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This paper deals with the introductory aspects of the Electrochemical Etching Labora-
tory installed at the VINCA Institute in the year 2003. The main purpose of the labo-
ratory is its field application for radon and thoron large-scale survey using passive ra-
don/thoron UFO type detectors. Since the etching techniques together with the
laboratory equipment were transferred from the National Institute of Radiological
Sciences, Chiba, Japan, it was necessary for both etching conditions to be confirmed
and to be checked up, . ., bulk etching speeds of chemical etching and electrochemical
etching in the VINCA Electrochemical Etching Laboratory itself. Beside this initial
step, other concerns were taken into consideration in this preliminary experimental
phase such as the following: the measurable energy range of the polycarbonate film,
background etch pit density of the film and its standard deviation and reproducibility

of the response to alpha particles for different sets of etchings.

Key words: electrochemical etching, radon, thoron, polycarbonate film, bulk etching rate

INTRODUCTION

In the period from 1998 to 2000 indoor ra-
don and thoron measurements were carried out by
VINCA Institute in Gornja Stubla field — in
Kosovo and Metohia Province [1-5] by passive ra-
don UFO type detectors designed and produced in
1992 at the National Institute for Radiological Sci-
ences (NIRS), Chiba, Japan [6]. The results ob-
tained showed there were both high radon and high
thoron levels in Yugoslavia [7].

Under the research agreement on cooperatlon
between NIRS and VINCA Institute signed in
2002, the laboratory equipment was brought by
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NIRS in the same year, and in the year 2003 the
Laboratory for electrochemical etching (ECE Lab-
oratory) was founded after the renovation of an
old laboratory at the VINCA Institute. Since the
proposed etching condition for radon/thoron
discriminative passive UFO type detectors re-
quires room temperature to be maintained at 30
degrees Celsius, the walls and window of the room
were reconstructed in order to have the necessary
high energy insulation capability. New electric
power lines were installed to provide sufficient
power supply for the equipment. The sink was also
renewed to be able to handle etching cell units used
tor the chemical and electrochemical etching.

After the transfer of the ECE Laboratory from
NIRS to VINCA Institute it was necessary to con-
firm reliability of the laboratory in the new condi-
tions. The characteristics of the electrochemical
etching procedure used is an essential in the process
of enlargement of latent alpha particles tracks. The
complete experimental procedure performed in
NIRS in Japan [8] was repeated in the new environ-
ment at VINCA Institute with a few new additional
features. It should be noted that the process of elec-
trochemical etch pit formation is still not com-
pletely understood [9].
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BASIC CHARACTER OF THE
ELECTROCHEMICAL ETCHING ON
POLYCARBONATE

The main goal of the laboratory is to carry out ra-
don/thoron measurements, for this purpose the UFO
type of passive detector was developed. This UFO type
detector, fig. 1, which was used in Japanese national
program of radon survey [10, 11], consists of two
hemispheres. One polycarbonate film is placed in each
hemisphere. In the upper, larger thoron and radon (Tn
& Rn) hemisphere, the film detects both radon and
thoron with their progenies. The smaller, radon (Rn)
hemisphere is connected to the larger hemisphere
through a single pinhole with diameter of 1 mm. Dif-
fusion to the Rn hemisphere is small enough to practi-
cally prevent thoron from entering the hemisphere, be-
cause of its short half-life of 55 seconds. Radon with
longer half-life of 3.8 days easily enters the Rn hemi-
sphere. Therefore, the film in the Rn hemisphere de-
tects only radon and its daughters.

The alpha particles originating from thoron
alpha decay have higher energy than the ones origi-
nating from radon alpha decay. The films from Rn
hemisphere are etched for 0.5 h of chemical
pre-etching and 3 h of electrochemical etching (re-
sulting energy window 0.85-2.7 MeV). The films
from Tn & Rn hemisphere are etched for 3 h of chemi-
cal etching (CE) and 3 h of electrochemical etching (re-
sulting energy window 2.5-4.0 MeV) [12].

Tupilon polycarbonate films (Mitsubishi Gas
Chemical Company; Inc., Japan) were used in the ex-
periments. The films are round in shape with a di-
ameter of 50 mm and a thickness of 300 pm. The
sensitive side of the film is covered with a 50 pm
thick foil. The purpose of the foil is both to protect
the film from mechanical damage and alpha radio-
activity in the environment. The chemical form of
polycarbonateis—{-O-C¢H4C-(CH;3),CcHsOCO-] -
The etching solution used in the experiment was
8N KOH (80% volume fraction) and C,H;OH
(20% volume fraction). The condition for etching
of polycarbonate films for radon and thoron mea-

Tn & Rn
emisphere

Figure 1.
Discriminative
radon passiv UFO

, type detector

surements is room temperature of 30 °C. A solution
of IN KOH is used only as a conductor on the other
side of the films, allowing application of high electri-
cal fields on the polycarbonate films.

The power supply for etching cells is 800 V
and 2 kHz, and it is used during the electrochemical
etching period. Beside the power supply unit, there
is a control unit whose major purpose is to shut
down the power supply only to a damaged etching
cell in case of a short-out. The short-out occurs for
two major reasons; complete dielectric break-
through of polycarbonate film and because of the
leakage of solution from cells. In this case the con-
trol unit cuts the power supply only in these cells
and in other cells etching continues undisturbed. A
circular shaped area of film with diameter of 32 mm
is etched.

EXPERIMENTAL EXERCISE

A mass measurement method was used for the
estimation of bulk etching rate. The mass of two
sets of 20 films was measured, before and after the
chemical and electrochemical treatment. Bulk etch-
ing rate was evaluated from the weight difference.
In order to estimate temperature dependence of
bulk etching rate, measurements were carried out at
temperatures of 20, 25, and 30 °C. Prior to
aplanned etching, all equipment and solutions were
kept overnight at a specified temperature, as one of
the standard procedures transferred from NIRS. All
these precautions were taken in order to ensure that
the specified temperature is achieved, because
chemical and electrochemical bulk etching rates are
mostly temperature dependent. The ethanol frac-
tion dependence of bulk etching rate was estimated
at 20, 40, and 60% of the volume fraction of etha-
nol in the etching solution.

For estimation of the bulk etching rate of
chemical etching, films were etched for between 4
and 5 hours. Pouring etchant into the cells
takes 2 minutes. It was considered that the mid-
dle of this period (1 minute after the initiation)
was to be the start time of the etching process. A
very important matter in this method of measur-
ing chemical bulk etching rate was manual shak-
ing of the etching cells for at least 10 minutes be-
cause air bubbles might be formed during the
pouring of the etchant into the cells. The same
method was applied for the estimation of the elec-
trochemical bulk etching rate as well. The electro-
chemical etching process was performed after 15
minutes of chemical etching. These 15 minutes of
the chemical etching are unavoidable, because the
pouring of the etchant into cells and the shaking of
cells was time consuming, and they were not per-
formed during the electrochemical etching. After
15 minutes of chemical etching, films were electro-
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chemically etched for around 4 hours. The electro-
chemical bulk etching rate was then estimated from
the weight difference taking into account the 15
minutes of chemical etching.

Two standard sources of Am-241 were used
for irradiation of films with the activity of
2321+20 Bqand 140020 Bq respectively. For the
purpose of energy window estimation, various dis-
tances between the source and film were chosen in
order to achieve different energies of incident alpha
particles. Fluctuation of incident alpha energy was
between 2.5 and 5%.

RESULTS

The weight difterence of the sets of 20 films,
before and after the etching was from 200 mg to 400
mg, depending on the condition of etching (tem-
perature, ethanol fraction). The obtained bulk etch-
ing rates for electrochemical and chemical etching
were 4.07 pm/h and 4.26 pm/h, respectively at tem-
perature of 30 °C and with solution 8N KOH and
20% of ethanol. The chemical bulk etching rate was
14% higher than that estimated in NIRS.

Higher bulk etching rate resulted in shifting
the energy window, comparing it with the one es-
timate in NIRS for radon and thoron measure-
ment by the UFO detector. The nominal energy
windows estimate in NIRS were: 0.8-2.7 MeV, for
etching of radon films (CE: 0.5 h + ECE: 3 h) and
2.5-4.0 MeV, for etching of thoron films (CE: 3 h
+ ECE: 3 h). The energy windows estimated in
VINCA Institute were: for etching of radon films
0.75-3.5 MeV and for etching of thoron films
3.0-4.6 MeV. Variation of the reproducibility for
energies in the middle of the energy window was
less than 3%, and for energies at the borders of the
energy window was 20-40%. Contribution of bor-
der energies to the sensitivity of the film for the ex-
pected whole energy window was 10%. Conse-
quently the overall variation of reproducibility was
estimated to be around 6%.

Background etch pit density for radon film
etching (CE: 0.5 h +ECE: 3 h) was 3.9+2.4 tracks/cm?.
For the thoron film (CE: 3 h + ECE: 3 h), background
etch pit density was 4.0+2.4 tracks/cm?. For an etching
with 0.25 h CE and then 3.9 h ECE, background
etch pit density was 8.642.9 tracks/cm?. This leads toa
conclusion that 15 minutes of chemical pre-etching is
not enough to erase mechanical damages of the surface
of the polycarbonate films.

A linear ethanol fraction dependence of the
bulk etching rate in the range from 20% to 60% of
ethanol fraction was observed, fig. 2. The slope was
0.056 pm/h per one percent of fraction of ethanol.
The linearity does not exist outside of this range —
the bulk etching rate drops to zero for 0% and
100% of ethanol fraction. It was also observed that
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Figure 3. Temperature dependence of the bulk
etching rate

the linear temperature dependence of bulk etching
rate (fig. 3) has the slope of 0.236 um/h°C

CONCLUSION

The transfer of the ECE technology from ]a—
pan (NIRS) to Serbia and Montenegro (VINCA
Institute) was completed successfully. Despite the
fact that all the known conditions are the same,
there might exist a difference in the basic character-
istics of electrochemical etching when the transfer
of technology was carried out. The present calibra-
tion factors might be changed from the previous
ones. Therefore, it is necessary to conduct calibra-
tion exercises for our present etching conditions.

The VINCA ECE Laboratory has the potential
to be a regional center for radon/thoron population
exposure investigation in the Balkans but also for sci-
entific training regarding future usage of the electro-
chemical etching devices. In addition, a nationwide
survey of indoor radon/thoron concentrations in Ser-
bia is planned with special attention being devoted to
high natural radiation environmental regions and also
to exposures in schools and kindergartens.
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JABOPATOPUJA 3A EJIEKTPOXEMMNICKO PAZBUJAIBE UBPCTUX HYKJ/IIEAPHUX
TPATI JETEKTOPA Y UHCTUTYTY »BUHYA« — OCHOBHE
KAPAKTEPUCTUKE U ITPUMEHA

Y papy ce ommucyje METOHOJIOTHja Mepema KOHIEHTpallhje pajoHa, TOPOHA W PaJJOHOBUX
NoTOMakKa y Ba3lyXy 3aTBOPEHHMX NPOCTOpHja Koja ce crnpoBopm y HOBOj JlaGopatopuju 3a
€JIEKTPOXEMHUJCKO pa3Bhjabe HyKJIeapHuX Tpar perekropa y Mucruryry ,,Bunua” (ELIE maGoparopuja).
Ompema 3a mabopaTopujy W METOJIONOTHja MEpPEHa TPEJICTaBIbajy Y MOTHYHOCTH TpaHCcgep TEXHOJIOTHje
Hanuponanuor uHcTHTYTA 32 paguoinouke Hayke (National Institute of Radiological Sciences), Uu6a, Janas.
ExcnepumeHTanHO Cy NpOBEpEHE OCHOBHE KapaKTEPUCTHKE EJIEKTPOXEMUjCKOr pa3BUjama IOJIHKap-
60oHaATHUX (pUIIMOBA Y HOBUM J1aOOpaTOPHjCKUM ycinoBuMa y MiHctutyTy ,,BuHua”, 1 To: Op3nuHa Harpu3ama
MOBPILIMHE TIONMKAPOOHATHUX (PUIMOBA XEMHjCKAM W EJIEKTPOXEMHjCKIM IyTeM 3a HOMUHAJHE YCIIOBE,
Op3uHa Harpu3ama (PUIMOBA y 3aBUCHOCTH OJf TEMIIEPATYPE U Y 3aBUCHOCTH Of (PpaKIlije €TAaHOIA Y PACTBOPY
6a3e, 3aBICHOCT IIUPUHE 1 MO3UIIMje EHepreTCKOT IPo30pa 3a AeTEKUH]y anda YecTHIa Ha TOJINKapOOHATHOM
¢unaMy TpH HOMUHAIHUM TpajalbiMa XEMHUJCKOT M EIIEKTPOXEMH]CKOT pa3BHjama, TyCcTHHA (POHA W
MIOHOBJLMBOCT OJ3WMBa MOJIMKApOOHATHOT (hmiiMa Ha anca JYecTHIe. YKPATKO Cy ONWCAaHW WHCTPYMEHTH U
onpema EIIE naGoparopuje, monmukapOoHATHI (PUIMOBH KOjH CITy3Ke Ka0 UYBPCTU HYKJICAPHH TPar JeTEKTOPH
3a macuBHU THH Y PO pagoHCKOr AETEKTOpa U MOTYhHOCTH NpPHUMEHE EJICKTPOXEMHjCKEe METOJie M came
J1abopaTopuje y OCHOBHOM U MPUMEHCHOM MCTPAsKUBAbY.



