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ABSTRACT 
Crystalline silicotitanate (CST) is a highly specific ion exchange material for cesium. In 
particular, CST has been successfully demonstrated with, both simulants and actual 
supernates from Savannah River and Hanford tank wastes. As a disposal option, 
vitrification of the cesium-loaded CST coupled with High-Level Waste (HLW) has been 
proposed. However, the CST sorbent contains significant quantities of titanium which 
historically have been difficult to incorporate into the-- glass structure. Therefore, 
nonradioactive tests using CST coupled with simulated HLW were performed to develop 
a glass formulation that would be both'processable and durable. The results of the 
simulated crucible melts were verified using radioactive waste and cesium-loaded CST. 
This paper will detail the results of the formulation efforts. 

INTRODUCTION 
An alternative to the In-Tank Precipitation (lTP) and sodium titanate processes at the 
Savannah River Site (SRS) is the removal of cesium, strontium and plutonium from the 
tank supernate by ion exchange using crystalline silicotitanate (CST). CST was developed 
jointly by Sandia National Laboratory and Texas A&M. The engineered form of this 
material was developed through a CRADA with UOP. Both the engineered and 
powdered form are now commercially available. This inorganic sorbent has been shown 
to effectively separate cesium (and strontium) from tank supernates containing high 
amounts of sodium and potassium.' 

One option for disposal of the loaded CST is immobilization with High-Level Waste 
(HLW) sludge during vitrification. Because of the composition of the CST, concerns 
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exist that some of the minor component (such as titania) solubility limits in the melt may 
be exceeded at higher CST loadings. The CST loading required in the glass is a function 
of the amount of cesium that can be sorbed by the CST. Therefore variable CST 
loadings, probpbly between 5 and 10 wt%, may be required? These CST loadings 
correspond to a titania content which exceeds the current limit of 1 wt% in HLW glass 
produced at the Defense Waste Processing Facility (DWPF). Therefore, a new glass 
formulation for HLW coupled with CST had to be developed. 

Batch 1 Blend Purex m- 
6.85 5.81 1 4.72 10.2 

Crucible tests with simulated sludge and unloaded CST focused on glass formulations 
with approximately 5 wt% CST. Additional tests were also performed to try to maximize 
the CST loadings. In each case, the sludge loadings were around 28 wt% sludge oxides 
in the glass. The results of the glass fo'rmulation efforts are presented in this paper. 

5 

Ca 2.09 1.69 2.47 1.15 
, Fe 27.6 22.3 27.7 14.6 

EXPERIMJXNTAL PROCEDURE 
Scoping studies were performed using simulated sludge and unloaded CST. The 
composition of the Batch 1 sludge that was used during the scoping studies is provided in 
Table 1. These studies were performed to determine the type and amount of reagent 
grade chemicals that would be required to produce a durable glass with the appropriate 
liquidus and viscosity processing properties. The samples were thoroughly mixed and 
then vitrified in platinum crucibles. After approximately four hours at Y150°C, the 
glasses were removed from the furnace and either air cooled to room temperature, or slow 
cooled to room temperature following the DWPF canister centerline cooling regime? 
(The DWPF canister centerline cooling regime is an extremely slow cooling rate that is 
essentially equivalent to the slowest cooling rate experienced in a DWPF canister.) A 
few of the glass samples were removed from the furnace and poured to determine the 
viscosity range of the glass. 

. 

Table 1 - Major Elemental Composition of the Tested Simulated DWPF Sludge 
(in weight % elemental) 

Mg 
Mn 
Na 
Si 

l.35 0.20 0.27 0.32 
. 2.92 5.36 5.76 4.96 

6.90 6.34 3.91 7.74 
,' 0.94 2.16 1.28 3.48 

. .  
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To determine the effects of sIudge composition on the glass formulation, studies were 
performed with three additional sludge-types: Blend, Purex and HM. The compositions 
of these sludges is also shown in Table 1. Blend is a hypothetical combination of the 
sludge in all of the SRS waste tanks. Purex is a high-iron sludge that when vitrified with 
frit'has a lower viscosity. HM is a high-aluminum sludge that has a higher viscosity 
when vitrified. Crucible studies were performed with each of these sludges. - 

After the glasses had completely cooled, they were removed from the crucible and 
' analyzed. The density of the glass was measured by buoyancy in water, similar to the 

method described in ASTM C-693. Samples of the ground glass were dissolved and 
characterized to determine the chemical composition. The samples were dissolved by 
both sodium peroxide fusion and HFIHCl/HNO3 acids. The resulting solutions were 
analyzed by Inductively Coupled Plasma Excitation Spectroscopy and Atomic Absorption 
Spectroscopy. The crystalline content of the glass was measured by X-Ray Diffraction 
(XRD), and the durability of the glass was determined by the Product Consistency Test 
(PCT)? The PCT is a crushed glass leach test that measures the releases of several 
elements from the glass at 90°C in ASTM Type 1 water over a period of 7 days. The 
elemental releases are used along with the composition of the glass to calculate the 
average normalized release for boron, sodium and lithium. The leachate pH is measured 
as part of the PCT protocol and provides a secondary indication of glass durability. 

After a glass formulation was developed , using simulants, a confirmation test Was 
performed using radioactive sludge and Cs-loaded CST. This testing occurred in the 
Shielded Cells facility of the Savannah River Technology Center. Using radioactive 
sludge from SRS Tank 51, loaded CST from testing performed at Oak Ridge, and. 
reagent-grade gIass-forming chemicals, a crucible melt .was performed at a waste loading 
of 28 wt% sludge oxides and 5 wt% CST. 

RESULTS AND DISCUSSION 

Scoping Studies 
Scoping studies were performed to determine the type and amount of chernicaIs to 
combine with the nonradioactive sludge' and unloaded CST to form a glass. Both the 
sludge and CST loadings were varied but the sludge loadings were kept close to the target 
loading of 28 wt% sludge oxides. The sludge used for this testing was Batch 1 sludge, 
whose composition is given in Table 1. Table 2 shows a sample of the waste loadings 
that were examined. Each of these samples represent a different glass composition. 
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Table 2 - Waste Loadings Tested during Scoping Studies 

All of the samples listed in Table 2 were analyzed by XRD to determine the type of 
crystals, if any, that were present in the glass. Two samples (numbers 7 and 10) 
contained trace amounts of crystals. Since crystallization can affect the durability of the 
glass, all ten of the g l k  samples were subjected to the PCT. Each sample was 
performed in triplicate and each test included the appropriate blanks and standards. The 
results of the standards and blanks indicated that the tests were acceptable. 

The average releases of several elements were used along with the composition of the 
glass to calculate the average normalized release for boron, sodium and lithium. Table 3 
presents the normalized PCT results for the glasses listed in Table 2, along with the 
accepted values for the Environmental Assessment (EA) glass.' The HLW acceptance 
criteria states that any glass produced must be at least two standard deviations below the 
results for the EA glass in order to be considered acceptable. Therefore, all of these 
glasses can be considered durable. The results shown in Table 3 also indicate that the 
crystals detected in the two samples did not alff.ct the glks durability. 

b 
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Table 3 - PCT Results (in g/L) during Scoping Studies 

Sludge Variation Studies 
After the successful demonstration of a glass formulation using Batch 1 sludge, it was 
decided to test the formulation to variations in the sludge composition. To accomplish 
this, three SRS hypothetical compositions (Blend, Purex and HM) were studied. Purex 
(high iron) and HM (high aluminum) are extremes in composition, while Blend is an 
overall average sludge composition. 

During the sludge variation studies, CST loadings of 5,7.5 and 10 wt% were tested with ’ 
each sludge type using the previously developed frit composition. Table 4 provides the 
PCT measured boron release for each of the tested glasses, along with the measured 
density of each glass sample. 

Table 4 - Sludge Variation PCT and Density Results 
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Each of the glasses was significantly more durable than the EA glass, which is shown in 
Table 3. In addition to this frit composition, several additional frit compositions were 
tested with the thcee sludge types to provide comparison information. All of the tested 
frit compositions had acceptable durabilities but some of the additional compositions did 
not have acceptable processing properties (viscosity and liquidus). 

The current work is focusing on more detailed determinations of the viscosity and 
liquidus properties. Previously, only quick determinations of the viscosity (by pouring 
the glass from the crucible) and the liquidus (by limited heat treatments) were made. 
These studies will measure the viscosity of the glass using a bushing melter. A better 
estimate of the liquidus will be determined by performing several heat treatments at 
different temperatures for various times. 

Radioactive Demonstration 
Based on the results of the nonradioactive glass formulation development work, a waste 
loading of 28 wt% sludge oxides and 5 wt% CST was chosen for the radioactive 
demonstration. The radioactive demonstration used actual sludge from SRS Tank 51 (the 
composition is given in Table 5), along with Cs-loaded CST from a demonstration at the 
Oak Ridge National Laboratory. The appropriate glass-forming chemicals were 
thoroughly combined with the radioactive sludge and CST, poured into a platinum 
crucible, and then vitrified in a muffle furnace. 

Table 5 - Major Elemental Composition of Radioactive DWPF Sludge 

After approximately four hours at the melt temperature of 1150°C, the crucible was 
removed from the muffle furnace and the glass poured into a stainless steel pan. There 
were no visible differences between the radioactive and nonradioactive glasses. The glass 
poured easily from the crucible and was in the same viscosity range as the nonradioactive 
glass sample, indicating that it would be acceptable in the DWPF melter. Durability tests 
on the glass are in progress, but they are expected' to yieId results similar to the simulant 
testing. 
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CONCLUSIONS 
A glass formulation was developed using nonradioactiye sludge and unloaded CST. The 
resulting glass was more durable than the HLW EA glass, thus meeting the criteria of the 
Waste Acceptance Product Specifications (WAPS).  The glass, also had viscosity and 
liquidus properties within the acceptable processing ranges. The‘ radioactive 
demonstration of this formulation’ using Tank 51 sludge and Cs-loaded CST suqcessfully 
incorporated 28 wt% sludge oxides and 5 wt% CST. 
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