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Abstract

In support of the safety assessment of geologic disposal of high level radioactive wastes,
hydrolysis and complexation reactions of transuranium elements were studied. ~ For comparison
with the case of Pu(lV), the solubility of UO,*xH,O was measured under a reducing condition,
and the solubility product KOSp and some hydrolysis constants were obtained.  Similarly to the
value of Pu(IV), the obtained K°, value was found to be considerably smaller than that predicted
by Rai et a. from its dependence on ionic radius.  Also, the solubility of UO,(OH), under an
oxidizing condition was measured, and the solubility product KOSp was obtained. For
complexation, furthermore, it was examined by using an improved hard sphere model to predict
some complexation constants of actinide ions which were lacked in literatures.

This work was performed by Kyoto University under contract with Japan Nuclear Fuel Cycle
Development Agency.

JNC Liaison : Waste Management and Fuel Cycle Research Center, Waste isolation Research
Division, Radiochemistry Group.

*Kyoto University.
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Table 2-1. Solubility product of UO,*xH0.

Refs. Media log K®,
Rai et a.[11] NaCl -520 +0.8
Yajimaet al.[2] NaClO, -56.63 + 0.61
Rai et al.[3] NaCl, MgCl, -53.45
Thiswork NaCl -55.78 = 1.00
Table 3-1. Solubility product of PuO,(OH)s.
Refs. Media log K®,
Lierse et al.[20] NaCl O, -23.0
Musante et al.[21] NaCl O, -24.05+ 0.2
Moskvin et al.[22] NH4ClO, -22.74
Kraus et al.[23] NaNOs; -20.5
Thiswork NaClO, (1 =0.1) -23.10 + 0.06
NaClO, (I = 1.0) -22.74+0.15




Table 4-1. Stability constants of ternary complexes U(V1)-F-COs.

Species (in 1MI O|\‘|qaté:lip(q)4[36]) (I =|(§),gsk|);l[pf4]) Lrlr?c?gg . Fﬁlzj,ljsc]m Fr:waégeﬁq%r]e
UOF(CO;”  1256+0.1 137403 132403 12.74
UOFA(CO9)>  14.86 155 151405 14.62
UOF4(CO)°*  16.77 16.3 143+08 14.80
UO,F4(CO2)*  Not observed (119 + 1.1)** i
UOSF (COp),>  17.65 17.9 182+ 0.7 18.16
UO,F,(COs);*  Not observed (165+ 1.3)**  17.57

* repEL calculated with C(n)F_M_co3 = ]./Z(C(n)pM_|:+C(n)co3_|v|_co3)[43].
** not relevant.

Table 4-2. Stability constants of ternary complexes An(l1V)-OH-COs.

o Ligand
Species log bipg (|| fg bSII'IEi ) r;%pduél T 22] "r'na(; g eﬁhl%r]e
U(OH)(COs),>  41.33 (1=0[37]) 41.33 - 43.19
Np(OH)x(COs),>  43.17 (1=0[38]) 43.17 - 42.60
43.07 + 0.36 (1=0[39]) 43.07
45.69 + 0.44 (1=0.3[40])  48.82
Np(OH)4(COs).*  47.41+0.57 (1=0[39]) 47.41 52.5+1.0[44] 53.98
53.07+0.44 (1=0.3[40])  54.70
Pu(OH)2(COs),>  44.76 (1=0[19]) 44.76 - 42.05
44.2+0.6 (1=0.1[41]) 46.53
PU(OH)4(COs);*  49.72+0.48 (1=0.1[41])  50.96 - 52.61

* lon interaction coefficient for ternary complexes are estimated from those of similar species
compilesin the lietrature[14].
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Table 1. Equilibrium constants obtained by TTA extraction of U(1V).

| =10 =0
log K, reaction (1) 494+0.14
log b, reaction (4) 13.40 + 0.52 14.71 + 0.53
log by, reaction (5) 25.97 £ 0.40 28.28 + 0.42
log bs, reaction (7) 36.30 = 0.47* 39.18 + 0.45*
log by, reaction (8) 46.22 + 0.59* 48.88 + 0.59*
log K3, reaction (6) -1.72+0.38

Table 2. Hydrolysis constants of An(IV).

An(1V) log by log by Ref.
u(Iv) 13.46 + 0.06 [1]
115 21.8 [2]
125 23.9 [3]
136 +0.2 269 +1.0 [4]
14.71 £ 0.53 28.28+ 0.42 Thiswork
Np(IV) 1455+ 0.2 28.35+ 0.3 [5]
Pu(IV) 14.6+ 0.2 28.6+ 0.3 [6]
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Fig.1l. pH; dependence of log D. Marks are the experimental and curves the
results of the least-squares fitting analysis of the datato Egs. (1), (4)-(6).
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