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Abstract

In support of the safety assessment of geologic disposal of high level radioactive wastes,
hydrolysis reactions of U(IV) were studied.  The hydrolysis constants of tetravalent uranium
were determined by solvent extraction method using thenoyltrifluoroacetone(TTA) and **U.
The distribution ratio of U(IV) was measured as a function of the pH, value in the aqueous phase
at 1=0.1, 0.5 and 1.0, and was analyzed to obtain the hydrolysis constants of ,, $,, ahd f3; at the
standard state (1=0). The higher order hydrolysis constants of . and 3 were also obtained from
the results of the solubility measurement at a high pH condition. The systematic behavior of the
hydrolysis constants was by using an improved hard sphere model.

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

JNC Liaison : Radiochemistry Group, Waste Isolation Research Division, Waste Management
and Fuel Cycle Research Center, Tokal Works.
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absorption spectrum in the aqueous phase when 10° M [U] reduced by using zinc
amalgamin 1.0 M HCIO, was extracted with 0.1 M TTA inxylene. Solid curve
represents the absorption spectrum in the aqueous phase when U(IV) in the organic
phase was stripped into 2.0 M HCIO,,. 17
Time dependence of the oxidation of U(1V) to U(V1) after purification of U(IV).

18
Dependence of the distribution ratio of U(1V) on (a) shaking time and (b) standing
time. 19
pH. dependence of the distribution ratio of U(1V) at () 1=0.1, (b) 1=0.5, and (c) 1=1.0.

Marks are the experimental and curves are the results of the least squares fitting

analysis of the datato Eq. (10). 20
[TTA] dependence of logD. 21
Fractional abundance of U(IV) speciesat | = 1.0 M. 22
Solubility of U(IV) hydrous oxide at 25°C. The solid curveis calculated for | = 0.1
M with the thermodynamic data givenin Tables 1 and 2. 23
lonic strength dependence of solubility product values. 24
Variation of solubility product values of tetravalent actinide hydrous oxides.

25
Solubility of U(1V) hydrous oxide at 25°C. 26

Application of the improved hard sphere model to hydrolysis constants of U(IV).
Full marks are experimental, and curve denotes the least-squares fit of the b,, b, and
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Table2-1 Hydrolysis Constants of An(IV).

log B,°

log 3,° log f35°

log B,°

Thiswork 13.71+0.31
Previouswork[21] 14.71 + 0.53
U(lV) OECD-NEA[12] 13.46 = 0.06

26.12+0.21 36.85*+0.36

45.44 + 0.407

2828+ 042 39.18+0.45% 4888+ 0.59

Nikolaev[16]  11.64” 22.00" 31.90" 39.94"
Davydov[17]  13.74" 27.48"

Np(IV)Duplessig13]  14.51" 28.27"

Pu(IV) Metivier[14] 14.57" 29.01" 40.79" 51.89"

a) Estimated by a semi-empirical model with the use of the present data of  [8].

b) Recalculated from the experimental data by using the SIT correction [12, 15].

Table 2-2 Solubility products of U(1V) hydrous oxide (UO,*xH,0).

Media log K, (1) log Ky,” (1 =0) Refs.
Nitric acid -520 £0.8 Rai[18]
1.0M HCIO, -55.66 + 0.4 Yaima[19]
0.1t0 3.0 M NaClQO, -53.45 Rai[20]
0.1 M NaClO, -51.63+ 0.10 Thiswork
0.5M NaClO, -50.94 + 0.06 Thiswork
1.0M NaClQ, -50.16 + 0.16 Thiswork
2.0 M NaCIO, -50.21+ 0.17 Thiswork
0.1t0 2.0 M NaClQ, -53.93 £ 0.20* Thiswork

* Recal culated from the experimental data by using the SIT corrections [12].
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Fig.2-1 Typical absorption spectra of U solution species. Dashed curve represents the
absorption spectrum in the agueous phase when 10° M [U] reduced by using zinc
amalgam in 1.0 M HCIO, was extracted with 0.1 M TTA in xylene. Solid curve

represents the absorption spectrum in the aqueous phase when U(IV) in the organic
phase was stripped into 2.0 M HCIO,,.
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Fig.2-2 Time dependence of the oxidation of U(IV) to U(VI) after purification of U(1V).
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Fig.2-3 Dependence of the distribution ratio of U(1V) on (&) shaking time and (b) standing time.

19



JINC-TJ8400 2002-054

[TTA] = 0.0004M
[TTA] = 0.0002M

3 L] L] L] L] L] L] L]
2 F @ -
(R :
d jj
ot i
o}
1t g i
2L i
(;O) s ® [TTA]=0.1M
o B [TTA] = 0.05M
e [TTA] =0.02M
1} a [TTA] =0.01M
A v | v [TTA]=0.004M
2 of % y O [TTA] = 0.002M
= 4 i j O [TTA] = 0.001M
1k /] : ¢ [TTA] = 0.0005M
PAN
v

(=Y

St

Fig.2-4 pH, dependence of the distribution ratio of U(IV) at (a) 1=0.1, (b) 1=0.5, and (c) 1=1.0.
Marks are the experimental and curves are the results of the least squares fitting analysis
of the datato Eqg. (10).
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Fig.2-5 [TTA] dependence of logD.
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Fig.2-6 Fractional abundance of U(IV) speciesat | = 1.0 M.
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10° F ® [21](1 = 1.0 mol/l)
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10'10 1 1 1 — 1=0

0 2 4 6 8 10 12 14

Fig.2-7 Solubility of U(IV) hydrous oxide at 25°C. The solid curveiscalculated for 1 = 0.1 M
with the thermodynamic data given in Tables 1 and 2.
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Fig.2-8 lonic strength dependence of solubility product values.
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Fig.2-9 Variation of solubility product values of tetravalent actinide hydrous oxides.
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Fig.3-1 Solubility of U(IV) hydrous oxide at 25°C.
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60 T | | T T J,

Fig.4-1 Application of the improved hard sphere model to hydrolysis constants
of U(IV). Full marks are experimental, and curve denotes the least-
squaresfit of the b,, b, and b, datato the model. See text for details.
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Fig.4-2 Application of the electrostatic ligand repulsion model to actinide
hydroxide complexeq[35].
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