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1.0 Executive Summary

In the Hanford River Protection Project Waste Treatment Plant (RPP-WTP) flowsheet,
opportunity exists for the organic SuperLig 644 cation exchange resin to come in contact with
concentrated (5 M) nitric acid at elevated temperatures in the acid recovery evaporator.  These
are similar to conditions where other ion exchange resin (albeit usually anion) column explosions
have occurred.  The objective of these tests was to examine potential hazards by exposing the
resin to conditions expected in the facility and examining the composition of the reaction
products and their reactivity.  As an initial examination of safety issues, experiments were carried
out at the Savannah River Technology Center using an RSST (Reactive System Screening
Tool) where 5 M HNO3 was contacted with organic SuperLig 644 cation exchange resin at 90-
96°C for 24 hours.  The results suggest that no hazards associated with solids buildup, solids
reactivity, or exothermic compound generation exists, but a moderate gas generation hazard may
be possible.  The quantified impact of the results from these tests (and others recently reported)
on facility design will be addressed in a separate document by the design authority.

2.0 Introduction and Background

In the Hanford River Protection Project Waste Treatment Plant (RPP-WTP) flowsheet,
SuperLig 644 ion exchange resin is used to remove Cs from Hanford Tank Wastes after a
precipitation and cross-flow filtration pretreatment step.  After Cs removal, the waste is
subsequently treated to remove technetium using another IBC SuperLig resin.  SuperLig 644,
manufactured by IBC Advanced Technologies, Inc. of American Fork, UT, is a cesium-selective
organic cation exchange resin designed for use at ambient conditions.  After Cs is adsorbed onto
SuperLig 644 resin columns, the column is then to be regenerated using dilute nitric acid (0.5
M HNO3).  For process economic reasons, the resin must be able to survive at least 10 loading
and elution cycles before replacement.  The eluate acid is concentrated to 5.0 to 8 M in an
evaporator operating under vacuum at an approximate 50-55°C peak temperature, and the dilute
acid in the overheads (~0.5 M) is reused as an eluant.

During the ion exchange resin elution process, a small fraction of ion exchange resin beads are
expected to degrade to produce fines which can leave the column and potentially accumulate in
the evaporator.  Mechanisms for bead degradation include radiolytic degradation of the
polymeric resin material during waste processing, physical breakdown due to resin swelling
during the regeneration step, and chemical breakdown due to chemical exposure during the
loading and elution steps.  Previous work by Fauske and Associates has demonstrated the
reactivity of SuperLig 644 and nitric acid.  Fauske had made verbal reports of SuperLig 644
immediately “fizzing” on contact with 5 M HNO3.  This was confirmed at the Savannah River
Technology Center (SRTC), where it was noted that a colorless gas was evolved and that the
resin bead color remained unchanged after exposures of several minutes.  Fauske1 also conducted
experiments in an RSST (Reaction System Screening Tool) exposing both SuperLig 639 and
644 to 12 M HNO3.  In 12 M HNO3, when mixed at a 1.15 : 1 resin mass ratio, rapid heat-up
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(over 1-5 minutes) of the resulting mixtures to over 100°C was reported, with faster heat-ups and
higher temperatures encountered in the high pressure (300 psig, 20.7 bar initial pressure)
experiments.

Technical literature has also shown that organic ion exchange resin/nitric acid reactions can lead
to ion exchange column vessel rupture, fire and/or explosion.  The majority of literature relates to
anion exchange resins, but increasingly more data has appeared for cation exchange resins.  Ion
exchange column incidents have occurred at relatively modest temperatures (25-90°C), although
usually high column temperature and/or high acid concentrations were encountered in these
cases2.  Shippy3 did note that evidence suggests that column explosions usually occur due to gas
generation and not explosion of nitrated resins.  Kalkwarf4 found no literature suggesting
commercial cation-exchange resins (with styrene-divinylbenzene, phenol-formaldehyde, and
acrylic acid-divinylbenzene backbones) can detonate and viewed the possibility unlikely given
the resin chemical structures.  Due to the proprietary nature of the SuperLig 644 cation
exchange resin structure, a structural analysis could not be independently performed.  Kalkwarf
also emphasized that the commercial cation-exchange resins studied can generate key
requirements for a thermal explosion, both heat and gas, upon reaction with strong oxidants such
as nitric acid.

The literature and the expectation that resin fines could come into contact with concentrated
nitric acid at elevated temperatures in the acid recycle evaporator indicate the strong possibility
of acid/resin reactions.  Combined with the unknown chemical structure of SuperLig 644,
strong motivation exists to study possible explosion scenarios resulting from gas generation from
the reaction of nitric acid with resin fines and from the detonation of nitrated resin or resin
degradation products.  The objectives of this work were to simulate the extended presence of
SuperLig 644 cation exchange resin in the nitric acid evaporator, and to serve as an initial
survey for safety issues related to gas generation or exothermic compound formation due to the
reaction of SuperLig 644 with nitric acid.  The chemical reactivity examined here should be
directly applicable to the RPP-WTP process,
although it may not encompass all possible
reaction scenarios.  Additional work in related
areas has been completed and is reported
elsewhere.

This task fulfills all the requests as defined in
Task Technical Plan BNF-003-98-0163.  Quality
Assurance requirements were applied to this work
as described in Nash, C. A., McCabe, D. J.,
“Technical Task and Quality Assurance Plan:
Studies of Ion Exchange Resin Integrity under
Flowsheet Extremes”, BNF-003-98-00163, Rev.
0, September 21, 1999.

Thermocouple

Heaters

Insulation

Test cell

Parr Bomb vessel

Pressure transducer

Figure 1.  Reactive System Screening Tool
(RSST) schematic.
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3.0 Discussion

3.1 Experimental

Due to its use in the sizing of pressure relief valves and the
inherent safety of its design (temperature and pressure
containment), the Reactive System Screening Tool

(RSST) manufactured by Fauske and Associates was
selected for this experimental work (Figures 1 and 2).  The
apparatus consists of an approximately 12 mL glass test cell
lined by electrical heaters contained within an insulated
aluminum “can”.  A thermocouple to measure the sample
temperature is inserted into the test cell from above before
the Parr Bomb is closed.  A computer is used to monitor and
record sample temperature and bomb pressure, and control
electrical power to the sample heaters.   The sample is
mixed using a magnetic stir bar and stirrer.

After this testing was completed, the resin manufacturer
revealed that the resin contains a significant fraction of potassium carbonate and/or bicarbonate
as a result of the manufacturing process.  In this study, 0.4 g SuperLig 644 cation exchange
resin was loaded into the test cell.  It must be noted here that in this early RSST work the resin
was being used as-received.  It was not pretreated with nitric acid.  Therefore, contaminant
potassium bicarbonate was still in the resin that was used for this work.  It would account for 35
to 50 weight percent resin mass loss when the resin was exposed to even water or weak acid.

After closing the Parr bomb, 10 g of either 5 M HNO3 or de-ionized water (investigative blank)
was injected into the test cell through a port on the Parr Bomb cap.  Although the RSST vent
valve was closed immediately after liquid injection and the injection port closed before removal
of the syringe used for liquid injection, it cannot be ruled out that gases generated instantaneously
when the acid was injected escaped without quantification.  A 25:1 liquid-to-solid mass ratio was
selected as a reasonably practical and order-of-magnitude realistic mixture of resin fines and acid
expected to be encountered in the acid recycle evaporator in the RPP-WTP process.  As
explained in the Results section, the minimum 0.25°C/min (15°C/hr) RSST heat-up rate was
employed to a peak temperature of 90-96°C which was maintained for 24 hours to simulate
prolonged residence time in the evaporator.  The mixture was allowed to gradually cool to room
temperature afterwards.  The 90-96°C peak temperature was chosen to permit the same hold
temperature to be used for both the acid and de-ionized water experiments at atmospheric
pressure.  Atmospheric pressure was used to reduce evaporation of the liquid during the
experiment, and permitted gas generation estimation without using estimated Parr bomb air in-
leakage rates.  All tests utilized SuperLig 644 batch # 981020MB48-563, as received.

Figure 2.  Picture of the Reactive
System Screening Tool (RSST).
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After the mixture cooled to ambient, the test cell was removed from the Parr Bomb.  After
weighing the post-run test cell contents, the remaining liquid in the test cell was decanted using a
pipette.  The remaining resin residue was rinsed three times with de-ionized water (>5:1 water to
residue mass ratio) prior to removal from the test cell.

For analysis of the post-run gas, the pressurized Parr Bomb was vented into a Tedlar gas sample
bag, which was sent for fixed gas and volatiles analysis by gas chromatography-mass
spectrometry (GC-MS).  After the rinsed residue was dried on a watchglass at ambient conditions
until constant weight, samples were sent for differential scanning calorimetry (DSC) and
thermogravimetric (TGA) analyses using Thermal Analyzer (TA) Instruments, Inc., Models
DSC-910 and TGA-951, respectively, to look for exothermic characteristics.  Three-milliliter
aliquots of the decanted liquids were also dried to a constant weight on watchglasses at ambient
conditions.  The resulting dried dissolved solids were also sent for DSC and TGA analysis.

3.2 Results

SuperLig 644 samples which had been heated in 5 M HNO3 to >90°C completely dissolved,
leaving no solid residue for analysis.  To examine formation of exothermic nitrated organic
compounds, a shortened run was performed using a heating rate of 0.4°C/min (25°C/hr), and
DSC analysis was carried out on the resulting partially-reacted residue.  An exotherm which
began at 55-65°C caused acid boil-off at 110°C.  However a few milligrams of a fine bright
yellow residue, contrasting with the dark purple/brown beads of fresh SuperLig 644 loaded
initially, remained.  This material was collected, divided and duplicate DSC scans were
performed.  The scans yielded endotherms but no exotherms in the heat flow profile.  From this
result, it was concluded that no additional hazards from reacted residues exist in the early stages
of resin breakdown, although it was not feasible to separate and test the soluble breakdown
products in this experiment.

The exotherm observed during the heat-up did impact experimental operations of the RSST and
caused a deviation from the original Technical Task Plan5 (TTP).  To allow for automated
operation of the RSST, the heating rate was reduced to the minimum allowable heating rate of
15°C/hr, deviating from the TTP’s specified 20-25°C/hr.  Despite this modification, the energy
release from the exothermic reaction still caused the resin/acid mixture to boil over and out of the
test cell, requiring manual shut-offs during the heat-up stage.  This accounts for the spike
observed in the heat-up profile in the acid run data to be discussed later.

In the investigative “blank” or reference runs with SuperLig 644 and de-ionized water, a red-
brown liquid phase was produced (Figure 3, center vial).  This result is consistent with previous
SRTC observations when prolonged ambient-temperature exposure of SuperLig 644 in water
produced dark solutions.  The remaining solid did not display visible resin bead degradation.
Typical temperature and pressure profiles are shown in Figure 4.  A clean heat-up profile was
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obtained where the actual temperature matched the program reasonably well.  A small dip during
the hold at 1300 minutes was due to the drop in RSST temperature during the resetting of the
computer program that is required to achieve a 24 hour hold time.  Average peak temperatures
for the two reference runs were both 93°C.  Only a 5% rise (~0.8 psig, ~0.055 bar) in system
pressure was observed, caused by a calculated 16°C temperature increase in the Parr Bomb
interior air.

Figure 3.  Typical products from the de-ionized water/SuperLig 644 tests.
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Figures 4.  Typical temperature and
pressure profiles in the de-ionized
water/ SuperLig 644 tests.
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These observations seen in the “blank” runs strongly contrast those in the SuperLig 644 - 5 M
HNO3 runs.  Significant reaction was observed where only a bright yellow liquid phase remained
after 24 hours at 90-96°C (Figure 5).  No solid residue was obtained suggesting total digestion of
the original resin material.  Figure 6 shows the typical temperature and pressure profiles obtained
during these acid runs.  As in the shortened test discussed earlier, exotherms beginning at 50-
60°C were observed in the duplicate runs whose peak temperatures were 90 and 96°C.  The peak
during the heat-up is due to the exotherm and coincided with the manual shut-off of the heat
input into the RSST to avoid acid boil-off.  Otherwise, a clean temperature profile was
obtained. Continuous gas generation and a near doubling of the system pressure was also seen,
with an estimated 280 mL of gas (calculated at STP) generated from 0.4 g resin in a Parr Bomb
with an internal volume of 340 cm3.

Figure 5.  Typical products from the 5 M nitric acid/
SuperLig 644 tests.
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Figure 6.  Typical temperature and pressure profiles in the 5 M HNO3/
SuperLig 644 tests.
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A separate resin/acid run with the same initial resin and acid masses was performed to generate
gas for GC-MS analysis for fixed gases and volatile organic compounds.  After the Parr bomb
was allowed to cool to 25°C in this run, a final pressure of 14.93 psig (1.03 bar) was observed
before the excess pressure was vented into a Tedlar gas sampling bag.  The analytical results are
shown in the middle column of Table 1.  The primary products were nitrogen and carbon oxides
(NO and CO2), and nitrous oxide (N2O) with traces of carbon monoxide.  Only trace quantities of
volatile organic compounds were observed with individual component concentrations less than
110 µg/L (see Appendix B).

GAS Initial Volume,
mL*

Final Volume, mL Final Composition
(volume percent)

mL Generated by
Resin + nitric

N2 261.0 261.0 Not measured 0.
O2 70.3 0. 0.0 was measured 0.
Ar 3.4 3.4 Not measured 0.
CO2 0. 102.9 15. 102.9 (see text)
CO 0. 3.6 0.52 3.6
N2O 0. 22.6 3.3 22.6
NO2 0. 278.2 Calculated 278.2-140.6= 137.6
NO 0. 2.7 0.39 2.7+140.6= 143.3
H2O 5.3 10.6 Calculated 0. (see text)
SUM 340 mL 685 mL 410 mL

3.3    Analysis

Results of analysis of Tedlar bag gas sample yielded the fourth column in Table 1.  Oxygen level
was measured to be zero, meaning that all the initial oxygen from air had reacted with a product
from the sample.  As it is known that nitric oxide (NO) rapidly reacts with O2 under ambient
conditions by the reaction 2 NO + O2 → 2NO2, corrections to the volume of total gas generated
and gas composition were required.  The 70.3 mL of O2 thus converted 140.6 mL of NO to a
similar volume of NO2.  Volume of gas at the end of the run (685 mL, STP) was calculated using
the final ambient RSST pressure prior to venting into the Tedlar bag (14.93 psig, 1.03 bar gauge)
and a leak-tight Parr Bomb of 340 mL internal volume.  Volumes of CO, CO2 and N2O were

Table 1.  Composition of the acid run overhead gas and the volumes
of gases in the bomb at the end of the run.

*Calculated from the initial condition where the bomb was filled with air (78% N2, 21% O2, 1%Ar,
50% relative humidity)
Gas  volumes are at 25°C and at 14.7 psia.
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calculated using the analytical results.  Water vapor contribution (5.3  mL initially at 50%
relative humidity and 10.6 mL at 100% final relative humidity) was estimated assuming the final
gas at 14.93 psig (1.03 bar gauge) was saturated with water vapor.  Nitrogen and argon in the
Parr Bomb from initial air was assumed inert, and the end of run nitrogen dioxide (NO2) was
calculated by difference.  The end of run NO2 and NO were lastly corrected for complete reaction
of initial oxygen (70.3 mL) with NO, to yield the volumes of generated gas in Table 1.  The large
volume of gas generated (410 mL final volume at 25°C and at 14.7 psia) strongly suggests that
significant off-gas will be generated in the evaporator which must be treated.

However after this testing was completed, the resin manufacturer revealed that the resin contains
a significant fraction of potassium carbonate and/or bicarbonate as a result of the manufacturing
process.  Crooks et al.6 quantified the potassium-only content to be 15.5 wt% of “as-received”
resin.  Hassan clearly confirmed by X-ray diffraction that potassium bicarbonate is the form
present in “as-received” resin (spectra in Appendix C).  Assuming all potassium was present as
KHCO3 and assuming complete reaction with excess acid (supported by the observed initial
vigorous “fizzing” of the resin upon addition of 5 M HNO3), the maximum carbon dioxide
contribution from residual bicarbonate was calculated to be 39 mL.  This would account for up to
38% of the detected quantity of CO2 (Table 1).  The potassium level reveals that up to 40 wt% of
“as-received” resin may be potassium bicarbonate, and reduces CO2 generation from organic
resin carbon oxidation to 63.9 mL.  This 63.9 mL of CO2 represents 0.031 g of carbon or about
8% of the initial resin mass.  Another implication of these assumptions is that up to 3.6% of the
initial acid in the added 5 M HNO3 was consumed during the initial “fizzing”, reducing the acid
molarity to about 4.8 M.  Other sources of gaseous species cannot be precisely attributed due to
the proprietary nature of the ion exchange resin chemical composition.  If the true amount of
resin is considered to be 0.24 g (0.4 g minus the potassium bicarbonate) and if the amount of gas
released is 410 mL minus the 39 mL from bicarbonate, then dissolving resin in nitric acid
produced 1550 mL of gas per g of resin.  The amount of water produced when resin is dissolved
is unknown, but amount of water vapor production is controlled by thermal processes.  This is
true because water is a condensable product in contrast to the other gaseous products.

After the RSST experiments were completed, the remaining liquid phase was decanted (pipetted)
from the remaining residual solids phase.  In the acid runs, only a liquid sample existed since the
resin was completely digested during the experiment, as noted previously.  The separated liquid
and solid phases (if present) were then placed in separate watch glasses. They were dried to
constant weight over a period of several days in a fume hood at ambient conditions to recover all
possible solids from the experiment and to obtain an estimate of the percentage of resin
converted to gas during each experiment.  Based on this work, a resin material balance was
performed for each of the 5 M HNO3 or de-ionized water with SuperLig 644 experiments
(Table 2).  Mass balance closures of 64-65% and 99-102% were obtained for the acid and water
runs, respectively.  The acid run mass balance closures could not be improved due to the
uncertainty of the sources of the gas components.  The most interesting result of this calculation
is that slightly more than half of the initial resin dissolved in de-ionized water at 25:1 liquid-to-
solid ratios at 93°C, an outcome that has been confirmed by similar studies by Crooks et al.7
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This is consistent with recent revelations by the vendor that substantial potassium and other
water-soluble components are present after manufacture of the resin.

DSC and TGA analyses of the solid residues and dried dissolved solids were performed (See
Appendix A for raw data).  DSC of the dried dissolved solids from the acid runs showed no
detonation but significant exotherms (67 - 148 J/g by peak integration) over a period of roughly
4-7 minutes.  The maximum observed energy release (148 J/g) is almost a factor of 30 less than
the energy from the detonation of trinitrotoluene8 (TNT) which is 4295 J/g.  The length of time
for energy release is comparable to the smaller of two exothermic peaks observed by Duh et al.9

for ammonium nitrate, where 373 J/g was released over a period of nearly 6 minutes.  The
observed energy release was much slower than ammonium nitrate’s larger exotherm evolving
nearly 910 J/g in approximately 1 minute.  The energy release for each exotherm measured by
Duh was manually integrated by the full-width half-maximum integration technique, and the total
energy release compares well with the the literature value of 470 – 2000 J/g heat of reaction
range for various possible ammonium nitrate decomposition reactions10.

The “gummy” nature of the acid-run dried dissolved resin solids suggests that residual nitric acid
may have been present as a nitric acid-water azeotrope (66.7-68.7 wt% HNO3, 75-1200 mm
Hg11), contributing to the exothermic characteristics.  One dried dissolved solids sample was
vacuum dried at ambient temperature for over 36 hours and tested by DSC again to reduce the
influence of any residual nitric acid and moisture remaining in the solid as a result of the ambient
watchglass drying method.  The solids texture remained unchanged as a result of extended
vacuum drying, but the exothermic energy release was found to decrease from 146 J/g to 101 J/g
and the initial large single peak may have been resolved into 2-3 separate exotherms.  TGA
profiles of the acid run dried dissolved solids were unremarkable. The majority of the mass loss,
~10-15 wt%, was complete before the 2-5 wt% mass loss during the DSC exotherms, indicating
that minimal gases were generated as a result of exothermic degradation of the acid-run dried
dissolved resin solids.

Also observed in the acid run dried dissolved solids DSC scans were 5.5 – 36 J/g endotherms in
the 120-140°C range which could be attributable to delayed 68 wt% nitric acid-32 wt% water
azeotrope release from the sample (120.5°C boiling point at 735 mm Hg12), or to phase
transitions at 129°C13 of solid potassium nitrate.  Up to 40 wt% residual potassium nitrate may
be present in the resin due to nitric acid reacting with residual potassium from the resin synthesis
process.  DSC of the dried dissolved solids from the water runs showed no exotherms, and scans
of the dried solid residues showed only a large endotherm at 100°C likely associated with the

Mass Balance % Initial Resin 
Initial Resin (g) Final Resin (g) Dissolved Solids (g) Closure (%) as Dissolved Solids

Acid Run #1 0.402 0 0.2590 64.4 64.4
Acid Run #2 0.401 0 0.2582 64.4 64.4

Water Run #1 0.406 0.1951 0.2072 99.1 51.0
Water Run #2 0.400 0.1923 0.2136 101.5 53.4

Table 2.  Mass balance closure summary and percentage of initial resin as dissolved solids
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release of moisture.  TGA profiles of all water run samples were unremarkable and showed
continuous weight loss, with the solid residues showing a more constant weight loss rate
throughout the analysis.  The DSC and TGA temperature-time programs were both 5°C/min to
300°C with no hold at peak temperature.

GC-MS analysis of the gas and the liquid phases also yielded valuable information.  Analysis of
the liquids produced from the acid runs found no nitrated compounds among the two identifiable
components (see Appendix B).  These compounds were found at 0.28-0.40 mg/L concentrations.
To ensure the absence of nitrated compounds, it was confirmed that the NIST Library in the GC-
MS computer used to analyze these compounds contains a database of common nitrate
explosives such as methyl nitrate, TNT, nitroglycerin, and butyl nitrate.  Other unidentifiable
compounds were found in the 0.09 – 1.4 mg/L concentration ranges.  GC-MS of the acid run gas
samples showed trace quantities of volatile organic compounds in the 12-110 µg/L range with
several trace hydrocarbons components (see Appendix B).  A blank run with just 5 M HNO3 in
the RSST test cell undergoing the same temperature-time history showed that one-third to about
one-half of two identified volatiles are generated from the degradation of RSST internals, such
as wiring insulation, electrical tape, and vacuum grease.  It is likely that toluene and 3-
methylhexane originated entirely from the RSST internals or the sampling equipment.

Total organic carbon (TOC) analysis of acid run and water run liquids was also performed, but
the large scatter in the data (5400-6500 ppm for acid runs, 5700-6200 ppm for water runs)
indicated no significant difference between the two types of samples.

The Analytical Development Section (ADS) analyzed sample chemistry per quality assurance
requirements as well as tracking samples within the LIMS system.  ADS analyzed liquid samples
by SVOC and gaseous samples by VOA Halocarbon (5mL purge/trap) and VOA Halocarbon
(direct gas loop).  These organic analysis methods are consistent with EPA SW-846 methods,
although the laboratory is not certified by the South Carolina Department of Health and
Environmental Control for NPDES discharge compliance monitoring.

4.0 Conclusion/Summary

This investigation has shown the following regarding the hazards of exposing SuperLig 644
cation exchange resin to 5 M HNO3 at 90-96°C over a 24 hour period:

 Solids in the evaporator

- Introduction of resin fines to 5 M HNO3 at 55°C or higher will cause an
exothermic reaction.
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- Solids buildup from resin fines in the evaporator is unknown although
SuperLig 644 was completely digested in 5 M HNO3 at >90°C.

- DSC of partially digested resin did not show any exotherms, indicating no
dangers associated with nitration of the resin

 Gas generation

- Significant gas (NOx, CO2) generation was observed, indicating the need for
allowance in the off-gas system for the evaporator.  Calculations of the
pressure release system are the responsibility of the design authority.

- Heat generation was observed but was not self-sustaining, as shown by the
manual heater shutdowns.

 Liquids hazards

- In the DSC scans, none of the dried dissolved solids displayed exotherms
indicative of detonation, suggesting no nitration-related hazards are introduced
into the evaporator liquids.

- The absence of identifiable volatile and semi-volatile nitrated organics was
confirmed by GC-MS analysis.  However, resin dissolution would still need to
be addressed when quality of recycled nitric acid is considered.

 As confirmed in a subsequent study, approximately half of the resin was dissolved in
de-ionized water after 24 hours at elevated temperature.  This is largely attributable to
the large quantity of potassium bicarbonate in the as-received SuperLig 644 (Batch #
981020MB48-563) resin.
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Appendices

Appendix A.  Experimental, DSC, and TGA Data

Experimental Data and Material Balance Summary

Guide to DSC and TGA Data

- Fresh resin is “as-received” resin that was placed directly into the DSC or TGA analytical instrument

- Samples labeled by run number (WJC-XX-XXX) are DSC or TGA of dried dissolved solids obtained by drying the liquid
phase remaining after the RSST run was completed.

- Samples labeled by run number followed by “SOLID” are DSC or TGA of dried residual solids remaining from the water
“blank” experiments after the RSST run was complete.  These solids were dried after removal of the liquid phase.

SuperLig 644/Nitric Acid Stability Study Experimental Data

Hiroshi Saito
3/10/00

Acid Runs
% Material Final Heated % Solid Dried Aliquot

Run Date WJC Code Init. Resin (g) Init. Acid (g) Init. Total Mass (g) Final Total Mass (g) Vaporized Solid (dry, g) Recovered Aliquot Vol. (ml) Density (g/ml)
12/6/99 WJC-II-148 0.402 9.980 10.382 7.041 32.2 0 0.0 3 1.177
10/25/99 WJC-II-168 0.401 10.038 10.439 7.510 28.1 0 0.0 3 1.160

2/14/00 WJC-II-130 0.400 10.000 10.400 7.400 28.8 0 0.0 3 1.162
2/8/00 WJC-II-132 0.400 10.100 10.500 ------ ------- 0 0.0 3 1.183

Dens = 1.15 g/ml

I H2O (Blank) Runs
% Material Final Heated % Solid Dried Aliquot

Run Date WJC Code Init. Resin (g) Init. H2O (g) Init. Total Mass (g) Final Total Mass (g) Vaporized Solid (dry, g) Recovered Aliquot Vol. (ml) Density (g/ml)
11/8/99 WJC-II-146 0.406 10.009 10.415 8.728 16.2 0.1951 48.1 3 1.054
1/14/00 WJC-II-136 0.400 10.010 10.410 8.744 16.0 0.1923 48.1 3 1.059

11/4/99 WJC-II-162 0.400 10.060 10.460 8.899 14.9 0.2047 51.2 3 1.052
AVERAGE 49.1

All runs performed using SuperLig 644 Batch number 981020MB48-563

Mass Balance Summary
Mass Balance % Initial Resin 

Initial Resin (g) Final Resin (g) Dissolved Solids (g) Closure (%) as Dissolved Solids
Acid Run #1 0.402 0 0.2590 64.4 64.4
Acid Run #2 0.401 0 0.2582 64.4 64.4

Water Run #1 0.406 0.1951 0.2072 99.1 51.0
Water Run #2 0.400 0.1923 0.2136 101.5 53.4

Aliquot Estimated Total Estimated Total % Initial as Resin Mass
Dried Residue (g) Final Liquid (ml) Dissolved Solids (g) Dissolved Solids Balance (%) Notes

0.1299 6.0 0.2590 64.4 64.4 Clean run (profiles in presentation)
0.1196 6.5 0.2582 64.4 64.4 Clean run except for dip during heatup

0.1105 6.4 0.2346 58.7 58.7 Run with gas analysis result, dip during heatup; gas sample brown
0.1125 ------- ------- ------- Gas sample capture attempt #1

AVERAGE 62.5 62.5

Aliquot Estimated Total Estimated Total % Initial as Resin Mass
Dried Residue (g) Final Liquid (ml) Dissolved Solids (g) Dissolved Solids Balance (%) Notes

0.0768 8.1 0.2072 51.0 99.1 Clean run (profiles in presentation)
0.0776 8.3 0.2136 53.4 101.5 Clean run #3

0.0701 8.5 0.1977 49.4 100.6 Big dip during hold time
AVERAGE 51.3 100.4
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DSC and TGA Data
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Appendix B.  Identified Compounds in Acid-Run Liquid Phase

Concentration (mg/L)
Sample # 3,4-dimethyl-2,5-furandione 3-ethyl-4-methyl-2,5-furandione
1 0.28 0.36
2 0.28 0.25
3 0.28 0.32
4 0.37 0.40

Table B-1.  Concentrations of organic compounds identified by GC-MS in the acid-run liquid
phase (SuperLig 644/5 M HNO3 after 24 hours at 90-96°C).  Detection limit was 0.25 mg/L.

Concentration (µg/L)
Compound Acid-Run HNO3 Only (Blank) Run
Toluene 110 36
Unknown Silicon-based 35 ------
3-methyl-hexane 23 12
4,4-dimethyl-2-pentanone 12 ------
1-butene ------ 7.7
2,4,4-trimethyl-1-pentene ------ 78
2,4,4-trimethyl-2-pentene ------ 14
Methylcyclohexane ------ 8.3
Pentanal ------ 4.5
Trace hydrocarbons (~10) <10 (each) ------

Table B-2.  Concentrations of organic compounds identified by GC-MS in the acid-run gas
phase (SuperLig 644/5 M HNO3 after 24 hours at 90-96°C)
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Appendix C.  X-ray Diffraction Data for SuperLig 644 Ion Exchange Resin

Data is courtesy of Neguib Hassan, Actinide Technology Section (ATS).  The first two spectra
show potassium bicarbonate as the dominant inorganic salt present in the “as-received” resin.
The final two spectra show that the potassium bicarbonate was removed by a pre-conditioning
process where the resin was: 1) allowed to soak in 1 M NaOH solution for 2 hours, 2) sluiced
into an ion exchange column, 3) rinsed with 2 total apparatus volumes of de-ionized water, 4)
eluted using 10 total apparatus volumes of 0.5 M HNO3 solution, 5) rinsed with 2 total apparatus
volumes of de-ionized water, 6) regenerated using 2 total apparatus volumes of 0.25 M NaOH
solution, 7) rinsed with 2 total apparatus volumes of de-ionized water, 8) filtered, and 9) vacuum
oven-dried at 50 ± 5°C.
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“As-received” Resin XRD Data
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Pre-conditioned Resin XRD Data




