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ABSTRACT

A study involving the participation of three laboratories of the Direction of the Fuel Cycle has been undertaken within
the framework of a common interest program existing between the COGEMA and the CEA. Its purpose is to develop
analytical methods for the determination of long-lived radionuclides in zircaloy hulls coming from spent fuel
reprocessing operations. Acting as a complement to work carried out at the DRRV in ATALANTE concerning zircaloy
dissolution and direct analysis of hull solutions, a study is now being conducted at the DESD/SCCD/LARC in
Cadarache on three of these radionuclides, namely: zirconium 93, palladium 107 and caesium 135. It concerns three
radioisotopes having very long periods (~106 y), and which stabilize mainly through emission of (3 particles. The
analytical technique chosen for the final measurement is inductively coupled plasma mass spectrometry (ICP/MS).
Prior to the measurement, chemical separation processes are used to extract the radionuclides from the matrix and
separate them from interfering elements and py emitters. The method developed initially on inactive solutions is being
validated on irradiated samples coming from UP2/800 - UP3 reprocessing plants.

INTRODUCTION

Within the framework of the studies on the characterization of nuclear waste, a study has been undertaken jointly by the
CEA and the COGEMA to determine the activity of long-lived radionuclides present in zircaloy hulls recovered from
reprocessing operations. To meet the request made by the ANDRA, research has been oriented initially on a dozen
radio-isotopes among which Zirconium 93, Palladium 107 and Caesium 135. These radionuclides are long-lived
isotopes with periods around 106 years, originating from 235U fission reactions, and from 92Zr activation reactions in
some extent for 93Zr. In view of their disintegration mode (P") and of their low specific activity, the determination of
these radionuclides in hulls requires the implementation of destructive analytical methods, including stages of acid
dissolution and chemical separation prior to the measurements.
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The strategy used in the development of Zr, Pd and Cs determination methods in hulls is described in this paper.
It has been defined using the radiochemical characteristics of the isotopes studied, the performances and limitations of
the measurement tools presently available and the chemical properties of the elements. Initiated in 1998 on inactive
samples, this strategy must take into account the radioprotection restrictions imposed by its future application on
irradiated samples.

RADIO-CHEMICAL CHARACTERISTICS OF SAMPLES STUDIED
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Zr, Pd and Cs are three nuclides produced by fission of Uranium 235 in nuclear fuels. Zirconium 93 is also
produced by activation of zirconium (92Zr) making up the cladding. From a radio-chemical point of view, these are
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three very long-lived radionuclides (~10 y), which disintegrate through p particle emission.
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MEASUREMENT TECHNIQUES - ANALYTICAL CONSTRAINTS
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The measurement techniques used for the quantification of Zr, Pd and Cs activities is mass spectrometry with
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plasma coupling (ICP-MS). Its application to the determination of the Zr, Pd and Cs radionuclides in hulls
however meets up with several difficulties linked to the chemical and radio-chemical composition of the dissolution
solutions and more specifically to the presence of elements likely to cause measurement interferences.
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The concentration levels of Zr, Pd and Cs in hulls can be estimated by using the data from calculation codes
pertaining to PWR fuel and from transfer factors estimated for fission products from the fuel to the cladding [2]. The
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expected contents for the three isotopes would range from 1 to 10 ppm in hulls, which would correspond to
concentrations ranging from 0.1 to 5 mg.L for a zirconium solution at 40 g/L.
The dissolution of hull samples is generally done at ambient temperature with a mixture of 3 M fluohydric acid and 3 M

nitric acid, in order to obtain a final concentration of zirconium in the solutions at 40 g.L . The presence of such a high
level of fluohydric acid and salts does not allow for a direct analysis by ICP-MS.
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The activity of the solutions is very high, of about 10 Bq.L . Major (3y emitters present are Co, Sr, Ru, Rh,
125 134 137 144 154

Sb, Cs, Cs, Ceand Eu.
93 107 135

Table 1 identifies the main interferences likely to affect the measurement by ICP-MS of Zr, Pd and Cs isotopes in
zirconium matrix. In addition to the isobaric interferences, from stable isotopes of niobium, silver and barium
respectively, polyatomic interferences specific to the matrix under consideration are added, through combinations with
zirconium and tin.

93Zr

107pd

135Cs

Isobaric
Interferences
(% natural)

93Nb (100%)

107Ag (52%)

135Ba (6%)

Polyatomic interferences
(% natural)

92Zr(17%) + 'H

9 IZr(l l%) + Il5O
90Zr (52%) + I6O + 'H

u9Sn(8%) + 160

Table 1 : Major potential interferences on the measurement by ICP-MS of Zr, Pd and Cs
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DEVELOPMENT OF THE CHEMICAL SEPARATION PROCEDURE

The chemical procedure (figure 1) was developed on inactive hulls after dissolution under conditions identical to those
used for active samples. The composition of the acid mixture and the zirconium content in particular were ajusted. In
addition to the matrix constituents, a dozen elements were introduced in the solution to simulate the studied
radionuclides (Pd, Cs), the interfering elements (Nb, Ag, Ba) and the main Py emitters (Co, Sr, Ru, Rh, Sb, Ce, Eu). All
these elements were added to an identical content of 2500 ppm relative to zirconium.

HULL SOLUTION
Zr 40g.L"' (HNO3 3M / HF 3M)

EVAPORATION
HNO37M

1

CHROMATOGRAPHIC SEPARATION
ON RESIN IMPREGNATED BY SOLVANT (TBP)

HNO3 7M
ELUTION HNO3 0,3M ELUTION

ZIRCONIUM Fraction

EVAPORATION
HNO3 2M/EtOH 75%

ICP/MS ANALYSIS
For ZIRCONIUM

CHROMATOGRAPHIC SEPARATION
ONAG1X8

HNO3 2M / EtOH 75%
ELUTION

CAESIUM Fraction

HNO32M
ELUTION
(Ba;Ag)

NH4OH 2M
ELUTION

PALLADIUM Fraction

EVAPORATION
HNO3 0,3M

ICP/MS ANALYSIS
FOR CAESIUM

EVAPORATION
HNO32M

ICP/MS ANALYSIS
FOR PALLADIUM

Figure 1: Flow sheet of the procedure developed
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for dosing isotopes Zr— Pd- Cs in hull dissolution solution.

The first step consists in a chromatographic separation on a resin impregnated by tributyl phosphate. By taking
advantage of Zr affinity for TBP, it is possible to separate Zr from most of the other elements, as shown in the elution
profiles presented in Figure 2. The efficiency of this operation is particulary interesting in this case as it allows both the
separation of Zr from Nb (interfering element at mass 93) and the extraction of Pd and Cs from the zirconium matrix.

93
At this point, the second fraction recovered in 0,3M nitric acid can be analyzed by ICP-MS to specifically dose Zr.
Prior to the measurement, a dilution is however necessary in order to reduce the Zr content and thus to avoid the
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formation of a Zr H specy in the plasma, likely to affect the measurement of the Zr isotope. From our results, it
appears that the Zr content in the solution to be analyzed must not exceed 0,2 mg.L .
The second step also consists in a chromatographic separation, but this time using an anionic resin of type AG1-X8. A
more thorough study was conducted at this stage to define and optimize the elution conditions which allow the
separation on the same column of Cs versus Ba (interfering element at mass 135), and of Pd versus Ag (interfering
element at mass 107). The caesium is collected in a first fraction with a nitric-alcoolic elution whereas Pd is eluted in
ammoniac solution (Figure 3). Each fraction is finaly analysed by ICP-MS for 135Cs and l07Pd determination. Mass
balances in table 2 point out recoveries of 60 and 70% for Zr and Pd, with separation factors higher than 99% with
respect to interfering elements. For caesium, the recovery yield reaches 95% but the selectivity is not so good since the
majority of Co (60Co) and Sb (I25Sb) content is expected to be present in the Cs fraction.Further work should be carried
out in the future to improve this last result.
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Figure 2: Chromatograms illustrating the
separation of zirconium (HNO3 0.3 M) with
respect to the other elements (HNO3 7 M) on
impregnated resin by solvent (TBP).

NHjOH

Figure 3: Chromatograms illustrating the
separation of Cs with respect to Ba and Pd with
respect to Ag on a AG1X8 resin. The elution
solutions are respectively HNO3 2M-EtOH 75%
for caesium, HNO3 2Mfor barium and silver, and
NH3, H2O 2M for palladium

Zirconium FRACTION

Palladium FRACTION

Caesium FRACTION

Element researched

Zr: 60%

Pd: 70%

Cs: 95%

Interfering agents

Nb<0.1%

Zr<0.1%-Ag<0.1%

Ba<0.1%

y emitters

<0.1%

<0.1%

Co - Sb (100%) - Rh (20%)

Table 3 : Balance in Zr, Pd, Cs, in interfering agents and y emitters.

CONCLUSION AND PERSPECTIVES

The procedure developed in this study from inactive hull samples includes several steps allowing the extraction of the
three elements studied : Zr, Pd, Cs from the same original solution. The nature of the solutions collected in the end and
the separation factors obtained with respect to the interfering elements enable us to take advantage of ICP/MS to

measure Zr, Pd and Cs isotopes. For real samples, the calculation of the activities will take into account the
chemical efficiency determined from stable isotopes introduced as tracers.
The application of this procedure on UP2/800 - UP3 samples is foreseen for 2000, in collaboration with the
ATALANTE teams in Marcoule.
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