
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

The Effect Of Carbonate, Oxalate, And Peroxide On The Cesium Loading
Of Ionsiv® Ie-910 And Ie-911
F. F. Fondeura; T. Hanga; D. D. Walkera; W. R. Wilmartha; S. D. Finka

a Savannah River Technology Center, Westinghouse Savannah River Company, Aiken, South Carolina,
USA

Online publication date: 07 September 2003

To cite this Article Fondeur, F. F. , Hang, T. , Walker, D. D. , Wilmarth, W. R. and Fink, S. D.(2003) 'The Effect Of
Carbonate, Oxalate, And Peroxide On The Cesium Loading Of Ionsiv® Ie-910 And Ie-911', Separation Science and
Technology, 38: 12, 3175 — 3188
To link to this Article: DOI: 10.1081/SS-120022592
URL: http://dx.doi.org/10.1081/SS-120022592

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-120022592
http://www.informaworld.com/terms-and-conditions-of-access.pdf


The Effect of Carbonate, Oxalate, and Peroxide
on the Cesium Loading of IONSIVw IE-910

and IE-911#

F. F. Fondeur, T. Hang, D. D. Walker,
W. R. Wilmarth,* and S. D. Fink

Savannah River Technology Center, Westinghouse Savannah

River Company, Aiken, South Carolina, USA

ABSTRACT

This study investigated the effect of salt solution chemistry on cesium

loading of IONSIVw IE-911 (UOP LLC, Des Plaines, IL). The Savannah

River Site (SRS) explored the use of this sorbent to remove cesium from

the 35-million gallons of nuclear waste—supernatant and salt cake—

stored on site. The proposed project has a cost estimated between $1.14 to

$1.35 billion. The U.S. Department of Energy identified this technology

as a backup in the Record of Decision.
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This study focused on salt solutions with different levels of carbonate,

oxalate, and peroxide. The experiments examined the influence of these

trace components on the performance of the sorbent, as even apparent

minor variances in performance can dramatically influence the life-cycle

cost of the project.

Cesium loading on IE-911 increased with carbonate content in the

simulated salt solution. Over the range of concentration (0 to 0.7 M)

expected in SRS waste, the cesium loading increased by 38%. The

variance likely results from a shift in sodium activity in the solution for

increasing carbonate concentration. Removing (0-M) oxalate from

simulated “average” salt solution had no effect on cesium loading.

Peroxide at 0.1 M decreased the cesium loading on IE-911 by 16%. The

expected peroxide concentration in average SRS waste is estimated as

2.6 £ 1026 M. At this concentration level, interpolation of the data

suggests no peroxide effect on cesium loading.

INTRODUCTION

More than 35-million gallons of liquid waste stored in carbon steel tanks

at the Savannah River Site (SRS) require treatment prior to final disposition.

The waste contains soluble radionuclides, in particular, cesium, along with

high concentrations of sodium and potassium. Cesium is the primary

radionuclide contributing to the activity of the liquid waste. Disposal of the

bulk of the liquid as low-level waste requires removal of the cesium, as well as

a large portion of the soluble actinides.

The SRS continues to examine two back-up processes for the removal of

cesium from high-level waste. One such process uses nonelutable ion

exchange with crystalline-silicotitanate (CST) particles as the ion-exchange

media.[1] The design disposes of the cesium-loaded CST by vitrification

within the Defense Waste Processing Facility. The sorbent, CST, derives from

the intensive research for a new class of ion exchangers by personnel at Sandia

National Labs (SNL) and Texas A&M University.[2 – 6] This material has

shown a large affinity for cesium even in the presence of high-sodium

concentrations.[7 – 11] Cesium exchanges with sodium ions residing inside the

CST particles. The CST is a fine powder and cannot be used in column

operations. UOP (Des Plaines, IL) developed a manufacturing process for an

engineered form of CST, designated as IONSIV IE-911 for use in fixed-bed

columns. The IONSIV IE-911 pellets are formed in a proprietary process that

combines the granular titanate—designed as IONSIV IE-910 by UOP—with a

binder. Column design requires knowledge of the equilibrium amount of

cesium that adsorbs on IE-911. The typical measure of sorption involves
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the distribution coefficient (Kd), or the weighted (i.e., volume of salt solution

per unit weight of solid) amount of adsorbed cesium relative to final salt

solution cesium concentration.

Kd ¼
ConcentrationInitial

ConcentrationFinal

2 1

� �
£

Volume of Salt solution

Dry Weight of CST
ð1Þ

The SRS produces and stores a variety of liquid wastes with significant

variation of composition. In addition, the highly caustic waste constantly

absorbs carbon dioxide from the atmosphere. Therefore, the ion-exchange

material, IONSIV IE-911, must remove cesium over a wide range of waste

chemistry. The chemical elements present in the waste that were not

previously tested for their effects on IONSIV IE-911 performance—at these

ranges—carbonate, oxalate, and the radiolysis byproduct, peroxide. (The

oxalate comes chiefly from previous additions of oxalic acid in various

cleaning operations, as well as from the radiolysis of carbonate ions.) At least

two possible mechanisms have been suggested that can affect cesium loading

on IE-911. For example, the presence of carbonate and oxalate ions can

perturb the ionic strength of the solution or they can absorb on (or surface

precipitate on) the surface of the IE-911 granules blocking the entrance to the

pores. In the case of peroxide, a possible reaction with titanium in IE-911 is

envisioned.[12] This study examined the rate of cesium removal and capacity

of IONSIV IE-911 in simulated wastes containing carbonate, oxalate, and

peroxide.

EXPERIMENTAL

Solubility Test

Before conducting the cesium-removal tests, we determined the

approximate solubility of sodium oxalate and sodium carbonate in waste

compositions of interest. Personnel prepared 1.0-L samples of “average” salt

solution (Table 1) with different amounts of sodium carbonate (corresponding

to 0.5-, 0.7-, and 1.0-molar concentration). When adding carbonate, they

deducted a proportional amount of nitrate to maintain electrical neutrality.

During preparation, we maintained the concentration of sodium 5.6 molar,

regardless of carbonate content. Personnel mixed the solution for 1 hour and

allowed the solution to equilibrate for 48 hours. They then mixed again for

another hour, filtered with a 0.2-micron filter, and analyzed a portion of the

solution for sodium, potassium, cesium, and all the anions. Researchers used
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a similar procedure to make solutions with sodium-oxalate concentrations of

0.01, 0.001, and 0.0001 M.

IE-911 Pretreatment

Personnel placed about 5 g of IE-911 in a glass column suspending

the sorbent on a mesh #2 filter. They passed distilled water in an up-flow

motion through the sorbent bed at 4 cm/min until all the fines suspended

above the bed disappeared. An additional 2-M sodium-hydroxide solution

passed in a down-flow motion at 4 cm/min until the equivalent of 40-bed

volumes flowed through the column. Finally, operators pumped distilled

water in a down-flow motion at 4 cm/min until the pH of the liquid exiting

the column fell within the range of 9 to 10. At this point, the bed was

permitted to drain and placed in a dessicator until the sorbent reached a

constant weight.

Simulated wastes were also prepared with 0- and 0.7-M sodium carbonate

in “average” salt solution containing no oxalate. Again, the solutions

Table 1. List of chemicals in average salt solution.

Chemical compound Concentration (M)

Naþ. . . 0.56 £ 101

Csþ. . . 0.14 £ 1023

Hþ. . . 0.524 £ 10214

Rbþ. . . 0.0

Kþ. . . 0.15 £ 1021

SrOHþ. . . 0.0

Sr2þ. . . 0.0

Ca2þ. . . 0.5 £ 1023

OH2. . . 0.19 £ 101

NO 2
3 . . . 0.218 £ 101

SO 22
4 . . . 0.15

Al(OH)42 0.31

CO 22
3 . . . 0.16

NO2
2 . . . 0.51

Cl2. . . 0.25 £ 1021

F2. . . 0.32 £ 1021

HPO 22
4 . . . 0.1 £ 1021

C2O 22
4 . . . 0.8 £ 1022
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contained a sodium molarity of 5.6 M. The ionic strength of the solutions

varied with the carbonate content, as indicated in Table 2.

Kd Test

Personnel placed about 0.1 g of pretreated IE-911 in 20 mL of solution

and shook at 150 rpm for a finite time in an orbital shaker. The operators

maintained the shaker temperature at 22 ^ 1.38C. At the end of the shaking

test, researchers filtered the slurry using a 0.02-micron filter, and the filtrate

was analyzed with a gamma spectrometer. The gamma-spectrometer response

proved linear over the 137Cs concentration range studied (Fig. 1). The limit of

detection (LOD) for the in-house gamma spectrometer equaled 2 £ 1026-M or

212-ppm cesium. The cesium concentrations always exceeded 212 ppm.

When determining cesium-removal efficiency, the investigators calcu-

lated the ratio of gamma counts for the initial (before contacting IE-911) and

final solution. Using eq. (1) provides a Kd value to gauge the effect of

carbonate, oxalate, and peroxide on cesium loading.

RESULTS AND DISCUSSION

Carbonate and Oxalate Solubility in Average Simulant

Sodium-carbonate solubility in “average” salt solution exceeded

1.0 molar. This may appear surprising since carbonates of alkaline metals,

like cesium, potassium, and sodium carbonate, have low-solubility constant in

water. Apparently, the large amount of free hydroxide stabilizes the

compounds in the liquid. Sodium oxalate proved soluble to 0.002 M.

Table 2. The ionic strength of the simulants studied.

CO 22
3 (M) C2O 22

4 (M) Ionic strength (M)

0 0.008 6.77

0.16 0.008 7

0.7 0.008 7.69

0.16 0 7
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Cesium Kd Values of IE-911

Effect of Carbonates

Figure 2 shows the effect of (0- to 0.7-M) carbonate content in “average”

salt solution on cesium Kd values. The higher the carbonate content, the higher

the cesium Kd value achieved on IE-911. A similar experiment performed with

samples of IE-910 examined whether this observation proves intrinsic to CST

or whether the binder used in the IE-911 causes this behavior. Figure 3

provides the results. The figure affirms the observation of increasing cesium

Kd values with increasing carbonate content. An F-test statistical evaluation of

12 samples—six treated in “average” salt solution with 0.16-M carbonate and

six treated in “average” salt solution with 0.7-M carbonate—indicate that

cesium Kd values increased in proportion with the carbonate content of the salt

solution. One obtains the same conclusion when performing an F-test analysis

of another six samples treated in “average” simulant with no carbonate vs the

“average” simulant test. Next, we used the ZAM model[13] (a multi-

component, ion-exchange model incorporating solution-equilibrium data

developed by Zheng, Anthony, and Miller) to determine if activity coefficient

Figure 1. Linear performance of in-house gamma counter.

Fondeur et al.3180

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Figure 2. Cesium loading on IE-911 as a function of time and carbonate

concentration in salt solution. Average salt solution contains 0.16-M carbonate.

Figure 3. Cesium loading on IE-910 as a function of carbonate concentration in salt

solution. Average salt solution contains 0.16-M carbonate.
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changes brought about by introducing carbonates into the salt solution can

replicate (or explain) the experimental observation. Table 3 lists the results

from the model. The predicted cesium Kd values increased with the carbonate

content in the salt solution. The change in activity coefficient may explain the

positive correlation between carbonate content and cesium Kd values.

Finally, the salt solutions containing carbonate were analyzed to

determine the potassium, sodium, and cesium content. The results indicate no

significant variation in the sodium, potassium, and cesium content of the salt

solution in the presence of carbonates. This result indicates that the only

possible explanation for the increase in cesium Kd values involves a lowering

of either the sodium- or potassium-activity coefficient in solution, causing

sodium ions to leave some of the sites in IE-911. These newly emptied sites

become available for further cesium- and potassium-ion absorption. The

investigators do not imply any special sequestration of sodium or potassium

by the carbonate ions.

Effect of Oxalate

Figure 4 depicts the effect of oxalate on cesium removal. The figure

shows the average result of two tests with the average waste simulant and two

tests with the average waste with the oxalate removed. Although there is a

difference observed in the kinetics of cesium sorption early in the tests, the

equilibrium-distribution coefficient, Kd, is the same (,1600 mL/g) for all

tests. This indicates that oxalate does not affect cesium loading in IE-911.

A further verification that oxalate has no effect was obtained by performing

similar tests with IE-910. Looking at Fig. 5, one concludes that there was no

oxalate effect detected on cesium loading. Likewise, results from ZAM

modeling indicates no effect on cesium loading (2106 vs 2260 mL/g). In fact,

increasing oxalate concentration up to 0.1 M in the ZAM model had only a

very small effect on cesium loading.

Table 3. Langmuir isotherm parameters used in the ZAM model.

Salt solution

Measured

Kd (mL/g)

Predicted

Kd (mL/g)

K, equilibrium

constant (L/mol)

QT (mmole

Cs per g CST)

0 M CO 22
3 1601 1980 3453 0.6

0.16 M CO 22
3 2087 2260 3925 0.6

0.70 M CO 22
3 2947 3410 5970 0.6

0 M C2O 22
4 1924 2260 3884 0.6
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Figure 4. Cesium loading on IE-911 as a function of time and oxalate level.

Figure 5. Cesium loading on IE-910 as a function of oxalate level. Average salt

solution contains 0.002-M sodium oxalate.
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Effect of Carbonate and Oxalate on Column Performance

The VERSE model[14] was run to simulate column performance for the

three solutions studied assuming a 16-ft-long (plant-size) column with waste

flow at 21 gal/min. The program used the cesium-loading parameters listed in

Table 3. Figure 6 provides the results (column elution) of the modeling.

The larger the concentration of carbonate, the later the cesium breakthrough

from the column occurred. The increase in cesium loading with carbonate content

in the salt solution also results in a shorter mass-transfer zone length, as indicated

in Table 4. For a given column diameter, the mass-transfer zone is the length of

column whereby the cesium concentration drops from 5% to 95% (this percent

drop depends on the objectives of the plant) of the feed concentration.

Effect of Peroxide

We conduced two simultaneous sets of experiments to examine the

influence of peroxide. In one set of two experiments (called placebos),

researchers injected “average” salt solution containing 0.005 g/mL of IE-911

(0.1 g of IE-911 in 20 mL of salt solution) every 5 hours with 100mL of

Figure 6. Cesium elution from a 160-tall column as a function of carbonate and

oxalate level. The average salt solution contains 0.002-M oxalate and 0.16-M

carbonate.
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distilled water. In the other set, “average” salt solution containing 0.005 g/mL

IE-911 was injected every 5 hours with 100mL of 50 wt% peroxide solution.

The peroxide concentration, as determined by permanganate titration, equaled

0.13 M immediately after injection. The peroxide concentration decreased to

0.0034 M after 5 hours. Both sets of experiments occurred on the same shaker.

Figure 7 shows the data. The data points in Fig. 7 represent the average of

duplicates. A look at the IE-911 data indicates a higher cesium loading in

the placebo test relative to the peroxide test. A possible explanation for

Table 4. Effect of solution chemistry on mass-transfer

zone.

Salt solution type

Ratio of mass-transfer

zone to bed length

0 M CO 22
3 0.83

0.16 M CO 22
3 0.742

0.7 M CO 22
3 0.635

0 M C2O 22
4 0.75

Figure 7. Cesium loading on IE-911 as a function of time and peroxide level in salt

solution. Average salt solution contains no peroxide.
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the peroxide effect is the complexation between peroxide and titanium

from the IE-911 particles. This reaction can lead to the disintegration of the

IE-911.[15]

We performed the same type of experiment with IE-910. Figure 8

displays that data. A look at the data indicates that the results from the average

salt waste with 0.1-M peroxide are within the error bars of the results from the

average salt solution. Therefore, no conclusion was determined from this test.

The tests used a conservative concentration of peroxide. Subsequently, an

estimate of the expected peroxide level in a cesium-loaded plant column

yielded a value of 2.6 £ 1026 M based on extrapolated radiolysis

measurements in water at half the dose rate.[16] The estimated concentration

value at 1 Mrad/h results from doubling the extrapolated value of peroxide

production at 0.5 Mrad/h. At this peroxide concentration level and using the

data from Fig. 7, one anticipates no effect on cesium loading of IE-911.

CONCLUSION

This study investigated the effect of changes in the solution chemistry

on cesium loading. Experiments examined the influence of varying

Figure 8. Cesium loading on IE-910 as a function of peroxide level in salt solution.

Average salt solution contains no peroxide.
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the concentration of carbonate, oxalate, and peroxide on cesium removal by

either IONSIV IE-910 or IE-911. The study found that the amount of cesium

loading on IE-911 varies proportionally with the amount of carbonate in

solution. This correlation results from an increase in the ionic strength of the

solution with carbonate content. Higher-ionic strength decreases the activity

coefficient of competitors, such as sodium. The presence or absence of oxalate

in solution had no effect on cesium loading. Peroxide at a 0.13-M

concentration lowered cesium loading on IE-911. A plausible explanation is

the destruction of the silicotitanate cell holding the cesium atom by peroxide.
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