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Study on Solubility of Transuranium Elements
Hirotake Motivama®
Abstract

In support of the safety assessment of geologic disposal of high level
radioactive wastes, the solubility of transuranium elements was studied.
The solubility of plutonium was measured in an aqueous solution of pH 3-8
under reducing conditions, and the obtained results were well explained by
considering the presence of the solution species of Pu(Il) in equilibrium with
the solid phase of PuOslam). Also, systematic behavior of hydrolysis
constants of actinide ions was studied with the help of a simple hard sphere
model. The literature data of the hydrolysis constants of actinide ions were
analyzed by the model and systematic trends were explained by taking into
account the effective charges of actinide ions. Such a model is useful to
check the experimental data and to predict the unknown data from a
systematic point of view. |

This work was performed by Kyoto University under contract with J apan
Nuclear Fuel Cycle Development Agency.
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R2.1., BEEORNERSE
Sample No. [Pu]o Time pH Eh [Pu]
(mol/l) (week) (mV) (mol/T)

1 1073 1 4.36 258.1 (5.36+£0.15)x10°°
4 4.09 324.8 (2.05£0.94)x107
2 1073 1 5.17 238.0 (6.05+20.6)x10
4 4.63 315.8 (6.27%5.25)x10°®

3 1073 1 5.05 233.8 <5x10°10
4 4.78 308.8 (5.534.94)x10°8

4 103 1 5.61 210.8 <5x10°10

4 5.56 287.7 <5x10719
5 1073 1 6.71 118.8 (1.380.08)x10°
4 4.51 316.7 (9.79+6.54)x10°
6 107 1 5.14 200.8 (1.28+£0.08)x10°
4 4.46 317.7 (1.51£0.81)x10°8
7 103 1 5.21 213.8 (5.22%0.51)x107
4 4.53 22.6 (1.88+0.90)x1077

8 1073 1 5.73 222.8 <5x1071°
4 5.37 316.6 (2.01£3.04)x10°8

9 1073 1 5.39 184.6 <5%x10°10
4 4.73 302.6 (5.28+4.83)x10°8

10 10°3 1 11.93 -82.5 <5x10°10
4 11.97 -208.3 (2.65+£3.47x108
11 104 1 4.94 216.1 (3.26£0.07)x10°>
2 4.87 198.4 (7.46£0.15)x10°
12 10 1 5.29 173.1 (1.53£0.03)x10
2 4.99 193.2 (9.22£0.14)x10°8
13 104 1 5.26 167.9 (2.48+0.04)x10
2 4.77 191.2 (2.66+£0.08)x10™7
14 104 1 5.54 154.9 (5.40+0.12)x10°8
2 5.27 177.1 (9.75%£0.29)x10°®
15 104 1 5.75 136.9 (2.05£0.04)x107
2 5.59 168.0 (6.35+0.17)x10°®
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16
17
18

19
20
21
22
23
24

25

104

104

104

10

10

103

1073

103

1073

NP N R N R N R N R R N R N O, N R N e

6.03
5.95
6.22
6.15
6.56
6.54
7.37
7.76
7.13
7.20
4.07

3.77

3.73
3.43
3.67
3.51
3.80
3.38
4.01
3.57

122.8
147.9
60.8
133.0
9.7
110.9
-58.1
42.0
-45.2
88.0
449.0
211.0
237.0
160.8
202.0
151.6
201.9
167.5
195.0
150.4

(5.09+0.21)x108
(8.80+0.19)x10°8
(3.00£0.05)x1077
(1.75£0.04)x10°7
(1.31£0.02)x1077
(2.23£0.10)x10°8
(4.91£0.10)x10°8
(1.75£0.09)x10°8
(1.55+0.04)x107
(1.54+0.08)x108
(3.57£0.12)x10°
(4.821+0.46)x10°°
(1.10£0.02)x10*
(4.89+0.15)x107
(1.32£0.04)x10*
(6.31£0.17)x10°°
(6.76 £0.17)x10°®
(2.0040.09)x10°°
(7.30£0.18)x10°
(1.53£0.08)x10
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T IFZRAT L DIKMRER DR EE

log Bn?
i L5 HmEHR WEMEOFH  WITER SCHER
An(IID) NpOHZ?* 1 6.15 7.51 [26]
PuOH?* 8 7.73 +1.37 7.56 [27-32]
AmOHZ* 20 7.60 = 0.70 7.61 [18]
CmOH?* 7 8.30 = 1.97 7.64 [30,33-38]
BkOH?* 1 7.99 7.69 [33]
CfOH?* 2 8.47 = 0.53 7.73 [33,39] -
EsOH?* 1 8.75 7.76 [39]
FmOH?* 1 10.09 7.80 [39]
Am(OH),* 13 13.90 = 0.60 13.88 [18]
Cm(OH),* 2 15.58 = 4.64 13.94 [34,36]
Am(OH)3 16.30 = 0.50 17.68 [18]
AnIV) | ThOH® 15  1023=1.13 1196 [40-50]
PaOH3+ 3 14.42 = 0.70 15.50 [32,40]
UOH>* 18 13.46 = 0.06 14.72 [22]
NpOH3+ 5 12.46 = 0.94 14.31 [40,51-54]
PuOH3* 15 12.38 = 0.52 13.99 [40,55-65]
Th(OH),>* 9 20.67 = 1.53 22.54  [32,40,41,44,46,49,50]
Pa(OH)2%* 3 27.74 = 0.44 29.61 [32,40]
U(OH),2* 1 23.73 28.04 [66]
Np(OH)2** 2 27.41 % 0.15 27.20 [53,67]
Pu(OH),%* 5 25.29 = 1.44 26.56 [40,58,62,64,65]
Th(OH)3* 5 30.79 = 4.15 30.61 [40,44,46,49,50,69]
Pa(OH)s* 1 39.92 41.18 [32,40]
U(OH)3* 1 40.73 38.81 [68]
Pu(OH)3* 5 36.24 = 1.81 36.54 [40,58,62,64,65]
Th(OH)4 7 38.91 = 4.24 37.31 [40,44,46,49,50,69]
Pa(OH)4 2 53.52 = 4.36 51.36 [32,40]
U(OH)4 1 50.43 48.17 [68]
Np(OH)4 1 46.80 46.44 [50]
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NpO2OH*

PuO20H"
PuO2{OH)»
UO2(OH)s™
PuO2(OH)3™
UO2(0OH)4%~

NpO2(OH)4*

= o b Ny 00 NN

4.18 = 1.08
4.29 £ 0.02
1.38 = 0.15
4.57 = 0.16
8.50=0.30
8.77 = 0.11
8.59 = 1.06
16.08 = 2.33
21.04 +2.49
18.12 + 1.82
22.65 =£0.50
20.47

[40,58,62,64,65]

[40,67,70-78]
[27,40,78,79]
[80,81]
[70,71]

[40,82]
[27,40,58,83-87]
[27,58,84-87]
[22,88]
[27,58,84-86]
[22,88]

[89]
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®3.2, BELBODT 7 FBA T 2 O#&R¥Er [23]8 L UEF O#i# <> [25]

<r> /1 (10"1%m)

fith % 3 4 5 6
Ac - /112
Th - /093
Pa 1.36/1.05 -- /0.91 -~ /0.78
U 1.38/1.03 1.30/0.89 1.24/0.76 - /0.73
Np 1.31/1.01 1.25/0.87 1.20/0.75 1.15/0.72
Pu 1.26 /1.00 1.20/0.86 1.15/0.74 1.12/0.71
Am 1.21/0.98 1.16/0.85 112/ - 1.08/ -
Cm 1.17/0.97 - /0.84
Bk 1.12/0.96 1.09 /0.83
Cf 1.09/0.95
Es 1.06/0.93
Fm 1.03/0.92
£33, BETRONETIVFZRIF 2 OEREN
ik 3 4 5 6
Th 4
Pa 4.80 = 0.15 3.27 + 0.36
U 4.60 = 0.13 3.04 = 0.09
Np 3 4.48 = 0.13 1.86 £ 0.23 2.89+0.11
Pu 3 438 =(0.12 2.08 £ 0.38 2.93 +0.12
Am 3 1.44 = 0.41
Cm 3
Bk 3
Cf -3
Es 3
Fm 3

2L, BERe=163+3.4. KOTFOEEN =-0.34 = 0.07
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[Pu], moiA

[Pul, mal/l
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| o pHA4.36
2 o pH3.43
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o o & pH3.57
O
[ ]
| [ 1
1 2 3 4

Standing time, week

E21. b= ABEOEEEE (Pu =10°M)

o pH4.94
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' a pHEB.56
a
°
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|
Lo
Fa¥
] 1 ] L
0 1 2 3 4

Standing time, week

E22. ZNbmYABEOSEKEE (Pul,=10"M
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[Puj, mol/l

| |
[Pu] =10"M, 1w
[Pu} =10"M, 2w

[Pu] =10"M, 4w
[Pu] =10"M, 1w

[Pu] =10"M, 2w
Am(ref.)

10° T I T
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B
_2 -
10 °
- (@]
10 F } - .
® O
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108 -
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®2.3. ) b=o ABEOpHEREN
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10°®

[Pu], mol/l
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& e 0 o AnQ,
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14| o
- B = =
120 = m O [
- - X X
101 g An([V) % X X An('“) Pad
= %
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Th Pa U Np Pu Am Cm Bk Cf Es Fm
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B3.2. GER{IZIRE LABABRETIL
(2) Andt, Andt, (b) AnO,t, AnO,2F
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