
' I 

DP-MS-87-70 

LEACHING TC-99 FROM SRP GLASS IN SIMULATED TUFF AND SALT 
GROUND WATERS 

by 

N. E. Bibler and A. R. Jurgensen 

E. I. duPont de Nemours ~ Co. 
Savannah River Laboratory 
Aiken, South Carolina 29808 

A paper for presentation at the Materials Research Society XI 
International Symposium 
on the Scientific Basis for Nuclear Waste Management . 
Boston, Massachussetts 
November 30 - December 5, 1987 

and for publication in the Proceedings 

This paper was prepared in connection with work done under Contract 
No. DE-AC09-76SR00001 with the U.S. Department of Energy. By 
acceptance of this paper, the publisher and/or recipient 
acknowledges the U.S. Government's right to retain a nonexclusive, 
royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to 
reproduce all or part of the copyrighted paper. 



LEACHING Tc-99 FROM SRP GLASS IN 
SIMULATED TUFF AND SALTGROUNDWATERS* 
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E. I. du Pont de Nemours & Co., Savannah River Laboratory, 
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ABSTRACT 

Results of leach tests with Tc-99 doped SRP borosilicate waste glass are presented. The 
glass was prepared by melting a mixture of SRP 165 powdered frit doped with a carrier free 
solution of Tc-99 at 1150°C. Dissolution of portions of the resulting glass indicated that the 
Tc-99 was distributed homogeneously throughout the glass. Static leach tests up to 90 da1s 
were performed at 90°C in J-13 tuff groundwater or WIPP brine A at a SAN of lOOm- . 
Normalized mass losses were calculated for Tc-99 as well as all the major elements in the 
glass. Results indicated that under ambient oxidizing conditions Tc-99 leached no faster than 
the glass-forming elements of the glass. In J-13 water, Tc-99leached congruently with B. In 
WIPP brine A, it leached congruently with Si. Leach rates for Li were higher in both 
groundwaters, probably due to a contribution from an ion exchange mechanism. Leach tests 
were performed under reducing conditions in J-13 water by adding Zn/Hg amalgam to the 
leachate. In these tests the pH increased significantly, probably because of the reaction of the 
amalgam with the water. In a 21-day test, the pH increased to 13 and leach rates for the glass 
were very high. Even though there was si!2nificant dissolution of the glass, the normalized 
mass loss based on Tc-99 was only 0.02g/m . This result and the fact that reducing conditions 
at normal pH values do not significantly affect the dissolution of the glass, indicate that the low 
concentrations for Tc-99 obtained under reducing conditions are due to its solubility and not 
due to an increased durability of the glass. 

INTRODUCTION 

Technetium-99 (Tc-99) is a beta emmitting fission product in the high level radioactive 
waste stored at Savannah River Plant (SRP). Because its long half-life (T112 = 2.13 x 105 
years), and its high solubility in geologic groundwaters as the penechnetate anion, Tc04-, 
Tc-99 is of special concern in the geologic storage of nuclear waste glass. 

The purpose of the tests described in this paper was to determine whether borosilicate glass 
simlilar to that which will be produced in the Defense Waste Processing Facility (DWPF) at 
SRP will immobilize Tc-99 as well as it does other elements. A previous study[!] (using a 
borosilicate glass of a different composition from DWPF glass) indicated that Tc-99 leached 
very rapidly from the glass; this suggested that glass may not be a good matrix for 
immobilizing Tc-99. It was also suggested [1] that the Tc-99 had migrated to vesicles in the 
glass while the glass was still molten. 

Another purpose of this study was to compare the normalized release of Tc-99 under 
oxidizing and reducing conditions with that of other elements in the glass. Other studies [2,3] 
had shown that reducing conditions significantly decreased the amount of Tc-99 in solution. In 
those studies, only solution concentrations were presented; thus, it was difficult to determine if 
the lower Tc-99 concentrations were due to the glass leaching less or to the reduction of Tc-99 
to the 4+ state which formed Tc02 that precipitated. 

* The information contained in this article was developed during the course of work under 
Contract No. DE-AC09-76SR00001 with the U. S. Department of Energy 
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EXPERIMENTAL 

Glass Preparation 

Glass for this study was prepared by adding Tc-99 to SRP 165 Black Frit supplied by 
Ferro Corporation, Cleveland, Ohio. This frit is a borosilicate glass containing simulated SRP 
nuclear waste. Its composition is given in Table I. To achieve the desired activity level of 
Tc-99 in the glass, exactly 70 J.LCi of Tc-99 in carrier free NH4Tc04 solution was added per 
gram of dry glass frit. With no Tc-99 volatility from the melt, the specific activity of the final 
glass would be 35 times greater than that forecast for actual DWPF waste glass[4]. 

Table I, Black Frit Simulated QWPF Glass Composition 

Component 

SiOz 
Fez OJ 
NazO 
BzOJ u2o 
AizOJ 
MnOz 

Weight% 

54.1 
12.3. 
10.3 
6.8 
4.7 
4.1 
2.9 

Component Weight% 

CaO 1.5 
NiO 0.9 
MgO 0.8 
ZrOz 1.2 
F 0.06 
Cl 0.05 
Pb 0.05 

Two batches of glass were made. The first was prepared under ambient oxidizing 
conditions and the second under reducing conditions. ·To prepare the glass under oxidizing 
conditions, the Tc-99 frit slurry was carefully dried at 90°C and placed in a Pt-Au crucible. 
The crucible was placed in an electrically heated furnace and the temperature slowly increased 
to 1150°C. The temperature was held there for 3 hours. The atmosphere inside the furnace 
was not controlled during melting. The molten glass was poured into two 0.75" OD by 3" 
long flat-bottom 304L SS test tubes. The tubes of molten glass were i=ediate!y placed into a 
preheated annealing furnace for 1 hour at soo•c. The furnace was then cooled to room 
temperature. Each tube was sectioned into -5 = thick disks using a high-speed -200 grit 
carborundum saw with water as the cutting fluid. Approximately 30 disks were obtained. The 
disks were leached without further surface polishing. 

To prepare the glass under reducin~ conditions, a second batch of Tc-99 doped frit was 
melted in the furnace. Reducing condioons were achieved by adding 0.5 wt% graphite to the 
dried Tc-99 frit mixture. The molten glass was poured into graphite molds (0.5"ID by ~3" tall) 
to ensure that reducing conditions were maintained while the glass was solidifying. The 
solidified glass was removed as quickly as possible from these molds and placed in an 
annealing furnance at soo•c for 1 hour. The furnace was then cooled to room temperature. 
Two cylinders of glass were obtained_ Samples for leaching were then obtained as described 
above. 

Leachini Procedures 

The MCC-1 leaching procedure [5] at 90°C was followed in this study with three 
modifications. First, the glass disks were placed in 304L stainless steel holders rather than 
Teflon™. This modification was made because of effects of radiation on Teflon™ to produce 
HF which increases leaching [6]. Teflon™ vessels could be used since they were efficiently 
shielded from the beta radiation from Tc-99 by the leachate. The second modification was that 
the Ieachates were simulated groundwaters rather than deionized water. Last, the SAN ratio 
was 100m-! rather than lOm-1 as prescribed by the MCC-1 procedure. These latter two 
modifications were made to more closely simulate geologic repository conditions. 

After each leach test, the Teflon™ vesel was removed from the 90°C oven and allowed to 
cool. After it was weighed to determine the final volume of solution, it was opened and the 
glass and basket were removed. Two aliquots of the leachate were removed for pH 
determination. Other aliquots were removed for cation and Tc-99 measurements. The leachate 
was then acidified and resampled. In the tests with brine, many solids were present after the 



leach tests. These appeared to be Fe(OH)3 which probably resulted from corrosion of the 
stainless steel baskets. These solutions were not sampled prior to acidification. Cation 
analyses were perfomed by ICP and Tc-99 was determined by calibrated organic liquid 
scintillation counting of the Tc-99 beta particles. · 

Leach results are presented in terms of normalized mass loss. This quantity is given by 
NLj, = Nif(SA x Xi) where NLj, is the mass of glass dissolved per unit area based on species i. 
Ni is the amount of species i measured, SA is the surface area of the glass, and Xi is the mass 
fraction of i in the glass based on its composition. 

RESULTS AND DISCUSSION 

Tc-99 Content of the Glass 

To determine the Tc-99 content of the final glasses, three disks of glass from both types of 
glass were chosen at random to be dissolved. The steel band around the glass disks prepared 
under oxidizing conditions was removed. Each of the disks was crushed and known weights 
of each were dissolved separately in concentrated HF at room temperature for several days. 
Room temperature was chosen to decrease the possibility oflosing Tc-99 due to its volatility. 
The final solutions were diluted and duplicate aliquots were removed for Tc-99 determination 
by calibrated organic liquid scintillation counting. Results (Table II) indicate that each slice 
from each type of glass had the same Tc-99 content within experimental error. This suggests 
that the Tc-99 was probably distributed homogeneously throughout each glass. The average of 
the values given in Table IT for each glass was used in calculating the normalized mass losses 
in the leach tests. Based on the amount of Tc-99 added to each glass, 70 j!Ci/g, and the 
amount remaining (Table m, it is apparent that sizable fractions of the Tc-99 volatilized during 
the melting of the glasses. 

Sample 
Number 

I 
2 
3 

Table II. Ic-99 Content of the Dooed Black Frit 
Simulated DWPF Glassa 

Specific Activity (uCi/~ ~lass) 
Glass Prepared Glass Prepared 
under Oxjdjzini Conditions under Reduced Conditions 

26.1±0.1 
25.9±0.3 
26.2±0.2 

42.2±0.2 
42.6±0.1 
44.7:t0.1 

a The specific activity before melting was 70 !!Ci/g. Glass samples were dissolved in cone. 
HF. Results are averages of duplicate analyses of aliquots of the fmal solutions. 

Tc-99 Vo!ati!ization Durini Meltini 

Technetium volatilized from the molten glass at 1150°C. Melting under oxidizing conditions 
resulted in the loss of 63% of the Tc-99 from the melt Under reducing conditions in the melt, 
~40% of the Tc-99 was volatilized. Apparently, volatilization is affected by redox conditions 
in the melt. Less Tc-99 was volatilized from the melt under reducing conditions, probably 
because Tc was reduced in the melt from its initial state of +7 to +4. The +4 oxide Tc02 is less 
volatile than the + 7 oxide, Tc207 [7]. Tests are being planned to measure volatilization of 
Tc-99 from a continuously fed joule-heated melter in the Shielded Cells of SRL. It is expected 
that volatilization will be less because of the cold cap on the melt in this type of melting and the 
reducing conditions in the melt 

Leaching in Tuff Groundwater 

The tuff rock formation in Yucca Mountain, Nevada is being investigated as a possible 
location for the permanent disposal of high level nuclear waste. The tuff groundwater used in 
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these leach tests was furnished by Lawrence Livennore National Laboratory and was obtained 
from the J-13 well located in this fonnation. Principal components are Ca, 14 ppm, Si, 
27ppm, and Na, 42 ppm [8]. Principal anions are HC03- and S04= [8]. 

Final pH values and nonnalized mass losses are shown in Table lli for leach tests in J-13 
water with the glass prepared under oxidizing conditions. Identical results were obtained for 
the glass prepared under reducing conditions; thus, those results are not presented here. Table 
III shows that the pH of the solution increased as the leach time increased. This has been 
observed before[9] in tests with J-13 water and results from alkali from the glass exchanging 
with H+ ions in the leachate. The nonnalized mass losses for the elements were calculated 
after their measured concentrations were corrected for the concentration of that respective 
element in the J-13 water before the test (Table III). The data indicate that the mass losses 
based on Tc-99 are comparable to those based on B, Li, or Na. Tcc99 does not leach 
extraordinarily fast from the glass as suggested by earlier data [1]. For these elements, results 
were identical for acidified and nonacidified leachates indicating that these species were soluble 
in the leachate. The nonnalized mass losses based on Si are low because the groundwater is 
already partially saturated with a Si compound. Acidification also had no effect on the Si 
concentration. For AI, Fe, and Mn, the acidified results were always higher, indicating that 
these elements has sorbed on the leach vessel or had precipitated in the leachates even though 
solids were not visibly present. Nonnalized mass losses based on Ca and Mg were negative 
because the final concentration after a leach test was lower than the initial. This has also been 
observed previously (9] and is due to the precipitaion of Ca and Mg induced by the increased 
temperature during the test [10]. 

Iablc Ill. Eina.l gH Ya.hJcs a.nd N!JDDali~c~ Mass Ulsscs fatJI"-22 
G!assa jn Tuff <J-13) Groundwater. Initial pH - 7.4 

Leach Final Normalized Mass Losses. g!m2 
Time, pH 
12m Values :&22. B. & ll Si AJ.C ~ ~c .MnC M&C 

3 8.3 3.3 1.9 2.9 2.8 0.65 0.3 0.4 -7.5 0.14 -7 
7 8.5 3.1 1.6 2.3 2.7 0.6 0.1 0 -7.8 1.8 -2 
14 8.7 3.8 3.5 4.4 4.8 1.5 1.1 0.6 -15 0.5 -6 
28 8.8 4.6 3.7 5.2 5.8 1.4 0.5 0.6 -2 0.4 1 
56 9.4 5.5 4.6 5.7 7.4 1.6 1.3 1.4 -17 1.2 -2.1 
90 9.3 6.8 6.4 8.6 11 2.2 .02 .4 -10 .4 -3 

a Glass prepared under oxidizing conditions. 
b T = 90°C, SAN= 100m-1. 
c Determined from acidified leachates. Acidification did not affect other results. 

For Tc-99 and the major elements in the glass, Li, Na, B, and Si three different release rate 
trends are observed. This is shown graphically in Figure 1. Li and Na leach faster than B 
which leaches faster than Si The same trends were observed for the glass made under reduced 
conditions. With both glasses, Tc-99 leaches from the glass at a rate approximately equal to 
that forB, a glass-matrix-forming element in the glass. Normalized mass losses for Na and Lt 
are higher probably because of an ion exchange mechanism affecting their release. 

Bazan at LLNL has leached a Tc-99 containing glass in tuff groundwater [11]. The glass 
he used was A TM-8 glass which has a composition similar PNL 76-68. In agreement with the 
data presented here, he found that the nonnalized mass loss based on Tc-99 was closely 
identical to that for B. 

Leachini jn Simulated Salt Groundwater 

The bedded salt deposit in the Permian B11:5in in Texas i~ being ~ves~gated as a possible 
location for a high level nuclear waste repository. The bnne used m thts study was WIPf 
Brine A, which is primarily MgC12, 3 X 1Q5 ppm, NaCl, 1 X 105 ppm. ~d KCl, 6 X 10 
ppm.[12]. A detailed composition is given in Reference 12. It is a genenc bnne representanve 
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Figure 1. Normalized Mass Losses for Tc:-99 Doped Glass in Tuff Groundwater. 
Lines indicate release rate trends for Li and Na, 8 and Tc:-99, and Si, respectively. 

of one that results when groundwater percolates through a potash zone that overlays the bedded 
salt deposit. It composition is based on brines found in the WIPP site at New Mexico. 

Final pH values and nonnalized mass losses for Tc-99, Si, and Li for the leach tests in 
brine are shown in Table IV for the glass prepared under reducing conditions. Again, identical 
results were obtained for the glass prepared under oxidizing condition, thus they are not 
presented here. Because of the high ionic strength of the brine, the pH values in Table IV are 
relative and do not indicate the actual activity (concentration) of H-~' ions in the brine. It does 
appear that pH changes during the leaching were not significant. Nonnalized mass losses 
could only be measured for Tc-99, Si, and Li, because concentrations of other elements in the 
original brine were too high to allow accurate determinations of the amount of that element that 
had leached from the glass. Because particulates were present in the final leachates from 
corrosion of the stainless steel basket, only the results of acidified leachates were used. As 
indicated in Table IV, Tc-99 leaches at a rate similar to Si; thus, Tc-99 does not leach faster 
from the glass than a glass matrix forming element. The rate based on Li is higher, probably 
due to increased ion exchange because of the high Na concentrations in the leachate. Time 
dependence of the leaching for the glass prepared under reducing conditions is shown in Figure 
2. The same dependence was seen with the glass prepared under oxidizing conditions. 

Table IV. Final pH Values and Nonnalized Mass Los~es for Tc-99 
GJassa in WIPP Brine A lnitiaJ pH= 6 5 

Leach Final Nonnalj;zed Mass Loss wm2d 
Time, pH 
.Qm ValuesC ~ 

3 6.1 2.9 
7 7.0 1.5 
14 6.7 1.5 
28 7.0 2.1 
56 7.1 1.7 
84 6.5 3.6 

a Glass Prepared under Reducing Conditions. 
b T=90°C,SA/V=lOOm·l. 

Si Li. 

0.64 2.8 
1.2 2.7 
2.3 7.2 
2.1 3.0 
6.1 14.1 
5.8 19 

c Measured uncorrected pH. Only relative changes are significant. 
d Only acidified leachates analyzed. Mass losses for other elements could not be calculated 

due to the presence of those elements in the initial brine solution. 



Glass made under reducing conditions 
20 

T ~ so•c. SAN. 1oom_, 
NL 

I • 

z "' Li 
G/M • Si 

10 • Tc-99 

• 
• • 

0 
0 20 40 60 80 100 

TIME, DAYS 

Figure 2. Normalized Mass Losses for Tc·99 Doped Glass in WIPP Brine A. 
Lines indicate release rate trends for Li and for Si and Tc-99, respectively. 

McGrail at PNL has leached a Tc-99 doped simulated DWPF glass in a low Mg brine 
(Permian Basin Brine 1) at 90°C [3] but did not directly calculate a normalized mass loss for the 
release ~ased on Tc-99. From his data at 100 days, we calculated a normalized mass loss of 
1.9 gjm . The agreement between this result and those presented here is satisfactory. His tests 
were at a SNV ratio of 1000 m·l which is lOX higher than that used here. For a comparable 
time, this higher SNV would cause a lower release rate than that observed at 100 m·l. 

Effect of Reducjnlj Condjtjons on Leachjnlj Tc-99 

These tests were performed with tuff groundwater and were specifically designed to 
determine if reducing conditions decreased the leaching of Tc-99 from the glass or merely 
caused a decrease in the solubility of Tc-99 in the leachate. For these tests, the tuff 
groundwater was made reducing by the addition of a Zn/Hg amalgam. Results for 3-, 7-, and 
21-day tests are shown in Table V. The 3 and 7 day leachates were sampled before and after 
acidifying and filtering. In the 21-day test, the final leachate had so many solids that a 
nonacidified, unfiltered sample could not be obtained. Data in Table V indicate a very large 
increase in pH during leaching compared to the pH changes in tests in oxidizing tuff 
groundwater (see Table III). This increase is due to the reaction of Zn with the water to 
produce OH· ions as well as the reducing conditions. This increased pH caused a large 
increase in leaching as indicated by the extremely high normalized mass losses for Na, B, and 
Li, especially in the case of the 21-day test. However, even with these large leach rates, the 
normalized mass loss based on Tc-99 in the unfiltered solutions did not increase higher than it 
was under oxidizing conditions (Table rm. Also, it did not increase with time as did the mass 
loss based on B. The high rate for B indicates that the glass was dissolving to a considerable 
extent. In the filtered leachates, the normalized mass losses for Tc-99 were very low, 
indicating low Tc-99 concentrations in the solutions. This suggests that Tc-99 had precipitated 
from the solution. · 



Tall!~ v Einal12H Valy~s lllld N.!limaliz~d Mass IJ:!ss~s for L;-22 Glass 
L~a~h~d I!nd~I R~dl!~inll CQ!ldiliQDS in Il!ff Qml!ndwarer. 

Initial Ell = 1 4a 

Leach Final NQnnalized Mass LQss (g/m2) 
Time, Leachate pH 
~ Sample ~ ~ .si Nil .a L.i 

3 Unfiltered 10.0 1.70 
3 Filteredb 0.15 0.04 20.6 4.49 5.18 
7 Unfiltered 11.3 1.5 1.3 30.8 31.0 29.1 
7 Filteredb 0.26 0.99 30.8 28.6 26.9 
21 Filteredb 12.6 .015 1.5 166 149 130 

a T = 90°C, SNV = lOOm· I. Reducing conditions achieved by adding 5% Zn, 95% Hg 
amalgam. 

b Leachate filtered through a 0.45ilffi filter. 

The results in Table V indicate that, even though the glass is dissolving (based on the B 
results) and Tc-99 is being released to the solution, the Tc-99 concentration is low-presumably 
due to its reduction and precipitation. Thus, reducing conditions are effective in lowering the 
concentration of Tc-99 even if the glass is dissolving. Other studies [13,14] have shown that 
reducing conditions such as those that will be present in a granite or basalt repository decrease 
leach rates of the glass matrix elements and the alkali elements less than a factor of 2 based on 
B, Si, or Li. The significant decreases, greater than a factors of 10, observed for the redox 
active elements [1-3] such as Tc-99 must be due to solubility effects rather then an increase in 
the durability of the glass. 

CONCLUSIONS 

Data presented in this paper suppon the following conclusions: 

1. Borosilicate glass similar to that which will be produced by the DWPF at SRP immobilizes 
Tc-99 in a manner similar to that for B. Tc-99 does not leach faster from the glass than B 
in tuff groundwater or Si in a brine. These elements are major matrix-forming elements in 
the glass. 

2. In leach tests under reducing conditions, the low leach rates observed for Tc-99 are due to 
its low solubility and not due to any increased durability of the glass. 
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