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Summary 
 
 
Objectives 
 
 Battelle, Pacific Northwest Division (PNWD) is contracted to Bechtel National Inc. (BNI) on the 
River Protection Project – Waste Treatment Plant (RPP-WTP) project to perform research and 
development activities.  Unit operations of the WTP process include the separation of 99Tc by ion 
exchange from the liquid portion of the waste.  The SuperLig 639 (SL-639) ion exchange resin was 
selected by the project to perform this 99Tc separation. 
 
 The RPP-WTP is evaluating the SL-639 resin to determine its behavior under various potential 
processing conditions.  Under test scoping statements S-142 and S-143, a model is being developed at the 
Savannah River Technical Center (SRTC) that will be able to predict the response of SL-639 under 
various processing conditions.  This investigation was conducted according to the test plan prepared by 
Rapko (2001) in response to the test requirements to investigate ion exchange resin degradation 
delineated by Barnes et al. (2002) in Section 3.7.2.1 of the Research and Technology Plan and test 
scoping statement B-50.  The results from these tests will be incorporated into the afore-mentioned 
model.  Objectives as noted in test scoping statement B-50 were to: 

• evaluate the impact of the solution’s nitrate to pertechnetate ratio on the SL-639 distribution ratio 

• evaluate the impact of the solution’s chloride to pertechnetate ratio on the SL-639 distribution ratio 

• evaluate the impact of the solution’s ionic strength on the SL-639 distribution ratio 

• evaluate the impact of temperature and time on the SL-639 distribution ratio. 
 
 These results were achieved. 
 
Conduct of Testing 
 
 A batch of SuperLig® 639 was preconditioned by contact with an alkaline solution at 5 M sodium.  
Excess hydroxide and sodium were removed by repeated contacts with deionized water, and the resin was 
dried to a constant weight.  Approximately 0.1 g of resin was contacted with 10 mL of a pertechnetate 
(99Tc)-containing test solution.  Sample aliquots were taken before and after contact with the resin, and 
their activity was analyzed by liquid scintillation counting. 
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Results and Performance Against Objectives 
 
 The variables tested and a summary of key findings are given below: 
 

1) Room-temperature kinetic measurements were performed under the experimental conditions used 
for subsequent batch contacts.  The primary purpose behind this measurement was to verify that 
subsequent room-temperature batch contacts were performed under equilibrium conditions.  It 
was determined from the results reported in Section 3.1 that under the experimental conditions 
employed for these batch contacts, in particular the speed (225 rpm) used with this rotary shaker, 
that 48 h would be sufficient to achieve equilibrium. Contact times of 72 h were used in 
subsequent measurements to assure that these measurements were made under equilibrium 
conditions. 

2) Elevated (65°C) kinetic measurements were performed under the experimental conditions used 
for subsequent batch contacts.  At high (5 M) sodium concentrations, the targeted concentration 
for treated Hanford tank solutions by the SuperLig® 639 resin, the results reported in Section 3.2 
indicate that the system reaches equilibrium at 65°C, the temperature proposed for elution of the 
SuperLig® 639 resin, much more rapidly than at room temperature, with the system achieving a 
distribution value within 4 h that remained unchanged even if contacted for several additional 
days.  For consistency’s sake with the room-temperature measurements, 72 h was used for 
subsequent measurements made at 65°C.  As described in Section 3.3, at 65°C and low, 
approximately 2 mM, sodium concentrations, the pertechnetate distribution values were so low 
that no decrease in pertechnetate concentration was observed (a Kd of effectively zero).  Such low 
Kd values are a desirable feature for the resin under elution conditions. 

3) Pertechnetate Kd measurements were made as a function of [NO3
-]/[TcO4

-] at room temperature.  
In Section 3.4, the pertechnetate Kd is reported as a function of the equilibrium 
nitrate/pertechnetate ratio over a range of 106.  In addition, pertechnetate measurements on an 
envelope A supernatant, AN-105, simulant, as well as selected perrhenate Kd measurements, were 
reported.  The most striking features are: 1) the enhanced Kds for perrhenate and pertechnetate 
observed in the AN-105 simulant versus the simple, 5 M [Na+] simulant and 2) the approximately 
50% lower perrhenate Kd as compared to the pertechnetate Kd.  The cause of the enhanced Kds is 
unclear, but extraction of pertechnetate as an ion-pair coupled with the presence of a more tightly 
binding cation (such as potassium) in the AN-105 simulant or a slightly higher sodium 
concentration in the AN-105 simulant are possible explanations.  

4) Pertechnetate Kd measurements were made as a function of [NO3
-]/[TcO4

-] at elevated 
temperature (65°C).  In Section 3.5, the same scope of measurements performed in Section 3.4 is 
repeated, but with the test samples at 65°C.  The same trends noted above are also found at 65°C, 
but the distribution values are substantially decreased. 

5) Pertechnetate Kd measurements were studied as a function of changing the solution’s ionic 
strength.  In Section 3.7, the impact of changing the salt concentration on the pertechnetate 
distribution value was examined.  A strong linear correlation of the pertechnetate distribution 
value to both the total sodium concentration and to the solution’s ionic strength was found.  In 
this test, those two factors are so closely related that it cannot be said with certainty which 



 

v 

solution property is impacting the pertechnetate distribution value.  If the ionic strength effect is 
indeed the controlling factor, the magnitude of the response is remarkable.  However, the resin 
has been reported to operate by extracting a sodium pertechnetate ion pair. Consistent with that 
interpretation, these test results simply illustrate the resin affinity for sodium ion.  

6) A measurement was made to evaluate the impact of varying the competing anions chloride and 
hydroxide on the pertechnetate Kd.  In Section 3.6, the pertechnetate distribution value was 
measured as the chloride and hydroxide ratios were changed while keeping the solution’s sodium 
concentration constant.  The results indicate that hydroxide competes more effectively than 
chloride with pertechnetate for binding to SuperLig® 639. 

 
 For each set of test results, the distribution values are presented both in a table and graphically. 
 
Quality Requirements 
 
 PNWD implemented the RPP-WTP quality requirements in a quality assurance project plan (QAPjP) 
as approved by the RPP-WTP QA organization.  This work was conducted to the quality requirements in 
NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Subpart 2.7, as 
instituted through PNWD’s Waste Treatment Plant Support Project Quality Assurance Requirements and 
Description Manual (WTPSP). 
 
 PNWD addressed data-verification activities by conducting an independent technical review of the 
final data report in accordance with Procedure QA-RPP-WTP-604.  This review verified that the reported 
results were traceable, that inferences and conclusions were soundly based, and that the reported work 
satisfied the Test Plan objectives. 
 
Issues 
 
 No WTP design or operational issues have been identified.   
 
References 
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DI deionized water 
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1.1 

1.0 Introduction 
 
1.1 Background 
 
 The U.S. Department of Energy plans to vitrify the waste from the 177 underground storage tanks at 
the Hanford Site.  Vitrification will immobilize the tank waste for permanent disposal.  In the proposed 
facility for immobilizing tank waste, the incoming tank waste will be initially split into a low-activity 
waste (LAW) solution stream and a high-level waste (HLW) solids steam for separate vitrification.  To 
render the solution stream suitable for LAW vitrification, additional processing to remove radioactive 
cesium and technetium will be required (Barnes et al. 2002).  Much recent work has been performed 
investigating the use of two ion exchange resins developed by IBC Advanced Technologies, Inc. for use 
in removing selected radionuclides from Hanford tank waste supernatants.  Superlig® 639 has been and is 
being investigated for removing technetium (as pertechnetate) from alkaline, high sodium solutions, 
including actual Hanford tank supernatants (Hamm et al. 2000; Blanchard et al. 2000).   Existing data to 
date using both simulants and actual tank wastes have been evaluated and included in an ion exchange 
process model under continuing development at Savannah River Technology Center (SRTC) (Hamm et 
al. 2000). 
 
 It has been shown that batch-contact distribution data collected from simple binary systems can be 
incorporated in such a process model for use in more complex systems (Mehablia et al. 1994).  
Incorporating such information from previous data is difficult because of changing conditions amongst 
prior testing with SuperLig® 639, such as differing resin batches and varying experimental designs 
(Hamm et al. 2000).  A need for additional, equilibrium-batch-contact data has been identified in order to 
continue to develop and extend the modeling for use under likely process conditions (Hamm et al. 2000; 
Barnes et al. 2002).  The work covered in this report measures a subset of the desired binary equilibrium-
batch-contact data together with the appropriate controls (such as the batch-distribution kinetics) required 
to interpret the batch equilibrium data for Superlig® 639.  
 
1.2 Objectives 
 
 Battelle, Pacific Northwest Division (PNWD) is contracted to Bechtel National Inc. (BNI) on the 
River Protection Project – Waste Treatment Plant (RPP-WTP) project to perform research and 
development activities. Unit operations of the WTP process include the separation of 99Tc by ion 
exchange from the liquid portion of the waste.  The SuperLig 639 (SL-639) ion exchange resin was 
selected by the project to perform 99Tc separations. 
 
 The RPP-WTP is evaluating the SL-639 resin to determine its behavior under various potential 
processing conditions.  Under test scoping statements S-142 and S-143, a model is being developed at the 
Savannah River Technical Center (SRTC) that will be able to predict the response of SL-639 under 
various processing conditions.  This investigation was conducted according to the test plan prepared by 
Rapko (2001) in response to the test requirements to investigate ion exchange resin degradation 
delineated by Barnes et al. (2002) in Section 3.7.2.1 of the Research and Technology Plan and test 
scoping statement B-50.  The results from these tests will be incorporated into the afore-mentioned 
model.   
 



 

1.2 

Objectives as noted in test scoping statement B-50 were to: 

• evaluate the impact of the solution’s nitrate to pertechnetate ratio on the SL-639 distribution ratio 

• evaluate the impact of the solution’s chloride to pertechnetate ration on the SL-639 distribution ratio 

• evaluate the impact of the solution’s ionic strength on the SL-639 distribution ratio 

• evaluate the impact of temperature and time on the SL-639 distribution ratio 
 
1.3 Purpose 
 
 This report documents testing, results, and analysis associated with the measurement of kinetic and 
equilibrium batch contacts involving SL-639.  The report is intended to aid the RPP-WTP project in 
developing the computer model to be used to predict performance of the Tc ion exchange system in the 
WTP over a wide variety of conditions. 
 
1.4 Quality Assurance 
 
 PNWD implemented the RPP-WTP quality requirements in a quality assurance project plan (QAPjP) 
as approved by the RPP-WTP QA organization.  This work was conducted to the quality requirements in 
NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Subpart 2.7 as instituted 
through PNWD’s Waste Treatment Plant Support Project Quality Assurance Requirements and 
Description Manual (WTPSP). 
 
 PNWD addressed data-verification activities by conducting an independent technical review of the 
final data report in accordance with Procedure QA-RPP-WTP-604.  This review verified that the reported 
results were traceable, that inferences and conclusions were soundly based, and that the reported work 
satisfied the Test Plan objectives. 
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2.0 Experimental 
 
 
 SuperLig® 639 was obtained from IBC Advanced Technologies, Inc., American Fork, Utah.  The 
resin batch used for all testing in this report was # 010227 CTC-9-23.  The material appears visually as 
beige beads of varying sizes.  No attempt was made to sieve the material to a uniform particle size or to 
measure the particle size distribution of the resin. 
 
2.1 Preparation of Non-Radioactive Stock Solutions 
 
 Chemicals were obtained from standard commercial sources unless indicated otherwise.  Deionized 
(DI) water was purified by passing distilled water through a commercial water purifier and was stored in 
plastic containers until used.  The hydroxide concentrations of the simple sodium hydroxide/sodium 
nitrate/sodium chloride and Hanford Tank 241-AN-105 simulant solutions used in this work were verified 
by titration by Analytical Chemistry Laboratory personnel in the 325 Building. 
 
 The AN-105 simulant (2 L) was prepared as follows: 
 

1) 200 g of water were placed in a tared 2-L volumetric flask. 
2) The following reagents (to a precision of at least ± 1 mg) were added as indicated in Table 2.1a: 

 
Table 2.1a.  Reagents Added to Simulant 

 

Compound Compound Formula 
Target 

Mass (g) 
Measured 
Mass (g) 

Simulant 
Target M 

Boric Acid H3BO3 0.292 0.292 2.36E-03 
Cadmium Nitrate Cd(NO3)2-4H2O 0.009 0.009 1.47E-05 
Calcium Nitrate Ca(NO3)2-4H2O 0.236 0.236 4.99E-04 
Lead Nitrate Pb(NO3)2 0.085 0.086 2.18E-04 
Potassium Nitrate KNO3 19.221 19.222 9.51E-02 
Magnesium Nitrate Mg(NO3)2-6H2O 0.057 0.057 1.11E-04 
Silver Nitrate AgNO3 0.026 0.026 7.56E-05 
Zinc Nitrate Zn(NO3)2-6H2O 0.046 0.047 7.72E-05 
Glycolic Acid HOCH2COOH, 70 wt. % 1.665 1.666 1.09E-02 
Sodium Chloride NaCl 14.984 14.985 1.28E-01 
Sodium Fluoride NaF 0.420 0.421 5.00E-03 
Sodium Chromate Na2CrO4-4H2O 6.086 6.088 1.30E-02 
Sodium Sulfate Na2SO4 1.140 1.140 4.01E-03 
Potassium Molydate K2MoO4 0.204 0.206 4.27E-04 
Ammonium Acetate CH3COONH4 0.513 0.514 3.33E-03 

 
 
 

3) In a separate container the following was prepared (Table 2.1b). 
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Table 2.1b.  Solution Prepared in Separate Container 

 

Compound Compound Formula 
Target 

Mass (g) 
Measured 
Mass (g) 

Simulant 
Target M 

Sodium Aluminate NaAlO2 120.61 120.60 7.36E-01 
Sodium Hydroxide NaOH 137.83 137.84 1.72E+00 
Selenium Dioxide SeO2 0.001 0.001 6.27E-06 
Sodium meta-
Silicate 

Na2SiO3-9H2O 2.135 2.135 3.76E-03 

Sodium Acetate CH3COONa 2.330 2.330 1.42E-02 
Sodium Formate HCOONa 4.351 4.354 3.20E-02 
Sodium Oxalate Na2C2O4 0.929 0.929 3.47E-03 
Sodium Phosphate Na2HPO4-7H2O 1.608 1.608 3.00E-03 

 
4) An additional 300 (± 1) g of water was added to the separate container, the solution was mixed 

thoroughly, and the contents of the separate container were added to the volumetric flask.   
5) The following (Table 2.1c) was then added to the volumetric flask: 

 
Table 2.1c.  Compound Added to Volumetric Flask 

 

Compound Compound Formula 
Target 

Mass (g) 
Measured 
Mass (g) 

Simulant 
Target M 

Sodium Carbonate Na2CO3 22.149 22.15 1.04E-01 
 

6) The added material was mixed, and the following (Table 2.1d) was next added to the volumetric 
flask: 

 
Table 2.1d.  More Compounds Added to Volumetric Flask 

 

Compound Compound Formula 
Target 

Mass (g) 
Measured 
Mass (g) 

Simulant 
Target M 

Sodium Nitrate NaNO3 209.70 209.71 1.23E+00 
Sodium Nitrite NaNO2 166.48 166.49 1.21E+00 

 
7) The solution was again mixed thoroughly and then diluted to the mark with DI water.  The final 

weight was measured and the density was calculated as 1.24 g/mL. 
 
Once prepared the simulant was visually examined for precipitates; none were observed. 
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2.2 Preparation of Sodium Perrhenate Stock Solutions 
 
 To a 10-mL volumetric flask, 4.9204 g (18.0 mmol) of sodium perrhenate was added.  The solution 
was diluted to 10 mL and agitated until all solids dissolved.  A 100-fold diluted (by volume) sample, 
submitted in duplicate for analysis by inductively-coupled plasma mass spectroscopy (ICP-MS), gave Re 
concentrations in the stock solution of 0.0180 M and 0.0182 M, respectively, making for a stock-solution 
concentration of 1.8 M in Re.  A second stock solution, 1.8 mM in Re, was generated by a 1000-fold 
dilution by volume of the initial stock solution. 
 
2.3 Preparation of Pertechnetate Stock Solutions 
(Procedure based on the information reported in Kolthoff and Elving [1964], p. 427) 
 
 A 2.3 g quantity of solid TcO2 (obtained from in-house stores) was suspended in ca. 10 mL of 
concentrated ammonium hydroxide.  Hydrogen peroxide (30% in water) was added until the bulk of the 
solids dissolved.  The solution was evaporated using gentle heating to dryness; this procedure was 
repeated twice more.  The final residue was taken up in ca. 35 mL of DI water and filtered through a 0.45-
micron Nylon® syringe filter.  This solution was diluted 1:1000 by volume with DI water by weight to 
generate a second stock solution.  Assays of each solution were submitted to the Analytical Chemistry 
Laboratory at Battelle Pacific Northwest Division (PNWD) to measure the 99Tc concentration.  The 
results indicated a concentration of 0.0411 g Tc/mL or 0.415 M pertechnetate (1.55E+09 dpm/mL) for the 
first stock solution and 0.0000401 g Tc/mL or 0.405 mM pertechnetate (1.51E+06 dpm/mL) for the 
second stock solution. 
 
2.4 Pretreatment of SuperLig® 639 
 
 The SuperLig® resin was pre-equilibrated starting with an initial contact with 5 M NaNO3/0.1 M 
NaOH in approximately a 10:1 (mL liquid/g resin) ratio performed in a polypropylene bottle.  For each 
contact, the suspension was agitated in a rotary shaker sufficient to achieve a vortex for at least 2 h.  At 
the conclusion of each pre-equilibration contact, the shaking was stopped and the solids isolated by 
filtration through a 0.45-micron Nylon® filter.  The solids were then sluiced back into the bottle with the 
next contact solution.  Following the initial 5 M NaNO3/0.1 M NaOH pre-equilibration contact, three 
further 5 M NaNO3/0.1 M NaOH contacts were performed, followed by three contacts with DI water.  
Using broad-range pH paper as an indicator, the filtrate from the final DI water contact appeared identical 
to DI water itself, so further DI water washings were deemed unnecessary.  The resin was then air dried 
for several days and placed in a plastic bottle until needed. 
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2.5 F-Factor Measurement for Pretreated SuperLig® 639 
 
 In duplicate, approximately 0.2-g samples of the pre-equilibrated SuperLig® 639 were placed in tared, 
20-mL glass vials and reweighed.  These open vials were placed in a vacuum oven and heated to 50 ± 
2°C.  The samples were dried until the observed weight change was less than 5% of the resin weight after 
about 24 h of drying.  The F-factor is simply the ratio of the final 50°C/vacuum-dried resin weight to the 
air-dried resin weight.  Table 2.2 shows the results of the F-factor experiment, which yielded a calculated 
average F-factor of 0.7643 ± 0.0041. 
 

Table 2.2.  Results from F-Factor Experiment 
 

 1st sample 2nd sample 
Tare wt. (g) 17.1494 17.1947 
Tare wt. + resin (g) 17.3478 17.3963 
Initial wt. resin (g) 0.1984 0.2016 
Wt. after 24 hours drying (g) 17.3017 17.3485 
Wt. after 48 hours drying (g) 17.3016 17.3482 
Final wt. resin (g) 0.1522 0.1535 
F-factor 0.7671 0.7614 

 
2.6 Batch Contact Measurements – General Procedure 
 
Step 1.  Approximately 0.1 g of pre-treated SuperLig® 639 resin was placed in a tared 20-mL glass liquid 
scintillation counting (LSC) vial and reweighed.  
 
Step 2.  10.1 mL of the test solution were placed in a second vial that was spiked with the appropriate Tc 
or Re stock solution.  The spiked solution was agitated for at least 1 min, and a 0.1-mL aliquot was 
removed and added to a tared LSC vial containing 10 mL of Ultima Gold® LSC cocktail (Tc) or a tared 
2-dram vial (Re), and reweighed. 
 
Step 3.  10 mL of the spiked test solution was added to the vial containing the SuperLig® 639 resin, 
taking care not to disturb the resin so as to splash resin above the liquid.  The vial was then sealed, placed 
in an orbital shaker, set to 25 ± 5°C unless indicated otherwise, and stirred at 225 rpm.  The sample 
temperature was monitored using a thermocouple placed in a 20-mL LSC vial containing 10 mL DI water. 
 
Step 4.  At the conclusion of the shaking (generally 72 h unless indicated otherwise), the vial was 
removed, and the liquid was separated from the resin by filtration through a 0.2-micron Nylon® syringe 
filter. 
 
Step 5.  In the case of technetium, a 0.1-mL aliquot of the filtered solution was removed, added to a tared 
vial containing 10 mL of Ultima Gold® LSC cocktail, and reweighed.  For the rhenium-spiked solution, 
the aliquot was placed in a tared 2-dram vial and reweighed. 
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Step 6.  In the case of technetium, the sample’s beta activities were measured on a Packard Instruments 
liquid scintillation counter using an 18-nanosecond coincidence time from the region of 200 to 800 KeV.  
In the case of rhenium, the concentration was determined by ICP-MS. 
 
Step 7.  Kd measurements were obtained according to the standard formula shown below (Brown et al. 
1995): 
 
  (1) 
 
where:  
 
Kd = distribution coefficient (in mL solution/g dried resin) 
C0 = initial metal concentration (Re) or activity (Tc) 
Ci = final metal concentration (Re) or activity (Tc) 
M = mass of resin (in grams) used in the batch contact experiment 
V = volume of test solution (in mL) used in the batch contact experiment 
F = F-factor. 
 
 Each experimental condition was examined in duplicate.  Uncertainties presented in the tables and 
plots are presented as one standard deviation of the average Kd. 
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3.0 Results and Discussion 
 
 
 As noted earlier, both column and batch contact studies with SuperLig® 639 have been incorporated 
into a model (Hamm 2000).  Because of either the importance of the data or because of conflicting results, 
a need for additional equilibrium data was noted.  The goal of this study was to provide a large subset of 
the needed data.  The set of binary measurements originally proposed (Test Plan CHG-TP-41500-014) 
were: 
 

1) Room temperature kinetics under the experimental conditions used for subsequent batch contacts.  
This assures that later measurements are made under equilibrium conditions. 

2) Elevated (65°C) kinetics under the experimental conditions used for subsequent batch contacts.  
This elevated temperature is the current choice for elution for column tests with both actual 
wastes and simulants. 

3) Pertechnetate loading isotherm 

4) Pertechnetate Kd measurements as a function of [NO3
-]/[TcO4

-] at room temperature 

5) Pertechnetate Kd measurements as a function of [NO3
-]/[TcO4

-] at elevated temperature (65°C) 

6) Pertechnetate Kd measurements as a function of changing the solution’s ionic strength 

7) Measurement of the impact of varying the competing anions (chloride and hydroxide) on the 
pertechnetate Kd 

8) Measurement of pertechnetate capacity. 
 
 Several studies using SuperLig® 639 have used perrhenate as a substitute for pertechnetate.  However, 
no study to date has done a side-by-side equilibrium batch contact comparison of perrhenate versus 
pertechnetate Kds.  For this reason, intermittent measurements of perrhenate Kds were included.  For each 
type of measurement, the general experimental conditions, a table providing the experimental results, an 
accompanying graph of the experimental results, and any needed commentary are provided.  In general, 
aspects of the experimental design such as [NO3

-]/[MO4
-] ratio, the solution ionic strength, and the 

solution sodium concentration have been kept constant to the extent practical to facilitate comparisons 
between sets of experiments. 
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3.1 Pertechnetate 25°C Kinetic Measurements 
 
 Samples of SuperLig® 639 were contacted with pertechnetate-spiked solutions that were 1.8 M in 
sodium nitrate, 0.1 M in sodium hydroxide, and 3.1 M in sodium chloride (for a total sodium 
concentration of 5 M) at 25 ± 0.5°C.  The nitrate/pertechnetate ratio for these contacts was approximately 
3400 (a 35 microliter spike of the 0.415 M pertechnetate stock solution into 10.1 mL of the 1.8 M nitrate 
test solution) in this experiment, and the volume of solution (mL) to grams resin was 100.  Duplicate 
samples were agitated in a rotary shaker at 225 rpm and removed from the shaker at varying intervals out 
to almost 1 week in time, and the activity of each filtered solution was assayed.  The results of this 
experiment are summarized in Table 3.1 and in Figure 3.1. 
 
 

Table 3.1.  Results of 25°C Pertechnetate Kinetic Tests with SuperLig® 639 
 

Time (h) Kd (Test 1) Kd (Test 2) Ave. Kd SD Ave. Kd 
2 289 298 293 6 
4 399 425 412 18 

21 580 632 606 37 
28 597 658 627 43 
47 656 643 649 9 
72 629 673 651 31 
94 645 632 638 9 

166 602 475 538 90 
SD = standard deviation 

 
 These test results clearly show that contact times of 48 to 72 h are sufficient to achieve a steady and 
maximum Kd value.  There is some suggestion of decreasing Kds after extended contact times beyond 
72 h, but it should be noted that such a conclusion is based primarily on the final data point that possesses 
a substantially larger experimental uncertainty than the other data points.  This larger experimental 
uncertainty is because of the low Kd value measured in Test 2. 
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Figure 3.1.  Plot of 25°C Pertechnetate Kinetic Tests with SuperLig® 639 
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3.2 Pertechnetate Kinetics Tests at 65°C Under Loading Conditions  
 

 The experimental procedure described in Part A was repeated except that the rotary shaker was heated 
such that the sample solution remained at 64.4 ± 0.5°C during shaking. This elevated temperature is 
expected during elution of the SuperLig® 639 resin. The results are shown in Table 3.2 and plotted in 
Figure 3.2. 
 

 A comparison of the 65°C data with the room-temperature data reveals several notable features.  First, 
increasing the temperature causes a marked decrease in the pertechnetate Kd, with a decrease in these 
otherwise identical Kd measurements from about 650 at room temperature to approximately 140 at 65°C.  
Second, the system reaches a steady Kd value much more quickly than at room temperature, with 
essentially no change in the measured Kd from the initial 4-h measurement out to 168 h.  Indeed, the 
average of all the average Kds measured over the course of the experiment agree well, with an average Kd 
over all times of 142 ± 7. 
 

Table 3.2.  Results of 65°C Pertechnetate Kinetic Tests with SuperLig® 639 at 5 M Total Sodium 
 

Time (h) Kd (Test 1) Kd (Test 2) Ave. Kd SD Ave. Kd 
4 162 136 149 19 
7 155 151 153 3 

24 137 136 137 1 
48 142 139 141 2 
72 134 141 137 5 
96 144 136 140 6 

120 139 129 134 7 
168 135 156 146 15 

SD = standard deviation 
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3.3 Pertechnetate Kinetics Tests at 65°C Under Stripping Conditions 
 
 The experimental approach described in Part B was repeated, but with two changes to the 
experimental conditions. First, the contact solution was composed of 0.005 M sodium nitrate and 0.001 M 
sodium hydroxide for a total [Na] = 0.006 M, instead of the total [Na] = 5M used in Part B.  Second, the 
initial aqueous nitrate/pertechnetate ratio for these contacts was only about 15 (a 10-microliter spike of 
the 0.415 M pertechnetate stock solution into 10.1 mL of the 0.005 M nitrate test solution) in this 
experiment instead of the approximately 3400 in Part B.  Contact temperatures were at 64.9 ± 1°C.  
Despite the lower initial nitrate-to-pertechnetate ratio in these test solutions, there was no detectable 
decrease in the aqueous pertechnetate activity in any of the solutions following contact with SuperLig® 
639.  This behavior, which implies a Kd of effectively zero, is desirable during elution.  

 

 
 

Figure 3.2.  Plot of 65°C Pertechnetate Kinetic Tests with SuperLig® 639 at 5 M Total Sodium 
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3.4 Effect of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on  
SuperLig® 639 Distribution Values at 25°C 

 
 These experiments examined the impact of changing the nitrate to pertechnetate or perrhenate ratios 
at a constant sodium concentration of 5 M.  The shaker temperature bath was held at 25.8 ± 0.3 °C over 
the course of the experiment.  Two general types of test solutions were examined.  The first test solution 
contained only sodium hydroxide (0.1 M), sodium chloride, and sodium nitrate.  The second test solution 
was the AN-105 (Envelope A) simulant.  The AN-105 simulant possesses a [Na+] of 5.34 M, a [NO3

-] of 
1.33 M, a [Cl-] of 0.128 M, and a [OH-] of 1.72 M.   
 
 For the AN-105 simulant, the nitrate concentration is fixed, so the nitrate to perrhenate or 
pertechnetate ratios were varied only through changing the amount of added metal.  For the simpler 
nitrate/hydroxide/chloride test solution, both the pertechnetate or perrhenate concentrations and the nitrate 
concentrations in the test solution were varied.  With these test solutions, as the nitrate concentration was 
varied, the sodium concentration was maintained at 5 M by appropriately varying the sodium chloride 
concentrations.  The results from this set of experiments are listed in Table 3.3 and illustrated in Figure 
3.3.   
 

Table 3.3.  Impact of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal Kd at 25°C 
 

Equilibrium 
[NO3

-]/[MO4
-] 

M in 
[MO4

-] 
Solution 

Type Kd(Test 1) Kd(Test 2) Ave. Kd 
SD of Ave. 

Kd 
2.40E+01 Tc A 2187 2138 2163 35 
2.20E+03 Tc A 2099 1972 2036 90 
7.34E+03 Tc A 636 608 622 19 
1.03E+05 Tc A 898 890 894 6 
7.60E+03 Tc B 881 898 889 12 
1.06E+05 Tc B 1288 1292 1290 2 
4.92E+03 Re A 254 251 253 3 
5.18E+03 Re B 380 339 360 29 
6.30E+05 Re B 490 522 506 23 
1.71E+07 Re B 476 469 473 5 

Solution A = simple nitrate/chloride/hydroxide at 5 M total Na. 
Solution B = AN-105 simulant 

 
 Several points are apparent from the data listed in Table 3.3 and plotted in Figure 3.3.  First, the 
AN-105 simulant gives consistently higher Kds for both Re and Tc than is found with the simple 0.1 M 
sodium hydroxide/sodium nitrate/sodium chloride test solution.  The reason for these higher Kds is 
unclear and may be difficult to say with certainty, especially given the unknown structure of the 
complexing agent in SuperLig® 639.  All anions should be at least in competition with pertechnetate and 
perrhenate; it is difficult to imagine how an anion could be acting as a synergist.  With respect to the 
relative type and concentration of cation in the AN-105 simulant versus the simple sodium 
hydroxide/sodium nitrate, sodium chloride simulant, if an ion-pair extraction mechanism were involved, 
the slightly higher sodium concentration (5.3 M versus 5 M in the simple simulant) and/or the presence of 
potassium (0.1 M versus 0.0 M in the simple simulant) in the AN-105 simulant may be in part responsible 
for the observed enhanced Kds. 
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 Two other features of note include the consistently lower Kds observed for perrhenate when compared 
to pertechnetate and the trend in Kds as the nitrate/perrhenate or pertechnetate ratio increases.  Although 
the number of comparable data points are few, the perrhenate Kd appears to be consistently about half of 
the pertechnetate Kd under similar conditions.  This is comparable to the approximately 70% higher 
values for pertechnetate versus perrhenate previously reported (Hamm 2000).  The trend in Kds for both 
perrhenate and pertechnetate as the nitrate/metal ratio is varied appear similar.  At low nitrate/metal ratios, 
the Kds are at their highest.  Between a ratio of 1000 and 10000, a marked drop in Kd is observed.  It is 
unfortunate that more data were not collected in this region to better map these sharp changes in Kd.  As 
the nitrate/metal ratio increases from 104 to 105, the Kd again increases.  Data are only available for 
perrhenate above a ratio of 105, but it appears that little change in Kd occurs as the nitrate/metal ratios 
increase above 105.  A simple model would have predicted decreasing Kds as the ratio of a competing 
anion, nitrate, to the metal increases.  The chemical behavior underlying the more complex behavior 
observed here is unknown.  
 

 
Filled Circles =  0.1 M Sodium Hydroxide/Sodium Nitrate/Sodium Chloride Test Solution; M = Tc 
Filled Square =  0.1 M Sodium Hydroxide/Sodium Nitrate/Sodium Chloride Test Solution; M = Re 
Open Circles = AN-105 Simulant; M = Tc 
Open Squares = AN-105 Simulant; M = Re 
 

Figure 3.3.  Plot of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal Kd at 25°C 
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3.5 Effect of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on 
SuperLig® 639 Distribution Values at 65°C 

 
 A set of batch contacts analogous to those reported in Section D was performed, only here the shaker 
temperature was maintained at the elution temperature of 65.2°C.  The results are listed in Table 3.4 and 
illustrated in Figure 3.4. 
 
 The trends observed in these 65°C batch contacts parallel the trends observed in the analogous room-
temperature set of batch contacts.  
 

• A sharp decrease in Kd is seen as the nitrate/pertechnetate ratio increases from approximately 
103 to 104. 

• The AN-105 simulant yields markedly higher Kds than does the simple 5 M sodium, 
0.1 M hydroxide nitrate/chloride test solution. 

• In general, the perrhenate Kd appears to be about one-half the pertechnetate Kd. 
• At approximately 104 to 105 nitrate/pertechnetate ratios, the pertechnetate Kds increase. 
• At very high (>105) nitrate/perrhenate ratios, little change in Kd is observed. 

 
Table 3.4.  Impact of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal Kd at 65°C 

 

Equilibrium 
[NO3

-]/[MO4
-] 

M in 
[MO4

-] 
Solution 

Type Kd(Test 1) Kd(Test 2) Ave. Kd 
SD of Ave. 

Kd 
3.90E+00 Tc A 247 220 234 19 
3.42E+02 Tc A 228 213 221 11 
2.64E+03 Tc A 150 135 143 11 
2.84E+04 Tc A 171 165 168 5 
2.29E+03 Tc B 176 195 186 13 
2.48E+04 Tc B 212 210 211 1 
4.50E+03 Re A 83 62 72 15 
2.09E+03 Re B 172 117 144 39 
3.34E+05 Re B 85 98 91 9 
9.97E+06 Re B 83 62 72 15 

Solution A = simple nitrate/chloride/hydroxide at 5 M total Na. 
Solution B = AN-105 simulant. 

 
 Similar to the results seen in the batch-contact kinetics tests, increasing the temperature from 25°C to 
65°C substantially decreases in Kd.  The only unexpected feature is observed during the measurement at a 
ca. 103 nitrate/perrhenate ratio when contacted with the AN-105 simulant, which appears to have an 
unexpectedly high Kd.  However, this point also exhibits poor reproducibility, which suggests that some 
problem is associated with the results of this particular batch contact.  If the Kd(1) point is ignored, then 
the results fall more in line with the trends seen in the 25°C data set. 
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Filled Circles = Simple 0.1 M Sodium Hydroxide/Sodium Nitrate/Sodium Chloride Test Solution; M = 

Tc 
Filled Square = Simple 0.1 M Sodium Hydroxide/Sodium Nitrate/Sodium Chloride Test Solution; M = 

Re 
Open Circles = AN-105 Simulant; M = Tc 
Open Squares = AN-105 Simulant; M = Re 
 

Figure 3.4.  Plot of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal Kd at 65°C 
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3.6 Effect of Varying Chloride Versus Hydroxide as the Competing Anion  
on SuperLig® 639 Pertechnetate Distribution Values at 25°C 

 
 In this set of batch-contact experiments, with the shaker temperature maintained at 25.8 ± 0.3°C, the 
relative proportions of sodium hydroxide and sodium chloride were varied while keeping a constant 
initial nitrate to pertechnetate ratio (approximately 40) and a constant total sodium concentration of 5 M.  
The results of this set of batch contacts are listed in Table 3.5 and are illustrated in Figure 3.5. They 
indicate that hydroxide is a more effective competitor than chloride for pertechnetate. 
 

Table 3.5.  Effect of Varying Hydroxide Versus Chloride at 5 M Total Sodium, 0.018 M Nitrate, 25°C 
 

[Cl-], M [OH-], M 
Equilibrium 

[NO3
-]/[TcO4

-] Kd(Test 1) Kd(Test 2) Ave. Kd SD of Ave. Kd 
4.9 0.1 1.1E+03 2789 2864 2826 53 
4 1 1.1E+03 2903 2970 2937 48 

2.5 2.5 9.4E+02 2585 2672 2629 61 
1 4 9.0E+02 2531 2250 2391 199 

0.1 4.9 6.4E+02 1753 1508 1630 174 
 
 

 
 

Figure 3.5.  Plot of Effect of Varying Hydroxide Versus Chloride at 5 M Total Sodium,  
0.018 M Nitrate, 25°C 
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3.7 Impact of the Sodium Concentration on SuperLig® 639 Pertechnetate 
Distribution Values at 25°C 

 
 In this set of batch-contact experiments, the hydroxide concentration was fixed at 0.01 M, the total 
sodium was adjusted from approximately 0.02 to 5 M sodium with sodium chloride, and the initial 
nitrate/pertechnetate ratio was kept constant at about 12.  During these batch contacts, the shaker 
temperature was kept at 25.5 ± 0.2°C.  The results of this set of batch contacts are listed in Table 3.6 and 
are illustrated in Figure 3.6. 
 

Table 3.6.  Impact of Varying Sodium Concentration on Pertechnetate Kd Values at 
0.018 M Nitrate/0.01 M Hydroxide, 25°C 

 

Total [Na+], 
M 

Equilibrium 
[NO3

-]/[TcO4
-] Kd(Test 1) Kd(Test 2) Ave. Kd 

SD of Ave. 
Kd 

5.028 2.23E+02 2069 1924 1997 103 
1.028 4.94E+01 360 342 351 13 
0.528 3.15E+01 217 188 203 20 
0.128 1.92E+01 69 73 71 3 
0.028 1.38E+01 15 10 12 3 

 

 
Figure 3.6.  Plot of the Impact of Varying Sodium Concentration on Pertechnetate  

Kd Values at 0.018 M Nitrate/0.01 M Hydroxide, 25°C 
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 These results show a striking linear correlation between the solution’s sodium concentration and the 
pertechnetate Kd, and they are consistent with the previous statements that pertechnetate and the cation 
are extracted as an ion pair (Kurath et al. 1999, King et al. 2000).  However, as shown in Table 3.7 and 
Figure 3.7, the agreement with solution molality, which for the 1:1 salts used in this test is equivalent to 
the test solution’s ionic strength, is also excellent.  In conclusion, it is impossible to eliminate either 
interpretation based on the experiments performed here. 
 

Table 3.7.  Impact of Varying Ionic Strength on Pertechnetate Distribution Values at 0.018 M 
Nitrate/0.01 M Hydroxide, 25°C 

 

Total Ionic 
Strength, m 

Equilibrium 
[NO3

-]/[TcO4
-] Kd(Test 1) Kd(Test 2) Ave. Kd 

SD of Ave. 
Kd 

5.62E+00 2.23E+02 2069 1924 1997 103 
1.04E+00 4.94E+01 360 342 351 13 
5.34E-01 3.15E+01 217 188 203 20 
1.29E-01 1.92E+01 69 73 71 3 
2.80E-02 1.38E+01 15 10 12 3 

 

 
 

Figure 3.7.  Plot of the Impact of Varying Solution Ionic Strength on Pertechnetate  
Distribution Values at 0.018 M Nitrate/0.01 M Hydroxide, 25°C 
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4.0 Conclusions 
 
 
 This report summarizes a series of batch contacts with SuperLig® 639 that was used to measure how 
various system perturbations alter pertechnetate and perrhenate distribution values.  Several goals were 
described in the introduction.  For the sake of convenience, they are repeated here along with the main 
conclusions from each set of tests.  
 

1) Room-temperature kinetic measurements under the experimental conditions used for subsequent 
batch contacts.  The primary purpose behind this measurement was to verify that subsequent 
room-temperature batch contacts were performed under equilibrium conditions. It was determined 
from the results reported in Section A that under the experimental conditions employed for these 
batch contacts, in particular the speed (225 rpm) used with this rotary shaker, that 48 h would be 
sufficient to achieve equilibrium. Contact times of 72 h were used in subsequent measurements to 
assure that these measurements were made under equilibrium conditions. 

2) Elevated (65°C) kinetic measurements under the experimental conditions used for subsequent 
batch contacts.  At high (5 M) sodium concentrations, the targeted concentration for treated 
Hanford tank solutions by the SuperLig® 639 resin, the results reported in Section B indicate that 
the system reaches equilibrium at 65°C much more rapidly than at room temperature, with the 
system achieving a distribution value within 4 h that remained unchanged even if contacted for 
several additional days.  For consistency’s sake with the room-temperature measurements, 72 h 
was used for subsequent measurements made at 65°C.  In Part C, at 65°C and low, approximately 
2 mM, sodium concentrations, the pertechnetate distribution values were so low that no decrease 
in pertechnetate concentration was observed (a Kd of effectively zero). 

3) Pertechnetate Kd measurements as a function of [NO3
-]/[TcO4

-] at room temperature.  In Part D, 
the pertechnetate Kd is reported as a function of the equilibrium nitrate/pertechnetate ratio over a 
range of 106.  In addition, pertechnetate measurements on a Envelope A supernatant, AN-105, 
simulant, as well as selected perrhenate Kd measurements, were reported.  The most striking 
features are: 1) the enhanced Kds for perrhenate and pertechnetate observed in the AN-105 
simulant versus the simple, 5 M [Na+] simulant and 2) the approximately 50% lower perrhenate 
Kd as compared to the pertechnetate Kd.  The cause of the enhanced Kds is unclear, but extraction 
of pertechnetate as an ion-pair coupled with the presence of a more tightly binding cation (such as 
potassium) in the AN-105 simulant or a slightly higher sodium concentration in the AN-105 
simulant are possible explanations. 

4) Pertechnetate Kd measurements as a function of [NO3
-]/[TcO4

-] at elevated temperature (65°C).  
In Part E, the same scope of measurements performed in Part D are repeated, but with the test 
samples at 65°C.  The same trends noted above are also found at 65°C, but the distribution values 
are substantially decreased. 



 

 4.2 

5) Pertechnetate Kd measurements as a function of changing the solution’s ionic strength.  In Part G, 
the impact of changing the salt concentration on the pertechnetate distribution value was 
examined.  A strong linear correlation of the pertechnetate distribution value to both the total 
sodium concentration and to the solution’s ionic strength was found.  In this test, those two 
factors are so closely related that it cannot be said with certainty which solution property is 
impacting the pertechnetate distribution value. If the ionic strength effect is indeed the controlling 
factor, the magnitude of the response is remarkable.  Alternatively, if the resin operates by 
extracting a sodium pertechnetate ion pair, the test results may be simply reflecting the resin 
affinity for sodium ion. 

6) Measurement of the impact of varying the competing anions chloride and hydroxide on the 
pertechnetate Kd.  In Part F, the pertechnetate distribution value was measured as the chloride and 
hydroxide ratios were changed while keeping the solution’s sodium concentration constant.  The 
results indicate that hydroxide competes more effectively than chloride with pertechnetate for 
binding to SuperLig® 639. 
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