
. ORNL/CP-98158 

Chemical Technology Division 

EFFECT OF SELECTIVE SORPTIVE AGENTS ON 
LEACHABILITY OF 13’CS AND ”SR 

R. D. Spence 
Oak Ridge National Laboratory* 

P.O. Box 2008 
Oak Ridge, TN 3783 1-6202 

Phone: 423-574-6782 
F a :  423-574-7241 RECEIVED 

Submitted for presentation at 
Spectrum ‘98 International Conference 

on Nuclear and Hazardous Waste Management 
Denver, Colorado 

September 13-18, 1998 
h 

The submitted manuscript has been authored 
by a contractor of the US. Government under 

contract No. DE-AC05-960R22464. Accordingly, 
the U.S. Government retains a nonexclusive. 

royalty-free license to publish or reproduce the 
published form of this contribution. or allow 

others to do so, for US. Government purposes. 

*Managed by Lockheed Martin Energy Research Corp. for the U.S. Department of Energ] 
under contract DE-AC05-960R22464. 



This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spc- 
cific commercial product, proctss. or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, ream- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors exprrssed herein do not necessarily state or 
reflect thosc of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be iilegibie 
electronic image products. Images are 
produced from the best available original 
document. 



EFFECT OF SELECTIVE SORPTIVE AGENTS ON LEACHABILITY OF 137CS AND 85SR 

R. D. Spence 
Oak Ridge National Laboratory 

P.O. Box 2008 
Oak Ridge, Tennessee 37831-6202 

(423)574-6782 

ABSTRACT 

Decades ago it was established that illite effectively 
improves 137Cs leach resistance. Subsequently, illite has 
become a standard ingredient used at Oak Ridge National 
Laboratory in grouts developed to stabilize 137Cs. Adding 
illite improves 137Cs leach resistance by three orders of 
magnitude, and increasing the illite concentration can add 
another order of magnitude improvement. Adding 
crystalline silicotitanate, a selective sorptive agent 
developed more recently for 137Cs, not only improves I3'Cs 
leach resistance by an order-of-magnitude over that 
obtained using illite but also improves "Sr leach resistance 
by two orders of magnitude. 

I. INTRODUCTION 

Over the years, illite (Indian Red Pottery Clay) has 
become a proven standard additive in grout formulation 
development at Oak Ridge National Laboratory for making 
cementitious waste forms more resistant to the leaching of 
137Cs.1-3 Illite has been known as an effective selective 
sorbent for I3'Cs for de~ades.4.~ The gap between illite 
layers is apparently ideal for allowing cesium ions to 
diffuse between the clay layers where they are essentially 
irreversibly trapped. The standard recipe evolved into 
8 wt % of Indian Red Pottery Clay (IRPC) in the dry blend 
of cementitious materials used to stabilizeisolidify the 
waste liquids, solids, or sludges. The 8 wvt % in the dry 
blend was far in excess of the stoichiometric amount 
needed to load the typical 137Cs contamination found in the 
wastes into the clay because even a waste with high 

gamma activity from I3'Cs has a low concentration of 
I3'Cs on a molar basis. The main reason for 8 wt % IRPC 
in the dry blend was to distribute enough IRPC throughout 
the waste form so that all of the 137Cs had access and to 
minimize mass transport distances. This strategy has been 
used successfully for many years, as indicated by the high 
ANSVANS- 16.1 leachability indices reported for 137Cs 
over the years for grouts containing IRPC. 

In more recent years, the application of the Resource 
Conservation and Recovery Act (RCRA) to these wastes 
has meant that many of the wastes are classified not only 
as radioactive wastes but also hazardous wastes (i.e., 
mixed wastes). For this reason, waste forms are being 
developed to stabilize both the RCRA metals and 
radioisotopes. Recently, two separate grouts were 
developed in the laboratory for the stabilization/ 
solidification of two different mixed wastes in two 
projects. Both mixed wastes are tank sludges-one grout 
was developed for the in situ grouting of one tank sludge 
and the other was developed for ex situ grouting of the 
other sludge. The in situ grout was designed to incorporate 
some supernatant liquid as well as a large amount of 
injection water needed to slurry, pump, and mix the dry 
blend, resulting in a large volume of excess water 
(water/solids ratio of about 1.0). The ex situ grout was 
designed to incorporate only the interstitial water currently 
contained in the sludge on the bottom of the tank 
(water/solids ratio of about 0.5). The excess water of the 
in situ grout was expected to result in more accessible 
porosity and a lower leachability index than that of the ex 
situ grout. Instead, the opposite happened, with '37Cs 
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leachability indexes of 9.9 and 1 1.1 and *%r leachability 
indices of 9.5 and 10.4 for the ex situ and in situ grouts, 
respectively. 

One difference, among many, between the two grouts 
was IRPC contents of 8 and 15 wt % in the dry blend. It 
was surmised that the higher IRPC content had led to the 
higher leach resistance of the less dense, weaker in situ 
grout. This theory was tested during another laboratory 
grout development for a third mixed waste sludge by 
preparing three nearly identical grouts for the same 
surrogate sludge with IRPC contents in the dry blend of 0, 
8, and 15 wt % and subsequently measuring their 137Cs and 
*?Sr leachability indices. 

A more recent sorptive agent that has proven effective 
for removing both I3'Cs and "Sr is IONSIV IE-910 
molecular sieve adsorbent (from the Molecular Sieve 
Plant, UOP, Whistler, Alabama)."" This material is 
commonly referred to as crystalline silicotitanate (CST). 
CST was developed as selective sorptive agent for '37Cs 
that apparently irreversibly sorbs the I3'Cs into the sorbent 
crystalline structure. CST was tested as an alternative to 
IRPC by substituting it for IRPC in a grout formulation 
developed with IRPC for a surrogate tank sludge. 

This paper reports the results of these tests, giving the 
effect of the IRPC concentration and the effect of 
substituting CST for IRPC on the leachability of 137Cs and 
"Sr. 

11. WORK DESCRIPTION 

The two grouts studied were made from the two 
different surrogate sludges listed in Table 1, each being a 
complex mixture of several compounds, including RCRA 
metals, process metal compounds, salts, organics, and 
water. The main ingredients were water, sodium nitrate, 
calcium carbonate, uranyl nitrate, sodium phosphate, and 
thorium nitrate. The surrogate wet sludges were prepared 
from reagent-grade chemicals to chemically match the 
weighted average composition calculated from tank sludge 
characterization data. The chemicals were allowed to 
hydrolyze by mixing with the recipe water for at least 
20 min. 

The dry blends that were mixed with the surrogate wet 
sludge to make the grouts consisted of the following dry 
powders: (1) ground granulated blast furnace slag (slag) 
with a Blaine fineness of 6220 cmz/g from the Koch 
Minerals Co., (2) Type 1-11 Portland cement (cement) from 
the Dixie Cement Co., (3) Class F fly ash (fly ash) from 
the American Fly Ash Co., (4) Grade H-200 perlite from 
the Harborlite Corp. (perlite), and (5) IRPC from the 

Table 1 .  Composition of the sunogate sludges used in preparing grouts 

Surrogate Compositions (mgkg) 
Compound 

for Grout No. I for Grout No. 2 

CdO 

Na2Cr,0, * 2H20 

HgCl, 

PbO 

Se02 

TINO, 

ZnO 

AKOH), 

CaCO, 

Ca(OH), 

Fe,O, 

KNO, 

MgCQ 

MgO 

NaOH 

NaNO, 

NaNO: 

NaBr 

NaCl 

NaF 

Na,SO, 

Na,PO, ' 12H,O 

SiO, 

Sr(NOA 

Th(N0,). . 4H10 

UOI(N0,)2 ' 6H:O 

Calcium Oxalate 

Tributylphosphate 

Subtotal 

Compounds, wt % 

RCRA Metals 

7 

17 

677 

83 

586 

26 

15 

458 

Process Metals, Salts, and Organics 

2 1,077 

80,883 

4,261 

5,405 

22.845 

0 

10,943 

8,466 

112.938 

4,576 

250 

2,905 

1.315 

4.025 

34.845 

10.586 

410 

25.023 

47.012 

1,444 

9.685 

410,765 

41.1 

19 

23 

255 

40 

296 

66 

21 

0 

9,883 

66.5 17 

22,104 

2.000 

37,821 

3.286 

12.577 

0 

278.665 

0 

0 

4.329 

I .427 

2,707 

0 

0 

369 

14.1 14 

24.422 

0 

0 

480.940 

48. I 

Added water. wt % 58.9 51.9 



American Art Clay Co. The dry blends were blended for 
2 h in an 8-qt twin-shell blender (or V-blender) from the 
Patterson-Kelley Co. 

Table 2 lists the standard dry blend recipe used for 
both grouts. To test the effect of IRPC on leachability, dry 
blends were also made with 0 and 15 wt % IRPC, altering 
the fly ash content to compensate for the IRPC changes 
and keeping the other components constant. The effect of 
CST was tested by substituting it for IRF’C in the standard 
dry blend. 

Table 2. Standard dry blend composition for both grouts 

Ingredient wt % in Dry Blend 

samples were cylinders measuring 2.5 cm in diameter by 
about 4.6 cm high. The dimensions of each cylinder were 
measured after the 28-d cure and leached in a volume (mL) 
of deionized water equal to 10 times the geometric 
cylinder surface area (cm’). The concentrations of the 
137Cs and %r in the leachates were measured by gamma 
spectroscopy using a germanium detector with an 
efficiency of 10% and a background of 30 counts per 
1000 s or 0.03 counts per second (cps). After a 30-s rinse, 
the leachates were changed at cumulative times of 1,2, 3, 
4, and 7 d. The effective diffusion coefficient was 
estimated from the cumulative fraction leached with time, 
assuming-diffusion controlled leaching. The leachability 
index is the negative of the logarithm of the effective 
diffusion coefficient. 

Slag 33 

Cement 20 

Fly ash 19 

Perlite 20 

IRPC 8 

Grout No. 1 was used to vary the IRPC content and 
was made with 60 wt % of the first surrogate wet sludge 
and 40 wt % dry blend. Grout No. 2 was used to 
substitute CST for IRPC and was made with 55 wt % of 
the second surrogate sludge and 45 wt % dry blend. 

The grouts were mixed in a Model N-50 Hobart mixer 
using a flat blade. The surrogate wet sludge was added to 
the Hobart bowl first. Next, the dry blend was added to 
the sludge while mixing on low speed (30-60 s). The 
grout was then mixed on low speed for 2 min and medium 
speed for 2 min, cast into containers or molds for 
performance testing, and cured. The procedure for spiking 
with radionuclides for making leach samples consisted of 
adding the spike to the wet sludge in the Hobart bowl, 
mixing on low speed for 20 min, and then adding the dry 
blend using the above procedure. 

The freshly made grout was stored in a humidity 
cabinet and cured in a humid environment at room 
temperature for 28 d prior to leach testing. 

For the leachability determination, a semidynamic 
leach test was performed using a modification of the 
ANSUANS-16.1 test.” (In a semidynamic test, the 
samples remain quiescent in the leachate for a set time 
interval and are then moved to a fresh leachate at zero 
concentration for the next time interval.) The grout 

- 111. RESULTS 

Figures 1 and 2 illustrate the effect of increasing IRPC 
in the dry blend (wt % IRPC) on the leach curves for L37Cs 
and ‘%r. Obviously, adding IRPC to the dry blend 
significantly improves the 137Cs leach resistance of the 
grout from the waste form, but it has little or no impact on 
the 85Sr leach resistance. Note that the cumulative fraction 
leached for the %r (Fig. 2) is comparable with that for 
‘37Cs with IRPC (Fig. l), indicating that this grout 
effectively stabilizes ”Sr without the need for a special 
stabilizing agent, such as IRPC for 137Cs. 

Figures 3 and 4 illustrate the effect of substituting 
CST for IRPC in the dry blend (at 8 wt % in the dry blend) 
on the leach curves for 137Cs and ‘%r. Obviously, 
substituting CST for IRPC in the dry blend significantly 
improved both the ‘37Cs and ”Sr leach resistance of the 
waste form. 

These leach curves were evaluated by the N E i a O X  
code to obtain the best parameter value (“effective 
diffusion coefficient”) to fit the solution of Fick’s second 
law of diffusion for a cylinder with uniform concentration 
in a leachant with zero c~ncentration.”-’~ The negative 
logarithms of these parameters (cm2/s) gave the figure of 
merit leachability index for comparison of leachability as a 
function of the special sorptive agent content in the dry 
blend. Table 3 lists the effective diffusion coefficients and 
leachability indexes estimated for the leach curves 
illustrated in Figs. 1-4. 

The calculated ‘37Cs leachability indices were 8.2, 11, 
and 12 for 0,8, and 15 wt % IRPC in the dry blend, 
respectively. The calculated ”Sr leachability indices were 
10 for all three dry blends, regardless of the IRPC content. 
Thus, adding IRPC to the dry blend increases the I3’Cs 
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leach resistance by about three orders of magnitude 
(effective diffusion coefficient basis) while having little or 
no effect on the %r leach resistance. The grout was quite 
resistant to 85Sr leaching, even without interaction with 
IRPC, as indicated by a leachability index of about 10. 
This represents a leach resistance four orders of magnitude 
(effective diffusion coefficient basis) greater than the 
recommended NI2C index of 6.0. 

Further increasing the IRPC content in the dry blend 
was not as dramatic but can result in another order-of- 
magnitude improvement in the effective diffusion 
coefficient. On the other hand, substituting CST for IRPC 
in the dry blend not only improved the 137Cs leach 
resistance by an about order of magnitude (effective 
diffusion coefficient basis) but also improved the "Sr leach 
resistance by about two orders of magnitude, confuming 
that CST was also effective at sorbing "Sr. 

Table 3. Effective diffusion coefficients and leachability 
indexes estimated from the leach curves 

Special Effective Diffusion Leachability 
Sorptive Coefficient (cm2/s) Index 

Grout Agent in . 

No. Dry 137cs *'Sr '"Cs *%r 
Blend 

Grout 
No. I 

5.9Ge-09 1.08e-IO 8.2 10.0 
5.85e-09 1.17e-10 8.2 9.9 

None , 5.64e-09 6.79e-I 1 8.2 10.2 
G.50e-09 1.08e-10 8.2 10.0 
7.41e-12 9.47e-I 1 11.1 10.0 

8wt% l.0le-I1 8.31e-ll 11.0 10.1 
IRPC 5.73e-12 7.34e-11 11.2 10.1 

1.26e- 12 1.04e- I O  1 1.9 10.0 
15 wt% 1.22~-12 1.18e-IO 11.9 9.9 

lRPC 8.44e-13 1.15e-10 12.1 9.9 
I 1.31e-10 3.17e-IO 9.9 9.5 

wt% 1.22e-IO 2.94e-10 9.9 9.5 
1.17e-IO 2.48e-10 9.9 9.6 

IRPC 
Grout 
No. 2 3.65e-12 1.4Ge-12 11.4 11.8 

8wtyo 8.92e-12 1.99e-12 11.0 11.7 
1.83e-12 8.51e-13 11.7 12.1 

CST 

IV. SUMMARY AND CONCLUSIONS 

In conclusion, the addition of IRPC to the dry blend 
obviously greatly improves the '37Cs leach resistance of the 
resulting grout by approximately three orders of magnitude 
but has little or no effect on the "Sr leach resistance. 
Increasing the dry blend IRPC from 8 to 15 wt % may 

account for the difference observed in the earlier work, but 
it is not clear that the improved leach resistance is worth 
increasing the IRF'C from 8 wt % to 15 wt %. The leach 
resistance recommended by the Nuclear Regulatory 
Commission (leachability index of 6.0) was exceeded by 
several orders of magnitude, even without IRPC. The 
8 wt % IRPC bare waste form exceeds, by an order of 
magnitude, the leach resistance required by typical 
conservative performance assessment calculations that 
include engineered barriers (typically leachability index 
>lo). The value of increasing the leach resistance even 
more, by increasing-the IRPC content or substituting CST, 
must be evaluated on a case-by-case basis, including the 
economics. (IRPC is the most expensive ingredient in this 
dry blend, and CST is more expensive than IRPC.) 

ACKNOWLEDGMENTS 

The author gratefully acknowledges the support of 
Cavanaugh Mims and Gary Riner of the U.S. Department 
of Energy-Oak Ridge Operations; Bill Holtzscheiter and 
John Plodinec of the Tanks Focus Area; and the technical 
and experimental support of Debbie Bostick, Mike 
Burgess, Bing Bing Guo, Ric Hobson, and Russ Trotter of 
Oak Ridge National Laboratory. 

REFERENCES 

1. J. G. Moore, H. W. Godbee, and A. H. Kibbey, 
Development of Cementitious Grouts for the 
incorporation of Radioactive Wastes. Part I: Leach 
Studies, ORNL-4962, Oak Ridge National Laboratory, 
(August 1975). 

2. J. G. Moore, Development of Cementitious Grouts for 
the Incorporation of Radioactive Wastes. Part 2: 
Continuation of Cesium and Strontium Leach Studies, 
ORNL-5 142, Oak Ridge National Laboratory 
(September 1976). 

3. T. M. Gilliam and J. A. Loflin, Leachability Studies of 
Hydrofracture Grouts, ORNL/TM-9879, Oak Ridge 
National Laboratory (November 1986). 

4. T. Tamura, "Cesium Sorption Reactions as Indicator 
of Clay Mineral Structures," Clays Clay Minerals, 
Proc. Natl. Con$ Clays Clay Minerals, 10,389-398 
(1961). 

5. T. Tamura, "Cesium Sorption Reactions as Indicator 
of Clay Mineral Structures," Intern. Clay Conf, Proc. 
Con$ Stockholm, 1,229-237 (1963). 



6. J. L. Collins, B. Z. Egan, K. K. Anderson, C. W. 
Chase, J. E. Mrochek, J. T. Bell, G. E. Jernigan, 
Evaluation of Selected Ion Exchangers for the 
Removal of Cesium fiom MVST W-25 Supernate, 
ORNL/TM-12938 (April 1995). 

7. D. D. Lee, J. R. Travis, andM. R. Gibson, “Hot 
Demonstration of Proposed Commercial Nuclide 
Removal Technology,” pp. 3.11-3.17, Proceedings of 
the Efficient Separations and Processing Crosscutting 
Program 1997 Technical Exchange Meeting, 
Gaithersburg, Md. (1 997). 

8. R. T. Jubin, D. D. Lee, E. C. Beahm, J. L. Collins, D. 
J. Davidson, B. Z. Egan, A. J. Mattus, and J. F. 
Walker, Jr., “Tank Waste Treatment R&D Activities at 
Oak Ridge National Laboratory,” Workshop on Long- 
Lived Radionuclide Chemistry in Nuclear Waste 
Treatment, Avignon, France (1997). 

9. D. D. Lee, J. F. Walker, Jr., and P. A. Taylor, “Cesium 
Removal Flow Studies using Ion Exchange,” National 
Spring Meeting and Petrochemical Exposition of the 
AIChE, Houston, Tx. (1997). 

10. D. D. Lee, J. R. Travis, and M. R. Gibson, 
“Demonstration of Proposed Commercial Radioactive 
Cesium Removal Technology using Actual Waste,” 
Spring National Meeting of the American Chemical 
Society, New Orleans, La., 941 (1996). 

I I .  D. D. Lee and J. R. Travis, “Hot Demonstration of 
Proposed Commercial Nuclide Removal Technology,” 
Efficient Separations and Processing Crosscutting 
Program 1996 Technical Meeting, Gaithersburg, Md. 
(1995). 

12. American Nuclear Society, Measurement of the 
Leachability of Solidified Low-Level Radioactive 
Wnstes by a Short-Term Test Procedure, ANSIIANS- 
16.1-1996 (1996). 

13. H. W. Godbee, J. E. Mrochek, C. W. Nestor, Jr., and 
0. U. Anders, “Application of the NEWBOX 
Computer Program to an Analysis of the Leaching 
Data for Several Alkali Metals and Phenol from 
Cementitious Waste Forms,” presented at the 
Symposium for the Division of Environmental 
Chemistry at the 1971h ACS Meeting, Dallas, 
April 9-14, 1989. 

14. C. W. Nestor, Jr., H. W. Godbee, andD. S .  Joy, 
NEWBOX A Computer Program for Parameter 
Estimation in Difusion Problems, ORNL/TM- 1 09 1 0 
(in preparation). 

15. H. W. Godbee, A. L. Rivera, J. L. Kasten, R. L. Jolley, 
and 0. U. Anders, “Chapter 13 Waste Confinement 
Systems and Waste-Form Durability,” pp. 125- 14 1, 
Egective and Safe Waste Management Inter$acing 
Sciences and Engineering with Monitoring and Risk 
Analysis, R. L. Jolley and R. G. M. Wang, Lewis 
Publishers, Boca Raton, Fla. (1 993). 

16. R. D. Spence, H. W. Godbee, 0. K. Tallent, and C. W. 
Nestor, Jr., “Interpretation of Leaching Data for 
Cementitious Waste Forms using Analytical Solutions 
Based on Mass Transport Theory and Empiricism,” 
Chapter 14, pp. 143-61 in Efiective and Safe Waste 
Management Intei$acing Sciences and Engineering 
with Monitoring and Risk Analysis, R. L. Jolley and 
R. G. M. Wang, Lewis Publishers, Boca Raton, Fla. 
(1993). 


