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Abstract O <S

Conventional performance assessments assume that radioactive 99Tc travels as a non- ^ \

sorbing component with an effective K<j (distribution coefficient) of 0. This is because *

soil mineral surfaces commonly develop net negative surface charges and pertechnetate

(TcO4')5 with large ionic size and low electrical density, is not sorbed onto them.

However, a variety of materials have been identified that retain Tc and may eventually

lead to promising Tc getters.

In assessing Tc getter performance it is important to evaluate the environment in which

the getter is to function. In many contaminant plumes Tc will only leach slowly from the

source of the contamination and significant dilution is likely. Thus, sub-ppb Tc

concentrations are expected and normal groundwater constituents will dominate the

aquifer chemistry. In this setting a variety of constituents were found to retard TcO4":

imogolite, boehmite, hydrotaclite, goethite, copper sulfide and oxide and coal. Near

leaking tanks of high level nuclear waste, Tc may be present in mg L"1 level

concentrations and groundwater chemistry will be dominated by constituents from the

waste. Both bone char, and to a lesser degree, freshly precipitated Al hydroxides may be

effective Tc scavengers in this environment. Thus, the search for Tc getters is far from

hopeless, although much remains to be learned about the mechanisms by which these

materials retain Tc.
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Introduction:

Technetium (99Tc) is seldom a problem in handling nuclear wastes as it has a low

specific activity (2x105 years half-life) and only emits beta radiation. However, when

environmental impacts are considered it commonly appears as a problem radionuclide.

This seemingly contradictory situation arises because it is expected that, unlike many -

radionuclides, Tc will become widely dispersed in any aquifer it contaminates. This

arises from the fact that most mineral surfaces have a net negative charge so anions are

generally not sorbed unless inner sphere complexes form. The pH above which quartz has

a negative surface charge (e.g., the zero point of charge) is roughly 3, for goethite the

value is 7.3, and for corundum 9.1 (Davies and Kent, 1990). Aluminosilicates are

intermediate, for example the pH of zero charge for kaolinite is about 4 (Brady, et al.,

1998). Illitic and montmorillonitic clays are different in that lattice imperfections impart a

permanent net negative charge, which persists at all normal groundwater pH values.

Thus, transport calculations generally show that Tc will become one of the most widely

dispersed radionuclides unless specific steps are taken to retard its mobility.

Several mechanisms may operate to reduce Tc mobility, (1) reduction of Tc+7 to

the lower solubility Tc+4, though like most other tetravalent metals, hydroxide and

carbonate complex can enhance solubilities (Eriksen, et al., 1992), (2) anion exchange on

those few minerals that, unlike the clays retain a net positive residual charge in their

lattices and, (3) surface complexation on those materials that have a zero point of charge

in the pH range of normal groundwaters.

Over a space of several years, and in response the needs expressed by a variety of

funding sources, each of these processes was explored in an attempt to locate Tc getter

applicable to retarding Tc for long time periods in near surface aquifers. Although iron

metal or ferrous compounds (Cui and Eriksen, 1996 a,b) may be used for scavenging of

Tc, the reducing conditions needed for this to operate may disappear rapidly in near

surface environments. Coals, however, constitute a long lived, readily available material



with the potential to act as a reducing agent. There are only a few minerals that act as

natural inorganic anion exchangers but imogolite and various members of the

hydrotalcite group do function in this capacity. Several copper compounds were also

considered because of their ability to sorb iodide (Balsley et al, 1998). Hydrous

" aluminum oxide were investigated because AI2O3 has a relatively high zero point of

charge, and because synthesis studies of various Al-rich Hanford tank sludges

demonstrated TcCV removal (along with Re(V and SeO42") when boehmite was

precipitated from acidic waste simulate solutions. FeOOH was included because of its

ubiquitous role in scavenging trace components from groundwaters (Dzombac and

Morel, 1990). Finally, bone char was investigated because Anderson (1998) found that

that bone char (a mixture of activated carbon and calcium phosphate), and to a lesser

degree other types of hydroxyapatite, scavenged pertechnetate from Rock Flats

groundwater. The removal mechanism was, however, unclear.

Experimental Studies: Low Ionic Strength Solutions

Initially, efforts were made to develop getters for very low levels of Tc that

might be leached from the deterioration of low-level borosilicate glass waste form. A

background electrolyte solution was prepared (0.001 mNaCl and 0.014 m CaSO^,

adjusted to various pH values, and then equilibrated with potential getter materials for a

week. The solutions were spiked with enough Tc to raise the concentration to 0.075

ug/L. After interacting with the solids selected as the getter candidates, the sorption of Tc

was measured. Results were reported in the form of a K<j (ml/g), that is the coefficient of

Tc distributing between the solid and the aqueous solution (Table 1). Note though from

the data it is not possible to assure that the losses of Tc from solution resulted from a

reversible anion exchange process, as is implicit in using a K<i formalism in reporting data

in this format.

Most of the materials needed for this study were obtained from commercial

chemical and mineral resources. However, it proved necessary to synthesize the

hydrotalcite. The recipe used involved substituting Zn for the Mg that appears in the



normal hydrotalcite formula [Mg6Al2CO3(OH)i4.4H2O]. Al and Zn nitrate salts were

dissolved in the appropriate proportions in a pH 12 NaOH solution. This was then

titrated to a pH near 8 using nitric acid. The resulting precipitate was filtered and verified

as a member of the hydrotalcite family of minerals by X-ray diffraction. It is presumed

that initially the interlayer exchange sites were occupied by either hydroxide or

carbonate. The material was then rinsed and dried. To obtain sulfate and chloride

exchanged varieties the dried material was resuspended in deionized water and the pH

was lowered to about 5.5 with dilute H2SO4 or HC1. It is presumed that neither

carbonate nor hydroxide could persist in the interlayer positions at this pH so the acid

anion would occupy the interlayer exchange sites.

Table 1. Tc(V Batch K<j (ml/g) measurements at an initial Tc concentration of 0.075 p.g

TcL-1

Material
Hydrotalcite - CO3*
Hydrotalcite - Cl
Hydrotalcite - SO4

Imogolite-rich soil
Synthetic Imogolite
Subbituminous Coal
Lignitite**
FeOOH
CuS
Cu2S
CuO
Cu2O

pH
7.6(±0.9)
7.6(±2.4)
6.8(±0.3)
6.5(+0.5)
6.4
6.8(±2.2)
8.8(±2.4)
6.7(+0.4)
5.4
8.6
6.8
7.1

Kd - 2 hours
4.3(±1.1)
37.7(±17.7)
151.3(±30.9)
14.3(±1.2)
41
23.7(+5.5)
57.0(±38.2)
32.0(±3.5)
93
41
39
56

Kd - 6 hours
1.2(±0.4)
25.3(±10.1)
114.3(±26.0)
15.7(±0.6)
23
17.1 (±11.0)
64.5(±47.4)
30.0(±3.5)
114
47
46
63

Kd-24 hours
1.1 (±0.3)
15.0(±1.7)
62.7(±20.6)
16.0(±1.7)
23
30.0(±6.6)
81.5(±65.8)
26.3(±3.2).
67
31
43
55

* otherwise indicated, data are averaged from triplicate experiments.
** average of duplication data

The issue of concentration dependence is of considerable importance in getter

development. To assess the impact of higher concentrations a subset of the materials was

tested by doing batch Kd studies substituting (nonradioactive) Re(V for TcC^" at the 10

mg L"1 level in a 0.001 M NaCl matrix. After 1 day of equilibration the K<j values were

assessed (Table 2). Values of 1 may not be significantly different from 0, but pure

imogolite, CuS and FeOOH probably still have some sorption at this higher doping level.
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In separate, 1.3 year long experiments at 10 jj.g Re L" , both lignite and hydrotalcite-SO4

showed some uptake as well (Kd values of 5 and 44 respectively). At the 10 mg Re L"1

level the hydrotalcite-SC>4 also failed to remove any ReCV from solution.

Table 2 ReO4- Batch Kd measurements at an initial Re concentration of 10 mg L'

Material
Imogolite soil
Imogolite pure
Lignite Coal
Sub bituminous Coal
Hydrotalcite - Cl
CuS
Cu2S
CuO
Cu2O
FeOOH

pH
8.8

L_ • 8.7
7.8
7.7
7.2
5.7
8

9.6
9.7
7.7

K<j (1 day equilibration)
1
7
0
1
1
9
1
1
1
2

In this phase of study, ReCV has been used as analogue for TcCV in an extensive

investigation of the possible gettering capacity of hydrous aluminum hydroxide

[boehmite, AIO(OH)] (Zhang et al., 1999). The study was carried out by varying the pH

of a boehmite slurry (30 g boehmite per liter) that initially contained 0.0005 mol L"1 Re in

a matrix of 0.005 mol L"1 NaNOs. The K<j values obtained decreased from 110 at pH 5.2

to essentially zero at pH 8.5. This trend is what is expected from a simple surface

complexation model where hydroxyl groups are removed from the solid surface as the pH

falls, thus, allowing a negative surface charge to develop and anion exchange to occur.

The zero point of charge for boehmite reported in the literature is between 8.7 and 9.2

(Tanaka et al., 1991). Freshly precipitated A1OOH gels (with only very broad boehmite

peaks exhibited in X-ray diffraction studies) behaved in a manner similar to the well-

crystallized boehmite. Nitrate was found to compete with ReCV for sorption sites but

increasing the nitrate concentration by a factor of 10 only decreased the sorbed Re by a

factor of 7. Evidently the sorption sites have a small preference for ReCV over NO3".



Experimental Studies: In Simulated Waste Tank Fluids

At the other end of the spectrum from Tc contaminated dilute groundwaters are

the highly caustic sodium nitrate - nitrite - aluminate solutions stored in underground

tanks at Hanford and Savannah River. Not only is the ionic strength extreme in these

fluids (often in excess of 10 M) but Tc concentrations may be in the 1 - 10 mg L'1 range.

The high nitrate content (and strong oxidizing capacity) of these fluids precludes using

iron or the various coals tested previously as getters. Although boehmite is present in

considerable amounts in the tanks (Liu, et al., 1999) its ability to scavenge Tc at these

high pH values is suspect. The Tc scavenged in preparing artificial sludges probably was

removed while the pH was still mildly acidic and then occluded by later precipitated

materials as the pH increased to final values near 11.5. Nor did hydrotalcites seem like a

good prospect since in high hydroxide-carbonate fluids other anions are not able to

compete successfully for the interlayer exchange sites in these materials (Miyata, 1983).

However, hydroxyapatite is also described as a minor component in tank sludges (Liu, et

al, 1999). This observation, along with the report by Anderson (1998), suggested that

bone char might be a candidate for a getter that would function near a leaking tank.

In the first of these studies a generic high nitrate, nitrite, hydroxide, sodium

aluminate Hanford tank leachate fluid (DSSF-7) was diluted with 9 parts deionized water

to simulate what might exist when a leaked tank fluid first encounters the ground water.

In these studies TcCV Kd values were assessed over a range of Tc concentrations (Table

3A). A parallel experiment was performed in 0.1 M NaOH to assess whether

components in the DSSF-7 fluid such as aluminate or phosphate might be impacting

sorption (Table 3B). K<j values obtained in the two fluids are quite similar so it is

unlikely that the other components in the DSSF-7 simulant are impacting the removal

process. However, the measured K<i for Tc(V on bone char in deionized water was 30,

so the combination of high ionic strength and elevated pH generally has a large negative

impact on the Tc removal process.



Table 3. TcCV Kd values for Bone Char

A. Kd values in 10% DSSF-7®. fluid

Tc mg L~l

0.1
0.5
1.0
5.0
5.0*
5.0#
20

K<j at 1-2 days
1.6
1.6
1.6
1.5
3.2
2.6
1.2

Kdat 14 days
4.5
3.3
3.3
2,5
3.0
1.9
2.3

Kd at 32 days
5.1
3.7
3.4
2.5
2.9
1.2
2.3

Kd at 47 days
—
3.8
—
2.5
2.8
0.9
2.2

B. Kd values in 0.1 M NaOH
Tc mg L"1

0.1
0.5
1.0
5.0
5.0*
5.0#
20

Kd at 1 -2 days
1.5
1.6
1.4
1.4
2.9
2.8
1.2

Kd at 14 days
4.6
3.3
2.9
2.2
2.8
1.8
2.0

Kd at 32 days
5.0
3.7
2.9
2.2
2.8
1.1
2.0

Kd at 47 days
—
3.9
—
2.1
2.7
0.9
1.9

* As received, not ground, all other samples were ground to pass a 80 mesh screen.
# 2 g of solid to 20 g of fluid, all others were 10 g of solid to 20 g of fluid.
® 1 liter of DSSF-7 fluid contains approximately 1.16 moles of NaNC>3, 0.20 moles of
KNO3, 0.75 moles of KOH, 0.008 moles of Na2SO4, 0.014 moles of Na2HPO4.H2O, 3.89
moles of NaOH, 0.72 moles of A1(NO3)3.9H2O, 0.147 moles of Na2CO3,0.10 moles of
NaCl and 1.51 moles of NaNO2.

As a final test of the bone char the extent of desorption was determined by placing
Tc loaded bone char from the Kd experiments in fresh Tc-free fluid of the same type used
in the Kd experiments and, then, monitoring the Tc buildup in solution (Table 4). In
general, this procedure released a surprising amount of the sorbed Tc over a two-week
period. It was initially thought that a reduction onto the carbonaceous fraction of the
bone char might be responsible for removing the Tc from solution. However, the
significant release of Tc without causing an appreciable change in the redox condition of
the fluid suggests bone char may sorb Tc by an ion exchange process instead.

Table 4. Tc releases from previously loaded bone char.

Tc Loading
ugL'1

0.145
0.145
1.32
1.32

Fluid Type

10% DSSF-7
0.1m NaOH
10% DSSF-7
O.Ira NaOH

% lost in
10 minutes,
7.9
14.5
25.1
27.0

% lost in
1 day
19.3
16.6
30.2
27.2

% lost in
14 days
26.8
25.5
35.4
37.7



Conclusions

The existence of compounds with at least a limited capacity for sorbing TcCV has been

established for a number of environments (Table 5). However, only bone char appears to

be serviceable across the entire range. Nevertheless, no compounds were identified

having the very high IQ values (500 or greater) typical of materials used to sequester

cationic radionuclides.

Table 5. Candidate Tc Getters for Differing Environments

Material

CuS
CuO
Imogolite
Lignite
Hydrotalcite - SO4
Bone Char
Boehmite

Near Tanks

X
?

Groundwater
Oxidizing

X
X
X
X
X
X

Groundwater
Reducing
X

X
X

X
X

Of these materials the imogolite, hydrotalcite and boehmite probably work by ion

exchange mechanisms, and bone char may fall in this class as well. Thus, a classic K<j

approach to model transport in systems containing these getters may, in fact, be

appropriate. However, there is a strong indication that the sorption capacity for all of

these compounds is extremely limited. So limited, in fact, that even minimal amounts of

Tc may saturate all the sites, rendering a IQ approach invalid. It is also apparent at the

sub ug L"1 level a wide range of materials appear to sorb pertechnetate. Thus, in

performance assessment calculations involving transport over significant distances (and

hence substantial dilution ratios) there is reason to question whether or not assuming a K<]

of 0 is being overly conservative.



Finally, a great deal more needs to be learned about all of the compounds

evaluated in this report. There are clearly significant unanswered questions regarding the

basic Tc removal mechanism for most of these compounds. The issue of saturating the

removal mechanism is also of key importance in developing a performance envelope for

any materials. Finally, the impact of changing pH and competing ions in the fluid would

need to be investigated on a site-specific basis.
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