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Introduction


The oxalate precipitation process provides the precipitation of transuranium(TRU) elements and lanthanides from HLLW. The TRU elements can be separated either by ion exchange chromatography or by a solvent extraction method from lanthanide elements. However, oxalate precipitation process requires filtration of solid precipitates from  supernates, remote handling of radioactive solids at high temperature for oxide formation. Oxide dissolution is also required for feeding solution of the next process such as solvent extraction or ion exchange chromatography. Due to these complex problems, oxalate precipitation has generally been considered delicate for plant-scale operations.[1,2] To solve these problems of oxalate precipitation process, a new simple technology in which oxalate precipitates can be directly decomposed at the filter by a wet process has been developed. The phenomenon of decomposition of the oxalate ion in an aqueous solution as a basic study has been examined.

Decomposition reaction of oxalate with hydrogen peroxide


Hydrogen peroxide is consumed both in the reaction (1) and in the acid-catalyzed decomposition reaction (2) in the aqueous phase.[3,4] 
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If k1 is constant at a given [H+], the rate constant of the decomposition reaction is calculated from the equation (3).
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where, [H2O2]o is the initial concentration of hydrogen peroxide,  t  the reaction time (hr), and k1(=k11+k12[H+]) is expressed as a function of the concentration of hydrogen ion.
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Oxalic acid reacts with hydrogen peroxide to yield CO2 and water:[3]















(4)

The conversion, X,  of oxalate and hydrogen peroxide can be defined as: 


[OX] = [OX]0 – [OX]0X[OX]







(5)



[H2O2] = [H2O2]0 – [H2O2]0X [H2O2]






(6)

The rate equation for the decomposition of oxalate can be written as:
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Experimental 


Reagent grade chemicals, oxalic acid, 30wt% hydrogen peroxide, 60wt% nitric acid in distilled water were used to prepare the stock solution. Oxalic acid was first dissolved in water to give a 0.5M stock solution.


In the experiments for oxalate decomposition, the nitric acid concentration was varied in the range of 0 M ~ 4 M and the hydrogen peroxide concentration was kept up at 1M throughout the experiments. The reagent volumes in the experiments were 30ml. All the experiments were performed at 90(C in a 50ml Erlenmeyer flask equipped with a reflux condenser to prevent the evaporation of water. For the hydrogen peroxide decomposition experiment, first, water and nitric acid were poured into the flask, heated to the reaction temperature and then hydrogen peroxide was added. In the experiments for the decomposition of oxalic acid by hydrogen peroxide, water, oxalic acid and nitric acid were poured into flask, heated to 90(C and then hydrogen peroxide was added. The neodymium oxalate powder decomposition experiment, also, used the same apparatus.


The sum of oxalate and hydrogen peroxide was measured by KMnO4 titration method.[5] The concentration of hydrogen peroxide was measured by Reflectoquant [Merck]. Then, the concentration of oxalate was evaluated by subtracting the concentration of hydrogen peroxide from the sum of the concentrations of oxalate and hydrogen peroxide measured by KMnO4 titration.

Results and Discussion

The concentrations of hydrogen peroxide, measured with time at the various nitric acid concentrations,  are plotted  in Fig. 1 and the rate equation (3)  for hydrogen peroxide decomposition is given as the lines. The slopes of the lines give the rate constants, k1.


Fig. 2 shows the dependence of the rate constant, k1 on the acid concentrations at 90(C. The rate constants, k1 is varied with the nitric acid concentration in the aqueous phase. At low acid concentration, the rate constants are almost constant, but above 2M increase linearly. As discussed in a previous section, this may be attributted to the decomposition mechanism. Hydrogen peroxide is decomposed via reactions, equations (1) and (2). Acid catalysis is significant above 2M HNO3. At low acid concentration, k1 has a constant value of about 0.2hr-1 under 2M, which is in good agreement with the data of Mailen: 0.172hr-1 at 0.29 M HNO3. However, we have found that the rate constant increases above 2M HNO3 because of the acid-catalyzed reaction. The rate constant, k1 increases linearly with nitric acid concentration over 2M HNO3. The slope is 0.34. Therefore, the rate constant k1 for the decomposition of hydrogen peroxide can be given as 



k1=0.2





( [H+] < 2M )


(8)




k1=0.2+0.34([H+]-2)


( [H+] > 2M )


(9)

In Fig. 3, the decomposition reaction of oxalate with hydrogen peroxide is shown. The solid lines are calculated with the best-fit k2 for oxalate decomposition. The equation (7) is solved by using the Runge-Kutta Method at [H2O2]0=1M, [OX]0=0.2M and k1=0.2+0.34([H+]-2) at given nitric acid concentration.


Fig. 4 shows the variation of rate constant, k2 with a change of nitric acid concentration. Also Mailen’s data did not show acid catalysis since the effect of hydrogen ion concentration on the rate constant changed at 2M nitric acid. Our data at low concentration agreed with those of Mailen, but at high concentration deviations were observed. The effect of nitric acid concentration on k2 can be expressed by the following relation:





k2 = a [H+]n







(10)

It is also observed that n has the value of 0.3 below 2M HNO3 from experimental results of this study and Mailen’s data, and 2.5 above 2M due to the acid catalysis. The constants in equation (10) are obtained by regression as follows:



a = 1.54,

n = 0.3,

for
[H+] < 2M


(11)




a = 0.31,

n = 2.5,

for
[H+] > 2M


(12)

The results for the dissolution and decomposition of neodymium oxalate powder are shown in Fig. 5. In Fig. 5, the decomposition fraction of oxalate and hydrogen peroxide obtained from the results of decomposition experiments of oxalic acid, is shown by solid lines. The experimental results for the decomposition of neodymium oxalate powder agreed well with the lines. Kim et.al.[6] investigated the effect of metal ions on the decomposition rate of hydrogen peroxide in an aqueous solution. They reported that the decomposition reaction of hydrogen peroxide was not affected by Cs, Sr, Nd as representative elements of alkali, alkali earth and rare earth, but was influenced by transition metals such as Fe, Mo, Pd. From the Fig. 5 and Kim’s results, there is no doubt that rare earth, as a metal ion, does not affect the decomposition of oxalate.


Furthermore, they also reported that metal oxalate, remained as a solid phase that did not dissolve in the solution, promoted the decomposition reaction of hydrogen peroxide.[7], and several investigations on the acceleration of decomposition of hydrogen peroxide in the metal oxide surface have been described in the literature.[8]
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