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Task Description 
A new class of inorganic ion exchangers called crys-
talline silicotitanates (CST) has been developed that 
exhibits very high selectivity for cesium and stron-
tium in the highly alkaline radioactive wastes at the 
Hanford Site and other DOE sites. Tests have also 
shown that CSTs have high selectivity for cesium in 
acidic and neutral solutions. The ESP is supporting 
an effort at Sandia National Laboratories and Texas 
A&M University-to further develop and characterize 
the important chemical and physical properties that 
will determine the applicability of CST to radioactive 
waste treatment at Hanford and other DOE facilities. 

Technology Needs 
In March 1994, a Cooperative Research and Develop-
ment Agreement (CRADA) was executed with UOP 
Molecular Sieves, Mt. Laurel, New Jersey, to scale 
up the synthesis of CST and convert the fine powder 
into an engineered form. UOP prepared a 1800-lb 
batch of CST powder in September 1994 that is com-
mercially available as -UOP IONSIV®IE-910. During 
the past year, the main CRADA goal has been to con-
vert the fine CST powder into an engineered form, 
called IONSIV®IE-911, suitable for use in ion 
exchange columns in highly alkaline conditions 
such as those found at Hanford, Oak Ridge National 
Laboratory (ORNL), and Savannah River. 

Sandia and UOP obtained guidance on the required 
performance characteristics of the engineered form 

from Westinghouse Hanford Company (WHC) and 
Pacific Northwest National Laboratory (PNNL). 
Based on this input, the design basis is high capacity 
for cesium and strontium, a particle size in the -30 to 
+ 60 mesh range, and-hydraulic properties and attri-
tion resistance comparable or superior to IONSIV® 
TIE-96. 

Technical Approach 
The experimental approach to characterize CST 
materials has been to measure batch distribution 
coefficients (Kd, mL/g) under conditions that simu-
late potential processing conditions. Extensive work 
has been conducted on W-27 simulants from ORNL, 
double-shell slurry feed-5 (DSSF-5) from Hanford, 
THOREX wash solutions from West Valley Nuclear 
Services, Inc., and groundwater from Idaho National 

• Engineering Laboratory's (INEL) Test Area North 
(TAN). A typical Kd measurement would involve 
contacting 0.10 g of CST with 10 mL of the simulant 
for 24 hours with gentle agitation at ambient tem-
perature. Batch kinetic Kd measurements were made 
on developmental engineered forms with contact 
times ranging from 20 minutes to 72 hours. After 
filtration and sample preparation, nonradioactive 
cesium and strontium concentrations are measured 
to part-per-billion levels using inductively coupled 
plasma/mass spectroscopy. 

Attrition resistance was measured by the standard 
UOP industrial shaker test on fresh samples and those 
exposed to a waste simulant for 7 days at ambient 
temperature. The best materials were tested under 
flow conditions in a 1-cm-diameter column with flow 
rates of 1 to 3 column volumes (CV) per hour. 

1 This work was supported by the U.S. Department of Energy at Sandia National Laboratories under Contract 
DE-AC04-94AL85000. 
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Samples were collected until at least the 70% break-
through point was achieved. No shrinkage, swelling, 
gas evolution, or void formation was observed in the 
IONSIV® IE-911. 

Accomplishments 
Batch tests with the West Valley THOREX solutions 
(0.9 AfNa+, pH 12) and a developmental IONSIV® 
IE-911 resulted in Kd values of >10,000 mL/g. A col-
umn test with-a flow rate of 0.8 CV/h was conducted 
at Sandia with simulated waste, and no cesium was 
measured up to 450 CV. Based on these results, an 
actual waste test was conducted at West Valley. The 
test lasted 14 days and 225 CV of waste was treated 
at 10°C at an average flow rate of 0.65 CV/h. A 
decontamination factor (DF) of 106 was measured for 
cesium, 104 for strontium, and 100 for both uranium 
and plutonium. As expected, anionic technetium was 
not retained by the CST. 

Batch tests with ORNL W-27 simulant (4.77 M Na+, 
4.85 M NO3-, pH = 12.5) were conducted with devel-
opmental IONSIV® IE-911 materials. Kd values of 
530 mL/g were measured and Lot 38 B was selected 
for column tests. A 1-cm-diameter x 10-cm-long col-
umn was tested with W-27 simulant at a flow rate of 
3 CV/h. Cesium concentrations were measured and 
the 50% breakthrough volume was found to be 500 CV, 
which was in good agreement with that predicted 
from the batch Kd measurement. A test using W-27 
actual waste was conducted at ORNL using a 1 cm 
(d) x 6 cm (1) column containing 10 g of Lot 38B, 
and the 50% breakthrough point was determined to 
be 350 CV. Analysis of the W-27 waste revealed a 
pH of 12.8 and a slightly higher Na+ and N03" con-
centration than that used in the simulant test. The 
Texas A&M ion exchange model predicts these com-
positional changes would decrease the Kd about 30%. 
Hence, there is good agreement between the actual 
waste and simulant tests. Detailed W-27 waste test 
results will be presented by ORNL. 

Extensive testing has been conducted on IONSIV® 
IE-911, Lot 38B, in DSSF-5 solutions. Average Kd 

measurements are about 500 mL/g. These data have 
been used by UOP to further the development of 
IONSIV® IE-911. A column experiment at 3.75 CV/h 
with 10 ppm cesium indicated a 50% breakthrough 
point of 500 CV. Detailed test results will be reported 
by PNNL. Development of IONSIV® IE-911 has con-
tinued at UOP since the preparation of lab sample 
Lot 38B. Improved kinetics and capacity have been 
achieved and the most recent data will'be presented. 

Tests to remove cesium and strontium from ground-
water simulating that found at INEL's TAN have 
been conducted using IONSIV® IE-911 Lot 38 B. 
The composition is about 450 ppm dissolved solids 
with significant concentrations of Na+, Ca2+, Mg2+, 
Sr2*, Cl", S04

2- and HC03\ Batch Kds of>104 mL/g 
for cesium and 2 x 105 mL/g for strontium were 
measured. A column test was conducted at 10 CV/h 
to 4550 CV. During the test, no cesium breakthrough 
and only slight strontium breakthrough was measured. 
The DF for cesium was >500 and strontium was 
>1600. 

Samples of IONSIV® IE-910 and IONSIV® IE-911 
were loaded with cesium and irradiated to 108 and 
109 Rads (Si) under a range of test solutions and con-
ditions. The samples were examined by X-ray dif-
fraction, and cesium concentrations were measured 
in solution. Preliminary conclusions are that no 
significant degradation was observed under all 
test conditions. 

A thermodynamic equilibrium model that estimates 
cesium Kd has been developed for solutions with 
pH >1 to <14. The model includes the competitive 
exchange of H+, Na+, K+, Rb+ and Cs+. Distribution 
coefficients estimated by the model for Hanford, 
ORNL, and other waste simulants such as DSSF, 
neutral current acid waste, and W-27 correspond with 
experimental data within 10%. This model will find 
use in anticipating changes in ion exchange per-
formance as solution parameters change. A model 
to predict the breakthrough behavior of ion exchange 
columns is being developed and applied to estimate 
the effect of flow rate on W-27 wastes at ORNL. 
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Benefits 
Based on these and other test results, IONSIV® 
IE-911 has many potential benefits over competing 
ion exchangers. It has high capacity for cesium over 
a pH range from 14 to 0 and excellent capacity for 
strontium over a pH range from 14 to neutral. The 
kinetics are very good at 3 CV/h and will be evaluated 
at higher flow rates as development continues. Because 
it is nonregenerable and would be used once, signifi-
cant cost savings will be possible due to less complex 
processing equipment and a smaller facility. 

The cesium-loaded exchanger has excellent radiation 
stability to 109 Rads (Si) and studies are in progress 
to assess its use as a potential cesium interim or final 
waste form. Direct incorporation into glass appears 
to be feasible based on PNNL tests that show the his-
torical 1% Ti02 in glass limit is very conservative 
and Ti02 concentrations up to 5% or higher are pos-
sible. Commercial samples of IONSIV® IE-911 will 
be available early in 1996 to confirm these test results 
with actual wastes at the various DOE facilities. 

Technology Transfer/Collaboration 
UOP Molecular Sieves 
Texas A&M University 
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