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 Within the scope of the JAEA thermodynamic database project for performance 

assessment of geological disposal of high-level and TRU radioactive wastes, the refinement of the 

thermodynamic data for the inorganic compounds and complexes of Thorium(IV), Uranium(IV), 

Neptunium(IV) and Plutonium(IV) was carried out.  Refinement of thermodynamic data for the 

element was performed on a basis of the thermodynamic database for actinide published by the 

Nuclear Energy Agency in the Organisation for Economic Co-operation and Development 

(OECD/NEA).  Additionally, the latest data after publication of thermodynamic data by 

OECD/NEA were reevaluated to determine whether the data should be included in the 

JAEA-TDB. 

Keywords: Thermodynamic Database, Performance Assessment, Geological Disposal, High-Level 

Radioactive Waste, TRU Waste, Tetravalent, Thorium, Uranium, Neptunium, Plutonium.  
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1. JNC-TDB

-237(Np-237)

3 6

JNC-TDB1) (U) (Np) (Pu)

(Am)

OECD/NEA 2)

JNC-TDB

IV Th, U, Np Pu

U, Np, Pu 2003 2)

Th 2009 OECD/NEA 3)

OECD/NEA

OECD/NEA JAEA-TDB

2. TDB

OECD/NEA 1992 U 1995 Am 2001 Np Pu

JNC-TDB 2003

2009 Th

U

Np, Pu OECD/NEA

Nagra-PSI4) 2002 OECD/NEA 1992

U(OH)4(aq) Th

OECD/NEA

SKB5) 2006 Nagra-PSI
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3. 

JAEA-TDB fG°m

K° rG°m = -RT ln K° R T

298.15 K 0

SIT

OECD/NEA

NEA-TDB 2

Nagra/PSI-TDB 4

U Np Pu 2003 Th 2009

OECD/NEA

OECD/NEA OECD/NEA

JAEA-TDB

Th(IV) Si Th Ca

OECD/NEA

U(IV) OECD/NEA

UO2(am)

OECD/NEA
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 3

Np(IV) OECD/NEA

NpO2(am)

OECD/NEA

4 Pu OECD/NEA

OECD/NEA

4. Th(IV)

  4.1 Si

OECD/NEA Rai et al6) Th Si

pHc=10-12 Na2SiO3 10-3M – 0.1M Th(IV)

XRD

Na2SiO3 Th(OH)3(H3SiO4)32-

Th(OH)3(H3SiO4)32- pH 10-5M

Si JAEA-TDB (1)

(Table1)

Th4+ + 3 H4SiO4 + 3 H2O = Th(OH)3(H3SiO4)32- + 2 H+   (1) 

4.2 Ca

OECD/NEA Altmaier et al7) Th Ca

[Ca2+]>0.05 M pHc=10-12 Th(IV) pHc

pHc

EXAFS Ca pHc

4+

Ca4[Th(OH)8]4+

EXAFS pHc

Ca4[Th(OH)8]4+

(2)

JAEA-TDB EXAFS

(Table1)
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Th4+ + 4 Ca2++ 8 OH- = Ca4[Th(OH)8]4+    (2) 

Table 1 Selected stability constants of Th(IV) 

Species log b° Reference 

Th(OH)3(H3SiO4)32- -27.8 ± 0.7 Rai et al6)

Ca4[Th(OH)8]4+ 49.3 ± 0.9 Altmaier et al.7)

5. U(IV)

   5.1 U(IV) 

OECD/NEA Kraus et al.8) UOH3+

U(OH)22+ U(OH)3+

OECD/NEA Fujiwara et al. 11) UOH3+ U(OH)22+ U(OH)3+

U-233

U(VI)

Table2 OECD/NEA Neck et al.10)

TTA U(IV)

UOH3+ U(OH)22+

U(OH)3+ JAEA-TDB Fujiwara et al. 11)

OECD/NEA U(OH)4 Yajima et al.12), Rai et al. 9, 13),

Ryan et al.14), JAEA-TDB

JAEA-TDB 5.2

Table 2 Hydrolysis constants of U(IV) 

log b° Fujiwara et al. 11) OECD/NEA2) Neck et al.10) JAEA-TDB 

UOH3+ 13.71 ± 0.31 13.46 ± 0.06 13.6 ± 0.2 13.71 ± 0.31 

U(OH)22+ 26.22 ± 0.21  26.9 ± 1.0 26.22 ± 0.21 

U(OH)3+ 36.85 ± 0.21 37.3 ± 1.0 36.85 ± 0.21

U(OH)4 46.00 ± 1.4 46.00 ± 1.4 45.20 ± 1.4 
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 5

5.2UO2(am)

OECD/NEA (Rai et al.9)) Neck et al. 10)

UOH3+ U(OH)22+ U(OH)3+

JAEA-TDB UOH3+ U(OH)22+ U(OH)3+

3 (Table3)

UO2(am) + 2H2OÚ  U4+ + 4 OH-      (3) 

Table 3 Solubility products of UO2(am)

log Ks° Reference 

-54.5 ± 1.0 OECD/NEA2)

-53.7 ± 1.0  JAEA-TDB 

5.3 U(IV) 

U(IV) OECD/NEA2) U(CO3)56- U(OH)4(aq)

pHc

Th(IV) 3) Altmaire et al.15)

(Fig.1) JNC-TDB U(IV) Rai et al.16)

(Fig.1) Rai et al.16) U(IV) pHc

U(CO3)2(OH)22- JAEA-TDB Rai et al. 16)

(4) (logb° = 41.56 ± 1.00)

Rai et al. 16)

0.3 UO2(am)

U4+ + 2 CO32- + 2 OH-Ú  U(CO3)2(OH)22-    (4) 

(5) U(IV) OECD/NEA Ciavatta et al. 17)

JNC-TDB Rai et al. 16) Ciavatta et al. 17)

VI  (logb° = 34.0 ± 0.90)

Rai et al.16) OH-

JAEA-TDB Rai et al.16)  (logb° = 31.5 ± 1.0) 
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U4+ + 5CO32-Ú  U(CO3)56-    (5) 

    Fig.1 Solubility of AnO2(am) with An-OH-CO3

6. Np(IV)

6.1 Np(IV) 

OECD/NEA Duplessis et al.18)

NpOH3+, Np(OH)22+ (Table 4) Np(OH)4

Rai et al.19) Eriksen et al.20) Nakayama et al.21)

OECD/NEA Fujiwara et al. 22)

NpOH3+ Np(OH)4 Duplessis et 

al.18) TTA Duplessis et al.18)

Np IV

Fujiwara et al. 22) Np(IV)

Np(V)

JAEA-TDB

Fujiwara et al. 22) Np(OH)4(aq)

-9

-8

-7

-6

-5

-4

-3

8 9 10 11 12 13 14

pHc

Np(OH)
2
(CO

3
)
2

2-

-9

-8.5

-8

-7.5

-7

-6.5

-6

-5.5

-5

-2 -1.5 -1 -0.5 0

Pu(OH)
2
(CO

3
)
2

2-

log[HCO
3

-
]

-9

-8.5

-8

-7.5

-7

-6.5

-6

-2 -1.5 -1 -0.5

log[HCO
3

-
]

U(OH)
2
(CO

3
)
2

2-

-9

-8

-7

-6

-5

-4

-3

4 4.5 5 5.5 6 6.5 7 7.5 8

pCO
2
=1bar

pCO
2
=0.1bar

pHc

Th(OH)
2
(CO

3
)
2

2-
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6.2 Rai et al.19) Eriksen et al.20) Nakayama et al.21)

(logb4° = 46.4 ± 1.1) Fujiwara et al.22)

2 JAEA-TDB

Table 4 Hydrolysis constants of Np(IV) 

log b° Duplessis

et al.17)

Fujiwara

 et al.21)

OECD/NEA2) JAEA-TDB 

NpOH3+ 14.55 ± 0.20 13.91  0.23 14.55 ± 0.20 13.91  0.23

Np(OH)22+ 28.35 ± 0.30 27.13  0.15 28.35 ± 0.30 27.13  0.15

Np(OH)3+ 37.70  0.30 37.70  0.30

Np(OH)4 46.16  0.30 47.7 ± 1.1 46.4  1.1

6.2 NpO2(am)

OECD/NEA (Rai et al.23)) Duplessis et al.17)

NpOH3+, Np(OH)22+ Neck et al.10) Np(OH)3+

(Table5) JAEA-TDB Rai et 

al.23) NpOH3+, Np(OH)22+ Np(OH)3+

JAEA-TDB Fujiwara et al. (6)

 NpO2(am) + 2H2O = Np4+ + 4OH-    (6) 

Table 5 Solubility products of NpO2(am)

log Ks° Reference 

-56.7 ± 0.500 OECD/NEA2)

-55.4 ± 1.000  JAEA-TDB 

6.3 Np(IV) 

Np(IV) Rai et al.24) Kitamura et al.25) Eriksen et al.20)

OECD/NEA2) Np(OH)2(CO3)22-

Np(OH)4CO32- Np(OH)4(CO3)24-

Np(OH)3CO3
- Np(OH)4CO32-

2
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Rai et al.24) Np(OH)2(CO3)22- Kitamura et al.25)

Np(OH)2(CO3)22-(pH<11) Np(OH)4(CO3)2 -(pH>11)

Np(OH)2(CO3)22- NpO2(am)

Rai et al.24) (logb122° = 43.67 ± 0.50) Kitamura et al.25) (logb122° = 

45.1 ± 0.5) JAEA-TDB

Np(OH)2(CO3)22- (logb122° = 44.39 ± 1.21)

7. Pu(IV)

  7.1 Pu(IV) 

OECD/NEA Metivier et al.26) PuOH3+

Pu(OH)22+ Pu(OH)3+ Pu(OH)4 OECD/NEA

Yun et al.27) PuOH3+, Pu(OH)22+ Pu(OH)3+

Pu(III), Pu(V), Pu(VI) Pu(V)

Pu(VI) Pu(III) Pu(IV)

Pu(IV) Pu(IV) pHc

Metivier et al.26) Pu(IV)

pH Pu(IV) Pu(III), Pu(V), Pu(VI)

Pu

Yun et al.27) Pu

Pu JAEA-TDB Yun et al.27)

Pu(OH)4 OECD/NEA

Metivier et al.26)

JAEA-TDB Metivier et al.26)

Table 6 Hydrolysis constants of Pu(IV)  

log b° Yun et al.26) Metivier et al.25) JAEA-TDB 

PuOH3+ 14.0 ± 0.2 14.6 ± 0.2 14.0 ± 0.2 

Pu(OH)22+ 26.8 ± 0.6 28.6 ± 0.3 26.8 ± 0.6 

Pu(OH)3+ 38.9 ± 0.9 39.7 ± 0.4 38.9 ± 0.9 

Pu(OH)4 47.5 ± 0.5 47.5 ± 0.5
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  7.2 Pu(IV) 

Pu(IV) Rai et al.28) Yamamura et al.29)

OECD/NEA2) Pu(OH)2(CO3)22- Pu(OH)4(CO3)24 -

pH<11

JAEA-TDB JAEA-TDB Pu(OH)2(CO3)22-

(logb122° = 47.18 ± 1.25)

8.

Table 7 14

9.

4

NEA-TDB Th(IV)

Ca Si U(IV), Np(IV), Pu(IV)

Rai Enviro-Chem Rai
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