar volume.
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LiCl - KCl melt
at ~ 773K
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