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Migration behavior of Nuclides in surface Soil(IT)
Hiroshi OHASHI* and Seichi SATO*

Abstract

Proton exchange capacity of humic acid(HA) and stability constant of Sr(II)-humate complex
were detemined. Two types of purified HA were prepared; one was purified and finally washed
a few times with a small amount of distilled water, and the other was purified and washed with dilute
hydrochloric acid solution. The proton exchange capacity of the former was 4.89meq (gHA)”,
and the latter was 5.23meq (gHA)". The values pK(, and pKa of the former HA were 3.4 and 4.7
for carboxylic group and 9.7 and 10.2 for phenolic group, respectively.

The stability constant of the Sr(IT)-humate complex was determined by the Schubert ion
exchange method. The obtained values of log 8 were 3.57+0.25, 3.1820.20, 2.88+0.15 and
2.64710.15 at the temperatures 283, 293, 298 and 313K, respectively. Thé ratios of strontium
ion to a humate group, i, were 1.42+0.10, 1.29%0.10, 1.18=0.10 and 1.09%0.10 at the same -
temperatures. Based on the assumption that the humate complexes consist of 1 to I complex and
1 to 2 complex, the values of log 3 , for the STHA complex and log 8 , for the Sr(HA), complex
were determined. The values of log B, were 2.39, 2.36, 2.36 and 2.36, and those of log f , were
4.29,4.12,4.12 and 4.04 at the temperatures. From the data, the Gibbs free energy changes for
the complex formation were -13.46 and -23.49 kJ eq” for 1 to 1 and 1 to 2 complexes,
respectively. From the temperature dependence of the stability constants, the entropy changes of
the formation were 40.12 and 34.08 kJ K 'eq”, and the enthalpy changes were -1.50 and 13.33 kJ
eq” for 1to 1 and 1 to 2 complexes. The entropy data indicates that the dehydration process
remarkably contributes the Sr(II)-humate complexation.

It is found that only 2% of total Sr** exist as humate complex, when a total Sr*

concentration is 1 X 10°M, and a concentration of humic acid is 1 X 10”°eq dm™ (2ppm).

Work performed by Hokkaido University under contract with Power Reactor and Nuclear Fuel
Development Corporation.

*Department of Nuclear Engineering, Faculty of Engineering, Hokkaido University, Sapporo 060,
JAPAN | |
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Fig. 3-1 Titration curve(a)and its first derivative
(a) for normally purified humic acid sample.
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meq NaOH/g HA

Fig 3-2 Titration curve( a) and its first derivative ( a)
for humic acid sample including Cl ~ impurity.
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Fig. 3-3 Titration curve(a)and its first derivative( A
for humic acid sample including humin impurity.



Table 3—1 The pH values and consumed meq of base
per 1.0 gram HA, corresponding to the
end points in titration curves of
different humic acid samples.

HA sample pH meq of NaQH
normally purified 8.19 4. 89
without washing with 8. 15 5.23

water to remove Cl-

with humin impurities 8. 19 3. 6_4
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Fig. 3-4 Variation of pK with the degree of ionization
of carboxilate group.
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Fig. 3-5 Variation of pK with the degree of ionization
of phenolic groups.




Table 3-2 Values of pKy and pK, of carboxilate and
phenolic functional groups of normally
purified HA together with literature
values (inside of parenthesis).

acidic group | pKyo K,

carboxilate groups 3.4{4 0% 4.7 (4. 6% 4. 8%

phenolic groups 9.7(0.09  10.200.7Y

%, from reference [1]
#, from reference [4]
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Fig. 3-6 Distribution coefficient of Sr, A,

between ion exchange resin and solution,
as a function of time.
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Fig. 3-7 Variation of logarithm of distribution
coefficient of Sr, logA, vs. logarithm
of humic acid concentration in eq | L
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Fig 3-8 Log(A,/A-1) versus the logarithm of humic
acid concentration in equivalents per liter.




Table 3-3 Logarithmic interaction constants,

logB, and metal to ligand ratio,
i, for Sr (HA); complex.

T /K log B i
283+ 0.3 3.57+0.25 1.42 % (.
293+ 0.3 3.18+0.20 1.29 = 0.°
298+ 0.3 288+ 0.15 1.18 + 0.°




Table 3-4 Reported stability constant, logB,
and ligand to metal ratio, i, for
strontium humate complex at 298 K

pH i log B i ref

5.0 0.1 2. 88 1. 18 present work

4. 49 0.05 3.12 0. 71 Carlsen et al (1985)¢
6. 99 0.1 3. 32 0. 82 Carlsen et al (1985)*
5.0 0.1 4.53 1. 43 Ibarra et al (1977)¢
% ref[11]

t ref[7]
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Fig. 3-9 Plots of (=5~ — 1) vs. [HAl in
milliequivalents per litter.




Table 3-5 Logarithmic stability constants, log§,
and logB, for [Sr(HA)1 and [Sr (HA),]

complexes.

T/K log B4 log B,
983 (. 3 2. 39 4. 29
903 + (. 3 2. 36 4.12
208 + 0. 3 2. 36 4. 12
313 . 0.3 2. 36 4. 04




Table 3-6 Logarithmic stability constans, logB8, and
ligand to metal ratio, i, of humic acid
complexes with selected metal ions.

Metal ion pH i log B i ref.
24 5.0 0.1 2. 4/4.1 1/2
o 68 0.1 424 08 Pt
10,2+ 4.0 0.1 5.1/8.9 0.1 [15]
Eyst 45 0.1 T7.8/10.7 1/2 [y
Pyt 4.0 12412 1/2 [
5.0 0.1 13.2/18.4 1/2 [17]

Tht
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Fig. 3-10 Temperature dependance of
logB (a)and logB,(e).




Table 3-7 Thermodynamic parameters of Sr-HA, Th-HA
and uranyl-HA complexes at 298 K

complex AG AH AS ref.
kd-eah (kJ-ea) (J-eq? K

Sr (HA) ~13. 46 -1.50  40.12 bpresent
Sr (HA), -23.49  -13.33 34,08 VYork ¥
Th (HA) -63. 6 32,6 323 [17] %2
Th (HA) , ~92. 2 42.7 453 [17]
U0, (HA) -99. 2 -2.7 89 [15] %3
¥1 pH=5 and wu=0.1
%¥2 pH=4 and w=0.1
¥3 pH=4 and w=0.1
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