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ABSTRACT 

The resin dissolution process was conducted successfully in 
full-scale equipment at the SRL Semiworks. A solution containing 
O.OOlM Fe2+, or Fe3+, and 3 vol % HZOZ in O.lM HN03 is sufficient 
to dissolve up to 40 vol % resin slurry (Dowex. SOW-K8). Foaming 
and pressurization can be eliminated by maintaining the dissolu
tion temperature below 99·C. The recommended dissolution tempera
ture range is 85 to 90·C. Premixing hydrogen peroxide with all 
reactants will not create a safety hazard, but operating with a 
continual feed of hydrogen peroxide is recommended to control the 
dissolution rate. An air sparging rate of 1.0 to 1.5 scfm will 
provide sufficient mixing. Spent resin from chemical separation 
contains DTPA (diethylenetriaminepentaacetic acid) residue, and 
the resin must be washed with O.lM NH4 0H to remove excess DTPA 
before dissolution. Gamma irradiation of resin up to 4 ~-hr/L 
did not chan~e the dissolution rate si~nificantly. 
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DISSOLUTION OF ION EXCHANGE RESIN BY HYDROGEN PEROXIDE 

INTRODUCTION 

The Multi-Purpose Processing Facility (MPPF) is designed to 
separate and recover transplutonium elements by ion exchange and 
precipitation processes. Because of the high radiation associated 
with these transplutonium nuclides, the resin from the Rapid Ion 
Exchange (RIX) columns must be replaced after each run. In the 
original design, the entire RIX column was to be removed and a new 
column loaded with fresh resin was to be installed. The old 
column containing the spent resin was then to be shipped to the 
Burial Ground for storage as transuranic waste. To reduce the 
cost of replacing the RIX columns and to eliminate possible 
environmental hazards associated with the disposal of the spent 
columns, it was proposed that the MPPF be modified to permit 
removal of the resin from the columns and to permit reloading of 
the columns in place with fresh resin. 

The spent resin would then need to be dissolved before its 
transfer to the waste tanks in order to: 

• Reduce the potential fire hazards by decreasing local high 
organic concentrations. 

• Reduce the potential corrosion of the carbon steel waste tanks 
by minimizing local concentrations of organic acids. 

• Facilitate the disposal of the resin (liquids are easier to 
handle than slurries). 

• Enable sampling of the spent resin. 

The objectives of this study were to 1) demonstrate that the 
full-scale dissolution of a cation resin can be carried out in a 
safe and controllable manner and 2) provide data for the prepara
tion of MPPF resin dissolution procedures. 
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DISSOLUTION CREMISTRY 

The ion exchange resin used in the MPPF is a cross-linked 
polystyrene sulfonate base cationic resin. This type of resin has 
been demonstratedl ,2 to be soluble in a dilute R202-Fe-RN02 sOfution. The following evidence indicates that either Fe + or 
Fe + must be sorbed by the sulfonate group of the resin for 
dissolution to proceed: 

• Unsulfonated, cross-linked polystyrene does not dissolve in a 
~02-Fe-RN03 solution. 

• Multiralent ions interfere with resin dissolution because Fe2+ 
or Fe + has to compete with these ions for ion exchange sites. 

• The dissolution is hindered if the ion exchange sites are 
damaged by radiation. 

• The dissolution is hindered if Fe2+ or Fe3+ is converted to an 
anionic or neutral complex by a complexing agent such as DTPA 
(diethylenetriaminepentaacetic acid). 

It is hypothesized that the dissolution process takes place 
according to the following mechanism: 

Fe3 + + R202 + Fe2 + + H02• + 1l+ 

Fe2 + +- H202 + Fe3 + + OR- + OR· 

OR· + cross-linked polystyrene sulfonates + linear 
polystyrene sulfonates (soluble) + Hz0 + CO2 

OR· + HzOz + H20 + HOZ• 

ROZ· + Fe3+ + R+ + FeZ+ + Oz 

ROz • + FeZ + + HOz - + Fe3 + 

Hydrogen peroxide reacts with iron which was sorbed by the resin, 
to produce an OR radical. The OR radical breaks down the cross 
linkage of the resin to form linear polystyrene sulfonates that 
have been shown to be soluble in an aqueous solution. 3 The over
all dissolution process is an exothermic reaction. 

LABORATORY DISSOLUTION STUDIES 

Previous studies indicated that foaming associated with resin 
dissolution was a problem. Foaming will not only contaminate the 
condensate but also could lead to pressurization of the dissolu
tion vessel as the result of foam pluggage of the vent line. 

- 8 -
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Before the full-scale dissolution was started, several bench-scale 
studies were performed to investigate the dissolution process. 
Figure 1 gives a sketch of the laboratory resin dissolution equip
ment. The dissolution mixture contained 33 vol % resin slurry 
with O.lM nitric acid, O.OOlM iron, and 3 vol % hydrogen peroxide. 
Air sparging was used to provide adequate mixing. When the reac
tants reached 80·C, dissolution was initiated and proceeded 
rapidly. The heater was removed as soon as dissolution started. 
About 15 minutes after dissolution started, the foam height 
reached a maximum of about two times the liquid height. The 
dissolution temperature climbed to 104·C and stayed there for 10 
minutes. When most of the resin was dissolved, the foam height 
and temperature decreased gradually. Figure 2 gives the relation
ship between foam height and dissolution time. Foaming was prac
tically eliminated by increasing the air sparging rate to keep the 
dissolution temperature below 99·C, the initial boiling point. 
The dissolution temperature was kept under 99·C to minimize foam
ing in the full-scale dissolution tests. 

FULL-SCALE DISSOLUTION STUDIES 

Process 

Full-scale dissolution studies were conducted to determine 
the conditions which would achieve complete dissolution with 
minimum peak pressurization and essentially no entrainment in the 
condensate. The effects of dissolution temperature, hydrogen 
peroxide addition rate, air sparging rate, batch size, resin 
slurry concentration, resin irradiation, and DTPA residue on 
dissolution performance were investigated. Based on laboratory 
dissolution tests, a solution of 3 vol % Hz0z' O.OOlM Fe 3+, and 
O.lM HN03 was chosen for this study. 

A brief flow diagram of this dissolution process is given in 
Figure 3. A resin slurry was fed to a dissolution vessel, and the 
slurry was adjusted to the desired resin/water ratio. Nitric acid 
and ferric nitrate were added to the slurry to give O.lM RNO, and 
O.OOlM Fe. Mixing required during dissolution was provided by air 
sparging at about 1.0 to 1.5 scfm. The slurry was then heated, by 
two 6 kW firerods, to the desired temperature. The temperature 
was regulated with cooling water and two independent on-off 
controls for the firerods. The cooling water supply was main
tained at a flow rate of 2.5 gpm. When the desired temperature 
was reached, a given quantity of 30 vol % hydrogen peroxide was 
gradually metered into the dissolution vessel to control the rate 
of dissolution. Condensable vapors generated during dissolution 
were removed by a condenser installed in the off-gas line. Non
condensable gases were fed to the off-gas exhaust system (OGE). 
The OGE system was maintained at a negative 0.3 in. water column 
pressure. 
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Equipment 

Dissolution Vessel 

The volume of the dissolution vessel was 125 L. It was 
equipped with an air sparger to provide mixing. As a safety pre
caution, a blow-out leg was installed to provide pressure relief 
for the dissolution vessel. Any pressurization exceeding 16 in. 
of water is relieved through this leg. The desired dissolution 
temperature was maintained by independent on-off controls for both 
heaters and the cooling water systems. Instruments to measure and 
record process variables such as level, specific gravity, tempera
ture, and pressure were provided. Dissolution samples were 
obtained through a sampling jet which was located on the top of 
the vessel. This jet is a slight modification of the existing 
MPPF sampling jet by adding a by-pass line (see dotted line of 
Figure 4). This modification allows the dip leg to be air-purged 
(open valve A and close valve C) before any sample is drawn so 
that the sampling needle will not be plugged by residual resin. 
Air sparging rates from 1.5 to 5 scfm were found to provide 
reasonably good mixing for an adequate sampling. An area 
photograph of the dissolution vessel and its accessories is shown 

in Figure 5. 

Condenser 

A coil type nonreflux condenser was used (6.7 ft
2 

heat 
transfer surface). Most of the condensables were removed at the 
condenser to avoid condensation in the off-gas line. The off-gas 
temperature from all experiments ranged from 20 to 30·C. 

Hydrogen Peroxide Handling System 

The hydrogen peroxide handling system consisted of a hand 
pump and two 4-L graduated cylinders enclosed in a stainless steel 
container (to avoid spilling hydrogen peroxide). During 
operation, the required amount of hydrogen peroxide was hand
pumped from a 30-gal drum to a graduated cylinder and then 
delivered to the dissolution vessel at a given flow rate using a 
metering pump. 

Resin Storage Tank 

A 600-L tank equipped with a mixer was used to store the 
resin slurry discharged from ion exchange columns. It was estab
lished that the mixer set at 150 rpm using a 9 in. impeller was 
sufficient to keep 500 L of 12% resin slurry well mixed. The 
resin storage tank and condenser are sho~ in Figure 6. 
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FIGURE 6. Resin Storage Tank and Condenser 
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DISSOLUTION RESULTS 

Dissolution Temperature 

Bench-scale tests revealed that controllable dissolution with 
no excessive foaming could be achieved if the peak dissolution 
temperature was held below 99·C. This concept of controlling the 
temperature of the dissolution vessel was also successfully 
demonstrated in a full-scale dissolution test. It appears that 
the excessive pressurization and entrainment are not caused by an 
increase in dissolution rate when the temperature is raised 
slightly (99 to lOO·C). Rather, it is believed that the sudden 
pressurization and entrainment occur because the dissolved resin 
solution has an initial boiling point, around 99·C, as low 
molecular weight organics are evolved and excessive foam is 
produced. Figure 7 represents the maximum pressure reached (16 
in. of water) when a batch of resin was dissolved without 
temperature control. Any pressure which exceeded 16 in. of water 
would be relieved through the blow-out leg of the dissolution 
vessel. A number of tests were conducted with controlled 
dissolution temperatures under 99·C (Figure 8). The dissolution 
time is defined as the time between the start of H202 addition and 
the final reactivation of the heaters. The reactivation of the 
heaters is due to the decrease in the heat generated by the 
exothermic resin dissolution reaction and indicates the completion 
of the dissolution process. The temperature curve clearly 
indicates that before dissolution starts, the temperature 
controller effectively maintained the slurry at the desired 
temperature. When dissolution was initiated, the reaction heat 
raised the temperature to the upper limit of the temperature 
setting. At this point, the solenoid valve was activated to start 
the flow of cooling water. Then the cooling water kept the 
dissolution vessel within the desired temperature range. When the 
dissolution process was nearing completion, the temperature 
dropped until it reached the lower temperature setting. For the 
same resin batch size, the dissolution time at 84 to 90·C was 
approximately double the dissolution time at 94 to 99·C. 

Hydrogen Peroxide Addition Rate 

Earlier studies1 ,2 on resin dissolution indicated that 
dissolution involves the elimination, by hydrogen peroxide, of 
cross-linkages in the resin. Insufficient hydrogen peroxide leads 
to the incomplete destruction of the cross-linkages and thus, 
results in only partial dissolution. Results obtained from all 
bench-scale tests, as well as full-scale tests, have indicated 
that 3 vol % hydrogen peroxide (based on final total batch volume) 
is sufficient for complete dissolution. 
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variations in hydrogen peroxide addition rates were examined; 
the results are shown in Figure 9. At higher peroxide addition 
rates, dissolution began earlier. These rates indicate that to 
begin dissolution, hydrogen peroxide concentration in the slurry 
has to reach a certain level. 

When the required hydrogen peroxide, iron, and acid were 
added to the resin slurry at room temperature, no dissolution 
occurred. Once the contents were heated up to 8S·C, dissolution 
began as indicated by the temperature rise (Figure 10). The cool
ing water flow is designed to remove the excess reaction heat so 
that dissolution can be maintained at the desired temperatures (85 
to 90·C). Althou~h the resin was premixed with hydrogen peroxide, 
the dissolution was carried out safely under controlled conditions 
whereby the water cooling capacity (2.5 gpm) to the dissolution 
vessel was sufficient to remove reaction heat, 

Air Sparging Rate 

Air sparging is necessary for mixing resin slurry. Other
wise, the resin tends to settle in the bottom of the dissolution 
vessel. Once the immersion heaters are turned on, local hot spots 
develop. Without agitation, hot spots could damage the heaters. 

Air sparging with 1.0 and 1.5 scfm was used in the dissolu
tion tests. Both sparging rates provide adequate mixing, and no 
significant difference was observed except when dissolution was 
nearing completion. The higher sparging rate improved the cooling 
efficiency; i.e., a shorter time was required to cool the contents 
back to start-up temperature (Figure 11). 

Batch Size 

The influence of batch size on dissolution was investigated 
with and without control of the dissolution temperature. Complete 
dissolution was achieved for all tests. However, without tempera
ture control, tank pressurization and entrainment (brownish con
densate) increased substantially as the batch size was increased 
from 30 to 42% of the vessel volume. For batch sizes less than 
30% of the vessel volume, complete dissolution of the resin was 
achieved with little pressurization or entrainment. For batches 
containing greater than 36% of the vessel volume, excessive pres
surization (16 in. of water) and entrainment were encountered 
during dissolution. Full-scale dissolution (60% of the vessel 
volume) with temperature control resulted in controllable disso
lution without pressurization and entrainment (Figure 12). 
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Slurry Concentration 

Dissolution tests were conducted to determine the effect of 
resin slurry concentration (9.5 to 40 vol %) at constant hydrogen 
peroxide concentration (3 vol X). As the resin slurry concentra
tion is decreased at constant hydrogen peroxide concentration, 
more severe destruction of the resin would be expected. Analyses 
of dissolved resin solution indicated that more carbon, as carbon 
dioxide, was released during dissolution as the resin concentra
tion was decreased; i.e., the carbon/sulfur ratio in the dissolved 
resin solution was lower. The time required for complete dissolu
tion was decreased slightly as the slurry concentration decreased 
(Figure 13). No other apparent difference was noticed except a 
slight discoloration of the condensate in the 9.5 vol % resin run. 
The discoloration was shown to be low-boiling organics distilled 
during dissolution. Based on the total volume of water required 
to remove resin from four RIX columns (2-, 4-, 6-, and 8-in. dia) 
at SRL Semiworks, the resin slurry for dissolution in the canyon 
will contain 12 to 15 vol % resin. At this range of slurry con
centration, dissolution can be carried out successfully. 

Cobalt Irradiation 

The ion exchange resin used in the MPPF will be subjected to 
high-energy radiation. The radiation destroys ion exchange sites 
and, th'us, could interfere with the dissolution process due to 
reduced iron sorption capacity. To evaluate the effect of irradi
ation on dissolution behavior, resin was irradiated with GO Co to 4 
kW-hr/L. Four kW-hr/L ia the established radiation dose limit of 
resin in RIX columns. The GO Co irradiated resin dissolved at 
approximately the same rate as fresh resin (Figure 14). 

The radiation effects on ion exchange resin by alpha and 
gamma irradiation were studied at the Rocky Flats Plant. 4 ,5 The 
physical deterioration of resin by gamma irradiation (up to 4 kW
hr/L by GO Co ) was observed as a slight erosion on the surface 
(Figure 15). The physical damage of the resin by alpha 
irradiation is more detrimental to the polymer matrix. 
Irradiation caused the formation of many resin clumps, some of 
which could not be broken up with a stirring rod. Scanning 
electron photomicrogranhs of the irradiated resin illustrate the 
degradation (Figure 16). Localized fusing appears to form clumps, 
and there are also examples of bead fragmentation. This physical 
change by alpha irradiation could impede hydraulic removal of 
resin from the columns. 
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DTPA Telts 

In MPPF chemical separations, DTPA is used as an eluant in 
ion-exchange operations and also as a flushing agent at the end of 
the process. Concentrations of 0.05M DTPA will be used for 
eluting, and 0.3M for flushing. Since DTPA is a chelating agent, 
it will complex the iron catalyst and hinder resin dissolution. A 
cleaning cycle is necessary to remove DTPA residue after an Am-Cm 
separation run. The developed cleaning cycle consists of four 
phases, in the following order: 2-bed volumes of O.lM NH~OH, 2-
bed volumes of water, 2-bed volumes of 1M HN03 , and 3-bed volumes 
of water. The nitric acid is used to recondition the resin to the 
acid form. Resin treated with both 0.05M and 0.3M DTPA, followed 
by the same cleaning procedure, was dissolved by hydrogen 
peroxide. The dissolution time for resin treated with 0.3M OTPA 
was increased significantly (Figure 17). Analyses indicated that 
approximately 1.41 x 10-3 gram of DTPA remained per gram of 
resin. 

CHEMICAL ANALYSIS 

The IR spectral analysis of dissolved resin solution indi
cated that the aromatic sulfonic acids were intact, but the cross
links were oxidized. This oxidation introduced a substantial 
number of carboxyl groups. The dissolved resin was identified as 
a linear polymer, not a monomer, in agreement with previous 
studies. 3 

The dissolution condensate had an organic odor. It contained 
a small quantity of acetone and sulfonic acid compounds. A potas
sium tracer test proved that these organics were carried over by 
distillation. Table 1 lists the typical analyses of dissolution 
products for 33 and 9.5% resin slurries. 

The dissolved resin solution still contained some quantities 
of organic matter (residue on evaporation). This indicates that 
the resin was not totally oxidized to CO2 during dissolution. 
Rather, the resin was only partially decomposed to become soluble 
as suggested earlier. 

The acid concentration is substantially higher than the O.lM 
HN03 used in dissolution, because some of the resin is converted 
to sulfonic acid. 
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TABLE 1 

Typical Analytical Data for Dissolution Products 

Resin Solutions Condensates 
Analyis 9.5% 33% 9.5% 33% 

Sulfur 0.48% 1. 72% 6 ppm 2 ppm 

Carbon 1.2% 5.6% 0.159% 0.187% 

Carbon/Sulfur Atomic Ratio 6.7 8.7 

Residue on Evaporation 2.95% 11.32% 0.015% 0.0096% 

Density 1. 0147 1.0502 0.9943 0.9970 

H+ 1.04 0.89 0.012 0.015 

NO:! + 0.114M o . 116M 2.13 x 10-4M 1.24 x 10-4 M 
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CONCLUSION 

Based on resin dissolution tests at the SRL Semiworks, it is 
concluded that a plant-scale resin dissolution can be carried out 
safely in the full-scale reprocessing plant .. The following 
parameters are recommended for resin dissolution: 

HN03 concentration: O.lM 

Catalyst concentration: O.OOlM Fe3 + 

Volume of pure Hz02/batch volume: 3 vol % 

Temperature setting: 85 to 90·C 

Air sparging rate: 1.0 to 1.5 scfm 

Peroxide addition rate: 100 to' 300 mL/min 

Resin slurry concentration: <40 vol % 
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