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Experimental studies on the partitioning of minor elements between carbonate and aqueous solution were summarized in order to
elucidate the partitioning of radioactive elements migrating from high level nuclear waste to geologic environment between
carbonate and aqueous solution. The relationships among the partition coefficient, solubility product and solubility were
theoretically derived. The factors causing derivation of the experimental partition coefticients from theoretical ones (diffusion,
reaction rate, physical properties of solid solution) were considered. The relationship between the partition coefficients and ionic
radii suggests that physical factors of solid solution are important for determining the partition coefficient values.
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Table1  Compilation of literature data on the

coprecipitation of metals in calcite (modified

after [6])
Trace Temperature  Partition Partition
cation T coefficient coefficient

(range) (median)
[—] [—]

Fe* 10 - 50 1.5-7.7 2.7
Mg* 25-90 0.057 - 0.124 0.097

25 0.010 - 0.032 0.019
Co* 25 19-59 3.7
Zn* 35-50 1.6 - 6.1 4.1

25 55 - 80 68

25 24 - 26 25
Mn?* 10 - 50 3.1-28.8 8.5

25 5.0-333 14.8
cd* 25 9.1 - 66.1 14.7

25 ~20 - ~200 ~110

25 7.5 - 111 41
Uo,* 22 -27 0.21 - 0.26 0.22

20 ~0.0x - 0.2 0.04
Sr** 25 0.03 - 0.09 0.04

40 - 98 0.05 - 0.17 0.07

25 0.15 - 0.40 0.27

25 0.03 - 0.19 0.08

25 0.02 - 0.14 0.03
Ba* 25 0.04 - 0.12 0.06

25 0.003 - 0.053 0.015
Na® 25 2X10%-0.004 5.6x10*

25 0.001 - 0.006 0.002
Li 25 0.003 - 0.009 0.004
K 25 5X10°-0.002 7.5%x10°
La** 25 500 - 4180 2340
ce** 25 560 - 4250 2405
pr* 25 430 - 4010 2220
Nd* 25 320 - 1840 1080
Sm** 25 260 - 2280 1270
Eu** 25 210 - 1390 800
Gd* 25 140 - 1450 795
Tb* 25 280 - 390 335
Dy** 25 230 - 270 250
Ho* 25 110 - 150 130
Er** 25 80 - 120 100
Yb** 25 60 - 70 65
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Fig.1 Correlation between log K4 and the quotient of the
solubility products of calcite and the trace carbonate.
The solid line represents a linear regression for those
ions with an effective ionic radius less than that of
Ca?". The dashed line passing through the Ba?*, Sr¥,

and Ra** data has a slope of 0.57, the same as the solid
line [7].
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Fig.2 Correlation between measured partition coefficients
of various trace metals in calcite and the solubility
(activity of ion) of the corresponding pure
carbonates (modified after [6]). The linear
regression shown was calculated from the medians
reported in Table 1 [6].
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Fig.3 Relationship between (m+,/my,) at the surface of a
growing crystal and Ky. If Ky > 1, the trace
element is incorporated into the crystal faster
than the major element, so the (my,/my,) value in
the solution adjacent to the crystal face is lower
than that in the bulk solution. If Kq < 1, the major
element is incorporated into the crystal faster
than the trace element, so the (m,/my,) value in
the solution adjacent to the crystal face is higher
than that in the bulk solution. If K4 = 1, the trace
element is incorporated into the crystal at the
same rate as the major element, so the (m/my,)
value in the solution adjacent to the crystal face is
the same as in the bulk solution.
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Fig.4 Graphical representation of partition coefficient in
calcite as a function of the ionic radius of the
coprecipitated ions [6]. The bar represent ranges
defined by experimental data from various sources
(Table 1). The best fit line was calculated excluding
the data for Mg, Li, Na and all cations with radius
exceeding 1.1A [6].
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