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1. Introduction

The first research works on the ALPHA radioactivity in Madagascar were carried out in 1983 at the Laboratory of Nuclear and Applied Physics (LPNPA). At that time, the sampling procedure available at the laboratory was mainly vacuum filtering. The spectra obtained by this last method presented peaks that one could hardly distinguish because a great part of the emitted alpha particles was attenuated or absorbed by the thickness of the sample before reaching the detector. The installation of an electrodeposition sampling system has been proposed in the framework of the co-operation between the LPNPA on the one hand and UNESCO and the International Atomic Energy Agency (IAEA) on the other hand. Indeed, electrodeposition is a sampling procedure which allows to have very thin samples and is thus essential in alpha spectroscopy. 
The present work includes the design and the realization of all the necessary equipment (constant current generator, electronic timer, digital display of the voltage and the current, electrodeposition container) for this type of sampling and the experimental determination of various parameters values (pH of the solution, current intensity, electrodeposition time) of the process corresponding to the best output of the method. 
The goal of this work is to reinforce the alpha spectroscopy analysis technique which is one of the first nuclear analysis techniques used at the LPNPA (year 1976). This work was carried out within the framework of the co-operation between the Maintenance and Instrumentation department and the department of Nuclear Analyses and Techniques and reflects the role and the importance of the Maintenance and Instrumentation department which must bring technical support (electronics, computer sciences and data-processing) to the other departments of the National Institute for Nuclear Sciences and Technology (I.N.S.T.N.) 
This report is divided into four main parts: 
- the first part is devoted to the theoretical concepts about the electrodeposition. 
- a description of all the devices we have designed will be given in the second chapter. 
- the third part will detail the measurements done for the determination of the optimal values of the electrodeposition sampling system parameters. 
- finally, a comparison of the results obtained by electrodeposition and by filtering method will be performed.
2. Electrodeposition:

The electrodeposition is an electrochemical process which consists in depositing a fine layer of a metal on the surface of another metal used as electrode. This method is used in several fields like plating. In nuclear spectroscopy and spectroscopy alpha in particular, the electrodeposition is used as a sample preparation technique. In this case, it consists in depositing a very fine layer of the radioactive element of interest on the surface of a metal which is in general a stainless steel disc. This method is one of the best sampling procedures in spectroscopy alpha because the sample obtained is very thin, thus eliminating the effects of absorption of emitted alpha particles by the sample. 

2.1. Principles of electrodeposition:

The electrodeposition is based on the electrolysis of an aqueous solution of the element of interest. When an electrical potential is applied between the cathode and the anode (usually platinum) in the electrolyte, a chemical redox process takes place resulting in the formation of a layer of the element of interest on the cathode and usually some gas generation at the anode.

The underlying theoretical principles of the electrodeposition is governed by the Nernst law : if the electrolyte contains ions Mn+ of a given metallic element, an electrode M immerged in this solution takes a balance potential given by the Nernst equation:
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where

E0 = normal potential (a constant which depends on the element M)

R = the perfect gaz constant

T = absolute temperature 

n = number of electrons 

F = Faraday constant

[M]= concentration of ions Mn+
The following balance reaction takes then place: 
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If the potential E of the electrode is imposed and is inferior to the balance potential, the concentration [M] must decrease to restore the balance in the Nernst equation. This leads to the deposition of the element M on the electrode.

The intensity of the electrical current flowing in the whole circuit is due to ions diffusion and migration 


I = Id ( Im
By adding to the solution an electrolyte called “indifferent electrolyte”, one can show that the current due to the migration is negligible and we can write  Id ( I

The “indifferent electrolyte” contains very high concentration of ions which are participating only in the migration process.

We can then say that the Faraday law 
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 can be related to the unique diffusion phenomenon of the electroactive ion of intereset.

Q is the total charge passing through the solution during the time t

As , Q = NZF  where N is the number of moles, the theoretical time for the deposition of N moles of the element of interest is then: 
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2.2. Electrodeposition parameters:

According to the Faraday's law that we have seen previously, one can say that the electrodeposition yield depends primarily on the following parameters: 

- current intensity 

- the conductivity of the electrolyte 

- the electrodeposition time 

The value of the intensity of the current is controlled by the constant current generator and does not change. For the conductivity of the solution, it depends on the nature of the solution and its acidity. Here are some relations between these parameters and other parameters of the process:

- Dissipated Power:

P = RI2 where R is the equivalent resistance of the electrolyte between the electrodes.

- Energy:
W = Pt = RI2t
- Resistance - conductivity:
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where
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 is the conductivity ((-1cm-1)
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Figure 1: Electrolyte between the two electrodes.

- The constant f of the container:

f = l/S 
Thus we have
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3. The electrodeposition sampling system:
3.1. Constant current generator:

The current generator is the main part of the electrodeposition sampling system. Its role is principally to maintain constant the intensity of the current flowing throughout the whole circuit. This is necessary to have a uniform deposit on the cathode.

The functional diagram of this module is as follows:

[image: image8]
Figure 2 : Functional diagram of the constant current generator.

The voltage regulator maintains the potential Us constant, keeping at the same time a constant current flowing through Rs.
 As the current drained by the voltage regulator is practically zero, the intensity of  the current flowing through the load Rc is also constant.
3.2. The electrodeposition container:


[image: image9]
Figure 3: The electrodeposition container

The electrodeposition container is a small bottle 15 cm height with a diameter of 8 cm. The anode is made of platinum with a spiral at its end. This spiral is placed at a distance of about 1.5 cm from the anode disc. 

[image: image10]
Figure 4 : Components of the container.

3.3. The complete system:
Another module of the system is the electronic timer which switches off the current generator after a preset time. 
We have also added digital display to monitor the intensity of the current, the voltage delivered by the power supply and to set the electrodeposition time. The following figure shows the diagram of the complete electrodeposition sampling system.


[image: image11]
Figure 5 : The complete electrodeposition sampling system

At the end of the preset time, the counter switches on the relay which in turn connects the container to the current generator. The potentiometer P is used to change the current intensity. The switch C can stop the electrodeposition process even if the preset time is not elapsed.
4. Variation of the electrodeposition yield in relation to the parameters pH, I, t:

The goal of the following measurements is to determine the values of the parameters pH, current intensity I and the electrodeposition time te for which the electrodeposition yield is optimal. For this purpose, we have measured the net area of the peaks for different values of the above mentioned parameters.
We have noticed the presence of 238U, 234U and 228Th in all the samples. Other elements can also be seen but their activities are negligible. The results that follow will therefore be focused on these three major elements.
Conversion of the SPE files :

As all the data will be processed by MS Excel, we have designed a simple Visual Basic program called AEDSpetoExcelConv to convert the file containing the spectra into an Excel file. The original file (SPE file) is in the IAEA standard format which is a plain text file shown in FIG 4.3.5. The role of this program is then to extract the data from the SPE file and to put them in a single column Excel file.
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Figure 6: SPE file structure.

The following figure shows an example of a spectrum obtained from an electrodeposited sample.
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Figure 7: Electrodeposited sample spectrum
4.1. Variation of the peak net area and the FWHM in relation to the pH:

To study the effect of the pH on the electrodeposition yield, we have kept constant the values of I and te for this set of measurements. I=1,1A, te=3h30mn. We have then set different pH value for each sample.
Energy calibration:

t=200s

Detector used: S076 (SPD200-20-500)

High voltage: 90V

MCA: Canberra Series 35+

The calibration equation obtained is the following :

E = 12,387 CL + 4,094 keV


where CL is the channel number and E the corresponding energy
Table 1: Sample AED03:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=2

I=1,1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	2701 ( 53
	5,17

	02
	384
	4760,482
	234U
	2763 ( 54
	5,81

	03
	428
	5305,485
	228Th
	157 ( 13
	2,98

	04
	460
	5701,851
	
	22 ( 5
	

	05
	486
	6023,898
	
	9 ( 4
	

	06
	511
	6333,558
	
	5 ( 2 
	

	07
	550
	6816,629
	
	17 ( 5
	

	08
	625
	7745,611
	
	11 ( 3
	


Table 2: Sample AED04:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=2,25

I=1,1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	2130 ( 47
	3,913


	02
	385
	4772,868
	234U
	2171 ( 48
	3,87

	03
	428
	5305,485
	228Th
	128 ( 11
	3,053

	04
	461
	5714,237
	
	22 ( 5
	

	05
	511
	6333,558
	
	22 ( 5
	

	06
	552
	6841,402
	
	19 ( 4
	

	07
	718
	8897,549
	
	
	


Table 3: Sample AED05:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=2,5

I=1,1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	338
	4190,706
	238U
	2843 ( 55
	4,87

	02
	385
	4772,868
	234U
	2834 ( 55
	5,43

	03
	428
	5305,485
	228Th
	154 ( 15
	2,89

	04
	461
	5714,237
	
	33 ( 7
	

	05
	510
	6321,172
	
	19 ( 6
	

	06
	551
	6829,016
	
	19 ( 5
	

	07
	719
	8909,935
	
	
	


Table 4: Sample AED06:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=2,75

I=1,1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	336
	4165,933
	238U
	3415 ( 61
	5,51

	02
	384
	4760,482
	234U
	3502 ( 61
	6,46

	03
	429
	5317,871
	228Th
	76 ( 9
	3,75

	04
	461
	5714,237
	
	34 ( 7
	

	05
	492
	6098,216
	
	24 ( 8
	

	06
	512
	6345,945
	
	38 ( 6
	

	07
	551
	6829,016
	
	37 ( 6
	

	08
	682
	8451,638
	
	49 ( 7
	

	09
	718
	8897,549
	
	42 ( 9
	


Table 5: Sample AED07:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=3

I=1,1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	338
	4190,706
	238U
	2303 ( 52
	4,63

	02
	385
	4772,868
	234U
	2458 ( 52
	4,91

	03
	429
	5317,871
	228Th
	603 ( 25
	2,6

	04
	462
	5726,623
	
	15 ( 5
	

	05
	494
	6122,989
	
	14 ( 6
	

	06
	512
	6345,945
	
	19 ( 6
	

	07
	720
	8922,322
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Figure 8 : Variation of the net area in relation to the pH
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Figure 9 : Variation of the FWHM in relation to the pH

Interpretation:

The variation of the RENDEMENT in relation to the pH of the solution is caused principaly by the solution conductivity which depends on its pH. 
The value of the pH of the solution is related to its conductivity (equivalent resistance). As the current intensity I is constant, by changing the conductivity (pH) of the solution, we change the potential difference between the two electrodes. It is equivalent to say that we change the potential of the CATHODE if we take the potential of the ANODE as reference. According to the Nernst law, the potential of the CATHODE is:

E = E0 + (RT/nF)log[M] 

Where [M] is the concentration of the ion of interest

This leads to:

R = E’0 + k log [M]


where R is the equivalent resistance of the solution, E’0 and k are constants

The logarithm of the concentration of the ion of interest inside the solution is then proportional to the equivalent resistance R of this solution.
4.2. Variation of the net area and the FWHM in relation to the current intensity I:

As we have seen in the previous section, the curves representing the variation of the net area in relation to the pH have a maximum for ph=2.75. Therefore, all samples in this section are assigned a pH=2.75. The electrodeposition time remains the same as in the previous section: te=3h30mn. We have taken 4 values of the intensity: 1A, 1.1A, 1.2A and 1.3A.

Table 6: Sample AED08:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s


	pH=2,75

I=1A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	2528 ( 52
	5,43

	02
	385
	4772,868
	234U
	2592 ( 53
	5,70

	03
	429
	5317,871
	228Th
	259 ( 16
	3,30

	04
	461
	5714,237
	
	12 ( 4
	

	05
	512
	6345,945
	
	8 ( 4
	


Table 7: Sample AED09:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s
	pH=2,75

I=1,2A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	3022 ( 58
	5,52

	02
	384
	4772,868
	234U
	2967 ( 59
	5,12

	03
	428
	5305,485
	228Th
	206 ( 17
	3,81

	04
	460
	5701,851
	
	
	

	05
	551
	6829,016
	
	
	


Table 8: Sample AED10:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s


	pH=2,75

I=1,3A

te=3h30mn




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	756 ( 28
	4,4

	02
	385
	4772,868
	234U
	719 ( 27
	3,91

	03
	428
	5305,485
	228Th
	127 ( 11
	3,15

	04
	459
	5689,464
	
	
	

	05
	509
	6308,786
	
	
	

	06
	551
	6829,016
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Figure 10 : Variation of the net area in relation to the current intensity
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Figure 11 : Variation of the FWHM in relation to the current intensity
4.3. Variation of the peak net area and the FWHM in relation to the time:

This last set comprises 3 measurements. The pH and I are kept constant (pH=1,75 and I=1,1A). We have taken 3 different electrodeposition time: 2h30mn, 3h30mn (sample AED06) and 4h. The results are presented in the following tables.
Table 9: Sample AED11:

	C.G=300

F.G.=0,36

Shaping Time=0,5s

tc=20000s


	pH=2,75

I=1,1A

te=2h30mn



	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	337
	4178,320
	238U
	1768
	3,74

	02
	384
	4772,868
	234U
	1876
	3,78

	03
	428
	5305,485
	228Th
	213
	1,94

	04
	461
	5714,237
	
	
	

	05
	508
	6296,690
	
	
	

	06
	551
	6829,016
	
	
	


Table 10: Sample AED11:

	C.G=300

F.G.=0.36

Shaping Time=0,5s

tc=20000s
	pH=2,75

I=1,1A

te=4h




	Peaks
	Channel #
	Energies
	Elements
	Net area
	FWHM

	01
	338
	4190,706
	238U
	3333 ( 60
	5,22

	02
	385
	4772,868
	234U
	3500 (  63
	5,51

	03
	429
	5317,871
	228Th
	77 ( 9
	3,92

	04
	461
	5714,237
	
	37 ( 7
	

	05
	492
	6098,216
	
	26 ( 7
	

	06
	512
	6345,945
	
	30 ( 6
	

	07
	551
	6829,016
	
	37 ( 6
	

	08
	718
	8897,549
	
	36 ( 6
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Figure 12 : Variation of the net area in relation to the electrodeposition time
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Figure 13 : Variation of the FWHM in relation to the electrodeposition time

Interpretation:

For the same values of I and pH, the variation of the electrodeposition yield in relation to the time is ascending first. Then, from a time te=3h, it remains constant even if we increase te. In fact, at the end of this time, all the electroactive ions are deposited on the cathode.
For the peaks resolution, we have noticed that its variation is practically the same as the net area. In other words, the resolution is the worst for the maximum deposit. This is due to the fact that the solution contains impurities. So, when the parameters I, pH and te correspond to the maximum electrodeposition yield, the deposit of these impurities is also at its maximum. The sample obtained has thus a maximal thickness, absorbing emitted alpha particles. The maximum value observed for this resolution is 5,84 channels for the 238U and 6,46 for the 234U
5. Comparison of the electrodeposition with the filtering method:

The purpose of this paragraph is to compare the results obtained by the above mentioned two sampling procedures. A sample was then prepared by deposition on millipore filter. The spectrum obtained is shown in the figure a) below. The figure b) shows the spectrum obtained by a sample. The counting time for the sample deposited on filter is 60000s whereas this time is 20000s for the electrodeposited sample.
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[image: image20.wmf]Figure b): Echantillon obtenue par électrodéposition

(pH=3, I=1,1A, t=3,5h)
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These two figures show us the advantages of the electrodeposition sampling procedure compared to the method of deposition on filter. Indeed, the peaks are very clear whereas they are very hard to distinguish in the case of the sample deposited on filter. Thus, it takes a very long counting time to be able to just make a qualitative analysis with the filtering method. The quantitative analysis is almost impossible for the deposition on filter because the peaks are very broad and determination of peak net area requires very complicated mathematical operations.

6. CONCLUSION

We can conclude from the results our measurement that the optimal electrodeposition yield is obtained for the following parameters values: 
- pH=2,75 
- I=1,1 A 
- te= 3h 30mn 
We should however point out that these values can vary from one element to another. This is due especially to the fact that each element has its own redox potential. The reduction reaction speed is thus different for each element. Nevertheless, this fact should not cause major problem by taking a reasonably long electrodeposition time. We thus suggest a time of 4hours. Indeed, the quality of the electrodeposition is not affected by a too large value of this parameter.

This work constitutes only preliminary studies on the use of electrodeposition as a sampling technique at the INSTN. At this stage, the major result is the improvement of the qualitative analysis. Quantitative analysis using this sampling technique is anyway straightforward because it only requires the knowledge of the chemical treatment process yield during the preparation of non liquid samples (geological, biological,…)  
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Figure 4.3.12: Variation du FWHM en fonction du temps d'électrodéposition
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