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ABSTRACT

Alpha spectrometry analysis was used for activity determinations of Pu, Am and Cm isotopes in 
evaporator concentrate samples from nuclear power plants. Using a sequential procedure the first step was 
Pu isolation by an anion exchange column followed by an Am and Cm separation of U and Fe by a co- 
precipitation with oxalic acid. The precipitate was used for americium and curium separation of 
strontium by using a TRU resin extraction chromatography column. Due to their chemical similarities and 
energy difference it was seen that the simultaneous determination o f 241 A m  242Cm and : i l 2  l lCm isotopes 
is possible using the 243Am as tracer, once they have peaks in different region of interest (ROI) in the 
alpha spectrum. In this work it was used tracers, 238Pu, 243Am, 244Cm and 232U, for determination and 
quantification o f theirs isotopes, respectively. The standard deviations for replicate analysis were 
calculated and for 241 Am it was (1,040 ± 160 mBqKg"1), relative standard deviation 15.38%, and for 

2 |!'Pu j( was (5 5 i ± 4 4  mBqKg"1), relative standard deviation 7.98% . In addition, for the 242Cm isotope 
the standard deviation for determinations was (75 ± 23 mBqKg"1), with the relative standard deviation 
30.67% higher than for 241 Am and 239+24llPu. The radiometric yields ranged from 90% to 105% and the 
Lower Limit of Detection was estimated as being 2.05 mBqKg'1.

1. INTRODUCTION

Whatever its origin, atmospheric explosion of nuclear devices, radioactive waste dump 
or failures and reentry into the atmosphere from satellites, the actinides are a growing 
concern for the population because they cause adverse health effects when they are 
released into the environment. Their analysis by radiometric methods requires a very 
complex chemical procedure for the quantitative determination of each isotope once 
they have very similar properties. These tests are usually very long and consume a huge 
amount of chemical materials that when discarded may cause harm to the environment. 
Therefore we seek to develop chemical procedures where improvements are observed 
regarding the time required for the determinations, the volume of samples, review the 
necessary reagents, as to the amount, nature and consumption.

The actinides are predominantly alpha-emitting radioisotopes and spontaneously 
produce alpha particles at characteristic energies usually between about 4 and 6  MeV. 
Alpha spectrometry is a more sensitive method for determination of those actinides 
being that alpha particles, in this technique, loses some of its energy each time it



produces an ion (its positive charge pulls electrons away from atoms in its path). These 
attenuation characteristics, which manifest themselves both within the sample and with 
any materials between the sample and the active detector volume, cause a characteristic 
tailing in the alpha peak. In routine analysis by alpha spectrometry, once known energy 
of the alpha particle, we can establish the band channels where the alpha peak of interest 
occurs. The band of channels is referred to as a "region of interest" or ROI. The ROI 
typically includes multiple channels to ensure that registered all counts relevant to 
specify an alpha particle. All the ROI counts are then summed to give a total count for 
that alpha particle decay.

The alpha particle energies of many isotopes differ by as little as 10 to 20 keV [1], The 
relatively small difference in alpha particle energy between some alpha emitters makes 
it difficult to spectrometrically separate the peaks once this is near the resolution of the 
silicon detectors used in alpha spectrometers. Resolution is the ability of the 
spectrometry system to differentiate between two different alpha particle energies and 
its quantitative measure is the full width at half maximum (FWHM).

Because you cannot always obtain the separation of peaks of different isotopes in an 
alpha spectrum, then, it is needed to prepare a sample to isolate each isotope. The 
preparation consists of three basic steps: preliminary treatment, chemical separation and 
source preparation once in this technique to achieve results with good quality, the 
isotope must be converted into a chemically isolated, thin layered and uniform source.

About 20 radioisotopes and 7 nuclear isomers, among which 2 3 3and2 5 2 Cm, are known for
247curium, and no stable isotopes. The longest half-lives have been reported for Cm and 

2 4 8 Cm, see Table 1. The most commonly used curium isotopes are 2 4 2 and2 4 4 Cm. Curium 
ions in solution assume the oxidation state of +3, which is the most stable oxidation 
state for curium. Chemical behavior of curium is different from actinides thorium and 
uranium, and is similar to that of americium and many lanthanides.

Table 1: Some of the isotopes of Am and Cm, each one with their alpha energy and life
time.

Isotope Energy (keV) Life-time (Years)
243 Am 5270 1 0 4

241 Am 5470 4.72 x 102

248Cm 5162 3.40 x 105

247Cm 5353 1.56 x 107

244Cm 5790 2 . 0 0  x 1 0 1

243 Cm 5790 4.00 x 101

242Cm 6110 4.40 xlO ' 1

The aim of this work was to establish a methodology for the curium isotopes ( 2 4 2  and 
2 4 4 Cm) determination in low and intermediate level wastes from Brazilian Nuclear 
Power Plants (Central Nuclear Almirante Alvaro Alberto localized in Angra dos Reis 
city -  RJ) - Eletrobrás Termonuclear, according to an analytical protocol developed 
based on sequential separation of different radionuclides present in the waste matrices 
[2].
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2. MATERIALS AND METHODS

2.1. Reagents and Apparatus

All reagents used were analytical grade. Certified radionuclides were obtained from the 
Instituto de Radioproteção e Dosimetria (IRD), Rio de Janeiro, Brasil and the certified 
absolute activity level for each of them is: 238Pu (0.56 KBq), 242Pu (0.02 KBq), 243Am 
(4.20 KBq), 244Cm (2.56 KBq), 232U (4.26 KBq), 90Sr (2.49 KBq) and 55Fe (2.84 KBq). 
Working solutions were prepared by transferring a known weight of the tracer followed 
by volumetric dilution to an appropriate working concentration.

The alpha-spectrometry measurements were carried out with Canberra PIPS (passivated 
ion implanted planar silicon) detectors. The alpha-energy calibration and the 
measurement of counting efficiency of the detector were performed using a source from 
Analytics Inc. Analytics maintains traceability to the National Institute of Standards and 
Technology through Measurements Assurance Programs as described in USNRC 
Regulatory Guide 4.15, Rev. 1 [3], The spectrometer used was a Canberra Model S509 
Genie-2000 Alpha Analyst.

2.2. Sample Preparation

238 243 244 232Synthetic solutions were prepared from working solutions of Pu, Am, Cm, U 
and 55Fe radionuclides and Fe(3 mg/L) as yield monitor. Mixture of forty grams of

23 8 242evaporator concentrate (E.C.) from Brazilian Nuclear Power Plants and Pu or Pu,
232 243 244U, Am and Cm as tracers were prepared in a Pt crucible and heated using a hot 
plate up to evaporation to dryness. After that, 20 mL of nitric acid and 15 mL of H 2 O2 

were added into the crucible. The mixture was heated again up to evaporation to 
dryness. The solid obtained was calcined in an oven at 850 °C for 4 hours. The residue 
was dissolved and for each step after addition of acid the mixture was heated up to 
evaporation to dryness: first, with 30 mL of 3:2 nitric acid, after, with 15 mL of HF. 
Finally, the solid resultant was dissolved using a hot plate in 100 mL of 3:2 nitric acid.

2.3. Radionuclides Isolation

The radiochemical procedure [4] consists of a Pu isolation step by an anion exchange 
column (Dowex 1X8, Cl-form, 100-200 mesh, Sigma Chemical Co., USA). The 
solution, 100 mL in 3:2 nitric acid, is passed through the column and rinsed with 120 
mL of 3:2 nitric acid. Pu was retained by column.

The effluent from the anion exchange column was used to separate Am, Cm and Sr of U 
and Fe by co-precipitation with oxalic acid when the pH of the solution was adjusted to 
5.5-6.0 with 25% ammonia solution [5], After the filtration the precipitate is washed 
with deionized water in excess to eliminate soluble oxalates. Then the precipitate is 
transferred to a beaker of 100 mL that is brought to the plate 200° C for destruction of 
oxalate. This operation is repeated twice more with 10 mL of nitric acid. Iron is an 
interfering radionuclide for americium isolation and under these conditions in many 
cases, most of the Fe remains in solution in the form of oxalate complexes. If iron is 
present before elution of the solution ascorbic acid is added to reduce Fe(III) to Fe(II). 
After filtration, the precipitate was used for americium and curium separation of 
strontium by using a TRU resin extraction chromatography column[6,7] (EiChroM
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industries Inc. USA). The TRU column was prepared conditioning it with 15 mL of 
HNO3 2M. The column was loaded with the solution containing Am, Cm and Sr and 
washed with 20 mL of HNO3 2M solution for the elution of Sr. In the following step 
took place the elution of Am and Cm with 15 mL of HC1 4M.

2.4. Determination of Am, Cm

Determination of Am, Cm and Pu was carried out by using alpha-spectrometry. 
Solutions of the isolated radionuclides were evaporated to dryness and dissolved in a 
mixture of nitric acid, 10 mL, and perchloric acid, 5 mL. The samples were evaporated 
to dryness and retaken in a solution of 3M H2 SO4  and 0.8M (NH4 )2 S0 4  with the pH 
adjusted in a range of 1.2-2. 8  (Thymol blue indicator) with concentrate NH4 OH. 
Electrodepositions disks were prepared from 0.90 mm thick sheets of stainless steel, by 
machining sections to 24.8 mm diameter planchets. The electroplating was done at an 
applied current of 1.0 A for Am and Cm [8 ],

The Lower Limit of Detection (LLD) was determined using the Equation 1 modified 
from Currie[9] at the 95% confidence level for an alpha spectrometric analysis:

T i n  • =  2 71+4 66 (°b)
( Ç )  T . eff. Y wt (2 22) ^

Where, O b is the standard deviation of the total background counts without sample in 
the chamber, T is the background counting time (min), eff is the counting efficiency 
(cpm/dpm), Y is the assumed fractional chemical yield, and wt is the assumed sample 
weight (grams).

3. RESULTS AND DISCUSSION

238 243 244In this work it was used sample solutions that contain tracers, Pu, Am, Cm and
232U, for determination and quantification of their isotopes, respectively, using a

241sequential separation method. That is necessary, for example, because the Am, with
238an energy of 5486 keV (main peak), and Pu, with an energy of 5499 keV (main 

peak), with 13 keV difference in energy will occur the sharing of the same regions of 
interest for both peaks in the alpha spectrum. This difference in energy is little enough 
so the peak area for each of them not can be determined with precision. In the 
application of the sequential separation method to the sample solution it is obtained the 
alpha spectrum shown in the Fig. 1, where can be observed that the separation occurred 
once are not present peaks that can be assigned to Pu or U isotopes.

In the trivalent state, americium has a similar ionic radius and almost identical effective 
nuclear charges to Cm3+, Nd3+, and Sm3+ resulting in very similar chemical properties. 
These similarities make the separation using conventional techniques very difficult if 
not impossible. Traditionally, the separation of Am from Cm requires complex solvent 
extraction systems with exotic ligands or chromatography that employs organic resins, 
which are highly susceptible to radiolydic degradation.

The techniques described here do not significantly discriminate against curium relative 
to americium; in consequence, the 243Am tracer is also suitable as a simultaneous tracer

INAC 2013, Recife, PE, Brazil.



for curium isotopes. The difference in energy between the peaks for Am and Cm 
isotopes are large enough (see Table 1) so that it is not possible to occur the sharing of 
the regions of interest for the peaks as can be seen by the alpha spectrum (see Fig. 1). So 
you can determine simultaneously each isotope using only the 24 Am as tracer, therefore

241 242 243 244the peak area for Am, Cm and ' Cm can be determined with precision.

Although evaporator concentrate as reference material certified for them had not been 
used, the recoveries of Am, Pu and Cm isotopes in the process of analyses are measured 
by radiometric yields of the tracers spiked in the samples. According to the values 
presented in Table 2 the radiometric yield for Am kept around 100% for the 3 replicate 
determinations. The accuracy of the determination of Am and Cm isotopes in the 
samples directly depends on the uncertainty in the 243Am and 244Cm tracers 
concentration values, respectively. Thus, the standard solution of certified radionuclides 
(IRD) was used to prepare diluted solutions to appropriate concentration.
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241 242 * • 243 244Figure 1: a-Spectrum for Am and Cm determinations with Am and Cm as 

tracers for an evaporator concentrate sample.

The results of a measurement were determined based on series of observations obtained 
in repeatability conditions. It is assumed that the variations in repeated observations 
arise because the influence quantities that may affect the measurement result were not 
kept completely constant[10]. In this case, the high relative standard deviation for 
determinations for 241Am (1,040 ± 160 mBqKg'1) and for 239+240pu (551 ± 44 mBqKg'1) 
are probably coming from individual analysis method of the nuclide [4] and the natural 
heterogeneity of evaporator concentrate from nuclear power plants [11], respectively. In

242addition, for the Cm isotope the relative standard deviation 30.67% for 
determinations (75 ± 23 mBqKg' ) is higher than for 241Am and 239+240Pu. There is a 
wide variation between the values obtained for activity. We can suggest that this is

242because the peaks for Cm are not well defined, as can be seen in Table 2, by the 
values for FWHM. Therefore, the peak area not can be clearly determined and this is 
considered the major factor of uncertainty. Besides, other factors that contribute for the 
uncertainty are the radiometric yield for 244Cm as tracer that present values compatible
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with 100% and the activity values and LLD value (estimated as being 2.05 mBqKg'1) 
being so close between them.

Table 2: Activity and radiometrics yields values for Cm, Am and Pu in a sample of E C.

Aliquot Nuclides Radiometrics 
yields (%)

FWHM
(keV)

Activity
(mBqKg1)

242Cm 102.53 0.008 88.37
1 241 Am 90.87 42.03 1,053.30

239+240pu 93,11 42.89 516,70
Sample J 242Cm 107.04 7.87 48.80

2 241 Am 105.09 45.01 877.20
239+240pu 92,00 54.07 600,00

24/Cm 113.21 18.43 87.93
3 241 Am 99.05 38.34 1,191.80

239+240pu 61,45 33.94 531,70

4. CONCLUSIONS

In this work it was used a radiochemical procedure to separate the Pu, Am and Cm, U 
isotopes of evaporator concentrate samples. This separation process scheme appears 
well adapted to avoid interference induced by the presence of a-emitters found in the 
sample solutions of the evaporator concentrate.

The relative standard deviation for 3 replicate determinations is used as an uncertainty
241measure for the activities results. For Am the relative standard deviation was around 

15% and for 239+240pu was around 8%. For 242Cm it was around 30% and was considered
242three factors for the high uncertainty for Cm activity determinations. The peaks for

242Cm isotopes are not well defined as measured by FWHM, the radiometric yields were 
compatible with 100% and the activity values for it and LLD value were so close 
between them. Further improvements of the method are foreseen once it is necessary to 
develop more accurate and reliable methods.

3_|_ T_|_
Am and Cm have a similar ionic radius and very similar chemical properties. The 
difference in energy in the alpha spectrum between the Am and Cm isotopes and the 
similar chemical properties make the 243Am tracer suitable as a simultaneous tracer for
241 242 243+244Am, Cm and Cm isotopes. Therefore, it is necessary test this method for

242 243+244 243simultaneous determination of Cm e Cm having Am as tracer.
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