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Abstract

Solid-state nuclear track detectors such as CR—39 are used in the
detection of charged particles and heavy ions. In this paper, the effect
of two types of chemical etching solutions on the etching properties
of the detector CR—39 of 400um thickness was studied. The etching
properties involved the calculation of the etching parameters which are
the bulk and track etch rates (Vz and V) respectively as well as the etch
rate ratio (V), and then comparing them for the two types of etching
solution. We used two sets of detectors each piece of dimensions
(1 x 1)em?. The detectors were irradiated with alpha particles of energy
(2, 3, 4, 5) MeV using a 2*! Am source to obtain tracks of alpha particles
in the detector. To reveal the latent tracks, the irradiated detectors
were treated with aqueous KOH and NaOH solutions. Both groups of
irradiated detectors were etched under the same conditions of different
molarities ranged from (3 —11) N at temperature (70 + 1)°C for both
solutions for time periods ranging from (3) h. The Vs was measured by
the method of removal thickness difference from the detector surface by
etching for the specified periods. By measuring the diameters of the
tracks and the diameter growth rates (Vp) for the specified intervals, the
Vr and V were measured in correlation with the V3 for the both types of
the solution used. By comparing the results, it was appeared that the
etching rates with NaOH solution is greater than that etched with KOH
for Vg and V7.

1. Introduction:

by the ordinary optical microscope [1]. The CR-39 nuclear

The use of solid-state nuclear detectors (SSNTDs) in
radiation research and dosimetric applications for radiation
protection has a lot of potential, as they can be used to detect
charged particles, heavy ions and neutrons through the damage
caused (also known as latent paths) along the paths of those
particles in the detector. The formed tracks can be enlarged
by treating the detector with a proper chemical solution to
etch the damaged areas up to a micron scale to be observed
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track detector is used to detect alpha particles, protons, fission
by-products, and heavy ions. Since chemical etching grows
etching tracks along ion trajectory in the material, it is widely
used as a material target as well as to determine the cross-
section [2]. When heavy charged particles pass through the
nuclear track detectors, they lead to ionization of the atoms
of the detection material [3], and thus produce damage region
along its path in the material in the form of a latent track. The
latent track can be revealed by chemical etching process using
a suitable chemical solution, and then viewed with an ordinary
optical microscope [4].

The chemical etching (CE) process is a necessary step for
forming and showing the track The chemical etching can be
performed, to reveal the latent tracks, using suitable alkaline
chemical solutions such as KOH or NaOH, with concentra-
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tions ranging from 3 to 11 N depending on the thickness of
the detector for a few hours, the detectors where be etched
by putting them in etchant solution in volumetric flask putted
inside the water bath tank at a temperature of 70 °C. The in-
teraction of the chemical solutions with the detector material
leads to decompose the areas affected by the particles by more
and faster rate than the undamaged regions [3], [5], [6] [7].

The track etching rate (Vr) along the impacted path to-
wards the depth of the detector and the bulk etching rate (Vp),
which is a constant for the detector at the used etching condi-
tions, are the two main parameters that control the geometry
of the track shape and its evolution with the etching advance-
ment [8]. The values of Vz depend on the etching conditions
such as the type of etching chemical solution, its tempera-
ture and concentration, etching time, as well as the type of
the detector used. The Vp values can be measured either by
irradiating the detector with charged particle or without irradi-
ating it, (ie with or without tracks existing). In this study, we
have used a detector irradiated with particle to measure the
Vi [7], and calculated by using the removed layer thickness
from the detector method. Also there are other methods used
to measure the general excavation rate, including the impact
length-diameter method, which also gives similar results [9].

The Track formation principle in the detector is based on
the energy of the particles bombarding the detector. Low-
energy particles penetrate short distances and quickly lose
their energy within the detector material, creating trails. These
tracks required short etching times to be revealed due to their
proximity to the detector surface. Particles with higher ener-
gies reach longer distances in the detector, so the resulting
tracks needs a longer etching time than the particles with
lower energies to appear [7]. It is clear that the value of the
etching rate V7 will be increased along the path as the energy
increases.

The track shape has two phases, the first when Vy > Vp,
which is called acute conical phase. The second is the over
etched stage when Vr = Vp, where the etching process crosses
the end of the damaged path in the detector towards the un-
damaged area. The change in track hole shape and geometry,
the diameter (D) and length (L) of the track can be accurately
measured using Track Profile Technology (TPT). The TPT
has been used in many researches to identify a variety param-
eters of the etched track [10]. The etching rates are highly
dependent on the etching rates, and the etch rate ratio V which
are strongly related to the etching rates by the relationship
V=Vr/Vg [l1].

The purpose of the paper is to investigate the impact of
changing the etching molarity of two different chemical so-
Iutions, NaOH and KOH, on the bulk and track etching rates
(V) and (V), and track etch ratio (V).

2. Experimental:

A CR-39 nuclear track detector of 400 um thickness
manufactured by (Track Analysis Systems Ltd (TASL), Eng-
land), have been used. Alpha particles with an energies (2,
3, 4, 5) MeV from 2*! Am source were used to irradiate the
detector. Four groups each of five pieces of dimension (1 x 1)
cm? of CR—39 were irradiated with alpha particles for 30 .

The irradiated detector pieces were etched in a water bath
with two types of chemical solutions of aqueous NaOH and
KOH of different molarities (3, 5, 7, 9 and 11) N at a tempera-
ture (70 £ 1)°C for successive periods of time of (3 h). The
diameters of the tracks for all selected times and molarities
have been measured.

2.1 Calculations:

Alpha tracks in CR—39 were viewed, counted, and their
diameters were measured using an optical microscope sup-
plied with a digital camera and software (Scope Image). The
following formula was used to determine the alpha particle
energy that the detector irradiated with.

Rgir = 0.322E4°/? )]
_ Rair —d 2/3

Er = [ 0.322 ] @

d = Ry —0.322 Eg 3/2 (3)

where R,; (cm) is the alpha particle’s range in air , E«is the
alpha particle’s energy, Er is the residual energy between the
source and the target (detector surface), d is the air distance
(cm).

The bulk etch rate (Vp), track etch rate (V) and etch
rate ratio (V) were all calculated to show the variation in
values by using two different chemical etching solutions. The
etching parameters were calculated according to the following
relationships [7], [11] and [12].

The bulk etch rate is
1 AR
Ve=5 “

where A h is the removed layer thickness from the detector
surface at time A t. The 1/2 factor that appears in the previous
equations is due to the etching of the two faces of the detector.
The track etch rate is.

V2 +V3
Vi —V3

Vi = Vs [ 5)

where, Vp is the track diameter growth rate calculated
from the slope of the relationship between the change in track
diameter and the etching time (Vp = AD/Ar).
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The etch rate ratio (V) r the response of the detector is the
ration f track etch rate to bulk etch rate as:

_r
=

v (6)

3. Results and Discussions:

For both varieties of NaOH and KOH etching solutions,
the Vg, Vr, and V etching rates were computed over a 3 h
etching period and are shown in Table 1.

Table 1. Alpha energy and etching parameters of the detector
using two chemical solutions NaOH and KOH.

aqueous KOH aqueous NaOH
solution solution
Eqy Molarity Vi Vr Vi Vr
(MeV) N (m/hy  (m/h) (um/hy ~ (m/h)
2 3 1.02 2.13 225 1.62 242 1.49
2 5 1.74 5.78 332 2.45 6.93 2.83
2 7 242 9.19 3.79 3.02 13.07 433
2 9 2.89 10.51  3.46 3.84 1536 4.12
2 11 4.36 13.64 3.13 5.81 224 3.85
3 3 1.02 1.68 1.64 1.62 2.17 1.33
3 5 1.74 4.74 2.57 245 5.93 2.42
3 7 242 6.84 2.83 3.02 8.23 2.72
3 9 2.89 7.65 2.65 3.84 9.79 2.55
3 11 4.36 1024 235 5.81 12.3 2.12
4 3 1.02 1.52 1.49 1.62 2.02 1.24
4 5 1.74 3.39 1.95 245 5.39 221
4 7 242 5.95 2.52 3.02 7.52 2.49
4 9 2.89 6.65 23 3.84 8.72 227
4 11 4.36 9.16 2.1 5.81 1047 182
5 3 1.02 1.24 1.21 1.62 1.78 1.09
5 5 1.74 2.79 1.6 245 423 1.72
5 7 242 5.49 2.27 3.02 4.99 2.02
5 9 2.89 5.66 1.96 3.84 5.88 1.53
5 11 4.36 7.47 1.71 5.81 7.66 1.32

Table 1 shows that when the CR—39 is etched with NaOH
and KOH, the etching rates Vp,Vr, and V increase signifi-
cantly. This increment is due to increasing of the reaction rate
between the chemical etchant molecules and the molecules of
the detector material. The etch rate ratio (V) is the most im-
portant factor, where it appeared for the KOH etchant solution
with lower values than that for the NaOH etchant solution as
shown in Figures 1, 2, 3 and 4. The Vp value remains constant
for all energies, because it does not depend on the energy
of the alpha particle, the duration of the etching, but rather
depends on the type of detector and the factors affecting it, the
etching conditions such as the concentration and temperature,
and the additive solutions that can be added to the etching
solutions[13]. The bulk etch rate (Vp) is defined as the amount
of the material that removed from the detector surface per unit
time, and it is less than the track etch rate (V) as a condition
for the appearance of the track by the chemical solution.

For the analyzed alpha energies, it was found that the bulk
etch rate (Vp), track etch rate (Vr), and etch rate ratio (V)
all vary in accordance with changes in the etching solution’s

1 —— t=3hr KOH
t=3hr NaOH

L

Bulk etch rate VB{umr)
1

1 L I T | T [ T 'I T
2 4 -] a 10 12
Normality

Figure 1. The Track etching rate Vr as a function of KOH
and NaOH etchants normalities for alpha energies (2, 3, 4, 5)
MeV.

molarity as well as with the alpha energies. It is observed that
the rates of etching increase as the molarity of the etching
solution increases until it reaches its maximum value under
ideal etching conditions, which is (7 — 8) N. However, when
the molarity increases over this value, the etching rates will de-
cline, which is consistent with many earlier studies. It should
be noted that the etching rates are higher at low energies of al-
pha particles than at high energies, because low energies have
a shorter range inside the material and lose its energy more
quickly at short distance inside the detector. Then, for low
energies, the rate of linear energy loss per unit distance (or the
rate of energy absorbed per unit distance) in the detector will
be higher than for higher energies, leading to more extensive
damaged paths. As a result of the action of etching solution,
the rate of decomposition of the damaged areas caused by
low energies will be greater. This causes the rates of etching
to grow more for tracks due to low energies than for high
energies, whose range is larger inside the material, and the
rate of linear loss of energy per unit distance to be smaller,
which causes the rates of etching to be lower. Because the Vp
and Vr are affected by the etching circumstances as well as
the type of the detector, they are referred to as etching and
detecting parameters, respectively. As a result, any change
in the etching circumstances or the type of the detector will
cause a change in the etching rates Vp and Vr, which deter-
mine the development of the track geometry. Any increase
in the concentration of the etching solution signifies a rise in
the quantity of reactive ions (—OH) which responsible for the
hydrolysis of the polymer via link breaking and the production
of free radicals, resulting in polymer degradation.

For a chemical reaction to occur, the molecules must have
more energy than the activation energy. Then, an increase
in the number of collisions means an increase in the number
of molecules that obtain the transferred energy (at a constant
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Figure 2. The Track etching rate Vr as a function of KOH and NaOH etchants normalities for alpha energies (2, 3, 4, 5) MeV.

etch rate ratio V

Figure 3. The etch rate ratio (V) as a function of normality of
the KOH solution at different alpha energies (2, 3, 4, 5) MeV.
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the NaOH solution at different alpha energies (2, 3, 4, 5)

MeV.

Kirkuk U. J. Sci. Stud. Vol. 18, Iss.2, p 32-38, 2023



The Impact of Molarity of Two Different Chemical Solutions... 36
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Figure 5. Alpha particles tracks of energy 3 MeV in
CR—39detector.
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Figure 6. Alpha particles tracks of energy 3 MeV in CR—39
detector.

temperature), which leads to an increase in the number of
molecules with energy larger than the activation energy to
initiate a chemical process (decomposition and product for-
mation). The rate of reaction is increased either by increasing
the number of attacking ions or by increasing their energy.
An increase in the number of molecules with energy greater
than the activation energy implies an increase in the reaction
rate of the decomposition process to generate products, which
increases the number of degraded polymer molecules. As a
result, the number of dissolved polymer molecules increases,
followed by an increase in the amount of material removed
from the detector’s surface as well as the impacted regions
per unit time, which increases the track diameters and etching
rates as shown in Figures 5 and 6.

4. Conclusions:

Because the ionic size of Na™ is less than that of KT,
the aqueous NaOH solution is more efficient than KOH. Due
to the comparatively high attraction between Na™ and OH™,
NaOH experiences less ionization than KOH, making it a
weaker base than KOH. As these compounds dissolve, they
form ions, and the size (radius) of the ions varies from one ele-

ment to another, contributing to the so~ called Stier impedance
of compounds. Since the volume of sodium in NaOH is less
than potassium in KOH, the tracks of alpha particles are more
impacted by sodium than by potassium. This leads to the
fact that the bulk and track etch rates (Vg and V) for CR—39
are higher when etched by NaOH solution than when etched
by KOH. This has also been observed in the track diameter
values and growth rates of the track diameters (Vp), which are
higher for the NaOH solution than the KOH solution.
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