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ABSTRACT 

A grout based on portland cement, Class F fly ash, and bentonite clay was developed as 
part of the closure system of shallow subsurface structures for disposal of low-activity 
radioactive wastes. Heat output, volume change, and compressive strength of the sealing 
grout were monitored with time, at elevated temperature, and in physical models, to 
determine if this closure grout could maintain adequate volume stability and other required 
physical properties in the internal environment of the disposal structure. 

To determine if contact with an alkaline liquid waste would cause chemical deterioration 
of the sealing grout, cured specimens were immersed in a liquid waste simulant containing 
high concentrations of sodium and aluminum salts. Over a period of 21 days at 60 °C, 
specimens increased in mass without significant changes in volume. X-ray diffraction of 
reacted specimens revealed crystallization of sodium aluminum silicate hydrate. 

The new phase has an X-ray diffraction pattern similar to that of the commercial 
synthetic zeolite, Losod. Scanning electron microscopy used with X-ray fluorescence showed 
that clusters of this phase had formed in grout pores, to increase grout density and decrease 
its effective porosity. The testing was repeated at 100 °C for 5 days using a simulant 
containing sodium hydroxide and aluminum nitrate and the results were similar. Physical 
and chemical tests collectively indicate acceptable performance of this grout as a seal-system 
component. 

INTRODUCTION 

Tests of the effect of alkaline wastes on a portland-cement based grout were undertaken 
as part of a research program on development of sealing grouts for the DOE Hanford Grout 
Vault Program. 1" 3 The grouts were developed to provide stable, cemented layers that fill the 
void between the top of the wasteform grout and the precast reinforced concrete panels that 
form the lid of the vault. This material was not designed specifically to serve in contact with 
the liquid waste. However, to establish what effect such an event would have on the 
performance of the void-filling grout, samples of cured grout were exposed to simulated 
liquid wastes under temperature conditions similar to those expected within the vaults. 

After initial tests showed that the grout interacted chemically with simulated 106-AN 
liquid waste (Table 1) exposure tests were repeated using a solution containing only sodium 
hydroxide and aluminum nitrate. The second series of tests demonstrated the causes of 
reactions that alter grout properties. These investigations allow prediction of the effects on 
the containment system of free waste liquid within the sealed vault. 
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Table 1 
Formulation of Simulated Waste Liquid 106-AN* 

Compound 
Quantity (gm) required 

to make 1 liter 

A1(N0 3) 3 • 9H 20 
N a 2 S 0 4 

NaCl 
NaF 

Ca(N0 3 ) 2 •4H 20 
N a 2 B 4 0 7 • 10H20 

Cu(N0 3 ) 2 •3H 20 
Fe(N0 3 ) 3 • 9H 20 
NaOH (50 mass % aqueous sol.) 
NaN0 3 

NaN0 2 

Na 2 C0 3 

HEDTA 
Na4EDTA 

Glycolic Acid (70 Mass % aqueous sol.) 
S i0 2 (30 mass % aqueous sol.) 
N a 3 P 0 4 - 1 2 H 2 0 
Na 3 C 4 H 5 Q 7 -2H 2 Q 

158.0 
4.40 
8.77 
0.34 
0.47 
0.19 
0.01 
0.08 

188.7 
2.30 

52.3 
40.5 

5.29 
1.83 
4.56 
0.04 

58.9 
8.8 

* Provided by Roger D. Spence, Oak Ridge National Laboratory. 

METHODS AND MATERIALS 

Grout Exposed to Simulated 106-AN Waste 

A simulated waste liquid was developed by Oak Ridge National Laboratory to duplicate 
the chemical characteristics of the contents of Tank 106-AN at the DOE Hanford 
Reservation. Constituents of this simulated waste are listed in Table 1. In preparing the 
simulant, all of the constituents except for the last two listed were dissolved in 600 ml of 
distilled water at 40 °C. The sodium citrate and sodium phosphate were dissolved in 100 ml 
of water and added to the 600-ml batch just prior to dilution to 1000 ml. 

Table 2 gives the formulation for the vault sealing grout developed at the WES and used 
in this test. Samples of hardened grout were sliced from test cylinders after moist curing at 
room temperature (23 °C) for 33 days. Each sample was a 10-mm thick wedge-shaped slice 
cut from a 100-mm-diameter disk trimmed from the test cylinder. The initial mass of each 
slice was approximately 10 g. 
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Table 2 
Quantities of Materials for 1 Cubic Meter of Grout 

Materials Weight (kg) 

Aggregate and mineral admixture 
Basalt sand 524.5 
Bentonite 24.0 

Cementitious Materials 
Class H Cement 160.2 
Class F Fly-Ash (8.3% CaO) 911.4 

Admixtures 
High Range Water Reducer (PSP powder)* 2.80 

Set Retarder (Placewell LS, liquid)** 523 ml 

Water/cementitious materials = 0.32 
* Prochem Technologies, Inc., Denver, CO 

** Custom Chemical Inc., Los Angeles, CA 

Grout samples were exposed to the simulated wastes by immersing each sample in 25 ml 
of liquid simulant in separate containers. The sealed containers were maintained at 60 °C 
and test samples were removed after 7, 14, and 21 days of exposure. Control samples were 
maintained in distilled water under identical conditions. At the end of each test period, four 
containers were opened and two experimental samples and two control samples were 
removed and washed with distilled water, dried and weighed prior to examination. 

Samples selected for examination using scanning electron microscopy (SEM) were 
vacuum-dried, fractured, and coated with a 15- to 20-nm thick layer of gold. The samples 
were examined using an Hitachi H2500 SEM (Hitachi of America, Mountain View, CA) 
equipped with a Princeton Gamma Tech energy dispersive X-ray analyzer (EDXA, Princeton 
Gamma-tech, Princeton. NJ). 

Samples selected for examination using X-ray diffraction analysis (XRD) were prepared 
by scraping grout from the outer 1-2 mm of the sample and gently breaking up the grout to 
separate the sand and paste. The samples were sieved to collect particles that passed a 
45-/xm screen. Diffractograms were prepared from packed powder samples using Ni-filtered 
Cu radiation on a Phillips PW-1800 XRD unit (Phillips Electronic Instruments Co., Mahwah, 
NJ). 

Grout Exposed to Sodium Hydroxide-Aluminum Nitrate Solution 

The exposure testing was repeated using a test solution that contained the concentrations 
of sodium hydroxide and aluminum nitrate shown in Table 1 but with all other constituents 
omitted. Grout cubes approximately 25 g in mass were exposed to the second test solution 
by sealing the samples in alkali-resistant containers and holding the containers at 100 °C for 
5 days. Identical control samples were maintained immersed in distilled water under similar 
conditions. The sample XRD and SEM procedures were used with the second sample set. 
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RESULTS 

All experimental grout samples showed the same effects from exposure to either the 
106-AN waste simulant or the sodium hydroxide-aluminum nitrate solution. All showed 
increases in mass. For the 10-g wedges, increases in mass averaged 12.5% over a 7-day 
period and 14.0% over a 21-day period. The 25-g cubic samples showed an average mass 
increase of 11.4% over 5 days. In both cases, the controls in distilled water showed minor 
(< 1%) losses in mass. No volume changes were noted for any of the samples. 

Examination of the samples with SEM showed extensive alteration with most obvious 
change occurring as glass spherules in the fly ash were converted to ball-like clusters of 
crystals. Figure 1 shows the grout prior to exposure. The grout has an open structure with 
fibrous and reticular networks of C-S-H, and glassy spherules have clean surfaces and little 
evidence of dissolution. Figure 2 show a sample after 14-day exposure to the 106-AN 
simulated waste. Note the ball-shaped clusters of crystals and the dense matrix. At 21 days, 
formation of this phase was so extensive that the ball-like clusters were less distinct 
(Figure 3). Chemical analyses obtained by EDXA showed characteristic lines for sodium, 
aluminum, and silicon in this newly formed phase. The XRD patterns showed that the phase 
forming in the exposure testing is a sodium aluminum silicate hydrate with a pattern similar 
to that of JPDF 31-1270, a commercial zeolite referred to as Losod. 

DISCUSSION 

The reaction of natural and synthetic glassy silicates with concentrated alkali solutions to 
form zeolites has been studied extensively.4 Reactions of alkali solutions with Class C and 
Class F fly ashes, and with portland cement, have shown that zeolites and C-S-H can form 
and exist together in the same system.5 The zeolite that formed in the present study, Losod, 
( N a ^ A l p S i ^ O ^ ' x H 2 0) was originally synthesized from reactions of aluminum and 
sodium-rfch solutions containing an organic catalyst, such as bispyrrolidinium.6 The work 
described here demonstrates that a low-sodium (Losod) zeolite can form in a glass-alkali 
reaction. 

In the investigation of the formation of Losod from solution it was found that the phase 
formed when Na/Al < 1 and the Si/Al « 1. The glass-to-zeolite transformation system may 
be able to satisfy these relationships in that the diffusion of sodium into the glass reduces its 
effective concentration during the time the glass-to-crystal change is occurring. The addition 
of the aluminum nitrate to the sodium hydroxide reaction solution would further reduce the 
sodium concentration and also increase the effective silicon-aluminum ratio. 

The reaction that forms Losod in hardened grout appears to proceed with the aluminum-
rich, alkali solution selectively dissolving the glass fraction of the fly ash in the hardened 
paste; then reprecipitating the silica as zeolite in the voids created by the dissolution and in 
the normal pore space present in the hardened grout. The end product of the reaction is 
Losod that fills the pore space in the cement paste and creates a solid mass between 
aggregate grains. The resulting mass appears to be denser and less permeable than the 
original grout, but the progress of the reaction as a replacement and a pore filler produces no 
major volume change. 

CONCLUSIONS 

Observations made on grout sample exposed to aluminum-rich alkali solutions used as 
waste simulants indicate that the interaction results in the formation of crystalline zeolite 
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Figure 1. SEM photomicrograph of 
fractured surface of the grout prior to 
exposure to waste simulant. 

Figure 2. SEM photomicrograph of 
fractured surface of the grout after 14 days 
of exposure to waste simulant, showing 
crystalline masses after fly ash. 

Figure 3. SEM photomicrograph of fractured 
surface of the grout after a 21-day immersion in 
AN-106 waste simulant. Note the dissolution of 
fly ash spherules. 
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phase similar to the commercial zeolite, Losod. The reaction appears to proceed with the 
dissolution of the glassy portion of the fly ash in the grout. The result of the interaction is 
the formation of a dense surface layer with reduced porosity. The grout acted as a chemical 
barrier in that it removed sodium and aluminum from the waste simulant and the properties 
that make it useful as a physical barrier appear to be improved. The containment provided 
by the grout layer may be improved, not compromised, by exposure to the wastes. 
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