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ABSTRACT 

Spent organic ion exchange resins are generated in large 

quantities during the operation of nuclear facilities. Wet 

oxidation as a mode of treatment of these gel-type ion exchange 

resins was investigated using H2O2 as oxidant in the presence 

of CUSO4 as catalyst. Experiments using commercial samples were 

conducted at 95-100'"'C under reflux conditions at atmospheric 

pressure. It was found that the reaction of cation resin with 

H2O0 was instantaneous whereas with anion resin, there was a lag 

time. However, rates for both the resins became almost, similar 

after the initial stage of dissolution. Consumption of excess 

HoOo for complete oxidation was noted. Therefore, for efficient 

utilisation of the oxidant, these z-eaction conditions, via., low 

rate of addition of H2O2, 0.01M concentration of CUSO4 and 

neutral pH in mixed resin reaction, were found to be useful. 

Foaming was noted during reactions involving anion resin. 

This could be controlled by silicone- based agents. In regard to 

reaction products, besides CO2 and O2, ammonia from anion resin 

was also found in the off-gas. 

The. residual solution left after resin oxidation is aqueous 

in nature and is expected to contain all the radioactivity 

originally present in the resin. Preliminary experiments using 

simulated solutions traced with Cs, Co, 5r, Zr and Ce showed 

that these radionuclides could be efficiently trapped using 

available inorganic sorbents. Thus, the wet oxidation system 

offers a simple method of converting organic waste into 

environmentally acceptable inorganic products. 
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WET OXIDATIVE DESTRUCTION OF SPENT ION-EXCHANGE 
RESINS DSING HYDROGEN PEROXIDE 

C.Srinivas, M.Ramaswamy and T.K.Theyyunni 

1.0 INTRODUCTION 

Organic ion-exchange resins are widely used in nuclear 

industry. For example, these resins are used in the removal of 

•radioactive and inactive ionic impurities from heavy water in 

primary heat transport (PHT) and moderator systems of nuclear 

reactors. In order to ensure required quality of heavy water, 

periodic replacement of these resins becomes necessary. The 

discarded resin is stored as radioactive solid waste pending 

further treatment, and disposal. In PHT and moderator systems, 

the resins get contaminated mainly with Co and fission product 

activity. Generally, divinyl benaene cross-linked polystyrene 

polymers functionalised with SO3H (cation resin) and 

CH2N (CH3)30H. (anion resin) are used for these purposes. Several 

treatment and disposal processes such as direct immobilization, 

incineration, acid digestion and wet oxidative destruction have 

been proposed for these wastes. 

Direct immobilization in thermosetting resins, cement etc. 

have been reportedCl]. The volume of the final product is higher 

than that of the original waste resin in these processes. 

Incineration[2] .involves burning of the resin at high 

temperature(about 700°C). The disadvantage of the process is the 

complexity of off-gas treatment. The off-gases will contain 

corrosive fumes of NOx, SO2 and significant portion of the 

radioactivity from the original resin. It is also not easy to 
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completely burn the resins in this process and tarry residues 

are left. 

In the acid digestion process[3], the organic waste is 

completely oxidised at about 200°C by concentrated HNO3 in 

concentrated H2SO4 medium. H2O2 can also be used in place of 

concentrated HNO3. Handling of concentrated mineral acids and 

generation of NOx and SO2 fumes in the off-gas pose several 

problems. 

Use of HgOg in the presence of transition metal ion catalysts 

like copper or iron for complete oxidation of various organic 

wastes has. recently, generated considerable interest[4]. H2O2 is 

•:< clean oxidant and the operating conditions are mild. Off-gas 

problems are minimum in this case. Various refractory organics in 

aqueous waste were reported to be completely oxidised using H2O2• 

Application of this process to resin waste oxidation was 

reported mostly in patent literature only . The objective of the 

present study is to develop a process for complete oxidation of 

the resins using H2O2 as oxidant. Results of these studies are 

presented in this report. 

2.0 EXPERIMENTAL STUDIES 

2.1 Materials 

Gel-type strongly acidic cation resljn in H form and strongly 

basic anion resin in OH form were used; in these studies. Mesh 

sise of the resin was -20+50. The resihs were washed with water 

several times and air-da ] befoi'e use. Other chemicals were G.R. 

grade and used in as received condition without further 

purification. 
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2.2 Carbon content of the resins 

The molecular formula of dry cation exchange resin can be 

represented by Cg. igHg. 16$0. 92^2. 76 an<i "that of dry anion resin 

by Cu_g4Hig. 28^0.92°0. 92- ^u-b "t*ie carbon content calculation 

from the formulae of the resins will not be sufficiently accurate 

because of the uncertainty in the moisture and divinyl benzene 

(DVB) content in the resins. Because of these reasons, H2O2 

requirement for complete oxidation can not "be directly 

calculated from the chemical equations governing the oxidation 

reaction. Hence,• for determining these values, the following 

procedure was used: 

A known weight of the resin was completely oxidised using 

acidified potassium dichromate in the presence of silver sulfate 

as catalyst[5], C02 generated during the reaction was absorbed in 

0.5 M NaOH solution and the carbonate formed was determined 

volumetrically[6]. From this value, carbon content of the resin 

was calculated. 

For determination of H2O2 requiremen potassium dichromate 

consumed in the above reaction was also found by redox titration 

using standard ferrous sulfate solution. From the amount of 

dichromate consumed in the reaction, amount of oxygen utilised 

can be calculated from the following equation: 

K2Cr207 + 4 H2S04 > K2S04 + Cr2(S04)3 + 4 H20 +3(0) (l) 

H 20 2 requirement was calculated using the following equation 

since oxygen consumption was already known: 

H 20 2 > H20 +(0) (2) 

Results of these analyses are reported in Table-1. 
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2.3 Procedure for resin oxidation 

Resin amount used in experiments was varied from two grams to 

hundred grams. In the initial studies, two gram amounts of resin 

was used and the following procedure was followed for oxidation: 

The resin was mixed with ten ml. of catalyst solution of 

known concentration in a 100 ml. capacity thz'ee-necked 

cylindrical glass reaction flask provided with a reflux 

condenser(Fig.1). Temperature of the reaction mixture was 

maintained at 95-100°C by immersing the reaction flask in a 

boiling water bath. 35%(w/v) H2O2 was added to the hot reaction 

mixture dropwise at a pre-determined rate by using peristaltic 

pump. COg produced during the reaction was swept off by N2 gas 

and absorbed in 300 ml. of 0.5M NaOH scrubber solution taken in 

equal volumes in three gas-collecting bottles. Carbonate formed 

in the alkali scrubber was estimated as mentioned before. From 

this value, percent carbon oxidised was estimated and used to 

monitor the progress of the reaction. The alkali scrubber 

solution was periodically replaced by fresh solution during the 

reaction. 

In experiments with 100 grams of res'in, instead of estimating 

COp released, carbon content of the i-es'idual solution after the 

completion of reaction was determined by oxidation with 

acidified potassium permanganate [7] followed by collection of 

COo generated during the reaction in alkali scrubber. Percentage 

carbon oxidised was determined as per 'the procedure mentioned 

above. 
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3.0 RESOLTS AND DISCUSSION 

Hydrogen peroxide alone, in the absence of a catalyst, was 

ineffective in oxidising the resins to any significant extent 

even when large excess of it was added. 

Preliminary experiments indicated that several metal 

ions such as ferrous, ferric, copper, titanium were able to 

catalyse the wet oxidation of resins. When H2O2 was added to a 

hot mixture of resin and one of these aqueous metal ions, there 

was weight, loss in the resin .Indicating destruction of the resin. 

Copper sulfate, known to be an effective catalyst for H2O2 

oxidation of organics, was chiosen as catalyst for detailed study. 

In the absence of organics in the reaction mixture, 

transition jnetal ion-catalysed H2O2 decomposition is represented 

as follows: 
catalyst 

2H202 > 2H20+02 (3) 

When organics are present in the reaction mixture, the following 

reaction also occurs along with (3). 

catalyst 
Organic+ H 20 2 > C02+ H2O (4) 

CO2 formation in reaction (4) occurs through a series of 

intermediate organic oxidation steps. It should be noted that in 

reaction (4), there is no evolution-.of Og gas. Occurrence of 

reaction (3) in these organic oxidation reactions is tantamount 

to wastage of H2O2. The extent to which these two reactions 

occur in a system depends on the experimental conditions. 

Purinfi decomposition of H0O2 catalysed by transition metal 

i-vns, powevfu.] oxidising intermediates (such as OH radicals) are 
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formed which can bring about oxidation of either HgOg or organic 

compounds present in the reaction mixture. When Hg02 is present 

in ?iigh concentration as is the case when all of it is added in 

the beginning of the reaction, reaction (3) above predominates 

loading to wastage of H2O2. 

3•2 Effect of intermittent addition of HpOp 

In our study, our objective was to completely oxidise the 

resins with minimum amount of H2O2. To quantify the excess H2O2 

requirement in an experiment, excess factor (E.F.) defined below, 

was used: 

Actual requirement of H2O2 for complete oxidation 
E.F. = 

Calculated requirement of H2O2 based on dichromate oxidation 

In the preliminary experiments, H0O2 was added at 0.25 

inl./rnin. continuously to the resin. With cation resin, the 

reaction started immediately whereas with anion resin, HgOg was 

observed to decompose quite vigorously in the early stages of. 

anion resin oxidation. Foam rise along with some resin particles 

was also observed to some extent. But, as the reaction 

progressed, HgOo decomposition became less vigorous and foam rise 

problem also stopped. Complete oxidation of the resins was 

achieved. E.F. values were 2.5 and 2j.0 for cation and anion 

exchange resins respectively. 

Since these values are still high, effect of intermittent 

addition of H2O2 was investigated. iln this procedure, after 

adding 5 ml. of HgOg at 0.25 ml./min. ( 10 ml. in the case of 

anion resin at this stage), simmering time of 30 minutes was 
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provided to consume the oxidant present in the system. Then 

another 5 ml. of H2O2 was added followed by simmering time of 30 

minutes. This procedure was continued until the completion of 

oxidation reaction. In this way, overall addition rate of H9O2 

was decreased to 0.1 ml./minute. Oxidation curves for both the -

resins are presented in Fig. 2. 

It may be noted that when 5 ml. of H2O2 was added to anion 

resin, the resultant solution was almost colourless indicating 

very little dissolution of the resin. However, gas generation was 

noticed which is most probably due to self-decomposition of H2O2 

as per reaction (3) mentioned earlier. When 5 more ml. of H2O2 

were added, the. solution attained colour and only partial 

dissolution had taken place. It appears that at this point, both 

reaction (3) and (4) were operating. 

With regard to cation resin, the behaviour was entirely 

different. Fight from the beginning of addition of H2O2, the 

resin started dissolving imparting colour to the solution and all 

the two grains of resin dissolved completely upon addition of 5 

ml. of H2O2 • Kubota [7] also was able to dissolve 4 grams of 

resin using 8 ml. of H2O2 and from CO2 measurements, he 

concluded that all the carbon forming {the DVB cross-linkage vras 

oxidised at this stage. Similar behaviour was observed in the 

present work-also. 

Because of the higher rate at the' initial stage of the 

reaction of cation resin, the' oxidation curve for this resin lies 

above that of anion resin (see Fig. 2). However, at Intermediate 

stage of the reaction, rates for both the resins are almost 

similar at least upto 90% oxidation. Beyond this stage, the 
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behaviour of cation resin is peculiar and the curves cross 

over. Reasons for the peculiar behaviour of cation and anion 

resins at the initial and final stages of oxidation are not clear 

at the moment and further investigation of this system is 

required to resolve these differences. 

The solution obtained after complete oxidation of cation 

resin was light blue in colour and free from any precipitate or 

turbidity whereas that of anion resin, although of similar 

colour, contained small amount of acid soluble precipitate. pH of 

resultant solutions were 2 to 3 and 6 to 7 respectively. Excess 

factor values for this intermittent mode of addition were 

calculated to be 2.0 and 1.6 for cation and anion resin 

respectively. These may be compared with the values of 2.5 and 

2.0 obtained earlier with continuous mode of addition. These 

decreases in E.F. values are obviously due to decreased build-up 

of Hn<;>2 in the system which, as a consequence, might have 

favoured reaction (4) over (3). 

Additional experiments were conducted to see whether E.F. 

could be decreased further by increasing the simmering time from 

half -an hour to on>s: hour. This change, led to a decrease in E.F. 

from 2.0 to 1.2 for cation resin and from 1.6 to 1.3 for anion 

rosin. These experiments conclusively show that lower the overall 

addition rate of H2O2 , the better will be the utilisation of 

H2O9. 
3•? Effect of the concentration .of. CUSO4 

Although the previous experiments were conducted with 0.01M 

CUSO4 solution, it was of interest to investigate the effect of 
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concentration of this catalyst on reaction rates. Therefore, some 

oxidation experiments were carried out using different solutions 

of C11SO4. Fig. 3 shows this effect on the oxidation of anion 

exchange resin. With increase in concentration upto 0.01M, the 

rate of oxidation increased. But further increase, for instance 

to 0.025M, led to severe foaming problems. The oxidation rate of 

cation exchange resin, on the other hand, remained unaffected 

when catalyst concentration was varied from 0.001 to 0.01M. 

But, when C11SO4 concentration was increased further by tenfold. 

wasteful decomposition of H2O2 occurred. Therefore further 

experiments were conducted at CUSO4. concentration of 0.01M only. 

3•4 Experiments with mixed cation and anion exchange resins 

Experiments were conducted with 1:1(equivalent)ratio of 

mixed cation and anion resins. Oxidation curve is presented in 

Fig.4. It may be seen from the figure that the resin oxidation 

progressed at a steady rate. In these experiments also, 

formation of foam carrying resin particles was observed in the 

early stages. Complete oxidation of the resin mixture was 

achieved. The aqueous solution resulting from the oxidation 

reaction was clear and free from any precipitate. p^ of this 

solution was 2-3. E.F. for complete oxidation was 2.7 which is 

higher by about 50% than the one calculated using E.F. values 

for individual resins. This may be explained as follows: 

In mixed resin oxidation, the pH of the reaction mixture was 

about two during oxidation. This might have decreased the rate 

of oxidation of anion exchange resin. To verify this, anion 

rerin oxidation with 0.01M CUSO4 in dilute sulfuric acid 

medium(pH was initially set at around 2.0) was studied and the 
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result is shown in Fig. 5. It can be seen that the rate of anion 

exchange resin oxidation decreased in acid medium. 

3.5 Experiments with 100 gram amounts of resins 

3.5.1 Cation Exchange Resin 

r'ation exchange resin oxidation was smooth. It proceeded, as 

in two gram scale experiments, without any significant foaming. 

Both intermittent(simmering time was 30 minutes) and continuous 

modes of H2O2 addition led to complete oxidation (the overall 

reaction time was kept the same in both modes). E.F. was 2.0 for 

complete oxidation as in two gram scale experiments. 

3.5.2 Ani on Exchange Res in 

In this reaction using 100 grams of resin, 500 ml. of H2O2 

was added' continuously in the beginning followed by 30 minutes of 

simmering time. When the addition of H2O2 was.resumed, rapid rise 

of foam carrying resin particles was noticed. To. overcome this 

problem, 0.06(wt.%) of silicone-based anti-fearning agent was 

added just before the time when foam-rise was' observed. With 

this addition.. the formation of foam was well controlled and 

.•.-•I. ibs.:--merit, reaction progressed smoothly to completion. This 

•:•:•:id at ion was carried out to completion by continuous mode of 

FJoOo addition also. E.F. was 1.4 in these experiments. 

3. !:•. 3 Mixed Cation and Anion Exchange Resins 

In the case of wet oxidation reaction on 1 •'1 (equivalent) 

mixed ion exchangers also, foam-rise problem appeared after about 

one hour of the reaction. Addition of 0.06(wt.%) of silicone-

based anti-foam agent completely solved this problem. It was 

observed that nearly 14 grams of undissolved resin remained in 
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the reaction mixture after adding H2O2 equivalent to E.F. 1.4. 

However, complete oxidation occurred at E.F. 2.7. By continuous 

addition of H2O2 also, complete oxidation was achieved. As 

discussed earlier, increase of pH of the solution is expected to 

improve the utilisation of R2O2 during mixed resin oxidation. 

This was indeed found to be the case w?ien a mixture of Na form 

of cation resin and OH form of anion resin was used. Complete-

oxidation occurred at an E.F. of 1.4. This behaviour suggests 

that addition of alkali to neutralise the acid generated from 

cation resin might be advantageous during large scale treatment 

of spent resin. 

3•6 Reaction Products 

In the cation exchange resin, functional group -5O3H is 

present and in the anion exchange resin, quaternary ammonium 
+ -

hydroxide(CH2N [CH^^GH ) group is present. All the sulfur 

originally present in the cation resin was accounted in the form 

of sulfate in the aqueous solution obtained after oxidation. 

Ammonia g-ss evolution was detected during anion resin oxidation. 

The amount of ammonia formed was determined by titrimetric 

analysis of the consumption of 0.5M HC1 used for absorption of 

ammonia. These experiments showed that N present in anion resin 

is converted into ammonia gas during oxidation. 

•̂ 7 ^SL*-J1 .Y.~°v?r .'}'? .r*dip*c^iv^Z..AQ'!ii:?,, ?•*••!• "gas during oxldation 

Spent resins are contaminated with radioactive fission 

products. In order to study the amount of the carry-over of 

radioactivity into the off-gas stream during oxidation, tracer 

experiments using Ru-103 (because of its volatility) were 
11 



conducted as follows: 

Two grams of cation exchange resin was mixed with Ru-103 

tracer and wet oxidation process was conducted as per the normal 

procedure. An alkaline scrubber arrangement was used to collect 

t?ie CC'2 and radioactive ruthenium that might escape into the off-

gas stream, After completion of oxidation, activities due to Ru-

103 in the residual aqueous solution and in the scrubber 

solution were determined. It was found that all the radioactivity 

added in the beginning was accounted for' in the aqueous 

solution. Alkali scrubber did not show any activity. These 

results show that the carry over of radioactivity in the off-gas 

was negligible under the present conditions of experiment. Since 

Ru has a tendency to get oxidised to KUO4 and deposit on the 

walls of off-gas line as RuC^i a suitable scrubbing system may be 

necessary in large scale resin oxidation treatment. 

3•8 Treatment Scheme for Resin Solution 

Aqueous solution that results from the oxidation of resins 

is expected to contain all the radioactivity present in the 

original resin. The chemical composition of aqueous solutions 

obtained after complete oxidation of one litre of anion, cation 

and mixed ion exchange resins is given in Table-2. This aqueous 

solution needs further treatment for the removal of radioactivity 

before discharge into the environment. 

Preliminary work carried out in our laboratory with 

synthe' 5.••:• residual resin solution traced with Cs, Sr, Co, Zr and 

Ce nuclides indicated that it would be possible to obtain 

efficient, decontamination of these radionuclides by using a 

mixture of hexacyanoferrate and aeolite-based sorbents [8], The 
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activity of the resultant effluent from this treatment will be 

very low and can be treated/disposed off by conventional 

methods. 

Depending on the activity load of sorbents, these can be 

either vitrified or suitably conditioned in cement, matrix for 

storage. In this way, an overall volume reduction in the range of 

50-100 can be achieved. Based on the above, a schematic of the 

wet oxidation process is proposed (Fig.6). 

4 O CONCLUSIONS 

It has been demonstrated in this work that cation, anion 

and mixed ion exchange resins could be safely and completely 

oxidised by H2O2 at atmospheric pressure at a temperature of 

about 1C0'JC. Since this system consumes a slight excess of H0O0 

for complete oxidation, efficient use of the oxidant requires 

that the following conditions are followed: 

a) Addition rate of H2O0 should be low(1.6 to 1.8 

lph/litre of resin). 

b) Initial concentration of CUSO4 should be 0.01M. 

c) The reaction medium during mixed ion exchange resin oxidation 

should be maintained neutral (pH about 7). 

The secondary waste generated from this system is aqueous 

in nature and is expected to carry all the radioactivity 

originally present in the resin. These radionuclides could be 

efficiently trapped by a mixture of inorganic sorbents. T?ms, the 

wet- oxidation system offers a simple method of converting organic 

waste into environmentally acceptable inorganic waste product for 

disposal. 
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Table-1 

Characteristics Of Air-dried Ion- Exchange Resins Dsed 
In the Experiments 

S.No. Property Cation Exchange Anion Exchange 
Resin Resin 

1. %(w/w) Carbon Content 38 44 

2. Calculated Requirement of 35%(w/v) 

HoOo For Complete Oxidation of the Resin(ml/g) 7.9 9.6 

3. Ion-Exchange Capacity(meq./gram of resin) 3.5 2.3 

4. %(w/w) Moisture Content 30.8 32.3 



Table-2 

Composition Of The Aqueous Solution Resulting From Wet Oxidation 
Of The Ion-Exchange Resins 

S.No. Property Cation Exchange Anion Exchange Mixed Bed 
Resin Resin Resin 

1. pH 2 to 3 6 to 7 

2. Copper sulfate concentration(M) 1.5X10~3 1.5X10 

3. Sulfuric acid concentration(M) 1.8X10 — 

4. Ammonium sulfate concentration(M> — 

2 to 3 

1.5X10" 

3X10~2 

3X10~ 
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FIG.5 ANION EXCHANGE RESIN OXIDATION 
IN ACIDIC AND NEUTRAL MEDIUM 
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