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ABSTRACT

In the development of a thermal neutron detector using a square photodiode and a thin boron film, a radioactive
calibration source with the same geometry was needed. An americium-243 standard source was produced by
electrodeposition aiming at the calibration of a PIN-type silicon photodiode with a detection area of 10 x 10
mm?. To produce the samples two tests were performed. In the first test, a square stainless steel plate (10 x 10
mm?) was fixed on the surface of the conventional plate, which was removed after deposition. To reduce the
loss of activity of the source, in the second test nail polish was applied on the silver plate leaving only an area of
10 x 10 mm? without varnish coating. Once the electrodeposition process was completed, the activity
concentration measurement was performed by alpha particle spectrometry. The first method presented a lower
activity when compared to the total activity of Am-243 added initially. For the second method, the total activity
was concetrated in the exposed square region (without nail polish).The results showed that it is possible to
obtain a square geometry source; furthermore, the surrounding nail polish was not contaminated by **Am. The
comparison of these two approaches indicated that the second method was more efficient as it was possible to
concentrate all the americium activity in the delimitated square area.

1. INTRODUCTION

A thermal neutron detector based on enriched boron film and a photodiode is under
development at Nuclear and Energy Research Institute (IPEN). The nuclear reaction between
boron and thermal neutrons produces a lithium recoil nucleus and an alpha particle that will
be detected by a silicon photodiode.

Photodiode operation parameters, such as, the signal-noise ratio, sensitivity to alpha particle
and counting efficiency need be studied for neutron detector characterization. To verify the
response of this device to alpha particles a standard source of americium is used for
calibration.

Alpha sources can be obtained using several techniques, such as [1-4]: electro-spraying,
electrodepositing, magneto hydrodynamic, electrolytic deposition, spontaneous deposition,
micro-precipitation, direct evaporation, vacuum sublimation, drying of a liquid drop directly
deposited on a substrate, electrostatic deposition etc.

Electrodeposition is a commonly used method for the preparation of sources for an alpha-
spectrometry, due to the advantages offered by this method, such as [3-4]: it is simple,
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inexpensive equipment produces a very thin deposit, has high deposition yields (99.8%) and
high qualities of the sources obtained.

The electrodeposition, in general, produces calibration sources with active areas in circular
geometry. As the silicon photodiode geometry used for the neutron detector has a square
active area (10 x 10 mm?), and boron will be deposited on the whole surface of the sensitive
area of the photodiode, to perform an accurate calibration it is interesting to use a source with
the same geometry. For this purpose, the aim of this work is to obtain a square planar
standard americium source produced by electrodeposition.

2. METHODS AND MATERIALS

In Fig 1 a simplified scheme of the electrodeposition setup is shown, in which a plate is
positioned over the base, before the cell is docked. Inside the cell, a standard solution of Am-
243 with known activity is dissolved in an electrolytic solution and the ions are deposited on
a cathode (source holder) where an electric current passes, so the calibration sources are
produced.

Electrode

Digital multimeter

Cell (Current)

Power Supply

plate

e

I_’ ' Cathode

base

Figure 1: Simplified scheme of the electrodeposition setup [5]

The electrolytic solution [6], consists of ammonium sulfate 0.8 mol.L™ and sulfuric acid
3mol.L™, with the pH adjusted to 1.2-2.8 with sulfuric acid 3 mol.L™* and ammonium
hydroxide 28%, using thymol blue 0.1% as indicator. An aliquot with known activity
concentration of the alpha particle-emitting radionuclide (Am-243) was evaporated and the
salts were dissolved in an electrolytic solution for electrodeposition. Two americium
radioactive sources with different activity concentration values were used; for test #1 the
solution had 105.92 Bq.mL'1 (certificate 68L01) and for test #2 it had 0.026844 Bq.mL™
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(certificate 120L15). For test #2, as four sources were produced, it was interesting to use a
lower activity, avoiding the generation of excessive radioactive waste during the experiment.

The electrodeposition was performed at a constant voltage of 7.5 V for 60 minutes in an
acrylic cell with platinum anode and brass cathode for electric contact. A silver plate of 2.5
cm diameter was placed on the cathode, where the radionuclide was deposited. Once the
electrodeposition process for these plates was completed, the activity concentration was
quantified by alpha particle spectrometry (Alpha Analyst- Canberra).

In order to obtain a square geometry americium standard source two tests were performed:

> Test 1: a square piece of stainless steel with square geometry (10 x 10 mm?) was fixed
on the surface of the conventional plate (Fig 2);

> Test 2: different nail polish (white, red, transparent) was applied on the silver plate
(Fig 2) leaving only an area of 10 x 10 mm? without varnish.

test-1 test-2

Figure 2: Stainless steel square plate over the regular support (a), and silver plates with
varnishes (b, c and d)

The red nail polish that was used is from brand Gio Antonelli, and the color is commercially
called “creamily anxiety”. White (“creamily white”) and transparent (colorless) polishes are
from Impala. During preparation of the silver plate a support (Fig 3) that has the same
dimensions of the photodiode was used for marking the region of interest with a thin tip
marker. The nail polish was then applied twice in each plate and left to dry for at least one
hour. After the electrodeposition process the nail polish was removed with cotton swabs
using acetone, only around the region without americium deposition.
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Figure 3: Support to mark the area of interest in the silver plate

3. RESULTS AND DISCUSSION

In Fig 4 the source obtained in test #1 is shown. It is possible to note that the total activity is
dispersed all over the surface of the plate, with only part of the americium deposited in the
square region. This process results in a loss of activity, as in this case only the square region
would be used. During test #1, the electrodepoistion the current was of 1.2 A.

Figure 4: Americium electrodeposition stainless steel source

In test #2 red nail polish was used, but it was possible to observe that this color, when mixed
with the electrolytic solution, made it difficult to adjust the pH. As an alternative, white and
transparent nail polishes were tested. However, when the plate was painted with transparent
nail polish, it was not possible to carry out the electrodeposition process, because during a
preliminary water leakage test, some of the water leaked.

The process of electrodeposition on the red nail polish plate was performed with a current of
0.6 A (Fig 5); later, part of the red nail polish was removed, avoiding the removal of the
deposited americium, in order to verify if the americium deposition occurred in the red nail
polish. The quantification of plates with and without nail polish was performed by alpha
spectrometry for 184321 seconds, and the results are shown in Fig 6.
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Figure 5: Americium electrodeposited source with and without red nail polish
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Figure 6: Spectra of the americium source with and without the red nail polish.

The net area of the peak obtained with the source with red nail polish is 3289 £+ 60 counts,
while for the source without red nail polish it is 3277 + 60 counts. These results show that

there was not any deposition in the nail polish area; this insures that the deposition of the total
activity is concentrated in the square region.

For white nail polish, the current ranged from 0.6 A to 1.16 A. Fig 7 shows the americium
sources with white nail polish.
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Figure 7: Americium electrodeposited sources: “white 17, “white 2” and “white 3”

The comparison of the americium spectra obtained in test #2 is shown in Fig 8. For white 1,
white 2 and white 3, the spectra acquisition time was 200040 s.
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Figure 8: Comparison of experimental alpha spectra of americium sources obtained
using white nail polish

In Tab 1 a comparison between net count rates obtained for the americium sources produced
using nail polish is shown. The net count rates were all compatible within uncertainties, for
red, white 1 and white 2 sources. The white 3 source presented a higher counting value,
which can be explained by the fact that the same process was not guaranteed for demarcation
of the deposition region, and also that during measurements on the spectrometer different
chambers were used, so the source-detector alignment distance was not fixed.
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Table 1: Comparison between net peak count rates of americium source produced using

nail polish.
Source Net Count Rate (cps)
With red 0.0179 + 0.0003
Without red 0.0178 + 0.0003
White 1 0.0179 + 0.0003
White 2 0.0176 + 0.0003
White 3 0.0194 + 0.0003

4. CONCLUSION

A square area americium source can be produced by either of the two methods tested. In
test #1, though, a part of the concentrated activity was removed, decreasing the final activity
of the source because only the square would be used as source and the rest of the plate that
contains the Am-243 will need to be treated as radioactive waste.

In test #2 the use of nail polish allowed obtaining a square area deposition of the radioactive
source. Americium wasn't detected in the polish, showing that all the activity is concentrated
in the square area of the plate. Using white nail polish proved to be more interesting due to
the fact that during eletrocdeposition process this polish didn’t affect the pH of the
electrodepostion solution. Finally, the results showed that the use of nail polish improved the
production of square americium sources, as the activity was all deposited in the square
region.

The detector source alignment during alpha spectrometry was compromised because, even
using the support of the (Fig 3), the deposition was not only in the center as it ended up
surpassing the delimited region (Fig 5). Therefore it will be necessary to use another method
to demarcate this region and thus ensure this alignment. In spite of this, the method of test 2
proved to be preferable because it concentrated all activity in the square region.

ACKNOWLEDGMENTS

We would like to thank National Council for Scientific and Technological Development
(CNPq) for the scholarship project (870240/1997-8).

REFERENCES

1. H. Klemencic, L. Benedik, “Alpha spectrometric thin source preparation with emphasis
on homogeneity”, Applied Radiation and Isotopes, v. 68, pp.1247-1251 (2010).

2. M. Trdin, L. Benedik, Z. Samardzja, B. Pihlar, “Investigation of factors affecting the
quality of americium electroplating ”, Applied Radiation and Isotopes, v. 70, pp.2002-
2005, (2012).

3. Y. M. Panta, D. E. Farmer, P. Johnson, M. A. Cheney, S. Qian, “Preparation of alpha
sources using magneto hydrodynamic”, Journal of Colloid and Interface Science, v. 342,
pp.128-134, (2010).

INAC 2017, Belo Horizonte, MG, Brazil.



4. M. H. Lee, Y. S. Jeon, K. Song, “Determination of activity concentrations and activity
ratios of plutonium, americium and curium isotopes in radioactive waste samples,”
J. Radioanal. Nucl. Chem., v. 280, pp.457-465, (2009).

5. E. E. G. Farias, F. C. S. Silva, E. J. de Franca, M. E. S. Almeida, E. V. Honorato, C. A.
Hazin, “Estudo da cinética de eletrodeposicdo de urénio para a espectrometria alfa de alta
resolugdo,” 52° Congresso Brasileiro de Quimica — 52° CBQ, Recife, 14 a 18 de Outubro,
(2012).

6. B. Geraldo, “Utilizacdo de métodos radioanaliticos para a determinacdo de isétopos de
uranio, netunio, pluténio, americio e cdrio em rejeitos radioativos,” Dissertacdo de
Mestrado, Instituto de Pesquisas Energéticas e Nucleares, (IPEN/CNEN-SP), Sdo Paulo,
(2012).

INAC 2017, Belo Horizonte, MG, Brazil.



