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From the viewpoint of the effective utilization of nuclear energy and reduction of radioactive 
waste, recovery of uranium (U), plutonium (Pu), and minor actinide (MA) and their recycling as 
fuel of fast breeder reactors (FBR) are very important. And pyrochemical reprocessing with the use 
of molten salt is regarded as a strong candidate for such recovery technology. It is predicted that 
metallic ion in molten salt influences the electrolysis process directly. Therefore, clarifying the local 
structure of metallic ion in molten salt and its physico-chemical properties is very important 
information in pyrochemical reprocessing of spent nuclear fuels. 

We have investigated the local structure around metallic ion in molten salt by XAFS (X-ray 
absorption fine structure) and MD (molecular dynamics) simulation techniques. In this study, we 
investigated the mixing behavior of molten TbCl3 in LiCl-KCl eutectuic by MD simulation. At 
the same time, simulation of molten MCl3 (M=Y, La) systems were performed to elucidate the 
difference of the structural change by the difference in cation size (Y3+<Tb3+<La3+). In addition, 
to elucidate the mixing effect with LiCl-KCl in detail, we also examined MCl3-LiCl and -KCl 
systems (M=Y, Tb, La). 

The molten pure TbCl3 has mainly 7-fold structure. By mixing with LiCl-KCl, the network 
structure by Cl- is broken and the stable 6-fold structure is formed. Especially, the drastic change 
of the coordination number is observed between 40mol% and 15mol% TbCl3. Comparison of 
MCl3 systems shows that the change of coordination number and the Tb3+-Cl- distance by the 
mixing with LiCl-KCl are between those of YCl3 and LaCl3 systems. Independent of cation size, 
the molten MCl3 tend to be formed the stable 6-fold structure by the mixing with LiCl-KCl. MD 
simulations on MCl3-LiCl and -KCl systems revealed that the mixing effect was different 
between LiCl and KCl. By the mixing with LiCl, the formation of the stable 6-fold structure is 
suppressed. On the other hand, by the mixing with KCl, the formation of the stable 6-fold 
structure is promoted. We consider that the number density of Cl- and the distance of M3+-Li+,-K+

are related to the difference of the formation of the stable 6-fold structure. 
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17 MCl3-(LiCl-KCl),LiCl,KCl
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18  MCl3-(LiCl-KCl),LiCl,KCl

( :-LiCl-KCl :-LiCl :-KCl )
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19 Cage correlation 

( :YCl3 :TbCl3 :LaCl3 )
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20 MCl3

              Coordination number                  Coordination number
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22 TbCl3-LiCl,KCl LiCl

             M3+-Cl- M3+-Li+ or K+
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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